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ABSTRACT 

This study is a comparative case study of what three college calculus teachers did 

in their classrooms and what their students understood about the concept of derivatives. 

The teachers were solicited on the basis of peer, supervisor and student recommendations 

as being good teachers; several volunteer student subjects were selected from each class. 

Using a naturalistic participant-observer paradigm, the data were collected primarily via 

extensive classroom observations and in-depth interviews with the teachers and smdents. 

Examination of written work, such as smdent exams, was employed for additional 

confirmation of hypotheses generated in the field. This study contributes to the bodies of 

knowledge on pedagogy, effective teaching, classroom dynamics, student understanding 

and teacher beliefs. The results should be of interest to teachers, teacher educators, 

mathematics text authors and people interested in how smdents learn and think about 

mathematics at the collegiate level. 

The study of these three classrooms reveals that there is a variety of effective 

teaching models for undergraduate calculus classrooms. There were, however, important 

commonalties among these models, the examination of which leads to some 

characterization of effective teaching practices. These teachers kept the focus on what 

their students were learning, rather than on covering material. In three different ways, 

these teachers each gave their students the opportunity to interact with the mathematics 

before the lesson ended. All three teachers displayed a willingness to grow and leam as 

teachers. 

Calculus smdents do not alv ays leam what their teachers think they have taught. 

The students in this study displayed a variety of mistaken ideas about the concept of 

derivative and about other mathematical topics. For example, many students had trouble 

distinguishing between properties of the function and properties of the derivative. Some 

smdents believed that the derivative at a point was a line, rather than the numerical value 
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associated with the slope of a line. Students and teachers disagreed about the correct 

definition of the derivative, with students attributing litde importance to the idea of limits. 
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CHAPTER I: INTRODUCTION 

What do good college calculus teachers do in their classrooms and how does this 

influence what their students understand? To answer this question I studied three college 

calculus teachers and the different classroom experiences they helped create. I explored 

the students' and teachers' perceptions about the learning process as the students were 

taught an important concept (derivatives) in first semester calculus. Addressed in this 

study are a number of sub-questions that relate to the teaching and learning process in 

college calculus classes: 

• Who gets to speak in each classroom, when do they get to speak and who decides? 

• Are students being recognized as individuals in the classroom or are they relatively 

anonymous, and what does this mean to the teachers and the students? 

• Do some students get more individual recognition in the classroom (for example by 

having their speaking recognized individually by the teacher) and does this affect how 

valuable classtime is for them? 

• How does each teacher feel about the text he or she has been assigned to use? Why 

does he or she feel this way? How does the text influence the content and approach 

the teacher presents in the classroom? 

• What do the students understand about derivatives after the initial lessons on that topic 

and near the end of the semester? How is this related to what goes on in the 

classroom? What misconceptions do the students have? Are these misconceptions 

addressed in the classrooms and do the misconceptions get cleared up? 

1. Rationale 

Clearly, widespread good teaching of college mathematics courses is a worthy 

goal. A number of studies have been conducted to explore good college mathematics 
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teaching by comparing various innovative teaching approaches to traditional ones (e.g., 

Heid, 1988; Judson, 1990; Palmiter, 1991; Ferrini-Mundy, 1987). Thus far, however, 

the good college level mathematics teaching that is currently being practiced, unrelated to 

any teaching experiments, has been little smdied (Rogers, 1990, is an exception). If there 

currently exists good college mathematics teaching, it seems sensible to begin an 

investigation of good teaching by thoroughly examining what is already being done. This 

type of exploration is a productive alternative to an experimental approach to developing 

good teaching. 

What is good mathematics teaching like at the college level? In this study I 

investigated what three college calculus teachers did in their classrooms and what their 

students understood. Via extensive classroom observations and in-depth interviews of 

participants, I documented the different classroom experiences these teachers helped 

create. I have described the sort of activities that occur in these classrooms, the 

interaction among the people in the classroom, and the students' and teachers' perceptions 

about the learning process. Since the material that students understand is part of the 

overall classroom experience I also looked at what students understood about an 

important concept (derivatives) at two points during the semester. 

One likely audience for the results of a study like this one is college level 

mathematics instructors. Careful documentation of the classroom practices of three 

calculus teachers could provide a variety of models from which instructors can draw ideas 

for their own classrooms. Discussion of student knowledge and perceptions may also 

help instructors become aware of what their own smdents are thinking, allowing 

instructors to develop more useful explanations of the mathematics they are teaching. 

A second group who should be interested is teacher educators. It has been 

suggested that most teachers model their own teaching on the ways they were taught 



16 

(Selden & Selden, 1993; Weisglass, 1993). The Mathematical Sciences Education Board 

of the National Research Council has called for changes in undergraduate instruction so 

that future teachers experience good mathematics teaching and the effective methods they 

will be expected to use in their own classrooms (Jackson, 1993). The results of my smdy 

may have implications for primary and secondary teacher education programs and may 

lead to the development of teacher education programs for future and current college level 

mathematics teachers. 

Another potential audience for my study is mathematics text authors. It has been 

suggested (Ferrini-Mundy & Graham, 1991) that at least anecdotally, typical college 

calculus instructors have firm opinions about the content, order and emphasis appropriate 

for calculus classes, and that these instmctors are not readily influenced by new calculus 

texts. Findings from my pilot study support this assertion (see Teacher Themes section). 

If authors do not want their texts to be disregarded by teachers, or if authors feel strongly 

that a particular classroom approach is most appropriate to convey the points they wish to 

make, then those authors need to know how teachers are responding to and using the 

texts. Authors of texts may discover that addressing some of the teachers' concerns 

would enhance the usage of the texts. 

Information about good college level mathematics teaching would be valuable to 

many people. I hope that my smdy helps lay the groundwork for further rigorous studies 

about effective undergraduate mathematics classrooms. The results of my study should 

contribute to the bodies of knowledge about teaching practices, teacher beliefs and how 

students learn. 
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2. Background 

2.1 Undergraduate Mathematics Education Research 

Research on undergraduate mathematics education is in its earliest stages and is 

becoming increasingly valued by the mathematics communiQr, with a growing community 

of researchers devoting their intellectual efforts in this vein (Selden &. Selden, 1993; 

CBMS, 1992; Jackson, 1993; FOCUS, 1992). The first conference of the Research in 

Undergraduate Mathematics Education Community was held in September 1996. With 

regard to the teaching of college calculus, the current research has largely consisted of 

"large-scale, quantitative attempts to model how attitudinal and experiential variables 

affect overall performance" (Ferrini-Mundy &. Graham, 1991, p. 629). The information 

on effective college calculus teaching is largely at the anecdotal stage (Friedman, 1993a, 

e.g., Speiser & Walter, 1994). 

There have been several recent studies examining the effects of inti'oducing 

computer algebra systems into the calculus classroom, with an accompanying revision of 

the sequence and emphasis of instruction (Heid, 1988; Judson, 1990; Palmiter, 1991). 

Ferrini-Mundy (1987) has studied how specific training in spatial visualization techniques 

could increase calculus achievement. A few studies have delved into student 

understanding of a particular concept important to calculus, such as limits (Williams, 

1991), functions (Lauten, Graham & Ferrini-Mundy, 1994) integrals (Orton, 1983a) or 

derivatives (Orton, 1983b) via student interviews about the mathematical concepts. None 

of these studies, however, related the students' performance to their instructional 

experiences. Rogers (1990) examined the successful mathematics program at Potsdam, 

although she did not study specific effective classrooms there. 
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2.2 Context: The Calculus Reform Movement 

This study was conducted in the context of the calculus reform movement. The 

beginnings of the calculus reform movement can be traced back to a panel discussion led 

by Douglas at the January 1985 joint MAA/AMS meeting, which was followed by a 

workshop at Tulane university one year later (Douglas, 1986; Steen, 1988). These 

meetings prompted the NSF and NRC to begin funding work on college level calculus 

courses (Steen, 1988). It was anticipated that the effects of calculus reform would 

become widespread, aflecting mathematics departments, client departments textbook 

publishers and the more than a half million students taking a calculus course each year 

(Kolata, 1988). 

Calculus reform was based on the premise that calculus is the "foundation and 

wellspring of most modem mathematics" (Douglas, 1986, p. iv), but that college calculus 

courses had failed to keep up with the new demands of a changing time, including new 

technology and new applications. The feeling was that during the preceding two or three 

decades calculus courses had devolved into rote mechanical manipulation courses rather 

than ones focusing on understanding and proof. Especially with the advent of hand held 

calculators that can perform rote manipulations, it was becoming clear to some that 

teaching only rote calculus techniques was of litde value (Douglas, 1986; Kolata, 1988). 

The methods workshop at the Tulane conference enumerated additional reasons for 

change. They noted that college calculus courses were perceived to be driving smdents 

away from mathematics and science, client departments were unhappy with the existing 

calculus course, and calculus as it was being taught was irrelevant to about half of the 

students who took it (Douglas, 1986). 

The Tulane conference generated many suggestions for the direction of calculus 

reform. It was agreed that calculus should become "leaner, contain fewer topics, but that 
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it should have mote conceptual depth, numerically and geometrically" (Douglas, 1986, p. 

v) and that it should take advantage of the latest technology without becoming a calculator 

how-to course. The content workshop decided that the new courses should emphasize 

graphical and numerical representations of functions, with an extensive treatment of all 

elementary functions at the beginning of the course. They also suggested extensive use of 

advanced hand-held calculators, less pre-calculus material and a de-emphasis on notions 

like limits and continuity. The methods workshop at the Tulane conference specified a 

new set of goals for calculus instmction. These goals included instructing towards 

conceptual understanding, exposing students to a broad range of problems and 

approaches, helping students appreciate mathematics, helping smdents develop oral and 

written precision, developing students' analytical and reasoning skills, and fostering 

students' ability to read the text and other written mathematics (Douglas, 1986). It was 

recognized that this new calculus course would require more personal interaction and 

feedback between students and instructors, including more graded homework, and that 

the new calculus course would need a new text (Kolata, 1988). 

The document Priming the Calculus Pump (Tucker, 1990) reported on the state of 

calculus reform efforts in 1990. This document included an overview of calculus reform 

efforts in general, and synopses of the many calculus reform efforts occurring in 

particular schools. Generalizing about the many different calculus reform efforts around 

the country, Tucker noted that there were several things the various reform projects had in 

common that seemed to be improvements over traditional calculus courses. The 

introduction of long-term smdent projects, creating oppormnities for group learning, and 

the introduction of technology all got students more involved with the mathematics than 

traditional approaches, and all these innovations seemed to work well for the reform 

projects in which they were tried. Tucker also noted that while many projects increased 
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the emphasis on numerical and graphical approaches to calculus, few radically changed 

the content from that of a standard calculus course. 

The classes in this study used textbooks that grew out of the calculus reform 

movement. Two teachers (Robin and Anne)' used Calculus by Hughes Hallett, Gleason, 

et al. (Hughes Hallett, Gleason, Hath, et al., 1994), also known as the Harvard 

Consortium text The other teacher (Dave) used Calculus in a Real and Complex World 

(Wattenberg, 1995a). Each of these texts incorporated some of the elements suggested at 

the Tulane conference (see Setting for ftirther discussion of the texts). 

2.3 Suggested Avenues of Inquirv 

Several researchers had suggested questions related to undergraduate mathematics 

instruction that are worthwhile avenues of inquiry and had not yet been answered. Selden 

and Selden (1993) wondered what college freshmen "know" about the nature of 

mathematics and how it should be taught, and what effect this "knowledge" has on 

students' learning and teachers' teaching. Ferrini-Mundy and Graham (1991) asked how 

students and teachers use textbooks at the level of calculus and if there will be teacher 

resistance to the use of technology. They suggest that with particular regard to the 

calculus reform efforts, curriculum development (including content, organization and 

specific lessons) needs to come into line with findings about how students leam. 

Reformers need to examine how the availability of technology influences student 

understanding before curricula are developed incorporating that technology. Ferrini-

Mundy and Graham also suggested finding out if college teachers will accept reform 

materials and use them in the intended fashion. Weisglass (1993) and Friedman (1993b) 

suggested thinking about the extent to which students should be presented with the 

' All subject names in this paper are pseudonyms. 
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mathematics in their classes, versus the extent to which they should be required to 

participate in the doing and explaining of the material. These are some of the types of 

questions I have begun to address with this study. 

2.4 Good Teaching and Effective Classrooms 

The discussion of good mathematics teaching in the United States can be traced at 

least as far back as the 1820's in the writings and speeches of Warren Colbum. In a 

speech before the American Institute of Instruction in Boston in 1830 he said that the best 

way to teach is "his who teaches the best But then it will be found to be the best only in 

his hands" (Colbum, 1830/1912/1970, p. 27). Colbum noted that good instruction needs 

to be tailored to the particular teacher and students involved, and that it would be injurious 

to attempt to set one particular style of teaching aside as the single best way to teach. 

Colbum did, however, suggest some basic, perhaps timeless, pedagogical 

principles that should be common to the various practices of good teaching. He 

suggested teaching each mathematical principle until it is mastered by the student rather 

than moving on when a principle is only partly understood. He warned against solving 

problems for students, instead encouraging teachers to lead students through problems by 

posing a series of simpler related questions. Colbum believed that abstract questions 

should only be asked after a student had extensive practice with questions grounded in 

concrete situations. Colbum did not feel it was beneflcial to pupils to be taught mles from 

books, but rather that pupils should develop their own mles as generalizations of their 

own reasoning. He noted that no two people think about a single idea in exactly the same 

way, and that the teacher should encourage students to reason in their own ways, later on 

teaching them alternative, pe±aps more efficient, ways to approach the mathematics. His 

final suggestion was that teachers should make the students study (Colbum, 
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1830/1912/1970, pp. 26-37). In his college arithmetic text (Colbum, 1825/1970) 

Colbum stressed to teachers the importance of using sensible objects (manipulatives in the 

modem parlance) for working problems. He also emphasized the importance of 

structuring the lessons carefiilly so that the learner can proceed from examples he can do 

easily to more difficult ones in a way where each step builds on previous steps and 

increases the student's powers and confidence (known to us as guided discovery 

lessons). 

These principles have been echoed in more recent suggestions about effective 

mathematics pedagogy at a variety of grade levels. Lampert (1986) indicated that the 

teacher's job is to help students connect intuitive, concrete, computational and principled 

ways of knowing by asking smdents questions whose answers are figured out (rather 

than recalled), and by asking students to think about what written symbols mean. 

Ginsburg and Yamamoto (1986) add that the major task of a teacher is to bridge the gap 

between informal and formal knowledge by maintaining a sense-making atmosphere in 

the classroom. Another researcher noted that even if they are taught only rote 

mathematical procedures the errors students make tend to be systematic, which suggests 

that they construct meanings in their heads regardless of the type of instruction received. 

Therefore, it is important that instruction should encompass correct meanings in addition 

to procedures (Gelman, 1986). Gelman detailed the ingredients in successful 

mathematics instruction. She recommended that students be made active participants in 

developing their own individual mathematical knowledge. She suggested that the 

mathematics should Hrst be presented embedded in concrete situations so that students can 

take advantage of their intuition. Gelman cautioned that algorithmic procedures are only 

as meaningful to the smdents to the extent that they are related to meaningful ideas 

understood by the students. The goal of mathematics instruction is to increase 
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understanding of the principles of mathematics and how these principles give rise to 

algorithms. She suggested that this could be accomplished in part by helping students 

recognize that different reasonable algorithms can arise from the same principle (Gelman, 

1986, p. 350). 

Effective college calculus classrooms were speciHcally discussed by a few 

researchers. Isaacson (1990) used twenty-four women's reflections about their 

experiences as learners of mathematics to conclude that classrooms where originality, 

creativity and independent thinking are valued and informal intuition is used as the 

grounding for developing mathematical knowledge are the most effective classrooms for 

all smdents, not just women. She noted that this type of classroom environment can be 

achieved by using an investigative open-ended approach as well as by encouraging talk 

and collaboration, especially in small group settings. Barnes and Coupland (1990) also 

noted that carefiilly structured discovery lessons were highly effective in creating 

meaningful experiences for the remming smdents in an introductory calculus course 

developed by the researchers. They also noted that the use of computers and 

manipulatives were important in adding meaning to the lessons. Pat Rogers (1990) 

studied the effective mathematics program at Potsdam and identifled some reasons why it 

was so successful. She noted that there was litde lecturing, mostly small group learning 

of the mathematics with students at the board sharing knowledge with the whole class 

from time to time. The students got to be experts in the classroom, while the teacher set 

an environment conducive to intellectual growth, wielding his authority with the 

knowledge that he would at some point need to relinquish it to these future colleagues. 

She suggested that this model was most true to the nature of mathematical inquiry. 
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2.5 Understanding Mathematics 

Larapert (1986) wrote about four different ways of "knowing" mathematics. 

Intuitive knowledge involves invented algorithms derived from and tied to a particular 

context. Computational knowledge includes using procedures and assessing answers by 

form rather than meaning. Concrete knowledge consists of knowing how to manipulate 

objects in a variety of contexts to find answers. Principled knowledge is tied to 

understanding of concepts and enables the knower to invent mathematically correct 

procedures to solve problems in a variety of contexts. 

Others describe knowledge as hierarchical in nature, with general concepts at the 

top of the hierarchy connected to increasingly specific concepts below. Meaningful 

knowledge occurs when individuals are able to relate new ideas to ideas they already 

know, incorporating the new knowledge into the existing hierarchy with many strong 

links to previously known concepts. Rote knowledge fails to be meaningful because it 

can be incorporated into existing knowledge structures without being linked to the other 

elements of the existing structure (Novak & Gowin, 1994). 

To determine the content and meaningfulness of a student's knowledge we must 

rely on external evidence. Heid (1988) suggests that a broad array of appropriate 

associations in explanations, being able to reason out forgotten facts, using one's own 

words (as opposed to words memorized from a text or teacher), and being able to explain 

connections between concepts are all clues to meaningful knowledge. Gelman (1986) 

adds that the ability to come up with novel approaches and solutions to problems is 

suggestive of meaningfiil understanding. 

In creating the student interview problems I have tried to write questions that 

would give students the opportunity to display the variety of mathematical understandings 

discussed above. Students were asked to compute answers, to explain their reasoning 
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and to explain connections among concepts. Students were asked to make judgments and 

arguments using mathematics. In addition, students were given the opportunity to show 

transferability and flexibility of knowledge by answering problems posed in unfamiliar 

settings. 

3. Setting 

3.1 Calculus bv Hughes Hallett. Gleason. et al. 

Two classes (Robin's and Anne's) used the textbook Calculus by Hughes 

Hallett, Gleason, et al. (Hughes Hallett, Gleason, Flath, et al., 1994), also known as the 

Harvard consortium text. This is a book in which the authors attempt to focus more on 

conceptual understanding and less on rote computation. In the preface to the book the 

authors write to students 

At every stage, this book emphasizes the meaning (in practical, 

graphical or numerical terms) of the symbols you are using. There is much 

less emphasis on "plug and chug" and using formulas, and much more 

emphasis on the interpretation of these formulas than you may expect 

You will often be asked to explain your ideas in words or to explain an 

answer using graphs, (p. xiii) 

Out of the nine chapters, two of them, chapters 2 and 3, are devoted entirely to 

introducing the concepts of derivative and integral without giving the smdents any 

formulas for computing them. The student introduction concludes with the following 

paragraph: 

You are probably wondering what you'll get from the book. The 

answer is, if you put in a solid effort, you will get a real understanding of 

one of the most important accomplishments of the millennium-calculus— 
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as well as a real sense of how mathematics is used in the age of 

technology, (p. xiv) 

The book draws many problems fhim non-traditional areas. For example, in the 

part of the text typically covered in the first semester of a two semester course there are 

problems about cooking a yam (pp. 15, 124, 137, 240, 271), the number of hours of 

daylight in Madrid (pp. 137, 170), pollution and depleting the earth's namral resources 

(pp. 23, 53, 125, 178, 181, 182), world population and food resources (pp. 34, 125, 

182, 205, 239) and injecting drugs into the bloodstream (pp. 23, 91, 119). 

Barnes and Coupland (1990) point out that much of calculus is being taught with 

problems only about "profits, weapons and machines" which are uninteresting areas for 

many students. The inclusion in the Harvard consortium text of the problems drawn from 

non-traditional areas allows many more smdents than previously possible to bring their 

intuition into the classroom. Traditional problems, such as those involving the orbits of 

planets, problems about the trajectory of thrown objects, problems where students must 

minimize the amount of fencing while maximizing the area of the field and problems on 

inflation are also found throughout the text. There are also some problems which are 

stricdy drill type problems, however there are not many of these. 

The introduction advises students that "Many of the problems that we have 

included in the book are open-ended. This means that there may be more than one correct 

approach and more than one correct solution" (p. xiii). The authors encourage the use of 

common sense and ideas from every day life. They also note that computers or graphing 

calculators will be required in order to answer some of the questions. Open-ended 

problems encourage students to understand that mathematics has an important human 

element; the use of technology allows students to do mathematics apart from the mindset 

of applying the single correct algorithm to find the unique correct solution to a problem 
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(Barnes & Coupland, 1990). Finally, the authors of the Harvard Consortium book also 

endorse group problem solving efforts. They suggest to the students that for many of the 

problems "it can help to attack them with the other perspectives your colleagues can 

provide" (p. xiv). 

The Hughes Hallett text begins with a chapter endded "A Library of Functions." 

In this chapter students are introduced to functions and their representations in a general 

way, and then specific types of functions are explored along with ways to alter functions. 

These functions include linear, exponential, power, inverse, logarithmic, trigonometric, 

polynomial and rational functions. The accompanying instructor's manual (Hughes 

Hallett, Gleason, Avenoso, et al., 1994) wams instructors against the temptation of going 

too quickly through this chapter, recommending around eight to twelve 50 minute class 

sessions spent on this material. 

The second chapter of the text gives smdents an idea of the meaning of the concept 

of derivative without providing any formulas for computing derivatives. The chapter 

begins with an exploration of how speed is measured when distance versus time is 

known. That discussion builds into the formal definition of derivatives (as the limit of 

difference quotients). It was after this initial introduction to derivatives that the students 

in Robin's and Anne's classes were initially interviewed. 

Chapter two continues with further conceptual discussion of derivatives. The 

third chapter covers a parallel conceptual introduction to integration. Chapters four and 

five return to derivatives and provide a symbolic treatment along with sections on 

applications of derivatives. The final chapter of the text covered in the first semester 

calculus course is chapter six, which begins a discussion of rebuilding a function from its 

derivative and introduces antidifferentiation. 
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3.2 Calculus in a Real and Complex World by Wattenberg 

Wattenberg's text. Calculus in a Real and Complex World (1995a), was used by 

Dave's class. The premise of this text is that "calculus is an intensely concrete subject that 

can help us understand and improve the world in which we live" (Wattenberg, 1995a, p. 

vii). This text aims to tie the ideas of calculus to real world phenomena. Technology is a 

big part of this course and computers or programmable graphics calculators are essential. 

Wattenberg exhorts smdents using this text to participate in doing the mathematics and to 

approach problems experimentally. In the instructor's guide he tells instructors of the 

importance of establishing "the dynamics of investigation and discovery from the 

beginning" (Wattenberg, 1995b, p. 7). An emphasis of this course is on mathematical 

modeling and Wattenberg intends for the tone of the course to be "experiment first, then 

develop descriptive terminology and a theoretical framework for working with the 

phenomena that were observed" (Wattenberg, 1995b, p. 13). 

Some of the discussion and problems in this text involve using calculus to explore 

"real world" phenomena. For example, derivatives are tied to several problems in optics 

(pp. 125-133, 214-220,231), including a discussion of an optical illusion device called 

Mirage (pp. 132-33). Also discussed are string art (pp. 232-34), pollution levels (p.21-

23, 179, 181) and black holes (p.227). Traditional contexts for calculus problems, such 

as falling bodies, maximizing profits and fencing farm plots occur throughout the text, as 

well. Many problems in the text provide the students with straightforward opportunities 

to practice skills. 

The first chapter of this text opens with a study of population models, and 

requires extensive use of technology. Iterative generational equations model a variety of 

populations and the behavior of these equations are explored using tables of values and 

graphical plots of these values. Technology is essential for dealing with the numbers 
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involved in these models. The population models are used as a springboard for 

discussion of ideas like limits and approximations. 

The final two sections of chapter one (before the summary section) contain an 

introduction to derivatives. Students first explore making better and better estimates of 

the slope of a curve, which leads to finding tangents to curves, a more precise formulation 

of the idea of limits and finally to the formal definition of derivative (as the limit of 

difference quotients). These sections conclude with discussions about how the tangent 

line and the function look nearly the same on a sufficiently small scale, about 

differentiability and about velocity. The students from Dave's class were first interviewed 

when these final two sections were being studied. 

Chapter two gives the smdents rules for symbolic differentiation, including some 

algebraic proofs of those rules, and discusses applications of differentiation. The third 

chapter, on graphing and optimization, provides more rules for symbolic differentiation as 

well as discussions of the relationship of graphical features to derivatives. Chapter four is 

the final chapter covered in the first semester calculus course. That chapter contains a 

treatment of differential equations which covers closed form solutions, graphical behavior 

and numerical approximations, including several sections on exponential functions. 

4. Research Paradigm 

This research was conducted within a naturalistic paradigm. Bogdan and Biklen 

(1992), Smith and Glass (1987) and Erickson (1986) note some key featores of 

naturalistic research: 

• the research is conducted within the natural course of events and the namral setting of 

the participants with the researcher as the key instrument 
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• participant behaviors and perceptions are considered bound to the physical, social and 

psychological context in which they occur 

• the research typically involves long-term first-hand contact between the researcher and 

the subjects 

• the analysis is descriptive 

• the researcher's focus is on the intents, meanings, interpretations and processes 

occurring rather than on achievements or other results 

• the data is analyzed inductively, with hypotheses emerging from the data, and 

• the research findings are presented through description and interpretation which 

render the subjects' world understandable to the readers. 

Certain types of questions are well suited for study within a naturalistic paradigm. 

Questions concerning the nature of classroom cultures, the perspectives of teachers and 

students about events in the educational process, comparisons of similar events in 

different settings, and questions that cannot be logistically or ethically studied within an 

experimental paradigm are examples of questions most appropriately studied using 

naturalistic methods. Naturalistic studies may appropriately be used to develop new 

theories, and to search for concrete universals based on detailed understandings and 

comparisons of multiple cases (Erickson, 1986). 

For this study, I began with the question: What do good calculus teachers do in 

their classrooms and how does that influence what their students understand about the 

concept of derivatives? This is a question about processes and meanings firom the 

perspectives of participants. This question is implicitiy contextually bound; it is a 

question that is tied to the context of "classrooms of good teachers." The answer to this 
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question is most effectively given in descriptive form. The naturalistic paradigm is the 

one most appropriate for my study. 

S. Methods 

5.1 Subjects 

The subjects for this study included three college calculus teachers and several 

students from each of their first semester calculus classes (for further description of the 

students in the three classes, see Appendix A containing charts of data from smdent 

surveys). The three teachers ail taught at a large Southwestern university and were 

selected as "very good" on the basis of recommendations of peers, supervisors and 

students. Prior to the beginning of the semester, these teachers each agreed to teach a 

section of a five unit first semester calculus course and to permit me to observe that class 

and to solicit student volunteers from the class. The teachers also agreed to be 

interviewed during the course of the semester. The teachers were not offered any 

compensation for participation in this study. The three teachers are being called Robin, 

Dave and Anne. 

The smdents in each class were informed of the smdy during the first week of 

classes. Inunediately before (the day of or the day before) the initial student interviews, 

volunteers were solicited from each class to participate in the interviews. Students were 

offered monetary compensation ($5.00) for participation in the first interviews. Student 

volunteers were selected on the basis of being able to find a time to schedule an interview 

within a few days. One student who participated in a first interview, however, was 

specifically asked to do so (by me) although he did not initially sign up for an interview 

time slot. This student, Lexi, was selected because he was unusually verbal, initiating far 

more interaction with his teacher during classtime than any other smdent in his class. 
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Nine students from Robin's class, twelve from Anne's class and eleven from Dave's 

class participated in the initial interviews. Due to some confiision about appropriate 

prompting, the first student interviewed from Dave's class was eliminated from the pool 

of subjects, leaving ten subjects from his class. 

A subset of these volunteers was chosen to participate in second interviews, for 

which each student was paid ($15). The students selected for participation in the second 

interview were ones who remained enrolled in their calculus class, with no more than four 

men and four women selected from each class. All students who were asked to 

participate in the December interviews agreed to do so. Since only two women from 

Robin's class were in the initial pool of subjects, this made for a total of twenty two 

interviews in December. 

5.2 Research Desi^ 

Smith and Glass (1987) noted that the three primary sources of data in a 

naturalistic study are field observations, interviews and document collection, with the 

relative emphasis of each type of source depending on the researcher and the nature of the 

particular study. They also indicated that while some researchers enter the field with no 

prespecified design, others begin with a tentative working design which addresses such 

issues as the length of time for collecting data, the type of events that will be observed and 

how participants will be selected for interviews. For my study I began with: 

• a tentative schedule for classroom observations; 

• plans to use audiovisual recording equipment to supplement my field notes; 

• field note log pages which were designed in light of my pilot study; 

• plans to keep an observer's journal for data and analysis beyond field notes; 
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• an idea of how I would select the student interviewees; 

• plans to collect student exams; and 

• penultimate drafts of interview protocols for the student interviews. 

Bogdan and Biklen (1992) and Erickson (1986) emphasize that qualitative 

research designs must be flexible, and continuously evaluated and redirected during the 

study in light of events and analysis. Some of my original plans were adjusted as my 

study progressed. Decisions about other aspects of my research design were intentionally 

left to be made in light of the data collected; for example I generated questions for the first 

teacher interviews by analyzing the field notes I had recorded from each teacher's 

classroom. A schedule of data collection can be found in Table I, Data Collection and 

Class Topic Schedule. 

Table 1: Data Collection and Class Topic Schedule 

Date Robin Dave Anne 
8/18 Interview with Robin Interview with Anne 
8/21 Interview with Dave 
8/24 First day of class First day of class 
8/25 Functions Population models Functions 
8/28 Linear functions Population models Linear functions 
8/30 Exponential functions Bounds, limits Linear functions 
9/1 

Exponential functions 
Continuity Exponential functions 

9/5 Families of functions Tangents to curves 
Student interviews 

9/6 Slope graphs 
Student interviews 

9/7 Inverse fimctions "Quiz" on slopes 
Student interviews 

9/8 Pendulum data 
9/11 Growth, annual yield Trajectories Logarithms 
9/12 New functions from old Differentiating polynomials 
9/13 Number e 
9/14 Trigonometry Diff. trig functions 
9/15 Quiz, trigonometry Exam review 

Interview with Dave 
Growth 

9/18 Rational functions Exam review 
9/19 Rates of change 
9/20 Derivatives Hands back exam Average speed 
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9 111 More derivatives Optics Difference quo. 
program 

Student interviews Student interviews 
9/22 New functions from 

old 
Student interviews Student interviews 

9/26 Deriv. function Optimization 
9/27 Derivatives 
9/28 Interpreting derivatives Problems from another text 
9/29 Differentiability 
10/2 Derivative function 
10/3 Tangent lines Optimization, roots 
10/16 Upper, lower est. 

(integrals) 
10/17 Area, average (integrals) Second derivatives 
10/19 Exam review 
10/20 Interview with Robin Quintic contest Integrals, derivatives 
10/23 Interview with Anne 
10/26 Deriv.s of exponentials Parametric equations 
10/27 Polynomial deriv. 

rules 
10/30 Exponential deriv. rule 
11/7 Hands back exam 3 
11/8 Chain rule applications Chain rule, tables 
11/10 

Chain rule applications 
Interview with Dave 

11/27 Families of curves End behavior of rationals Using the first deriv. 
11/28 Optimization Integrals 

Using the first deriv. 

11/29 Optimization Integrals and calculators Optimization 
12/1 End surveys collected Optimization 
12/4 Integrals Exam preparation 
12/5 Integrals 
12/6 Derivative contest End surveys collected Integrals 

Hands back exam 4 
12/7 Exam preparation Final exam review 
12/8 Final exam review Review 

End surveys collected 
12/11 Final exam review Final exam review Anti-derivatives 
12/12 Extra review class 
12/19 Interview with Robin 
12/20 Interview with Dave 
12/21 Interview with Anne 
Note. The classrooms are identified by the teacher's name. The topic covered on days I 

observed is in plain font. Other types of data collection that occurred are in italics. 
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5.2.1 Observarion 

Smith and Glass (1987) suggest that direct observation is the heart of naturalistic 

data collection, and for this study direct observation of the three teachers and their 

classrooms was a primary data collection technique. Fieldnotes, the observational record, 

are intended to be a careful record of what occurs in the field. They contain descriptions 

of people, events, activities, verbal exchanges and overt behaviors, as well as a record of 

the time sequence of these occurrences (Smith and Glass, 1987; Erickson, 1986; Bogdan 

and Biklen, 1992). I recorded my observations on log pages labeled with the teacher's 

name and the date (see Appendix F for a sample log page). The pages had spaces for me 

to record common events (such as teacher lecturing, student asking a question, etc.), 

using a code list, in the minute the events occurred. There was also space for me to write 

more detailed notes about what was occurring and my reflections on those events. When 

I observed a class I kept a digital watch on my desk for noting the times of events. 

A videocamera was used to record some of the classes that I observed, especially 

the classes when derivatives were introduced and the classes leading up to that topic. 

Electronic records of classroom events are valuable because they provide the observer 

with the opportunity to replay events, allowing for more thorough and clear analysis 

(Erickson, 1986). Although the presence of a camera may have a more dramatic effect on 

people's behavior than the presence of an observer, as with an observer the camera will 

eventually fade into the background if it is present long enough (Bogdan & Biklen, 

1992). I videotaped several classes before the introduction of derivatives in each class, so 

that the class and teacher had already become used to the camera when I taped the first 

lessons on derivatives. In each class I aimed the camera at the teacher rather than the 

students, and the students were told that the camera was intended to record the activities 
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of their teacher. In Robin's and Dave's room I set up the videocamera on a tripod in front 

of my desk. In Anne's room I set the videocamera on a table in the rear of the classroom. 

In Robin's and Dave's room, my observations were usually made from a student 

desk-chair at the front comer of the classroom, where I could see the teacher, the board 

and most smdents. This chair was the same as most of the chairs that students in this 

room used, and it was located among the students' chairs. In Anne's room I often sat on 

the floor in the front comer of her classroom at the beginning of the semester, as the 

number of students attending her class equaled or exceeded the number of chairs in the 

room. About four weeks into the semester I began sitting at a desk-chair in the front 

comer of the room which I turned sideways so I could see the whole room. This chair 

was not in the same grouping of desks where the students sat. 

5.2.2 Interviews 

"An interview is a purposeful conversation... that is directed by one in order to 

get information from the other" (Bogdan & Biklen, 1992, p. 96). There are several types 

of interviews that can be done in a naturalistic study. Smith and Glass (1987) discuss 

gatekeeping interviews, story-telling interviews, semi-structured interviews and informal 

in-situ interviews. Gatekeeping interviews are used to talk about the circumstances and 

plans for the study. Story-telling interviews are characterized by lengthy interchanges in 

response to open-ended prompts. Semi-structured interviews are based on protocols with 

specific questions and probes. Informal in-situ interviews include unplanned, unscripted 

discussions between the interviewer and the subject. I employed each of these types of 

interviews in this study. 

The first type of interview I employed was a gatekeeping interview. During the 

week before the beginning of the semester I met with each of the three teacher participants 
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and discussed what I planned to do in their classrooms and why. The teachers had the 

opportunity to ask me questions and give me suggestions. I emphasized to each of them 

that they had been selected because they are considered to be very good teachers. I 

reassured them that they and their students would be kept anonymous in any reports. 

These interviews were recorded on audio tape. 

The second type of interview utilized in this study was a semi-strucmred 

interview. The first round of student interviews were conducted by two colleagues 

according to a common script (see Appendix D). Colleagues conducted this round of 

interviews to mitigate any biasing of the data due to the researcher's expectations. In this 

interview smdents were asked to answer a series of questions and complete a series of 

tasks to show their understanding of derivatives. An additional question designed to elicit 

feedback about their perceptions of the classroom experience was added for some of the 

students being interviewed. This question was added in response to a suggestion from 

one of the student participants after a few of the first interviews had already been 

completed. 

While the first student interviews were task oriented, the second student 

interviews (also semi-stmctured) included a larger component of feedback about each 

student's learning experience. These interviews were conducted by me near the end of 

the semester. The first part of this interview contained questions and tasks probing the 

student's understanding of derivatives. The second part of the interview inquired about 

the student's perceptions of classroom occurrences, study habits, the text, the teacher and 

what helps him or her best leara (see Appendix D). 

For both the September and December smdent interviews, electronic recording 

devices were used. At the beginning of each interview the interviewer explained to the 

student that a video camera and tape recorded were being used so that the interviewer did 
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not need to take notes during the interview. The video camera was aimed at the student's 

work area rather than at the student 

The teacher interviews after the semester commenced were story-telling 

interviews. I analyzed my field notes to discover topics of interest about each teacher and 

his or her classroom. I noted these topics along with some questions about each teacher's 

background on a piece of paper which I brought to the interview. During the interview I 

attempted to engage the teacher in conversation about each topic, but I generally allowed 

the teacher to speak freely, while I followed her or his conversational lead (see Appendix 

E for transcripts of these interviews). During and at the conclusion of the semester I had 

this type of interview with each of Robin and Anne twice, and with Dave three times. 

Some of these interviews were video taped and audio taped, while the other interviews 

were only audio taped. 

The final type of interview used in this smdy was the informal in-sim interview. 

After class, or in the hallways, if the teacher answered a question or volunteered 

information relevant to the study I noted that in my observer's journal or with my field 

notes. Since these interviews did not occur in the more formal contexts of being observed 

or during a taped interview, I Died to be careful not to give teachers the impression they 

were telling me information "off the record" that I actually intend to record. 

5.2.3 Document Collection 

The third aspect of data collection for this study was document collection. I used 

the collected documents as secondary data sources, to cross-check hypotheses generated 

by examining data from observations and interviews (Smith & Glass, 1987). 

On days that I attended class I collected a copy of whatever handouts the teacher 

was providing to the students. Occasionally a teacher provided me with a handout from a 
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day that I did not attend, or allowed me to copy a written lesson plan. These documents 

provide data about teaching methods and classroom events. 

During the first student interviews I sought and received permission to copy the 

exams that the student volunteers took as part of their class. Accordingly, I copied 

quizzes, midterms and final exams tumed in by these smdents. These documents provide 

additional data about the development of student understanding. I did the copying after 

the teacher had graded the test (if the test was being graded) by borrowing all the exams 

from that class, copying the ones of interest outside of the teacher's presence, replacing 

the copied exams into their former locations in the entire class set of exams, and returning 

all the exan« to the teacher. This procedure was meant to keep the identities of the 

student volunteers unknown to the teacher. 

5.2.4 Researcher's Journal 

Bogdan and Biklen (1982) suggest keeping an observer's journal. This should 

contain a record of the observer's thinking about what is being observed, meanings, 

decisions about methods, rationale for departures from the working design, personal 

preconceptions, ethical dilemmas and pet hypotheses. They point out that in naturalistic 

research the researcher is the instrument, and as with any research it is appropriate to 

evaluate the instrument. Engaging in reflection and recording information about personal 

experiences and reactions that are related to the study help reduce bias in the data 

gathered, although it may not be possible to entirely eliminate it. Smith and Glass (1987) 

also note that even in experimental research it has been repeatedly demonstrated that the 

researcher's personal biases influence results. 

I began keeping an observer's journal a couple of weeks prior to the beginning of 

the semester in which I collected my data. I included many of the types of items 
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suggested above, as well as a record of occasional "less formal" observations and in-situ 

interviews. This journal was kept on a computer, although occasionally when I am away 

from my computer I make journal entries on paper which I keep with my used 

observation log pages. 

5.3 Researcher's Biases 

Engaging in reflection and explicating personal biases are appropriate endeavors 

for a naturalistic researcher (Bogdan & Biklen, 1982; Smith & Glass, 1987). I began 

designing this study having recently delved into the literature on gender issues in 

undergraduate mathematics. From this literature I had come to the conclusion that 

constructivism and cooperative learning were the best teaching approaches. As I gained 

more experience as a teacher and as an observer of teachers I have discarded the ideas that 

these are the only possible good approaches. I believe that constructivism provides a very 

useful model for student learning; useful in the sense that it leads to effective classroom 

approaches. I also enjoy using a discovery approach and a modifled cooperative learning 

style in my own teaching, because that is how I believe I best conununicate about 

mathematical ideas with my smdents. I recognize that there are other teachers using other 

approaches, and that these other approaches may also be highly successful. Whatever 

classroom approach a teacher chooses to use, it should be a conscious choice where that 

teacher is aware of the alternatives and the merits of each. Teachers should be offered 

support and education so that they can teach in their chosen fashion doing the best 

possible job. 

5.4 Analysis and Report 

Analysis in a naturalistic study is the process of understanding the data that have 

been collected and rendering it intelligible to a reader of the final report. Analysis begins 
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as data is being collected, and helps adjust the focus of data collection. Analysis 

continues after data collection ends and is complete when the report is written (Smith & 

Glass, 1987; Bogdan & Biklen, 1992). 

Analysis involves generating and testing hypotheses. Hypotheses are generated 

by reading the collected data, searching for patterns and then returning to the data to seek 

conflrming and disconflrming evidence. Hypotheses are adjusted if necessary until 

plausible conclusions are reached (Erickson, 1986). 

During the course of the data collection I began to analyze the data. For example, 

the list of topics for each teacher's interview was generated by analyzing the field notes up 

to that point. Analysis of the data during the study entailed careful reading of (or listening 

to or watching) parts of the collected data, noting patterns and areas of uncleamess in 

need of further exploration. This type of analysis was intended to guide further data 

collection efforts. 

Analysis after the data collection phase was complete began with thorough 

readings of field notes, the researcher's journal and collected documents, and listening to 

recordings of interviews — reviewing the entire body of data. During this first reading I 

attempted to solidify a sense of the classroom experience in each classroom, and I began 

to think about what was important in each classroom to each participant. As part of this 

reading and thinking process I made complete transcriptions of all the teacher interviews. 

My next step was to thoroughly re-examine the collected data, keeping in mind the 

ideas that had begun to form from my first read through and from analysis done during 

the data collection phase of the study. After the second look at the entire body of data was 

complete, I began to write down patterns and themes that have emerged. From these 

patterns and themes I developed coding categories. I initially focused my efforts on the 

perspectives of the three teachers, and developed initial codes related to the teaching styles 
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and beliefs they displayed. I wrote some macros for my word processor that allowed me 

to easily copy data from transcripts into files for each coding category. 

After coding the teacher interviews I tumed to the field notes and tapes of classes. 

I re-read the field notes and watched some class tapes to select a ̂ ical lesson for each 

teacher. I selected the class of September 5 for Dave, the class of September 19 for 

Robin and the class of September 20 for Anne. These classes were selected because they 

were typical lessons. For Dave, who tried to spend one day a week mingling among his 

smdents as they worked problems, but spent the other four days each week lecturing, I 

made a point of choosing a lecture day. In addition to being typical lessons, these were 

the lessons during which derivatives were introduced. I generated detailed descriptions of 

these three selected lessons, as well as briefer descriptions of the lessons leading up to 

and following those lessons. I included descriptions of the homework problems assigned 

and summaries of the text sections pertaining to those lessons. By setting each detailed 

lesson description within summaries of other lessons, homework and the related text 

sections, I hoped to provide the reader with a sense of how each lesson fit in with the 

other pieces of the course. My aim was to generate as complete as possible a picture of 

typical lessons, as well as to give a full description of each teacher's approach to the 

introduction of derivatives. I included transcription of the dialogue as well as description 

of the action in the classroom. In the generation of the detailed descriptions and 

summaries I relied upon my field notes, videotapes of the classes and the textbooks. The 

purpose of generating these rich descriptions was to give the reader a sense of what it was 

like to be in each of these three classes. Also, it is hoped, being able to tie teacher themes 

to well described classroom events should clarify and make more concrete those themes. 

The final step of working with the classroom descriptions was to match classroom events 

with teacher themes that were being explored. 
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Once detailed lesson descriptions were complete the next task was to work with 

the student interviews. I watched the videos of the mathematical portions of the student 

interviews in conjunction with an examination of the record of their written work. From 

this I generated written summaries of the students' responses, strategies and explanations 

for each problem. I examined these summaries for patterns and themes in the responses, 

strategies and explanations. From these patterns and themes I developed coding 

categories. I then used these codes to further abbreviate the summaries of the 

mathematical portions of the student interviews, and I put these results into a table which 

is included in the student themes chapter. After this step was complete I took my student 

interview codes back to my field notes to seek connections between classroom events and 

student interview results. 

The processes of examining the data, developing codes and writing conclusions 

were fluid and iterative. Each of these steps occurred in conjunction with the other steps, 

although at different points different processes were most dominant. I constandy returned 

to the data, modifying codes and re-coding data in light of analysis. As I wrote I 

continued seeking confirming and disconfinning evidence for the patterns I noticed. This 

process continued until final conclusions were reached that were well supported by the 

data. 

The final phase of analysis led to writing a report. In addition to making clear the 

conclusions and techniques of the study, the report should allow the reader to vicariously 

experience the setting and events in the study and should provide the reader with a 

summary of the full range of evidence so that the reader can judge for himself or herself 

the validity of the conclusions. The report should also include an account of the changes 

in the researcher's point of view and focus as the study progressed. The report should be 
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narrative, in non-technical language, with hypotheses and conclusions interwoven with 

descriptions of events (Erickson, 1986; Smith & Glass, 1987). 

There are two notes about the writing style used in this report. First, in many 

instances I have chosen to use the third person plural pronoun to denote a gender neutral 

third person singular pronoun. Thus, I have used "them" in the place of "him or her", or 

"they" in place of "he or she" to avoid awkward sentences. Second, in the spirit of using 

the natural language of the participants, I have quoted from interviewees using the 

grammatical constructions they use in their speech. People often use casual granmiar in 

conversations and the quotations reflect this. 

The implementation, analysis and report of a naturalistic study should be evaluated 

using the following criteria; The time spent collecting data needs to be adequate for 

understanding the events and perspectives involved. The researcher's access to data 

needs to be robust. The data collected should be as free of observer effects as possible. 

Personal biases of the researcher need to be explicit and compensated for. Conclusions 

need to be supported by sufficient data. The search for and analysis of disconflrming 

evidence must be thorough. Interpretation of evidence needs to be reasonable. A variety 

of evidence (i.e. triangulation) needs to be collected and considered. The report needs to 

be clear and thorough. The questions and conclusions should be significant (Smith & 

Glass, 1987; Erickson, 1986). 

6. Pilot Study Summary 

In the spring of 19951 completed a pilot study for this project. The purpose of 

this pilot study was to practice using the smdy design and to determine where it needed 

modification. The subjects of this study were one teacher at a community college, and 

three smdents from his class. This teacher was selected as a subject because his class met 
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at a time I had no other duties (in particular, he was not chosen because of any evaluation 

of his effectiveness as a teacher). This first semester calculus class met for 135 minutes at 

each of two weekly class meetings. The text this class used was Calculus (Hughes 

Hallett, Gleason. Fath, et al., 1994). I used this pilot study to develop observer's log 

pages, and to uy out and adjust interview protocols. The results of this pilot study 

suggested some potentially fruitful areas of investigation for the full study. A few results 

are discussed below. 

The teacher, Tom, felt su-ongly negative about the text he had been assigned to 

use. Part of his stated reasons for this included a faulty belief that humans invented 

differentiation about 100 years before integration. This statement was made to explain 

why he would not teach the topics in the Hughes Hallett text Calculus (Hughes Hallett, 

Gleason, Flath, et al.. 1994) in the order written. Tom used a text he had taught from 

before to provide supplementary material for his students. Tom's strong feelings and his 

actions with regard to the text suggested that paying attention to the influence of the text 

on the teacher and students was a worthwhile avenue of inquiry for the full study. 

Tom stated that where students really learn is at home, interacting with the 

mathematics. In class, he spent most of the time showing mathematics to the students, 

suggesting that his classroom was not a place where learning really took place, although 

perhaps it set the stage for learning outside of class. This discussion with Tom prompted 

me to wonder about the role of classtime in the learning process as far as students and 

good calculus teachers see it. I made a point of including questions about this in teacher 

and student interviews in the full study. 

A misconception shown by all the students in interviews was a confusion about 

"increasing" and "positive" with regard to derivatives. The students were asked to sketch 

a function whose slope was increasing everywhere and to explain what they knew about 
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the derivative of such a function. All the students indicated that if the slopes were 

increasing, then the derivative would be positive (which is not necessarily true) and 

increasing (which is true). The students drew increasing, concave up graphs. One 

student initially drew a concave up parabola, but "corrected" himself because he decided 

that the decreasing part of the graph could not have increasing slope values. Again, this 

finding seemed worthy of follow up in the full study. 

Another interesting result was that the students did not seem to know more about 

derivatives at the end of the semester than near the beginning. In fact, one student seemed 

to have been confused by her more recent experiences with integration. I did not expect 

to see this same result in the full snidy, but I was alert for it. 

Finally, in some student interviews the students were able to answer questions 

about the concept of derivative reasonably well, although they were unable to take the 

words and translate them into problem solving techniques. This suggested that the words 

were not very meaningful to those students. I paid attention to the distinctions among 

words and meanings and skills as I listened to what students in the full study knew. 

7. Evolution of the Research Questions 

My original research question (what do good calculus teachers do in their 

classrooms and how does that influence what their students understand about the concept 

of derivatives?) was general, as is common with naturalistic studies. As I completed a 

pilot study and began collecting data for my fiill study, preliminary analysis of the data 

helped me identify some patterns, generate hypotheses and narrow the focus of my smdy. 

This evolving relationship between research questions and data collection is central to the 

methods of naturalistic research (Erickson, 1986). The next three paragraphs provide 

illustrations of how that process occurred in my study. 
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In the pilot study I discovered that the teacher's opinion about the text greatly 

influenced how he ran his class. The teacher in the pilot study disagreed with the order 

and emphasis that the text authors placed on various topics, and thus the teacher did not 

follow the text in his lesson planning. This observation generated some more focused 

questions for my full study: How does each teacher feel about the text he or she has been 

assigned to use? Why does he or she feel diis way? How does the text influence the 

content and approach the teacher presents in the classroom? 

Comparisons of classroom observations of the three different teachers in my full 

study helped me identify aspects of classroom dynamics that were very different in each 

of the three classrooms. In one classroom the teacher did most of the talking, only 

occasionally calling on students to answer, but usually responding at great length to 

student questions. In another classroom the teacher did very little lecturing, spending 

much of classtime having the students work on problems at their desks or having the 

entire class participate in solving a problem while she recorded student ideas (which got 

called out by many students all at once) at the board. In the third class the teacher usually 

ran the class from the blackboards in the front of the room, but regularly called on 

individuals by name to answer questions and give ideas. This preliminary analysis, done 

during the data collection phase, helped me direct my observations and interviews toward 

exploring the following questions: Who got to speak in each classroom, when did they 

get to speak and who decided? Were students being recognized as individuals in the 

classroom or were they relatively anonymous and what did this mean to the teachers and 

the students? Did some students get more individual recognition in the classroom (for 

example by having their speaking recognized individually by the teacher) and did this 

affect how valuable classtime was for them? 
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In addition to classroom dynamics, another important piece of the classroom 

experience was the teaching and learning of the particular content of the course. A third 

avenue of inquiry was suggested by student responses to questions about mathematics in 

the pilot study and the first round of interviews in the full study. Many students did not 

distinguish between the words "positive" and "increasing" with regard to a question about 

graphs of functions and graphs of derivatives. After the first round of student interviews. 

I noted the different ways the three teachers responded to this confusion in class when 

students made erroneous statements using these two words. I paid attention to student 

use of these words as I analyzed the student interviews. 
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CHAPTER 2: TEACHER THEMES 

I. Introducing tiie Classrooms and Teachers 

1 • 1 Class Schedules and Rooms 

Each of the classes being studied was a section of the same five unit first semester 

calculus course taking place in Fall semester, 1995. Each of these three classes met for 

fifty minutes each day Monday through Friday. Robin's class met at 9 AM. Dave's class 

met at 10 AM and Anne's class met at noon. 

1.1.1 Classroom Descriptions 

Robin's class and Dave's class met in the same classroom in a small building at 

the edge of campus. The building, known as 'the math annex', had a reggae shop and 

pizza parlor as neighbors. The classroom had a door that opened onto a traffic filled 

street, and from time to time lessons would be puncmated by the sounds of emergency 

vehicle sirens whizzing by. Most people entered the math annex through the rear entrance 

of the building, however. In addition to this classroom, the math annex contained a room 

at the rear entrance that the mathematics department used for informal calculus help 

sessions. Robin's and Dave's students each sometimes gathered in this room while 

waiting for earlier classes to finish using the classroom. Help session hours began after 

Dave's class, and when Dave's students left at the end of class it was not unusual to walk 

past sDidents waiting for help. Through a separate entrance in the same building were 

some graduate student offices. 

Robin's and Dave's classroom was wider than it was deep. There were about 

thirty-five desk-chairs which were not bolted to the floor and could be arranged in 

different ways. Usually, at the beginning of class the seats were arranged in rough rows 
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facing the front, center of the classroom. There was plentiful board space, including 

infrequently used boards along one side and at the rear of the classroom. An overhead 

projector on a cart was always available and there was a pull down screen in the front of 

the classroom. 

For the first couple of class meetings, Robin's and Dave's classes did not meet in 

this room. Robin's class met in a temporary structure containing a few classrooms and 

graduate student offices. She agreed to swap classrooms with an instructor whose class 

met at the same time but who had difficulty with the lack of a disabled person access 

routes to the math annex. Dave's class originally met in Anne's room, but he felt that the 

physical layout of the classroom would hinder his planned instructional approach for this 

particular class. To help my observations go more smoothly, I asked Dave if he would be 

willing to switch to the classroom in the annex. Dave agreed, and he was more satisfied 

with the physical layout of the annex classroom than the one originally assigned. 

Anne's class met in a classroom in a large building more centrally located on 

campus. This building houses a science department, including many laboratories, offices 

and a variety of classrooms. Anne's classroom was one of several on one hall of the 

fourth floor of the building, and was accessible only by climbing stairs. The classroom 

was roughly square shaped. There were thirty-eight desk-chairs bolted to the floor in 

closely packed rows with little extra space in the classroom. In the center of the rear row. 

there was a small, high table instead of one seat. I would place my videocamera on this 

table, since there was an electrical outlet underneath the table. In addition to the bolted 

down seats, there was usually an extra chair (without a desk) in the other empty spot in 

the back row, and there was another movable desk-chair in the front comer of the 

classroom. If no soident needed it, I usually sat in the movable desk-chair in the front of 

the room. The front and rear walls contained large chalk boards, although the rear board 
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was completely blocked by bolted down students desks and rendered inaccessible. An 

overhead projector on a cart was always in the classroom, although the layout of the room 

did not allow the projector to be placed far enough back from the screen to create an image 

large enough to be readable by people sitting at the desks. 

Near the beginning of the semester Anne tried to find a different classroom. There 

were more students than seats in her class, with more students attempting to add her 

class. Anne hoped to find a classroom which could accommodate all her students, but 

she was unable to arrange a new room. 

1.1.2 Impact of Classroom Design on Class Dvnamics 

On diree different occasions during the first week of classes. Dave had mentioned 

how disappointed he was with his originally assigned classroom. He felt the narrow 

rows of bolted down chairs would prevent him from circulating among the sOidents and 

would be an obstacle to group work, which was a technique he was eager to try. 

"Certainly I would prefer to have seats that can be moved," he commented. Dave had 

mentioned that the classroom layout might cause him to end up lecturing much more than 

he wanted. Another problem Dave cited was that the layout of the room prevented him 

from placing the overhead projector far enough from the screen to make the image of his 

projecting calculator large enough. Dave felt that a room needed to be technology friendly 

if technology was to be successfully incorporated into the course (see section 2.4.4.2). 

Robin was pleased with the classroom in the math annex. In October she 

declared, "I love our classroom. I love a classroom where we're all close to each other." 

Robin was happy that there were about as many students as seats, and she felt that having 

a wide room with only a few rows was also an advantage. "I can take about three steps 

and I'm at the back of the room, right there with the people in the back row. So if I want 
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to just kind of roam around and watch what people are doing I do it very quicicly." She 

also appreciated that the desks were not bolted down. "The desks are movable so they're 

able to get into groups, easily. That's really important I think." 

Robin, like Dave, was also concerned about her smdents being able to see what 

she was doing. Every morning before class began she wheeled the overhead projector 

out of the classroom. She explained, "some of the smdents that sit kind of behind it 

would have to kind of look around it every now and then to see the board. So I just get it 

out of the way." Dave's class met right after Robin's and he would wheel the projector 

back into the room before every class. 

Robin contrasted the effects of the annex classroom with the effects of another 

classroom where her algebra class met. In the other classroom the desks were "stepped 

up, like a lecture hall or a movie theater.... And it's taken me a long time to get a good 

atmosphere developed in that class.... The smdents in the back are just seem to be WAY 

up there, just so far away.... I think that has a huge influence on the feel of the class." 

1.2 The Three Teachers 

1.2.1 De.scription of Anne 

Anne described herself as "average beyond hope. Average colored hair, average 

height, average weight, average colored eyes." She usually dressed in a comfortable 

fashion; on the day she gave her initial lesson on derivatives she wore a short sleeved 

cotton dress and espadrilles. Anne believed that being "average" and being a woman 

were advantages in the classroom. She believed that as a woman she was more 

approachable than a man, perhaps in part because of "that mother thing, I feel comfortable 

asking mom." Anne suspected that being a female reduced the "distance factor" between 

herself and her students. "I think there's a lot of things that I could say or do. Or I could 
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encourage a student without sounding demeaning or something like that because I'm a 

woman. I really have always felt strongly about that." Anne also emphasized that being 

"normal" as opposed to "this stereotype of the math nerd" helped students "realize you 

don't have to be a nerd and you don't have to be weird to love the subject." 

Anne made a point of bringing much of her knowledge and experiences into the 

classroom. "I know a lot about a lot of things. In terms of how things work. And I 

think that really lends to my credibility." Anne knew a great deal about advising and 

administration, and she would use that information to help her students. She drew upon 

her knowledge of ecology to find settings where calculus was useful. Anne also shared 

stories with her class about her pre-school aged son and her bowling nights. "I have a 

life outside of class that I do not hesitate to talk to my students about.... And I think that 

makes me more human. And I'm also interested in what they do." Anne believed that 

this non-mathematics interaction and openness was valuable. 

Anne has no formal training to be a teacher, but she has made a point of paying 

attention to articles on teaching that people have handed her and she has attended talks 

about mathematics education topics. Anne began leading discussion sections when she 

was a junior in college. She became a graduate student in mathematics in 1982 and was a 

TA for three and a half years while she earned her masters in mathematics. In 1986 she 

began teaching full time at the university as an adjunct. Anne typically teaches algebra or 

calculus courses. She was among the first teachers to pilot a section of the Harvard 

consortium text as it was being written, starting in 1990. 

I • 2.2 Description of Robin 

"I just don't seem like a vulnerable, fragile sort of person." Robin was a tall, 

athletically thin, young woman with a thick southern drawl. She was sometimes 
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observed carrying her bicycle helmet. On the day that derivatives were introduced Robin 

wore a plain khaki T-shirt, a short flowered skirt and Teva type sandals. Robin felt it was 

important to the young women in her classes to have the role model of an "independent, 

seemingly attractive math teacher here who's a woman." 

Robin directed me to include in her description, "Robin enjoys teaching and it 

shows." She indicated that one of her biggest trademarks was that "I so obviously much 

care about the students and am willing to help them." Robin cared about the students' 

mathematical development as well as their personal development. In the December 

interview Robin described one of her students as "a little success story in life" because 

although this student wasn't doing phenomenally well mathematically, she "just seems 

more outgoing now. she's more confident, actually, in a way, with her math than she was 

before." To Robin, it was the highlight of the semester to see this young woman who 

began as "probably one of the shyest people in the class" progress to where she 

volunteered to come to the board for a contest at the end of the semester. 

Robin holds an undergraduate degree in mathematics and is certified to teach at the 

high school level. She tried teaching high schoolers as she was earning her certification, 

but she decided she prefers working with older students. Robin began teaching adults as 

a TA for evening school classes at Harvard University, working for Deborah Hughes 

Hallett, and she continued with this for eight years. At Harvard she taught algebra, pre-

calculus and a course in quantitative reasoning, and she assisted with calculus courses 

although she never independently taught one. Robin came to the U of A as an adjunct one 

year before this study began and in that year had taught her own sections of calculus for 

the first time. 
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1.2.3 Description of Dave 

Dave was a tenured professor. He was perhaps near the ages of the parents of 

many of the students in his calculus class, and he had a son who was a freshman at 

another university. Dave was a tall, thin man who wore glasses and usually wore slacks 

and a casual shirt to class. 

"It's like he forgets societal rules and just teaches" (Marcus Jest. December 

interview). Dave did not hesitate to be wacky. He believed that by keeping the tone of 

his mathemadcs classes light, he could motivate his students more effectively. Being 

responsive to his students was another key for Dave. "If I was doing my job, as I see it. 

I would be raising questions in their mind and a lot of the time they'd be raising their 

hands.... and we'd get established some sort of dialogue." 

Dave began teaching mathematics as a graduate student, handling drill sessions for 

pre-calculus and geometry courses. He had no formal training to teach. He was a faculty 

member in another mathematics department for five years and then came to the University 

of Arizona in 1971. In his thirty three years of teaching he estimated that about a third of 

the classes he has taught have been calculus courses. 

2. Classtime Content and Dynamics 

2.1 Overview of Teaching Stvles 

The reader is strongly encouraged at this point to turn to the Appendix containing 

the detailed descriptions of a typical class for each of these teachers (Appendix C). 

Reading through these lesson descriptions will give the reader a sense of a typical class 

with each teacher, as well as a sense of how that class fits in with other classes and with 

assignments. The rest of the discussion of teaching themes has been connected with the 

events of these particular lessons whenever possible in order to make the themes more 
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concrete. The next three short sections provide an overview of the teaching styles used 

by each of the three teachers. Many ideas mentioned in these sections are explored in 

further detail in the rest of this chapter. 

2.1 • 1 Anne's Teaching Stvie 

The lessons described in the Appendix included many elements typical to Anne's 

teaching style. Anne began the lesson on the topic with a very brief mini-lecture 

introducing the topic and reminding the students about previously learned relevant skills. 

The rnini-lecmre was punctuated by frequent solicitations of the class and the resulting 

interaction. When Anne asked a question she almost always threw it out to the whole 

class; most of the time the question was answered by several students at once. 

The lesson continued with the students working on an activity to flesh out the 

topic. The activity was written up as a worksheet. While the students worked they 

frequently consulted one another. The atmosphere would be noisy, but nearly entirely 

focused on mathematics. Although this was not organized group work, the students 

completed their work cooperatively. Anne circulated among the students and interacted 

with individuals and clusters of students as they worked. She usually moved along the 

edges of the room but from time to time she wedged herself between the rows of bolted 

down desks to interact more directly with students in the middle of the room. As the 

students worked, Anne would sometimes address a few remarks to the entire class. 

Typically she would urge them to finish up one part and move on to the next, or she 

would give the students a suggestion about how to proceed. 

When the activity had been completed. Anne would give a follow-up mini-lecture 

in a similar style to her introductory mini-lecture. The lecture would again be puncmated 



57 

by frequent solicitations and responsfis. Anne would point out multiple approaches and 

solutions to the various parts of the problem. 

After the follow-up lecture, Anne then gave her class a series of short questions to 

further develop the ideas. She would write a question on the board and possibly give the 

students a brief oral explanation of what she was asking. Anne then instructed the 

students to work on the question for a few minutes, but not to shout out answers. After 

most students had had time to work out their own answers. Anne led a discussion about 

the different ways the question could be answered. For the initial lessons on derivatives, 

this part of the lesson included the activities in the second day. 

Anne made explicit connections between current activities and previously learned 

knowledge. During the initial lesson on derivatives, for example, Anne emphasized that 

many of these questions were being answered using skills from algebra. She also 

regularly urged her students to look at their notes from the previous lesson and from 

earlier lessons. Anne revisited topics during the semester by setting aside time to talk 

about homework problems a few days after a topic was completed in class. 

In her October interview, Anne explained the genesis of her style of using 

worksheets. She cited, in particular, experiences teaching a mathematics course for pre-

service elementary teachers. In the pre-service teachers course there was an emphasis on 

"people doing work at their seat, working together and talking things out." She explained 

that this experience taught her how to teach differently from just telling students what they 

should know (see section 2.2.2.1). 

To Anne, this style of teaching using worksheets helps keep her students feeling 

like they are the ones developing the material and it helps keep them active in class. She 

explained, "I think they need to be active in class. I think if they're active in the class 

they're thinking about the material, and not just letting it sit on their paper and say, 'I'll 
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think about it tomorrow.' So that they're actually, I think, absorbing more at the time." 

She explained that an active, thinking student was one who was actively "making a 

decision about what the next line should be on their paper." The teacher could set the 

stage for having active students if she would "kind of hold back every now and then and 

let the student complete the thought, complete the process, that's, I think, forcing the 

student to confront any problems that they're having, or questions." Anne felt it was very 

important that students were given the opportunity to be active in class, although not 

necessarily for the whole class period of every lesson. 

Anne agreed that the cooperative work her students did in class was not formal 

group work. Anne explained that she had tried formal groups, in the sense of directing 

small clusters of students to pull their desks together and work with one another. In small 

group work, however. Anne noticed that students would not communicate with people 

outside their group. To Anne, this was a serious limitation. She found that her current 

style of encouraging general cooperation made students "more likely to interact with more 

people than in their group. They'll turn around, they'll look over.... And the soidents 

seem to be getting as much out of this as I could imagine.... They feel a little more 

independent, this is their work but they need the support of the people around them to feel 

comfortable." 

When Anne would ask a question in class, it was generally answered by several 

students at once. Anne did not call on individual students and rarely acknowledged 

individuals by name. Anne purposely encouraged this atmosphere. She felt that it 

increased the comfort level for most students to be able to blend into the crowd, and she 

valued providing the opportunity for multiple students to answer questions (see section 

2.3.2.3). Anne explained that she encouraged group responses to questions because, 

"I've found that being able to hear one particular person isn't as important as getting a lot 
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of people to answer and open their mouths. And so I like when a lot of people answer. 

And I've gotten better at being able to hear a lot of the different things that are coming out. 

You know. Like, 'five hundred,' 'four hundred,' that kind of thing. But I think it gives 

the students the freedom to say things out loud and I kind of like that atmosphere." 

2.1 • 2 Robin's Teaching Style 

Robin gave her students a reading assignment to do in preparation for the lesson 

described in the Appendix (Appendix C). She began the lesson by lecturing briefly to 

give her students an overview of the upcoming topic, and she then explained the setting 

for the problem the class would be considering. Robin developed the topic by asking her 

students questions, and elaborating on their answers. She would make a point of 

approaching and explaining a problem from a variety of perspectives. Robin's 

questioning technique was to ask the question to the entire class, pause to give the 

students time to think about the question, then call on a student by name to answer the 

question. The types of questions Robin would ask ranged from steps of a computation to 

deeper questions such as describing how a graph relates to the situation it models. While 

telling the class about administrative items, such as exam results and homework, Robin 

reminded her students they should stop by her office. 

In her October interview Robin explained that she likes to assign readings about a 

topic before she covers it. She believed that if the students even just opened the book and 

found out what topic was to be discussed then "class will make a lot more sense to them." 

Robin also felt that by assigning readings she was showing her support for and familiarity 

with the textbook. The textbook and especially the opportunity to work with the authors 

of the book were strong influences on Robin's approach of discussing a problem from a 

variety of perspectives (see section 2.4.3.2). 
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Robin has developed her technique of teaching via questions in order to help her 

students learn how to ask themselves questions. "That's one of my kind of goals in 

teaching, of course, to empower them.... [ ask questions that make them think about 

WHY this is this way, WHY this is that way. Just because I want them to hear the 

questions enough that they start thinking of the questions themselves." Robin believes 

that a very important role for her as an educator is to help her students learn how to ask 

questions and "learn how to find sources to get the answers to those questions." 

Calling on students by name is a very important part of teaching for Robin. Using 

names is a way Robin communicates that she cares about her students (see section 

2.3.2.2). Robin makes a point of waiting after she has asked a question, and then calling 

on a particular student to answer. By calling on students she avoids "the same five people 

always answering the questions." By waiting between asking and calling on someone 

she believes she is getting more people to think about the questions. "I try to remember to 

pose the question, wait a few minutes and then call on somebody. So that everybody has 

stopped to think about it. Cause, you know, they're under, they're sitting there with that 

horror, 'Oh, God, she's going to call me this time.' But at least they have to think about 

it." When calling on students. Robin is careful to calls on a mix of students. Robin pays 

special attention to her weaker students, making a point of asking them questions she 

knows they can answer (see section 2.3.2.2). 

2.1.3 Dave's Teaching Stvle 

Dave usually started class by answering questions about homework. Dave was 

willing to discuss the material that students had been working with prior to class for long 

portions of classtime, sometimes even for the entire classtime. Dave then spent whatever 

time remained preparing students for the next assignment. Dave tried to take one day per 
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week to have the students work on problems while he would come around and answer 

questions. He would often suggest specific problems for the class to work on for that 

day. Dave frequently used his projecting TI-82. He made a point of keeping a light, 

humorous tone. 

Dave developed the material primarily via lecturing, but his lectures were 

responsive to student input. Since Dave usually began class by discussing previously 

assigned material, he would try to base his lectures on the result of student efforts. On 

the day that derivatives were introduced, for example. Dave started class by discussing an 

extra credit problem. In this case he began the discussion by announcing diree correct 

answers he had seen students hand in, then he lectured about solving the problem by 

explaining why those answers worked. Another technique Dave used was to ask the 

class a question, record a list of his students different answers and follow up on each of 

them. 

When Dave found that the students had a gap in their knowledge, or conversely 

had a good idea, Dave readily adjusted his lesson plans to account for that. He explained. 

"I think I have to be a person who reacts to their questions." For example, Dave created 

the extra credit problem about fractional points on a circle when his students were unable 

to name any fractional points. Also, when a student answered the question about how 

steep the line was using degrees (see Appendix c), Dave incorporated the idea of 

measuring steepness with degrees into that and many subsequent lectures. Degrees 

became part of the classroom language for discussing slopes, and some of Dave's 

students used this language in their interviews. I asked Dave if he had planned on talking 

about slope in terms of degrees. He replied, "No, I usually don't use degrees but, if a 

student brings up anything worthwhile, as I think this is, then I go with it. You might 
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say that I milk it for all its worth. Degrees is worth a lot so much milk poured forth from 

this orifice" (email, January 31, 1997). 

Dave explained that in his ideal class there would be many fewer students, more 

like a tutorial, and in that setting students would frequently be raising their hands and this 

would establish a mathematical dialogue. Dave acknowledged that the size of the class 

made this ideal hard to achieve. "We can't have all thirty four students raising their hands 

and asking questions." He recognized that there was a handful of students, at most a 

third of his class, who tended to be the hand raisers, but "once a week I generally just 

have an hour or most of an hour spent just mingling around. And when I go around and 

talk to them personally and see how they're progressing on the problems I gave them for 

the day, nearly everyone will raise their hand there." 

Dave's use of humor and maintenance of a light atmosphere was intentional. "To 

ME it's important to make a fun class. Yeah. I think that to have them have a good 

attitude toward math is real important. Because I think math is mostly learned by they 

themselves. And if they have a decent attitude toward it they might work at night, and 

almost enjoy working at night." 

2.2 Students Interact with the Material Before the Lesson on the Topic Ends 

Each of the teachers in this study had a different style of teaching. Anne spent a 

great deal of time on in-class cooperative activities. Robin primarily used a style that 

involved asking her students series of questions as she led them through a problem. Dave 

employed a responsive lecture style of teaching. 

Despite these differences, all of these teachers did do one important thing in 

common. They each gave their students a chance to interact with the mathematics before 

the in-class lesson on that topic had ended. This can be considered in contrast to a 
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"traditional" format where a teacher lectured on a topic, perhaps presented some examples 

to the class, assigned homework for practice and moved on. In all three classes, nearly 

all students responded to the end of semester survey (see Appendix a) that their teacher 

"often" or "sometimes" expected them to solve math problems in class (Anne's class had 

more than half of the students responding "often", while the other two classes had 

"sometimes" as the most common response). The students from all three classes 

overwhelmingly agreed (or strongly agreed) that it made them feel confident about their 

math abilities when they successfully solved problems in class. 

2.2.1 Anne's Activities 

Anne, the cooperative activity teacher, would generally spend a few minutes 

introducing a new topic, then she would put her students to work on their in-class 

activity. She often closed the lesson by going over the activity and drawing together the 

main ideas using a combination of whole-class discussion and brief lecturing. The 

activities were presented to the students either on worksheets or as problems written on 

the board. Anne's smdents interacted with the material in the middle of the lesson, during 

these in-class activities. 

Anne explained that she created her worksheets by asking herself "what would I 

present to students to show them what's going on in the section and then I try to take 

some of that and put it into a worksheet format" (Anne 10/23). She acknowledged that 

her worksheets and activities were very much guided activities, as opposed to discovery. 

Although she admits to leading her students along, she found "when the STUDENT 

thinks they are coming up with the ideas from step to step they realize, 'Oh. this makes 

sense.' And they start understanding it a little bit better than me just saying, 'Ok does 

everyone understand this?'" (Anne 10/23). 
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During the initial lesson on derivatives on September 20, for example, Anne gave 

her students a worksheet with a table of numerical data showing the height of a tossed 

book at .5 second intervals. On this worksheet students were asked to find an equation 

and a graph to go with the data. Anne followed up this worksheet with a series of 

questions that she wrote on the board. By the time the initial lesson on derivatives had 

ended, the students had (I) found the coefficients for a function modeling the height of a 

tossed book; (2) graphed that function; (3) found changes in height over different time 

intervals using both the table and the equation; (4) found average velocities over different 

intervals; (5) illustrated Afs. At's and velocities on the graph; and (6) discussed 

relationships among Afs. At's and velocities. In the next few subsequent lessons they 

continued discussing relationships among Afs, At's and velocities, and used a calculator 

program to check what would happen to velocities over smaller and smaller intervals 

starting at t=.5. 

Anne's students had the opportunity to solve problems in the midst of the 

classroom lesson on the topic, while Anne circulated to offer individualized feedback. 

When asked in the end of semester surveys (Appendix a) if they agreed with "It makes me 

feel confident about my math abilities when I successfully solve problems in class," 

Anne's class had the largest fraction (nearly half, as opposed to 1/4 or less for Dave and 

Robin) of students strongly agreeing. This opportunity did not, however, universally 

translate into every student feeling that he or she had worked on the problems. One 

student commented about derivatives, "We had an introductory worksheet. She [Anne] 

did nearly all of it. The last problem was to find the slope. I was blown away as was 

most of the class" (Kline, September interview). 



65 

2.2.2 Robin's Questions 

For Robin's smdents the interaction moments were spread throughout the lesson. 

Robin's pattern was to ask a question; pause, giving her students time to figure out an 

answer: call on an individual by name (of Robin's choice; not a volunteer); and then 

elaborate on the student's answer before continuing with her lesson. Robin's pause 

between posing the question and calling on an individual encouraged all the students to 

think about the question and engage with the material, since any student could be the one 

called on to answer. The students thought about the posed question individually: they did 

not interact with one another during these pauses. For example, on September 19 when 

derivatives were being introduced, Robin asked her students questions like, "What 

information would you need to know if you were trying to find the speed [of the tossed 

sweet potato] during that first second?" After this question, Robin waited and then called 

on a student to answer. Once she was satisfied with the student's answer, Robin went on 

to explain how to find the velocity and what sorts of terminology were related to this 

question. 

During the initial lesson on derivatives, Robin's students had the opportunity to 

consider questions like: 

• "Is it [the sweet potato] traveling at one particular rate from here to here?" 

• "What figures [from the table of heights] should we be using to get the numerical 

value of the average velocity over the first second?" 

• "What is the relationship between the path of the sweet potato and the graph [of height 

versus time]?" 

• "How can you visualize 14 ft/sec [on the graph]?" 



66 

• "How do you calculate the slope that goes from a point to itself?" 

• "What if all of a sudden a little motor inside the potato kicked in, and it was coming 

round here doing about negative two feet per second, two feet per second it's falling, 

and it continued that rate because the motor kicked in. It kept that rate of two feet per 

second, negative two feet per second for maybe, another whole second. What would 

that look like on the graph?" 

In addition to considering these types of questions. Robin's students also had the 

opportunity to work brief computations. For e.xample, after leading the class through the 

steps of finding the velocity of the sweet potato during the first second, Robin had the 

students on their own find the average velocity of the sweet potato over the 2nd second. 

During the class of September 21 Robin had her students use a calculator program to 

evaluate difference quotients, while Robin came around to help students having trouble. 

So. via questions and short problems embedded in the lesson, Robin's students were 

engaged with the material of the lesson during that lesson. 

2.2.3 Dave's Responsive Lectures 

For Dave, the lecturer, the oppormnity for students to interact with the material 

primarily came in between classes. What made him different from a "traditional" lecturer 

was that he made a point of finding out the results of student efforts and using those 

efforts in his lectures. The work his students did between classes would become part of 

the next lecture, which would be a continuation of the lesson started during the previous 

lecture. Dave usually began class by discussing problems the students had been assigned 

prior to that class. Dave would solicit student input, record a list of different answers and 

then follow up on each of those answers. As discussed in section 2.2.1.3, Dave also 

made a point of incorporating soident ideas into his lectures, for example the idea of 
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measuring steepness in degrees became part of the classroom language. This is not a type 

of lecture that could be written before classtime. 

Gaps in students' knowledge provided another opportunity for students to interact 

with the material before a lesson ended. For example, Dave created the extra credit 

problem about fractional points on a circle when his students were unable to name any 

fractional points. This problem was created on the spot, in response to his students' 

deficiencies. After the students had worked on that problem overnight. Dave collected 

their efforts and finished lecturing on that topic in response to what the class had tried. 

Dave's problem days were another opportunity for students to interact with 

material before a lesson had ended. On those days (which Dave tried to hold about once a 

week), while students were working on the problems either individually or in small 

clusters, Dave would come around and offer explanations pertaining to the material the 

students were working with. So. via responsive lectures, problems designed to fit the 

class's needs, and special problem days. Dave gave his students the opportunity for 

lessons to continue after the students had engaged with that topic. 

2.3 Discussing Homework and Revisiting Topics 

Spending time talking about homework and revisiting previously covered topics 

was another important way that the three teachers brought topics that students had already 

interacted with back into the classroom. For all three teachers, going over homework 

entailed more than a perfunctory, "Any questions about your homework?" By taking time 

to talk about homework in class the teachers integrated the homework into the mainstream 

of the course, rather than relegating it to the role of isolated practice. By revisiting topics, 

the teachers gave their students additional opportunities to learn material that may have 

been difficult for the students to understand after their initial exposure to it. 
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Dave began most lessons by discussing the assignment due that day, and spent up 

to the entire class period talking about the assignment. Anne and Robin, too, spent 

generous amounts of class time talking about homework. For example, during the 

second day of introduction to derivatives, Robin led a discussion for most of the class 

period based on problem #6 from section 2.1 of the consortium text, which was due that 

day. The next day, Robin spent a great deal of classtime discussing a homework problem 

about the rate of change of the amount of water in the Rillito. From time to time, Anne 

also set aside large portions of classtime to talk about homework. For example, on 

September 15 her class spent half an hour discussing homework problems from section 

1.7, and the entire lesson on September 22 was spent discussing homework related to 

sections 1.9 and 1.10. 

Robin was willing to spend time going back to topics she had thought were 

completed, if she felt that going back to these topics would be of value to her students. 

For example, Robin had given a quiz on September 15 on which her students had done 

quite poorly. Rather than letting it pass as unfortunate, Robin took classtime on 

September 20 to give her students a make up quiz. In this way her students were given 

another oppormnity to learn the material that had not yet been absorbed at the time of the 

first quiz. Robin did not choose to simply move on because that was what was on the 

schedule. After the quiz, she took the time to talk about a problem from chapter I because 

she felt the students needed more of an explanation than the solutions manual provided. 

As another example, on September 22 Robin gave her first exam. As she checked her 

students' efforts on the exam she became frustrated that her students did not seem to 

know the difference between linear and exponential functions (an early chapter one topic). 

Robin therefore elected to spend Monday, September 25, talking about the two types of 

functions. Again, by revisiting this topic Robin gave her students another opportunity to 
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work with material they had already grappled with. Robin was not willing to allow poor 

understandings to slide. 

Anne began her introduction to derivatives (chapter 2) before finishing up the last 

couple of sections of chapter 1. Prior to introducing derivatives she had introduced all of 

the topics from chapter I and given her students some assignments. On the day she 

introduced derivatives she reminded her class that further discussion of those topics 

would occur in a couple of days. Anne explained, "Ok. what I had said was, we'd go 

over 1.9 homework 1.10 homework and the rest of the orange sheet on Friday. I want to 

get started on chapter two. That will give you more time to get help outside of class. As I 

mentioned, with the trig some of you will need extra work. A little bit over the next 

couple of weeks to get up to speed with the rest of the class. And this sheet and the 

homework will give you a rough idea of the kinds of things I'm looking for" (Anne 

9/20). Anne had scheduled time to revisit the chapter 1 topics she thought might give her 

students trouble. This time for revisiting chapter 1 also gave the class a break with their 

initial lessons on derivatives, perhaps giving the initial lessons on derivatives a bit more 

time to be absorbed before subsequent lessons were begun. 

Anne also made a point of explicitly drawing connections with previous material. 

She urged students to "skim over your notes" in class or when she was offering out of 

class help (e.g. Anne 9/21. October interview). She also pointed out to them connections 

with problems previously considered in the course. For example, when introducing 

derivatives she reminded students about a speed problem they had discussed in August 

(Anne 9/20, Bisbee problem discussion). 

Revisiting material (in whatever fashion) was important in that it gave the 

opportunity for smdents to leam material they missed the first time it was presented in 

class, it provided reinforcement and it allowed for deeper development. When students 
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engage with the material and then have time before it is revisited, that time allows for 

reflection about and digestion of the material. During this time students can begin to 

incorporate the new material into their knowledge. When the material is revisited the 

students have the opportunity to solidify and modify those new knowledge structures. 

2.4 Who Controls the Content and Interactions 

The three teachers' classroom approaches differed in two particular dimensions 

that are worth considering in parallel. The two dimensions are mathematical authority and 

who got to speak. 

In Robin's classroom she was the authority in both dimensions. Robin posed the 

questions and set the examples. Many of her questions were deep ones, and she gave her 

students time to think about those questions before requiring her students to answer. 

Those answers were an important part of the flow of classtime, but Robin remained in 

control of the flow of content. Robin also decided who would speak, as she would call 

on smdents by name to answer questions. One result of this style was that many different 

people had the oppormnity to speak in Robin's room. "I call on soidents in class to 

answer questions, because I don't like the same five people always answering the 

questions" (Robin 10/20). 

In Dave's room, he was the mathematical authority, but the content flow was 

influenced by smdent questions and interest. Dave posed the problems and questions, but 

some of those questions arose in response to interaction with the students (e.g., the 

fractional points on a circle bonus problem from the class of 9/1). Dave usually went 

through the answers himself, but he incorporated student efforts (e.g., looking at smdent 

papers at start of class 9/5; use of degrees to measure steepness, starting during class of 

9/5). He spent a great deal of time discussing how to think about a problem, but it was 
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Dave's own thinking that was presented. Dave did nearly all of the talking. Dave did not 

select students to speak in class; students who wished to speak had to initiate their own 

participation. Dave recognized that not all of his students participated. "Perhaps a third, 

maybe ten to twelve raise their hands" (Dave 11/10). 

In Anne's room the mathematical authority was shared. Anne set the questions 

and activities, which she admitted were very much guided activities, as opposed to 

discovery type activities (Anne 10/23). Nonetheless, as the smdents completed the 

activities they were the ones responsible for the mathematics. Anne solicited student input 

as she went over worksheets, but she sometimes expanded on student efforts or offered 

alternative solutions (e.g.. during class on 9/20 she presented the elimination method, 

since most students used substitution). "I think a teacher still has all the knowledge in a 

classroom." (Anne 10/23) Anne explained, but she felt strongly that students needed to 

think about the material. Anne did not bestow answers upon the class. In Anne's 

classroom it was up to individual students to participate, but Anne tried to foster an 

environment where the participation of many students was easy. During in class activities 

the students had the opportunity to interact with each other's answers and ideas. When 

Anne was at the board she encouraged choral responses (see section 2.2.1.1) "I've found 

that being able to hear one particular person isn't as important as getting a lot of people to 

answer and open their mouths" (Anne 10/23). 

2.5 What Good Students Should Do 

Each of the three teachers wanted to have active students in their classrooms. 

Each teacher meant something different by "active student". Dave hoped his students 

would ask questions and initiate dialogues. Robin wanted her students to reflect on the 

purpose of the questions she asked them. Anne wanted her students to be making 
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decisions about the material. [All quotations in this section are from Dave's interview on 

11/10, Robin's interview on 10/20. and Anne's interview on 10/23. See Appendix E.] 

2.5.1 Dave 

Dave felt that an ideal student would not be hung up on grades or copying down 

notes, but would "just relax and try to follow the fun of it and the adventure of it.... if 

they could somehow enjoy it for the experience of just learning stuff, that'd be, uh, that 

kind of person would get the most out of a class." He explained that he wanted students 

to help establish classroom dialogues. "I would hope that if I was doing my job. as I see 

it. I would be raising questions in their mind and a lot of the time maybe they'd be raising 

their hand. Asking what I meant or where I was going. And I would then throw a 

question back to them and we'd get established some sort of dialogue, as many of them as 

we could in class." Dave recognized that it is hard to have this sort of participation from 

each student in a class of thirty four smdents. 

Dave noted that his attendance would sometimes drop on days set aside for 

working problems as Dave mingled. "That's ok," Dave explained, "I think the right to 

miss a class is real important.... I have a student who's getting an A who hardly ever 

comes to class. And that's okay." He said that he would not think less of a student who 

missed class, and admitted he missed classes himself as a college student. 

Dave felt that an important part of a student's responsibility was to do mathematics 

outside of class. "The most important part of the process is the doing of the math." He 

believed that mathematics is "the kind of thing they actually have to internalize and that 

means get it themselves." In order to really develop mastery of the material the students 

needed to spend time working with and doing the mathematics. Looking it over would 

not be enough. "It's been my experience when I was a student, and also watching as a 
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teacher, too. that when I was a student, and not unique to me, — [ think its always been 

true of everyone — I would immediately go to the exercises assigned and I would look 

through and I would say, 'Number one, uh-huh, yeah, I see how that'll go. Number 

two. yeah, I figure, yeah, if I do this this and this.' And whenever I took the altitude of 

just kind of saying, 'Yeah. I understand this, I actually understand it and I see how these 

are gonna go,' if I took a quiz or something, on the very question I nodded my head at 

the previous night. I didn't really understand it. You have to do it. You can't nod your 

head and say, 'There's a concept that I actually learned, and I'm familiar with it, and I see 

the end result right now.' Doesn't work that way." Dave believed that a teacher could 

help by keeping class fun and helping with student attitudes, but in the end "math is 

mostly learned by they themselves.... If they get a good attitude they'll spend a lot more 

time on it and hence they'll learn a lot more." 

2.5.2 Robin 

Robin believed that an active student had the "responsibility to be consciously 

engaged with the work, not just passive ... [the] responsibility to try to make the body of 

knowledge in some way part of them, and who they are." In addition to attending class 

and doing the homework, Robin felt that active students would be thinking about the 

mathematics and their own learning processes. The students' job was "to try to think 

about the questions being asked, why they're being asked, what good it does to try to 

answer this question.... I think it's their responsibility to not only think about the material 

itself, but think about WHY do we ask the questions. To think about HOW their learning 

processes they exercise in calculus relates to learning processes they exercise in any other 

aspect of their lives. I think it's their responsibility to think about that as a student. And 

that's kind of a sort of a sophisticated level of being a student." Robin felt that students 
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who had their own reasons to want to come to class and learn would get the most out of 

her class. "Someone who's motivated. Who loves learning about new things, just to 

learn about things. That's who'll get the most out of my class." 

Robin felt, as Dave did. that outside of class the students needed to carefully work 

through problem rather than just looking over problems. She explained, "they should 

work through examples very carefiilly, with pen and pencil, with pen and paper there. 

Read them thoughtfiilly, carefully. Not just read over them and say. 'Oh. yeah, that made 

sense. But to really work carefully through the examples." 

Robin was still working out how important she felt class attendance was. In the 

October interview she discussed one of her students who had not been coming to class 

often. He had not been turning in all of his work either, but he "could probably teach the 

class if he wanted to." Robin said she knew this student would present a dilemma, but 

she felt "in the end when it comes down to grades, if [ think they deserve an A, they 

know the material, I tend to lean toward giving them the A. That wuy, even if they were 

irresponsible in the class. I think in the big picture,... why should I stick by my policy 

requiring so many assignments being turned in if they obviously know all the material?" 

Nonetheless, Robin felt that "some of those learning processes that I've been talking 

about probably didn't take place" for this student who missed classes and did his work 

hurriedly. 

2.5.3 Anne 

"I think they need to be active in class. Um, I think if they're active in the class 

they're thinking about the material, and not just letting it sit on their paper and say. Til 

think about it tomorrow.' So that they're actually, I think, absorbing more at the time." 

Anne explained that an active student was "somebody who is physically making a 
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decision about what the next line should be on their paper.... not just copying off the 

board.... Active I think more in the sense, not physically, necessarily, but thinking. You 

know, diey've got to make some decisions or some choices, when they write down an 

answer to something. Even if it's not a calculation, even if it's wording of something, 

that they've got to decide. 'Should I use this word or that word?' Or after they write it. 

'Does this make sense?' To me, that's active." Anne felt that while a student did not 

necessarily need to be active for the whole period, "a student has to do some of that in 

class." Anne valued class attendance, since she felt that most of the learning opportunities 

for her students would occur during class. "I don't think there's a lot of learning going 

on outside the class." During the class of September 21. for example, when Anne noticed 

that several smdents were absent she decided to collect some classwork to give credit to 

those who were in attendance. 

2.6 The Point of Classtime 

Students from all three classes overwhelmingly agreed that classtime helped them 

better understand calculus, with Anne's and Dave's students feeling more strongly about 

this than Robin's (see affective survey results in Appendix A). Each of the three teachers 

expressed opinions about the point of classtime. 

2.6.1 Dave: Traditional Classes are Not the Way to Go 

When Dave was asked "What's the role of class time in the learning process?" 

His immediate reply was "Well, that's -. [ don't really know. I just do what most 

everybody's always done. Get a group of people together and stand up in front. You try 

to get them to think along with you. But it's almost a relic. It's almost something a 

dozen years from now will be gone. Because I think it's sort of a waste of time.... For 

me to stand up and tell them stuff is, I think, sort of a waste of everyone's time " (Dave 
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1 l/IO). Dave believed that ieaming took place outside of classtime when students 

wrestled with the material on their own (Dave 11/IO) 

Dave admitted that there was some value from classtime. He noted, for example, 

that keeping the environment fun could motivate students to work outside of class (Dave 

11/IO). Also, "It energizes them and it gives them a regular habit to come to class. And 

that's good, because otherwise they might never look at the stuff. So, it keeps them that 

way, sort of thinking about it once every day or two days. And those who will ask 

questions during class can get some things straightened out. But it's worthwhile for 

those who've smdied the material before they come to class, and they have something 

that's been tough for them, and they have specific questions" (Dave 11/10). Dave added, 

though, that questions "would almost be better handled if I had four hours of office hours 

where they could come in one at a time, two or three at a time, and say, 'Last night I did 

this, this, this and it just didn't seem to work out and I got stuck here, there and here. 

Now, what should I do?"' (Dave II/IO). Another alternative that Dave proposed was to 

have very small classes where every student could be asking questions and engaging in a 

mathematical dialogue. "It'd be far better to have just a very small class, just a small class 

of five to ten. And, that would make it a tutorial" (Dave II/IO). Given that university 

courses are structured around classtime and larger classes, Dave suggested "I would be 

perfectly happy to almost be in the middle and lecture in the round. Certainly I would 

prefer to have seats that can be moved, and you can walk among the class as I try to do 

every Wednesday. I really would like it informal, being allowed to commune with them, 

have them work in groups. That's ideal" (Dave 9/15). 
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2.6.2 Dave Valued Personal Interaction 

Dave placed a high value on the importance of face to face teacher student 

interaction. In his September interview he explained that the book is not the place for 

insight and creativity, but rather that is the teacher's responsibility. "I think that the 

intuitive creative side of things is exactly where the teacher's important. And exactly 

where you can look at the students when you're trying to get them to understand. You 

can look into dieir eyes. You can gauge the temperature of the class. And you can really 

make great headway in imparting understanding in a teacher-student setting that is very 

difficult to do in a black and white book-student unaided with a tutor setting" (Dave 9/15). 

We discussed the possibility of electronic classrooms and again, Dave spoke about the 

value of personal interactions. "I think it is important to have immediate feedback with 

your ideas going back and forth. And if that can be done electronically, rather than just 

with vibes and body language and smiles and stuff like that, maybe that would be okay. 

And maybe in the future we can have people's faces right there on the screen. And you 

can almost go back and forth as if they are in the room except they could be thousands of 

miles away. But you can read their, you could see them on the screen. Of course ideally 

it's best if they're there with you, but if not, perhaps just having their image and a one on 

one immediate feedback would be nearly as good. It's possible" (Dave 9/15). 

2.6.3 Robin: The Teacher's Role is to Help With a Variety of Learning 

"One of my kind of goals in teaching, [is] of course, to empower" her students as 

learners and to help "them learn more about how they learn" (Robin 10/20). Robin asked 

her students questions with the hope that they would learn how to ask their own questions 

and "learn how to find sources to get the answers to those questions" (Robin 10/20). One 

purpose of classtime, thus, was to help her students develop a habit of thinking; Robin 
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saw herself as a model for their thinking habits. She noted that other roles of a calculus 

teacher were to (I) deliver some facts; (2) help students leam to reach conclusions from 

few facts; (3) help students with general mathematics and algebra skills; (4) help students 

leam to work with other people in solving problems (herself and their fellow students, for 

example); (5) help with conraiunication skills: (6) help them leam to use their calculators; 

and (7) foster a positive attitude related to the course (Robin 10/20). 

2.6.4 Robin: Traditional Classes are Not the Best Environment for Learning • •  I —  - •  •  I — — . - . I .  —  —  •  -  —  —  . - • !  —  

"Being taught in classrooms. I think, is just not the way to do it" (Robin 12/19). 

Robin believed that a much better way would be in "small groups. A lot done outside in 

businesses, and farms. Just on site ideas of how rates of growth come up" (Robin 

12/19). Her ideal class would be about six to twelve students leaming as a community 

via applications being drawn from their setting and "projects that don't have much 

definition" (Robin 12/19). A key feature of Robin's ideal leaming situation is, "You get 

to just sit and just listen to how a person's thinking about it. Listen to how they're talking 

about the problem and go with that" (Robin 12/19). 

Given that university leaming is centered around classrooms, Robin believed that 

approaching calculus through applications, as the consortium text does, is best. She 

explained, "It's the approach that more people can leam successfully by. You have to go 

with hitting for the most effective sort of thing.... with wildly different types of people. 

Greatly varying leaming styles all into one little rectangular room for one hour a day. 

You, know, you've just got to go with what works the best most of the time" (Robin 

12/19). 
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2.6.5 Anne: Classtime is Key 

"In 124 [this calculus class] it's [classtime is] probably the major part. Only 

because, at least [that's] the way I feel because they're in there five days per week. I 

think we can accomplish, with the right guided lesson I think we can accomplish a lot in 

class.... I don't think there's a lot of learning going on outside the class for this one.... 

Everybody's with me in class, but I tend to lose quite a few people once they walk out the 

door" (Anne 10/23). Anne believed that most of her students' learning happened during 

class, and anything they did outside of class was to build on that. "I try to make it so you 

learn the material in class and then you just extend your, well, extend is not the right 

word. You try to be more independent outside of class. Now it's your turn to apply 

these things to new problems" (Anne 10/23). 

2.6.6 Anne: A Teacher Has Many Roles 

Like Robin, Anne identified a variety of roles for a teacher. She believed that one 

of her roles was to help students identify their weaknesses and trouble spots. For 

example, she had a few students noting on their homeworks what was giving them 

trouble for problems they could not do. Anne hoped this would help her find a pattern so 

she would know how to help each of those students. Anne also felt "a teacher needs to 

work with students developing study skills and learning skills" (Anne 10/23). This 

included how to take intelligent notes and how to study for a test. Anne also saw "my 

role as a teacher is a role model, I think. I mean, that's something I've started to feel 

more strongly about as the years go on. That math is enjoyable, that math is doable, isn't 

this interesting, kind of thing. And [1] try to instill that in the students" (Anne 10/23). 

She felt that while a teacher "still has all the knowledge in a classroom" (Anne 10/23). that 

teacher was responsible for setting things up so that students felt like they were the ones 
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doing the mathematics. Another role Anne identified was to be "there to answer any 

questions ... [and] if I need to, if people are getting confused I need to stop and be able to 

approach it from a different point of view" (Anne 10/23). Anne also cited building 

confidence as an important role. "Letting the students know that they are on the right 

track. That they can go for whatever they want to do. That they can try different 

techniques. You know, give them more encouragement, stuff like that. I tend to do more 

of that when students come to me one on one. during office hours. You know. 

somebody comes and they're really frustrated. 'I can't figure out the connection between 

what we just did here and what I'm going to do there. I know there is one.' And you 

know, it's just giving them that confidence, 'Keep going with your idea. Keep going'" 

(Anne 10/23). 

2.7 Dave Values Fun 

Dave believed that it was important for the class to be fun (Dave 11/10, 12/20). 

Dave's belief in the importance of making a class ftin was tied to his belief about how 

students learn. Dave explained that having fiin in class promotes a positive attitude 

towards mathematics and this is important because it motivates the smdents to work on 

the mathematics on their own. Working on one's own, Dave believed, is the way that 

mathematics is really learned (Dave 11/10). "Since math is probably learned almost 

entirely by themselves, I think it's a very, as I've said before on this tape, a very lonely 

business. I think that if they get a good attitude they'll spend a lot more time on it and 

hence they'll learn a lot more" (Dave 11/10). Dave identified one of the roles of a teacher 

is to help with student attitudes, so that the students are willing to put in the time working 

on their own (Dave 11/10). At the end of the semester, Dave evaluated, "I like the class 

and I like their attitude for the most part (Dave 12/20)." 
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For Dave, one measure of a successful lesson was whether it was fun. Dave 

spoke about the class enjoying the exploration related to exponential functions (Dave 

11/IO), and spoke in general of having fun exploring using the calculator (Dave 1 l/IO). 

One day after class Dave had mentioned that the class had not gone well that day. [n the 

interview Dave explained that the students "looked completely bored, and the material 

wasn't all that exciting and ... I didn't feel like being a clown." During the last interview 

he explained diat while he was worried that his students did not leam enough 

mathematics. "We had a lot of fun. and socially it was a good experience, and I think 

that's important (Dave 12/20) I think we were successful in giving them a positive 

experience, an experience where they will not hate math, but will enjoy math ... It was a 

good time, and that's real important (Dave 12/20)" When pressing me for feedback about 

how his class went. Dave asked. "Was it a class they enjoyed (Dave 12/20)?" 

Dave felt that students were making valuable contributions to the class if they 

helped keep things light. He felt that an ideal student would "not be uptight, but just relax 

and try to follow the fun of it and the adventure of it (Dave 11/10). ... If they could 

somehow enjoy it for the experience of just learning the stuff, that kind of person would 

get the most out of a class (Dave 11/IO)." Dave appreciated what this class said when 

they raised their hands because in part "they add some personality to the class. Because 

these two particular guys that I'm thinking of are very personable. They do as much as I 

do in sort of trying to make it a fun class (Dave 11/10)." Dave complimented his 

students, "There's a lot of them that spoke up, and that was what made the class fun 

(Dave 12/20)." Dave indicated that he had enjoyed the class not so much for their 

mathematics, but more for their personality, "There were a few that definitely had 

personality and that was a lot of fun (Dave 12/20)." When Dave described his students he 

included descriptors like "helpful", "nice", "smiles", "cracking us up", "good hearted". 
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"good spirited", and "a person I enjoyed having" (Dave 11/IO, 12/20). When evaluating 

how this or another class was going, Dave would talk about being "on good terms" with 

the class and getting along well with them or not (Dave 9/15. 11/10). 

Dave also did his part to keep the mood light in class, regularly injecting humor 

into the classroom. For example, during the class of September 5, Dave teased one 

student about earning some extra credit for a good estimate for the slope of a tangent line. 

The class had just been finding the slope between a fixed point and a second point which 

had been taken closer and closer to the fixed point. Dave proclaimed, "'So. the person 

who gave the estimation of eighty degrees will be receiving extra credit. I'm not sure in 

what form.' Dave pointed to Lexi, 'Was that you?' 'Yeah,' Lexi replied. Dave elicited 

chuckling from the class as he clarified. 'Like maybe a tenth of a point, or perhaps a 

hundredth of a point, or really, we could blow it up to a thousandth of a point.' Dave 

was gesturing at his blown up parabola and list of slopes. Lexi objected, 'Hey!' Another 

classmate helped out, 'The limit of that, sir.' Dave chuckled and said, 'Hey, that's right. 

The limit of that.'" During that same class. Dave also kept the mood light by making a 

big deal over which color chalk he was using. At one point he commented, "Now I've 

got to figure out what the y coordinate is on the green parabola." He wrote the 

coordinates, but then continued, "Since it's green, don't you think it makes a lot of sense 

to use green chalk? I do." Dave rewrote his coordinates using green chalk. A few 

minutes later he noticed, "First of all, I've mixed my pinks and my greens, and I'm not 

real happy about that" (see Appendix c). Dave also had a habit of making faces at the 

video camera from time to time. He mentioned prior to the semester that a primary goal in 

the classroom is to entertain himself, and he'll do whatever that takes (Journal 7/24/95). 

One of Dave's students commented, "He's really relaxed.... at the beginning of the year I 

was thinking, 'Is this guy really sane?'... He comes in and he just says whatever. It's 
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like he forgets societal rules and just teaches. And it's wonderful. It's a really wonderful 

experience. It's nice to have someone who comes in and you actually want to go to the 

class" (Jest, December interview). 

2.8 Dave: "Teaching is a verv altruistic, giving thin^." 

Dave believed that teaching is about sharing in the discoveries together with the 

students (Dave 9/15). He very much believed in the teacher as guide model and gave a 

vivid metaphor describing the role of a teacher as a guide. This metaphor came after Dave 

had described an incident in his 9 o'clock third semester calculus class where he and the 

class together had to try three different approaches to a problem before they mutually 

agreed that they had hit on the correct approach (Dave 9/15): "I think most of the class 

and I finally came to a consensus that we had answered this problem right. Now to me 

that's, that's kind of a consensus with the teacher as sort of a guide, but we all shared in 

the discovery together. It's sort of like being a guide walking down to Havasu canyon or 

something. You can be out in front, you can point out things, but the whole class is right 

there with you taking pictures of Havasu falls and Mooney falls and they're all sleeping 

out with you together in the evening and they're all partaking of the same thing you're 

partaking of. Even if you've partaken of it a hundred times it's still wonderful and 

exciting and it might be their first time. But you're all in it together. That would be as 

opposed to, uh, giving a slide show of your visit to Havasu canyon. Where you say, 

'See this, see this. I took that picture. Hey, this is my fourth time there, isn't that 

wonderful. I suggest maybe you guys try it sometime'" (Dave 9/15). 

Dave was very much against the "talking head" model of teaching, which he felt 

had little to do with being a "human being and a teacher", and he berated himself for 

slipping into that model on occasion (Dave 9/15). Dave likened the "talking head" model 
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of teaching to a PBS presentation which could be quite beautiful, but doesn't seem to care 

much if anyone is listening (Dave 9/15). Dave described what it meant to be a talking 

head: "the meaning of it is that this person is just not caring at all about communicating or 

relating to anybody out there. He's just laying it on you. Giving you the scoop and 

lecturing without really caring whether anybody is listening or taking it all in. It reminds 

me of PBS. Some of these great programs, with Alistair Cooke and some of these 

wonderful programs, are just so beautiful and so wonderful that they are very little more 

than talking head presentations. Even though they're filled and replete with technology 

and beautiful images and so on. it's just they're way too full of themselves. And they're 

beautiful, encapsulated, complete things in their own right. And they're in fact so 

complete that they don't need to ever be shared with anybody. Because they're a nice 

little time capsule. Hey. we could put these things in the ground and let them be looked at 

thousands of years from now and they would pretty well say what things are like. But. 

they certainly don't serve to teach or instruct. Or enhance anybody's understanding. I 

mean, all they are is just performances and endeavors of bright people who have a lot of 

technology at their disposal. And, they do it and they walk away feeling wonderful and 

happy but they haven't accomplished a dam thing, except fulfill their own desires. Which 

is not teaching at all. Teaching is a very altruistic giving thing. It has almost nothing to 

do with being satisfied with yourself. Nothing to do with that" (Dave 9/15). 

2.9 Classtime Content and Dvnamics: Summarv 

The three teachers in this study used three different classroom approaches. They 

were each considered to be good teachers, yet their classrooms had many practical 

differences. For example, Anne used in-class activities characterized by plentiful student-

student interaction, while neither Robin's nor Dave's students had much opportunity to 
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interact with their classmates. Robin insisted that each student in her classroom be 

recognized and have the opportunity to answer questions in class, while Anne and Dave 

valued their students' option to remain anonymous. Some educators sometimes seem to 

suggest (or infer) that there is one best way to teach mathematics. The results of this 

study support the opposite: There are multiple models of effective undergraduate 

mathematics instmction. 

For all three teachers, teaching was about the smdents. Dave explained that 

teaching was not at all about polished performances fulfilling the performer/teacher. 

Robin's decisions to revisit material when she believed students had not learned it. 

suggested that she, too. believed that teaching was about what the students learn, not 

about what she could cover in class. Anne's teaching had become more student centered 

over time. She explained in her October interview that she had come to learn over the 

years that "teaching was a lot more than being able to get people to follow MY steps." 

The three teachers kept the focus on the students by incorporating students' efforts 

into the lessons, and by paying attention to what their students had and had not learned 

and modifying the lesson plans accordingly. In ail three classes students had the 

opportunity to interact with the material before the lesson on that topic had ended. Dave 

used responsive lectures and spent a great deal of time discussing homework problems. 

Anne used in-class activities to develop the mathematics, and she adjusted the pacing of 

the material to give students a chance to absorb deeper lessons. Robin's questioning style 

gave students the chance to work with the mathematics during lessons, and Robin was 

willing to revisit material that students had failed to learn. 

Mathematics educators endorse the idea that students should be 'active learners'. 

All three of the teachers in this study felt that an ideal student would be an active learner, 

but they each meant something different by that phrase. For Dave, an active learner was 
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one who could "follow the fiin of it and the adventure of it." He wanted students who 

would ask questions and initiate fruitful mathematical dialogues. Robin felt that an active 

learner had the "responsibility to try to make the body of knowledge in some way part of 

them, and who they are." She felt that students should learn to ask themselves questions 

and should be conscious of their own learning processes. For Anne, an active student 

was making thoughtful decisions in class. Rather than simply writing down what was 

discussed, for example, they would decide what wording would be best and then they 

would consciously evaluate if it made sense to them. 

Robin felt that small group instruction in community settings were a much better 

alternative than traditional university classes. She felt that the best sort of leaming 

occurred when the teacher could listen to how students were talking about a problem and 

then respond to their thinking. In a traditional class, however. Robin believed that she 

needed to choose an approach that would work for most students and she appreciated the 

applications based approach to calculus. Robin felt that in a classroom one of her main 

roles was to model mathematical thinking for her students, and this was another reason 

she chose to use her questioning style of teaching. 

Dave also felt that traditional classes were not the best environment for leaming, 

and he would have preferred either a small tutorial format or a class run via office hours. 

He acknowledged that classtime did have some value, however. Dave believed that the 

feedback from face to face interaction with his class was very valuable. He felt that by 

keeping class fun he could motivate his students to work on the mathematics outside of 

class. Dave believed that the real learning took place outside of class as each student 

wrestled individually with the mathematics problems. 

Unlike Dave, Anne felt that for her students most of the leaming took place in 

class, and that very little occurred outside of class. She felt that a well constmcted lesson 
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could set things up so that the students felt like they were doing the mathematics, and this 

is when the learning would take place. In addition to setting up this learning 

environment, Anne felt it was also important to be available to help her students through 

mathematical difficulties and to help them develop study skills. 

All three teachers expected their students to be working through problems when 

mathematical learning would happen. Dave explicitly explained that this problem-

working would occur outside of classtime. Anne expected this problem-working to 

happen during the "right guided lesson" in class. Robin preferred teaching mathematics 

that emerged from problems set in applications. Among Anne's students, the most 

popular response to "My teacher expects me to solve math problems in class" was "often" 

(see Appendix A): in Dave's and Robin's classes it was "sometimes"; no student from 

any class answered "never" for this question. Students in all three classes 

overwhelmingly agreed that it made them feel confident about their math abilities when 

they successfully solved problems in class. 

3. Their Students and Themselves 

3.1 Reflection and Change as Teachers 

During the various interviews and conversations associated with this study, Anne. 

Robin and Dave spoke about their experiences as teachers and how those experiences 

have changed over time. They engaged in reflection and self evaluation. They discussed 

evolving philosophies and motivations. 

3.1 • 1 Anne's Growth and Development as a Teacher are Ongoing 

Anne explained that when she learned calculus she had learned how to do a variety 

of computations "and I never really quite understood why things worked the way they 
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did, but I was very good at getting answers without hardly any effort" (Anne 10/23). 

This experience led to her initial approaches to teaching calculus. "As a new TA I wanted 

to spread that knowledge" (Anne 10/23). Anne admitted that she was initially more 

interested in the quicker students who could follow her steps, and she figured the slower 

ones "just weren't smart enough" (Anne 10/23). As Anne was earning her master's 

degree, it dawned on her that as a graduate student she relied on being able to reason out 

the mathematics. "And then I started realizing maybe I'm doing a disservice to the 

students by just telling them this is the way that it is. this is the way that you get your 

answers" (Anne 10/23). Anne had interests in a variety of fields where mathematics 

could be applied, and she had experience working with tables of data. Anne felt that it 

might help to be able to bring in some of these applications to her calculus class, but 

"when we start throwing something extra into the class, students rebel. And I wanted my 

students to like me as a TA. I diink that was a big thing. Cause then I got to teach more 

calculus" (Anne 10/23). 

Anne felt that one of the greatest influences on her teaching was the opportunity to 

teach the mathematics course for future elementary school teachers. In the course of 

working with the professors involved in developing that course, Anne discovered "that 

teaching was a lot more than being able to get people to follow MY steps. So then just by 

listening to people talk, going to colloquium, things like that, I realized there were 

different styles of learning, different styles of teaching. So I just kind of, really I would 

say it's just trial and error, common sense, just doing a lot of teaching. And just trying to 

take from other people things that I thought were good ideas" (Anne 10/23). 

When the consortium textbook arrived, Anne was ready for it. She was one of 

the first teachers to pilot the textbook. She appreciated the emphasis on understanding 

concepts and figuring things out, and she also appreciated the applications and data 
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problems. These features gave Anne the opportunity to teach in the way she suspected 

she should have been teaching calculus all along. As Anne taught the reform calculus 

course she came to realize that although her students were understanding much more than 

when she taught traditionally, her students were not getting the practice in computations 

that they needed. Anne also recognized that some students enjoyed the chance to use their 

algebra skills doing computations. Anne began to add opportunities for practice, such as 

computation quizzes. "That is something that I kind of developed as the course went on. 

When we first started teaching it I pretty much did what the book did.... Litde by little 

everyone came to that realization we need to beef it up a little bit" (Anne 10/23). 

As Anne taught from the consortium text her views about what it meant to know 

mathematics changed. For example, Anne came to believe that "I can do calculus, I just 

can't do these problems" could actually be true. She no longer measured understanding 

only according to ability to complete a set of calculus computations (Anne 10/23). Anne 

found that die more she taught from the consortium text the more she believed "they are 

more right when they say 'I really do understand the concepts but I'm just getting hung 

up on these last calculations'" (Anne 10/23) and Anne has been changing her lectures and 

worksheets to accommodate this point of view. 

Anne realized that part of why she was ready to teach reform calculus when the 

opportunity presented itself was that she had already had experiences teaching and 

thinking about teaching. Anne also recognized that her deepened understanding of the 

mathematics was another very important factor. She explained, "I still think that if I had 

to teach out of this, say, more than five years ago, it probably wouldn't have made that 

much of a difference back then. Because I still think I would have pulled out things that 

were more algorithm oriented back then. Because I just didn't have that strong 

understanding for myself (Anne 10/23). Anne often had occasion to supervise new 
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TA's, and she noticed that some of them would be at the level where Anne started. 

"where they are very algorithm based" (Anne 10/23). She would notice those same TA's 

stressing out over their own coursework, "because it's not algorithm based anymore." 

Despite this, the TA's would go back to the classes they ran and teach algorithms. "I 

have a feeling that they're going to evolve, too," Anne explained, "if they stick with it 

long enough. Or are motivated enough" Anne 10/23). 

Anne felt that reform calculus was an improvement, but she recognized that it 

would not be a cure-all for calculus woes. She explained, "I think the idea of reform 

calculus is a good idea. I don't think it's going to make smdents any better. I don't think 

there is any way of making students better" (Anne 12/21). Anne recalled that in her own 

experiences as a graduate student "I always felt I had to be in the next class before I could 

figure out what was going on in the past one" (Anne 12/21). She noticed that for her 

calculus smdents, too, understanding might not be immediate. "Maybe some of these 

students that aren't doing real well now will finally put it all together somewhere down 

the line" (Anne 12/21). 

Anne also believed that not much could be done for students who were not ready 

for college. She spoke about this in October and reiterated it in her December Interview. 

"I always say everyone can get a college degree, everyone can do it, except maybe not 

right now. Maybe not from high school, summer college. You know, they go right into 

college. Maybe they've got to think about what they want to do, or just take a break or do 

something. And I hate to stereotype anybody by saying you're not the type that should be 

in school yet, that kind of thing. But you have to realize that someone who doesn't come 

to class, they don't turn in homework, they fail every test.... Maybe if they're not ready 

they don't want to do it" (Anne 10/23). "Maybe sometimes going to a junior college, 

taking a couple of classes and thinking about it. You know, taking a part time look at it 
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and then coming back. I don't know, I just think it's too much for some of these 

students. They go from talcing full loads in high school, not much studying, getting 

decent grades and then they come to college and take 18 units and want to work and have 

a life on top of that" (Anne 12/21). 

The informal cooperative activity style of classroom interaction was something 

that Anne evolved into over the years. She explained, "I used to do formal groups. In 

the sense. 'You three pull your desks together, you three.' That type of thing was as 

formal as I ever got. But you know, they were only communicating with those three. 

And I didn't find them any more productive in terms of students understanding and all 

that" (Anne 10/23). By simply telling the class to work with one another she felt that 

"this way students are more likely to interact with more than people in their group. 

They'll turn around, they'll look over" (Anne 10/23). Anne was aware that cooperative 

groups were a method recommended by educators, but Anne felt that her students were 

getting the most out of not being put in groups. "This style works for me" (Anne 10/23). 

Anne felt that her development as a teacher was "definitely ongoing" (Anne 

10/23). For example, she used to assign her students a large number of similar problems. 

But now. "four or five well chosen problems can illustrate everything I need" (Anne 

10/23). Anne recognized that she was also learning to decide what is important to cover 

on the homework and what is important to put on a test. "So, every single semester it's 

almost like tossing the test again and saying, 'What's important? What do I really want to 

know? If when I ask this question and the student gets it right do I really know that they 

know something? Or did they just follow my steps and got an answer or just memorized 

a homework problem on that?' And that to me is just as important as knowing what to do 

in the classroom, is being able to assess and find out are they really getting what you 

want, what you need" (Anne 10/23). As Anne grew as a teacher she learned how to keep 
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her focus on the important points for the course, and not just ask homework and test 

questions about a topic because ciasstime was spent on it or because there had always 

been questions on that item. 

For Anne, assessment of her students and her own performance was also an 

ongoing process. Anne used in class activities as one vehicle to assess her students and 

to assess herself. She hoped that some of the activities would force "the smdent to 

confront any problems that they're having, or questions. And if most of them are just 

looking at a blank piece of paper then that tells me something, as a teacher, and it tells 

them something as a student. That there's not a completion there of an idea, or you 

know, there's a gap somewhere. So I try to use that" (Anne, 10/23). Anne also noticed 

if her students were quiet or talkative as they worked and she was able to gauge when her 

students seemed to have mastered a topic. 

Anne's self evaluation included watching to see which students did well in her 

class. At the end of the semester Anne worried that she might have discovered an 

alarming correlation. "I looked at the grades, and from what I remember of people telling 

me they had calculus before, I looked for a correlation. And on the finals I had a question 

that had four parts, find these derivatives.... The people who told me they had calculus 

before, they did pretty well on that. The ones who hadn't had calculus either did okay, 

you know, they made a couple of silly mistakes, or just really trashed those problems. 

And they were very similar questions to ones they'd had in the past. And that's when I 

started getting worried. Are the only people passing this [course] the ones who had 

calculus before?" (Anne 12/21). Looking at it more closely, Anne found some students 

who had not had calculus before who did well on the final, and she was reassured. 

Anne felt that semester ended with mixed results. "One thing about this particular 

class, was they were the best class in terms of getting them to do things at dieir seats right 
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away" (Anne 12/21), and Anne felt that most people in the class worked at about the same 

level and the same speed, which helped the flow a great deal. Anne was disappointed, 

however, with their initiative. She felt that "they didn't seem to follow up from what we 

would do in class, even when they were at their seats" (Anne 12/21). She noticed that 

this semester had brought more students to her office hours than ever before, and Anne 

felt that was a mixed reflection on the class, as well. Overall, Anne explained, "I felt like 

I saw improvement in the students. In fact, any one of them I would be happy to have in 

125b [second semester calculus] in the spring, even if they were very weak. I like their 

attitudes" (Anne 12/21). Anne also commented that she could have asked her students to 

try harder than she did ask of them. "I was thinking there were several things that I didn't 

do, didn't get to cover that I wanted to. But to me they were just extra things, like, 

looking at related rates as its own topic. Or I like to do logarithmic differentiation just to 

extend. Those kind of things. I don't know. I think I could have pushed these students 

a little bit harder than I did. But there's always that trade off' (Anne 12/21). 

Anne found that having high school teachers take calculus from her was good for 

her own teaching, as well. "The other thing that helps me a lot is having co-ops [high 

school teachers participating in a special university program] in my class all the time.... 

Some of them aren't real open, you know, and they never like to give suggestions. I 

think they feel like I know more than them, which is not true, education-wise. But, 

they'll usually say things like, 'Oh! That is a really neat idea.' You know, and then I 

think, 'Well, if these people think it is a neat idea then it must be a neat idea,' and I feel 

better about doing it. And it just kind of snowballs from there. That's something else 

that I think has made a difference in my teaching" (Anne 10/23). For example, Anne 

mentioned that one co-op really appreciated that Anne always introduced a section with an 

extensive problem that "she could relate to after the section was over.... Then she started 
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using it in her class, then she told me that, then I started doing it more. So it was like one 

of these little back and forths. And, so that was definitely one thing that, you know, you 

actually get from the students. You know, when the students say, "Wow, that was really 

a good idea because it helped me'" (Anne 10/23). 

3.1.2 Robin Realized That Thinking Helped Teaching 

Before the semester began, Robin indicated that one thing she was hoping to get 

from participating in this study was some feedback to help improve her teaching (Journal. 

8/26/95). In the October interview. Robin evaluated her semester up to that point. She 

explained that she felt the first month or so was perhaps her best semester ever, and she 

had "been consciously putting in a good effort on thinking about how to teach" (Robin, 

10/20). She continued, "But then the past couple of weeks I'm kind of slipping or 

something. It doesn't feel as right" (Robin 10/20). She noted that my presence and the 

requirement to attend so many course meetings "really do keep me thinking about how to 

be a better teacher. So it's helping me a lot. I feel like I'm actively always thinking about 

my teaching" (Robin 10/20). 

Robin acknowledged that it was easy to be lulled into thinking that being reflective 

about teaching was not necessary. "I know that for a couple of years there I kind of let it 

slide. Once you get to a certain level, I think I've got the presentations down like I want 

them and they work well. I like that. So you can just kind of quit thinking about it, sure 

you already thought about it once and got it how you want it" (Robin 10/20). Robin 

recognized that this was not the way to stay a good teacher. She admired what Anne 

[other teacher in study] did in the classroom, for example, and Robin used this to remind 

herself "I've got a long way to go. I need to keep thinking about this" (Robin 10/20). 

Robin explained that being reflective about her teaching had become an important part of 
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personal growth for her. "So, as I'm around other teachers, and just lately, and part of 

my own personal growth in general, I'm always trying to become better. I'm seeing that 

I still have lots of ways I could be a more effective teacher. Plus, I see my students just 

not learning as much, getting as much out of the course as what my ideals would like 

them to get. So, I just need to keep trying. See if I have realistic ideals and goals. And 

see if I'm trying to go about getting them in an effective way. That's ... been on my mind 

a lot this semester. All those issues" (Robin 10/20). 

At the end of the semester Robin was disappointed with her students' 

performance. On the final, many students decided to include time as a linear variable in a 

txinction that was constant with respect to time. Many of the smdents also had trouble 

finding correct units on other problems. Robin felt that this reflected a failure on her part. 

"I'm just not having them do enough work themselves. I'm trying to do too much for 

them.... And the units thing. Just as much as I asked them to give me the units, asked 

them to say it or write it down, [it was] not enough. And the units are just, kind of basic 

and helpful, and it's just not getting there" (Robin 12/19). Robin felt so strongly that she 

became choked up. She continued, "I don't feel like I was able to pull up the lower 

students. To get them interested. And have them just become more empowered. Doing 

the work better on their own and thinking better on their own" (Robin 12/19). Robin 

reflected, "I just wish I could think of a way to have them doing more of the work. As 

much as I want, I don't have them doing that much of the work. I only have them 

working in groups, maybe, thirty percent as much as I would like to have them working 

in groups this semester. And I think now, why is that? Why was I taking up so much of 

the class time? I don't like that at all" (Robin 12/19). Robin did not blame only herself 

for disappointments, but she felt that her smdents could have tried harder as well. "I do 
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think it's their responsibility to be consciously engaged with the work, not just passive. 

And, for me, that's where the students let me down a lot" (Robin 10/20). 

3.1.3 Robin Would be Leaving the University Svstem 

By December Robin was planning to leave the university system. She explained. 

"I come from the philosophy of a sort of a tribal sort of approach to life. People teach 

their own and pass down information to each other in small groups, and stuff. So I can't 

even approach this idea of teaching mass quantities like this. Which is why I'm leaving 

the university system.... I vow to never teach in a big huge system like this again. Just 

for all these reasons. I don't think it's the right structure for learning. The real, 

meaningful learning" (Robin 12/19). Although Robin did not yet have specific plans she 

had decided, "wherever I live I'm going to teach the community of people around me." 

Robin said that her favorite part of teaching at the university was working in the tutoring 

lab, where she could talk to individual students, or with a small group of students and 

"listen to how a person's thinking about it. Listen to how they're talking about the 

problem and go with that" (Robin 12/19). 

Robin began teaching "Cause I love to teach. It just seems to come naturally to 

me" (Robin 12/19). Robin felt that one of her personal strengths as a teacher was that 

when she hears student questions "I feel like I've always been able to understand where 

the question's coming from" (Robin 12/19). Robin believed she also had a talent for clear 

explanations, but more importantly she felt she was trying to teach her students more than 

a set of ideas and facts. "The ideal teacher leaves the door open for the smdent to go on 

through and explore" (Robin 12/19). Another reason Robin was frustrated with the 

university system was that she felt the system was designed to limit exploration and 

questioning. "It seems like our system just tries to deliver knowledge. Just kind of 
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hands it over to them, and then expects them to give it back to the final. And then they're 

gone" (Robin 12/19). 

As Robin continued her criticism of the learning environment at the university, she 

also evaluated her own success within that system. As she did so, her strong emotions 

brought her to tears. "This is the deepest smff to me. I guess I just don't feel that I've 

been that effective. Well, the fimny thing is, now I'm in a transition period. I'm in a 

transition period where I don't feel like this was a very successful semester, after all. 

mathwise. But I'm thinking, you know. I feel like I'm getting more successful at 

teaching students to trust and start working with each other" (Robin 12/19). Robin 

stressed that as she taught, she did not separate helping her students learn mathematics 

from helping her students learn to be learners and members of society. "That's right in 

the classroom with me. That's not a non-human job for me" (Robin 12/19). 

Robin explained that she had very much enjoyed her experience in college. "I 

went to school because I wanted to be there. And I was really serious about my classes. 

I loved my classes.... I wouldn't get a paper done because it was due. I'd get it done on 

time because it was due, but I'd get it done because I was interested in thinking about it" 

(Robin 12/19). Robin was disappointed that she did not meet too many students having 

that same experience with school. She decided that she did not want to perpetuate a 

system that allowed and expected an attitude devoid of die love of learning. 

Robin hoped to continue teaching mathematics. "I love the subject of math. It's 

just beautiful. It's just in itself beautiful that it describes life" (Robin 12/19). Robin felt 

that learning mathematics through applications was the most natural approach and "the 

approach that more people can leam successfully by" (Robin 12/19) and that is how 

Robin would choose to teach mathematics. Robin was sure to explain, however, that if 

she did encounter a child more interested in pure mathematical questions she would do all 
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she could to encourage that child, and probably find someone who was more able to help 

him or her. 

She felt that if she were to head off and start teaching mathematics to small groups 

of people, she would also "try to encourage students to figure out how they want to leara" 

(Robin 12/19). Robin would do this by giving her students long term projects with little 

definition, for example, observing patterns in the size and location of the moon, or 

following the depth of a river over time. "A lot of reinventing the wheel I don't think is a 

waste of time. I think it's an understanding" (Robin 12/19). 

3.1.4 Dave was Open to New Teaching Ideas 

Dave had been teaching for 33 years before the semester of the study, yet after all 

those years of experience Dave was still reflective about his teaching practices and open to 

trying new ideas in the classroom. Before classes began Dave expressed concern that the 

narrow rows of bolted down chairs in his classroom "would prevent him from circulating 

among the students and would be an obstacle to group work, which he was eager to try" 

(Journal, 8/26/95). On the first day of class he announced to his students die he had 

decided that the "model of clarity" style of lecturing was not the way to teach. He had 

decided that students must do the work, and he will answer their questions. He would 

"keep to a minimum the talking head" performance (log pages. Dave, 8/23). During the 

interview in September Dave explained this comment. 

I don't think I've ever really been a Max Headroom, exactly. Because I'm 

the same guy I was when I was in my twenties. But, I'm becoming more 

and more comfortable with group work, with them talking to each other, 

with setting aside a whole class just to let them work on the homework. 

Uh, and it used to be that I really wasn't, I just didn't feel secure about 
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myself unless I was just the guy up in front, answering the questions. 

And I really did want to be more in control. And now I'm willing to not 

necessarily be in control so much. And I think my best lectures are the 

ones where I'm totally befuddled like in my nine o'clock this morning. 

Where it took the whole class to get together with me to figure this all out. 

[ think a lot was learned then. And I guess previously, maybe twenty 

years ago, I would have been embarrassed by that, in fact, that maybe the 

class thought I wasn't as smart as I should be. And that doesn't bother me 

anymore. (Dave 9/15) 

Dave connected this change and growth in his classroom approach with his maturation as 

a teacher. Likely, it takes becoming confident in your self and your own knowledge of 

the subject to be able to relinquish control and to not be bodiered by becoming befuddled. 

An experienced mathematics professor has probably had more oppormnity to build this 

confidence than a new teacher (whether graduate student, adjunct faculty member or 

recent Ph.D.) who may not have the wealth of experiences with mathematics and perhaps 

still does not know if he or she will make it in the world of mathematics teaching. 

Dave was open to trying new approaches to the mathematics he was teaching. For 

example, although Dave did not like the Wattenberg text, he offered praises about some 

approaches from the text. Dave planned to add the idea of recursive functions to his 

repertoire (Dave 9/15), and he enjoyed an exploration of the constants from differentiating 

different exponential functions (Dave II/IO). When a student measured the steepness of 

a tangent line in degrees (class of 9/5), Dave appreciated that idea and degrees became part 

of the classroom language. During the class of October 17 the class discussed whether all 

cubics had a max or min, and a question was raised about how many legs a quintic must 

have. After class I asked Dave about a quintic with a max a min and a "flat place" (i.e. 
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derivative has a double root). Dave became enamored with this question and developed a 

new exploration based on this type of function. He explained in his November interview, 

"About two weeks ago we spent time graphing, searching for shapes of curves and high 

points and low points. Prompted by a question from a Mrs. Amy Rabb-Liu who had 

mentioned something about a lecture. And that prompted probably a two full day 

exploration of inflection points, critical points and forcing functions to pass through 

things by knowing something about their derivatives but not necessarily about 

themselves. So, we introduced ourselves to anti-differentiation." 

Not all of Dave's changes are ones he thought were for the best. For example. 

Dave admitted that he no longer learned the names of all his students. "As a teaching 

assistant I knew everybody's name on the second day. Because I really cared about who 

they were. And now, it's just, I don't hardly leam their names except if they stand out in 

a certain way. I don't even bother, which is not right" (Dave 11/10). 

Dave also engaged in self evaluation of his teaching and he sought feedback. In 

the November interview Dave admitted that he might be frustrating his smdents with 

unclear boardwork and when he would "jump around from one thing to another" (Dave 

11/10) since this made it difficult to take notes. In the December interview Dave reflected 

that he and the book may have failed in helping his students really leam the mathematics. 

He also noted that he was pleased with the amount of student participation, but felt that he 

could perhaps increase his use of group activities. "They participated and they did it in a 

class setting where it was mostly lecture. I think probably you, Anne and Robin do a lot 

more just group work at their seats. I don't do that. I did that like once a week on the 

average.... That's maybe something I should do more often" (Dave 12/20). Dave also 

made a point of asking about the student interviews, "Was there anything there that you 

could think of that might be helpful?" (Dave 12/20). 
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Dave had taught calculus dozens of times before, yet he was not tied to a particular 

set of problems, examples and terminology, nor was he tied to a particular set of 

classroom practices. Dave took the time to consider new ideas in both of these domains 

and he was willing to try ideas that sounded worthwhile and to adopt ones that proved 

meritorious. 

3.2 Students Names and Who Gets to Talk 

Calling on students by name in the classroom was part of the core of Robin's 

approach, while Dave and Anne deliberately avoided calling on smdents by name. In the 

end of semester affective surveys (Appendix a), all of Robins' students believed that she 

knew their names, and nearly all of Anne's smdents believed Anne knew their names, as 

well. Only a little more than half of Dave's students felt that he had learned their names. 

Despite the students' differing perceptions about whether their teachers knew their names, 

the students in all three classes largely felt that their teacher cared how well they did in that 

class. When asked if they made a comment or asked or answered a question in class, 

"sometimes" was the most popular response in each of the three classes, with most of the 

other students split between "often" and "rarely". None of Dave's students and only one 

of Robin's students felt they never spoke in class. For Anne, five of thirty five students 

felt that they never spoke. 

3.2.1 Dave 

Dave admitted he was not very good with smdents' names, and it would be better 

if he were (Dave 11/IO). "I think I should know their names and I don't.... I don't 

hardly learn their names, except if they stand out in a certain way." The students that he 

got to know were the ones who came to his office, or raised their hands in class, or were 

athletes (Dave was a strong supporter of university athletics), or were otherwise easy to 
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identify, such as being the only Asian student in the class. Dave explained that even if he 

did know his students' names he would never call on them by name in class, "because 

when I was a student I just hated to be called on. It was the worst thing in the world to be 

called on." When asking his class questions, Dave relied on volunteers to answer, and 

never asked individuals for their responses. Dave did not usually acknowledge 

contributions using the name of the contributor. During the December smdent interview 

one of Dave's students said that she's wished that Dave would have taken some time at 

the beginning of the semester for everyone to learn each other's names. 

Although Dave never called on students by name, and relied completely on 

individual volunteers to respond in class, his was the only class where none of the 

students felt diey "never" made a comment or asked or answered a question. Dave noted 

in his November interview "Perhaps a third, maybe ten to twelve raise their hands" and 

contribute during regular lecture sessions. It is likely that Dave's strategy of having one 

day a week dedicated to working on problems allowed more of his students the chance to 

participate in classroom interaction. Dave pointed out "when I go around and talk to them 

personally and see how they're progressing on the problems I gave them for the day. 

nearly everyone will raise their hand there" (Dave 11/IO). 

3.2.2 Robin 

Robin spent much of the first day of class playing a name game with her students. 

Within two days she was addressing her smdents by name. Robin believed that calling 

on students by name was very important. "I think that's essential." To Robin, this is a 

way she communicated that she cared about them as people. "I don't want them to feel 

like they're just coming to a class as a number. And they're just sitting in and nobody 

would ever know if they were there or not. I want them to know that they're part of my 
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life for that semester. I'm there for them." By calling on students she avoided "the same 

five people always answering the questions." Since Robin knew her students' names and 

how they were doing on homeworks and tests, she was able to tailor the complexity of 

her questions to different individuals, ensuring that even her weaker students had the 

chance to participate. "I'm trying to help them build up their confidence and stay positive 

about their efforts. And say, ok we are learning something, I was able to answer a 

question in class today. Which is a big deal for a student." Since Robin selected who 

would answer the questions she was able to try to maintain a balance among students 

contributing to classroom discourse. She tried to "make sure that I don't call on more 

women dian men. and that I don't pick on one person too much. And I tend to not call on 

the ones who answer themselves anyway.... because I know that they're going to be, 

they're always engaged." 

3.2.3 Anne 

Anne believed that the anonymity of group responses and of not being named 

when making an individual comment was an important part of a comfortable classroom 

atmosphere. "I don't really call them by name.... I've always had the feeling that, for 

somebody, if the teacher calls my name in class.... it's kind of like making it I'm in the 

spotlight now. But if I go, "Yes?" and somebody asks a quick question, you know the 

people around him know who asked, but it's more in the crowd kind of thing." Anne felt 

that this anonymity was more conducive to verbal student participation in class. 

In Anne's classes, especially during in-class activities, the atmosphere was 

usually noisy with many people discussing the mathematics. Even when Anne was 

giving the whole class an explanation there would sometimes be pairs of students talking 

about the mathematics. This was fine with Anne. "As far as when I'm at the board, there 
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aren't that inany times when I'm doing something that everyone has to be completely 

quiet" (Anne 10/23). When Anne would solicit the class usually multiple students would 

respond. Anne explained that she valued having many students contribute, rather than 

individual hand raising types of contributions. "I've found that being able to hear one 

particular person isn't as important as getting a lot of people to answer and open their 

mouths. And so I like when a lot of people answer" (October interview). Despite this 

atmosphere of plentiful opportunities for multiple students to anonymously contribute, 

about a seventh of Anne's students put on their end of semester surveys that they never 

make a comment or ask or answer a question. It is possible that the group response 

atmosphere in Anne's room, which allowed students to contribute anonymously also 

allowed students to be silent anonymously. It is also possible that some students did not 

consider speaking during an in-class activity, as part of a group response, or to one 

another as speaking in class. 

3.3 Caring About the StudenLs 

3.3.1 Dave's Students Get Themselves Noticed 

Dave admitted that he used to care about his students more than he does now (see 

section 2.3.1.4). Dave's reason for this change was that "there's been thousands of 

students, just too many to care about." Dave clarified that although he used to learn all his 

students' names, even then he would only gel to know students who wanted to be 

known. "I wouldn't impinge upon their space if they didn't want to be known, but I sure 

would know their names" (Dave 11/10). 

The students Dave notices and cares about now are ones who show a strong 

interest in mathematics, ones who are having a great deal of trouble and the not 

necessarily disjoint group of students who frequent his office. "I know about them, too. 
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Cause they sort of force themselves on me" (Dave 11/10). Dave took a special interest in 

some students (not only those in his classes) who were now at the university and who 

years earlier had attended a junior high math camp that Dave led. Dave wished more 

students would make themselves known. "If more of them would come to the office hour 

that's specifically for them, as some of them are now doing, I'd get to know them better 

and that'd make it [class] even better" (Dave 9/15). Dave recognized that some of his 

students had no interest in getting to know him. and maybe did not like mathematics or 

teachers. Dave respected the rights of his students to feel that way and did not try to get 

to know those students. Nonetheless, Dave did get to know and like some students. At 

the end of the semester. Dave mentioned, "I got to know some of my students quite well. 

And I liked them" (Dave 12/20). 

3.3.2 Anne Responds to Students 

As Anne put it, "The way I see it is my students have to motivate me first. I 

mean, I never felt, well, the teacher is the motivator in the sense that I've got to take this 

person who hates to be here and make them all excited. I mean I don't think that's my big 

purpose in life. But if they're somewhat interested and they pick up on my interest that's 

great. And I tend to feed off them and they feed off me and it goes back and forth.... The 

only bad thing is for me, that if they don't start it I have a hard time starting it. I mean. 

I'll give some effort. But I really rely on them. That's why I say the first day is really a 

big thing. If they respond to me with a lot of bright eyes and nodding and smiles, and 

they're willing to come back, then I've made the semester" (Anne 10/23). 

"I take a personal interest in how students do.... I take a personal interest in 

hoping that they'll succeed," Anne explained (10/23). She paid attention to individual 

students' needs. Four of Anne's students felt they needed a tutor, so Anne hand-picked a 
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competent tutor for theni. She noted that one student, Gerald, had considered using that 

tutor but instead he began working with several classmates who mutually supported each 

other (Anne 10/23). Anne had another student, Ronald, whom she directed to put extra 

comments on his homework. "Ronald has weaknesses and we're still, he's coming in 

now to talk to me to try to figure out what those weaknesses are" (Anne 10/23). Anne 

wanted him, on his homework, to "tell me things like, 'I couldn't even get started' or 'I 

had the wrong equation in the calculator' or 'I was using the wrong formula'." She 

hoped that these comments would help her spot a trend and pinpoint what he needed to 

work on. Anne noted that she thought Samantha and Margo might begin trying these 

extra comments, too. Anne felt that this individual attention and help with learning skills 

was an important part of her role as a teacher. 

Anne's personal interest in her students is illustrated by her concern for Catherine 

and Christine, two students who had previously taken an algebra class from Anne. Anne 

was very much aware that Catherine was very math anxious. "She used to actually get 

stomachaches and headaches really bad in algebra." Anne found Catherine to be very 

good at mathematics, but "She just needs somebody to sit with her, even if it's at the next 

table, for her to come by and say 'Does this make sense to you?'" (Anne 10/23). As of 

October, Anne had noticed that Catherine was starting to write comments next to her 

problems making connections with earlier material. "I think that's going to make a 

difference for her." Anne worried about Catherine's next semester of calculus. "If she 

gets an instructor who's cold, and never wants to give her feedback or anything like that, 

[ think she'll have a bad experience" (Anne 12/21). Christine had taken Anne's algebra 

class along with Catherine. As of the October interview, Anne noted, "Christine has 

disappeared on us." She had been gone for a week and a half. Anne recalled that 

Christine had been out for a week last year, but she came back and caught up. Catherine 
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told Anne diat Christine had stopped coming to chemistry class as well. Anne was 

concerned, "So I'm thinking about giving her a call, finding her phone number and 

finding out what's happening to her" (Anne 10/23). Christine never returned that 

semester. Anne spoke to Catherine about Christine later in the semester, and Catherine 

reported, "she said even somebody in the dorms who knows her said they haven't seen 

her. So she disappeared" (Anne 12/21). 

Anne also worried about Drew Carver, the only student failing her course. He 

never turned in homework, had the lowest test grades and was not completing in class 

worksheets. Anne was disappointed. "He's working lots of hours, he's taking 18 

units.... He told me he can't drop. Financial aid. He'll be out. And there's nothing I can 

do about it. He's slipped too far." 

Anne was also aware of what was going on with her better students. For 

example, she knew that two of her students had taken mathematics together in the same 

high school classes, and that another one of her students had used the Harvard book in 

his high school class. When it came time to recommend students for the honors section 

of second semester calculus, Anne approached some students and some others asked 

Anne for a recommendation. Anne wasn't certain what to do about one pair. "There 

were two more that had asked to go into the honors section. Now one of them I 

recommended more than the other, but I didn't feel that they should be split up" (Anne 

12/21).  

At the end of the semester Anne explained that she would tell students who would 

be teaching their next class, and she would make a point of giving a neutral description of 

each teacher's style. When students asked her for advice about which section was best, 

Anne would "try to match their way of asking questions and doing things. If somebody 

never asks questions in class but always comes to me outside of class, that's a different 
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way, and they can deal with a person who doesn't ask for participation if they need to. 

They can handle that. But if I've got somebody who's got to communicate in class 

constantly, well you don't want to send him to somebody who just lectures" (Anne 

12/21). Anne felt that paying attention to each person's progress made a difference. "I 

think they feel like I take a personal interest in their life here. So I think that's another 

reason I don't get a lot of gripes about masses of homework and long tests and that. 

They may complain, and I think they should complain. But I think they understand that 

I'm trying to do things in their best interest. That I'm trying. I think that helps a lot" 

(Anne 10/23). Anne's concern did not end when the semester ended. "A lot of times 

what I do next semester is I look them up. Just like last fall, or no, last spring. I didn't 

get to look up too many but there were a few I was curious about how they'd do next 

semester and that. So I looked up a few of those. Just for my sake to see if they were 

making it or how they were surviving in math" (Anne 12/21). 

3.3.3 Robin's Life Lessons 

Robin very much believed that learning in the context of mathematics is not 

isolated from the learning which is integral to every part of one's life. She often 

considered what she was teaching her class in light of personal growth through learning. 

She believed she was there to teach more than just mathematics. 

"I'm trying to get the students to be more self sufficient in their thinking.... That's 

one of my kind of goals in teaching, of course, to empower them. That's ultimately the 

good I think we can do in educating people" (Robin 10/20). Robin wanted to do more 

than just teach her students a set of facts and skills related to first semester calculus. She 

wanted to teach them to be learners. She explained that she makes a point of asking 

questions and modeling her own thought processes so that students will develop the 



109 

ability to ask themselves the kinds of questions they need to ask in order to learn. "Part 

of my role is helping them learn more about how they leam.... That if you learn how to 

question yourself and leam how to explore a problem, different aspects you can look at. 

then you're learning how to leam. How to find out information for yourself, without 

someone having to ask you a specific question. You leam how to ask your own 

questions. And you leam how to find sources to get the answers to those questions. So I 

think that's an important role for me as an educator" (Robin 10/20). 

To Robin, empowering her students involved more than helping them acquire the 

skills to ask and answer their own questions. It also involved helping them develop the 

personal skills to be learners. Robin believed that confidence, responsibility and tmst 

were important parts of learning. 

Robin hoped to help her students get "the confidence and the skills it takes to 

know how to make that first step, to start some sort of solution that might work. And 

also I hope to give them enough confidence to know that if you try something that doesn't 

work out, that's fine, you try something else. Confidence that you can fail at something 

and you just go right back and try it again" (Robin, 10/20). 

Robin tried to encourage her students to take personal responsibility for their 

learning as well. She began the class of Monday, September 18 by reminding her 

students that they were responsible for checking their own homework answers, at office 

hours, the tutoring center or with one another. She acknowledged that this was a 

responsibility they did not have in high school. In the October interview she spoke about 

students' responsibility to be reflective learners. "I think it's their responsibility to not 

only think about the material itself, but think about WHY do we ask the questions. To 

think about HOW their learning processes the exercise in calculus relates to learning 

processes they exercise in any other aspect of their lives. I think it's their responsibility to 
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think about that as a student. And that's kind of a sort of a sophisticated level of being a 

student." 

In her December interview. Robin spoke about trust. "In my classroom trust is 

not separate from math. You know, helping each other in this community, working as a 

community is not separate from my math class." Robin was very frustrated with 

instructor meetings to discuss cheating problems. She felt that cheating reflected a lack of 

a trusting environment. "Maybe this is an idealistic opinion, but they [her students] know 

that I trust them. That I think they're able to not cheat because it's like, 'She's trusting 

me. I mean, I can't cheat. She's trusting me.'" Robin felt so strongly about the issue of 

trust, and creating an environment where students were valuable, trustworthy members of 

a learning community that she wept as she spoke about this. "If you expect someone is 

going to lie to you then they're probably going to. So, those sorts of ideas I think are 

very important in all our human relations. And that's right in the classroom with me." 

Robin also wanted her students to learn not to just let a problem exist without 

trying to do something about it. The floor of the math annex classroom was often spotted 

with litter. Robin started a campaign to clean up the room, which most students took part 

in. She pointed out that if each person just picked up one piece of trash each day, then all 

those little bits of effort would combine to make a big difference. 

Robin enjoys teaching mathematics in part because she finds solving mathematics 

problems to be good practice for learning how to solve life problems. She explained that 

in both mathematics problems and life people need to come to conclusions from very 

small bits of knowledge, "they get practice using a few facts to come to other 

conclusions. Which I think, I mean that's all of life anyway. Use a little bit that you 

know. And you sure have to get a lot of information out of a little bit" (Robin, 10/20). 

Robin also felt that including some tediousness in mathematics was a good life lesson. 
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She was against having students do everything with the help of technology, and felt it 

was a good thing, for example, to take the time to graph a complicated function entirely 

by hand. "I value tediousness. I think it has a definite place in learning, and a lot of 

lifetime activities involve some tediousness" (Robin, 10/20). Robin explained that an 

advantage of tediousness and doing things by hand was that it gave students a sense that 

they were physically taking part in their own learning, more so than if they relied on 

machines to do all of the tedious parts. Robin explained that tediousness also came hand 

in hand with the opportunity to share work with fellow students. Sharing work gave 

students a chance to work on communication skills and a chance to leam how to work 

with one anodier. "I want that to be part of my classroom experience. That you leam 

how to work with each other.... People don't need to be dependent on anything else but 

themselves and each other. I think the each other component is very important" (Robin 

10/20). 

3.3.4 Two of Robin's Students 

"I think one of the biggest things about me as a teacher, kind of my trademark, is 

that I so obviously much care about the students and am willing to help them" (Robin 

10/20). Robin expressed this caring, for example, by making the effort to leam and use 

her students' names. Robin also expressed this caring by making a point of teaching 

people in a way that she hoped would help their lives more than just by giving them a set 

of mathematical skills. Robin also paid attention to individual students. In Robin's 

interviews she spoke about many of her students. She noted, for example, an individual 

who had been missing class, a student who felt bad about giving up football and a smdent 

who regularly came in with stories about saving his roommate's life when they had 

become too drunk. Two students' stories in particular stood out. 
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In the October interview, Robin spoke about one of her lower achieving students, 

Anu. Robin explained, "Anu Suryanarayan is, she's trying, and she has real low self 

confidence. So I've been trying to be very sensitive to that and help her out as much as I 

can. But now, we've run into an obstacle, she and I." Anu had turned in a homework 

problem copied from the solution manual, and Robin had written back on that assignment 

warning Anu that she could have received a zero on the whole assignment. Robin 

suggested (in the same written comment) that if Anu was having trouble with a problem 

she could read the solution and then try the problem again, writing the solution in her own 

words. Robin continued, "But I think diat kind of crushed her. That I had come down 

saying I could give you a zero on this. Because she hasn't been coming to office hours in 

a week now. and she was coming at least once a week. So, I'm going to work on that. 

I'm going to patch that up with her and get her back into things." Robin explained that 

Anu was probably feeling guilty, which she should, but Robin wanted Anu to know that 

this one incident would not ruin her chances in the class. "It's not like that at all. I think I 

need to convince her that it doesn't matter that she's done that with me." Anu had 

violated Robin's strong sense of trust, yet Robin was not ready to give up on Anu. 

In the December interview Robin spoke about Phoebe. "She's a little success 

story in life." Robin noted that Phoebe had said that she didn't like mathematics as much 

as she did in high school, which initially frustrated Robin. But after thinking about it, 

Robin felt that maybe that wasn't as bad as it sounded in Phoebe's case. She explained, 

"It's all right that Phoebe said that, because she just seems more outgoing now, she, 

she's more confident, actually, in a way, with her math than she was before. And it's 

funny. The way she acts, what she does, says that she's had a good experience in the 

class.... When she said she doesn't like math as much, it seems to contradict it. But, it's 

all right, just because it's tough. I think more that she wasn't asked tough questions in 



113 

high school." Robin noted that Phoebe had started the semester as one of the shyest 

students, but by the end of the semester she was confident enough to volunteer for a turn 

at the board during a contest. "I have kind of a soft spot for her," Robin finished. 

3.4 Their Students and Themselves: Summary 

All three of these teachers shared two characteristics: (1) they were reflective about 

their teaching, and (2) they were willing to pursue new teaching ideas. It is clear that 

these characteristics have been importjmt in helping them become the effective teachers 

they are today. The example of these three teachers strongly suggests that these two 

qualities are essential attributes of effective teachers. 

Each of the three teachers noticed what teachers around them were doing and felt 

that they could learn from other teachers. All three teachers attended a series of 

mathematics education colloquia. Both Dave and Robin mentioned that they wanted to 

emulate some of Anne's classroom techniques. Anne mentioned that one of the greatest 

influences on her teaching came from working with mathematics professors who were 

developing a mathematics course for future elementary school teachers, and she valued 

feedback from high school teachers taking her courses. 

Anne described her evolution from an algorithm oriented teacher to one who 

concentrated more on concepts. Anne explained that although she had tried using more 

formal small group activities, she found that her current style of informal classroom 

interaction to be more valuable for her students. In some areas Anne acknowledged that 

she was still working on deciding the most effective approaches for herself. For 

example, she was still working on how to best assess her students and herself. 

Robin recognized that it was easy to slip into complacency about teaching. She 

also recognized that avoiding this, and instead "actively always thinking" about teaching 
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increased her effectiveness as a teacher. She criticized herself for not having her students 

do more of the mathematics on their own. but she was also disappointed that her students 

did not try as hard as she would have liked. At the end of the semester Robin was 

frustrated with the university system and she had decided to leave it; she felt that many of 

the constraints within that system were contrary to an effective learning environment. 

Dave explained that as he has matured as a teacher he has become more 

comfortable relinquishing conurol to his students and more comfortable about being 

befuddled in the classroom. He was willing to try new teaching practices, such as group 

work. Dave was also open to trying new approaches to the mathematical content, 

following up on ideas inspired by students and the text. 

Robin felt it was essential to call on students by name. For Robin, using their 

names was one of the many ways she tried to communicate to her students that she cared 

about them. Robin believed that it was important to teach more than mathematics. She 

felt that she could also teach her students important life skills, such as tmst, problem 

solving, confidence and learning how to be a learner. 

While Anne avoided using students' names in class, she too, cared about her 

students. Anne was aware of the backgrounds of many of her students. Anne gave 

individual attention to students needing extra help. 

Dave also valued a smdent's right to anonymity in the classroom, and would not 

call on a student by name. Dave said that he used to care about his students much more 

than he did now. Dave felt he should still care more but "there's been thousands of 

students, just too many to care about." In Dave's class students got noticed by showing a 

strong interest in mathematics, by needing extra help, or by talking to Dave outside of 

class. 
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4. The Texts, Technology and Calculus Reform 

All three classes used texts arising from the reform movement. Anne and Robin 

used the Hughes Hallett text, and Dave used the Wattenberg text, although he had also 

taught from the Hughes Hallett text several times. All three teachers had been involved 

with the development of the Hughes Hallett text and had interacted with that text's 

authors. Their contributions ranged from editing to piloting preliminary versions of the 

text, as well as being proponents of the text to their peers. The teachers each offered 

praise and concerns about these texts and calculus reform in general. 

There had been some controversy at the University of Arizona about having all 

sections of the calculus course for majors and the sciences using the Hughes Hallett 

textbook. In response to this controversy the mathematics department formed a 

committee to decide if some sections should be taught from an alternative calculus text. 

Dave had served on this committee, and he had voted to approve adopting the Wattenberg 

text as an alternative for some sections. During class on September 7, Dave set his 

students to work on a set of problems and spoke to me for a few minutes before 

circulating among his students. He explained, "I was on the committee that said, 'give 

people what they want. Let them teach from what they want.' Frankly, if I had my 

choice I'd teach out of Hughes Hallett. I think it's far better than this, and better than 

traditional. But this [the Hughes Hallett text] was shoved on the rest of the department 

and they didn't like that. And I think they should be allowed to choose what they want." 

4.1 Student Competencv 

4.1.1 Dave Worries Students are Not Learning What Thev Need 

"Ever since I've taught consortium I've not fell I gave my students their money's 

worth" (Dave 12/20). Dave was concerned that a negative consequence of calculus 
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reform texts was that students ended their first semesters of calculus having learned a less 

than adequate body of knowledge. When calculus was taught using the traditional 

approach Dave felt more comfortable that the students were prepared for second semester 

calculus (Dave 12/20). Now, he worried that the students did not come away with "a 

body of knowledge that they could fall back on through memory" (Dave 12/20). The 

focus on inmition and insight and the reliance on calculators made Dave uncomfortable 

about sending his calculus students on to the next class thinking "they know anything 

about what calculus is about" (Dave 12/20). For example, "I would hate to send them out 

into industry thinking they know how to differentiate. Because I don't think they can" 

(Dave 12/20). Dave had been worried along these lines since he began teaching from 

reform texts, but the Wattenberg text made him even more concerned than the Harvard 

text did (Dave 12/20). 

I don't think the kids walking out of my class really have a very good idea 
of what calculus is all about. And I used to think when I taught the more 
traditional methods, when we did a lot of maximum and minimums, 
related rates and they came AFTER we had discussed differentiation, and 
that came AFTER we carefully did delta x's and we did measurements — 
in other words I taught by the traditional way which I grew up with ~ I 
felt more comfortable at the end of those semesters, i^owing that when 
they went into the next semester to begin their integration they really could 
DO next semester. These students, I am quite uneasy, say about the C 
students who go on, that they know anything about what calculus is 
about. So I think, and I'm blaming it I guess on my self but also on the 
book. Because I tried to follow the book for the most part. Since I began 
teaching reform I never felt that they had a body of knowledge that they 
could fall back on through memory. I mean, every time you sort of base 
something on the hand calculator and intuition and insight, rather than on 
memory and drill, I always feel a little uncomfortable they don't have 
something to fall back on that they can just non-thinkingly do. I guess it 
might be like ask any third grader or fourth grader nine times seven, well 
they can get it on their hand calculator but have they actually memorized it 
in their mind. Well had they memorized it I would feel more comfortable 
about them going into the fourth grade than I would if they had to punch it 
in on their hand calculator, then I wouldn't feel so good. So, no, ever 
since I've taught reform I've not felt I gave my students their money's 
worth. (Dave 12/20) 
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4.1 • 2 Anne and Robin Supplement the Text 

The other teachers voiced similar concerns but explained that they were addressing 

those concerns by assigning students supplementary problems from a more traditional 

text. Teaching HOW to differentiate, versus teaching WHAT differentiating does for us. 

are not mutually exclusive goals. The teachers in this smdy believe, however, that reform 

materials are not helping students reach the important goal of learning HOW to 

differentiate. 

Robin explained in her October interview, "I think it [Hughes Hallett text] could 

be supplemented — for most students I think it should be supplemented, when they're 

studying at home, with just, your traditional type of calculus book. For more, maybe, 

examples and just kind of straightforward sort of problems, for your student who needs 

some more practice." 

Anne echoed these sentiments in her October interview. "I do feel that it's [the 

Hughes Hallett text is] very weak in making students really calculate things and do some 

things by hand, which I feel is trivial to add into the course, so that's what I do....I like 

the way it staggers talking about the concept, then doing the nitty gritty calculations later. 

I just don't think they're very heavy in that. You know, if a new teacher comes through 

this course and only teaches at the level of the book, with the same emphasis, that a 

student could probably come out of the class doing well, gradewise, but not able to 

calculate anything heavy duty. And since we have no idea where they're going I feel kind 

of funny about letting them get out that way. That's where I modify. And it's mainly, it 

doesn't take much in terms of level of difficulty. It's just more practice. And I also do 

lots of quizzes to keep them up on the material. Just throw a couple of problems on the 

board and say compute f prime of x or something like that." 
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4.2 The Textbook Matters to Students 

4.2.1 Robin Teaches Students to Use the Book 

Robin recognized that the Hughes Hallett text was likely different from most 

mathematics textbooks her students had seen before, and she felt it was important to teach 

her students about this unique text, since she expected her smdents to really use the book. 

For example, Robin explained that with this text she would assign her students portions 

to read in preparation for the next class. "I think it's a good book diat can be used 

successfully by almost every student, just as much as any textbook can. I think, though, 

that they need guidance in knowing how to use that book. I think other textbooks, 

they're so familiar with the format of your typical textbook that they pick it up they know 

how to use it. This one you don't pick it up and instantly know how to use this textbook. 

The authors have helped by putting notes in the preface, in the beginning, but also some 

guidance on the teacher's part is necessary" (Robin 10/20). 

4.2.2 Dave Wants the Students to Have a Readable Book 

Dave felt that while the text was irrelevant to him as a teacher, it was not irrelevant 

to the students. "I've taught long enough so that it doesn't really matter what text I use. 

Because I just do exactly what I want to do. ... The book is irrelevant to me. However 

it's not irrelevant to the students. It's something they have to be able to read. And I 

think, probably, this book [Wattenbergj is not very readable" (Dave, 9/15). Dave said 

that the Harvard text or any traditional text would be much better, although Dave had 

some problems with the Harvard text, as well. He wanted his ideal text to be one "that's 

slow and that's pedestrian and that's sort of dull" and not filled up with "beautiful 

insights" like the Harvard text (Dave 9/15). He had heard students complain that the 
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Hughes Hallett text was "very hard and quite unreadable because it is intuitive and 

creative (Dave 9/15)." Dave believed that insight and the intuitive creative side of teaching 

calculus belonged in the teacher's domain rather than in the black and white of a text 

(Dave 9/15). "I think putting innovative creative ideas in a book takes an author of the 

standing of Dickens or Shakespeare. I mean those guys can get across fantastic ideas. 

But we don't have mathematicians who are writers. We just have mathematicians who 

are guys who put down mathematics. And that's a whole different story. And I think to 

be creative in black and white in mathematics is sort of misplaced. I think it should be 

done with the teacher and the student in a more human setting" (Dave, 9/15). 

4.2.3 Anne Has Noticed Better Student Questions 

Anne noticed that now, when students would come to her with questions outside 

of class, the tone of those questions was different. "In the past, they'd say 'I have no 

idea how to do this.' ... But now, when they come to me it's, 'I have this basic idea of 

what's going on, but I just can't put it to this problem.'" Anne attributed this change to 

the Hughes Hallett textbook. She explained that unlike in the traditional text, the Harvard 

text allowed students to have the opportunity to understand a concept even if they found it 

hard to perform the related computation, whereas in the traditional course it was true "if 

you can't crank out these rules dien you don't know calculus" (Anne, 10/23). 

4.2.4 Dave Did Not Like the Wattenberg Text 

"I wouldn't teach it [calculus] again out of Wattenberg ... because I think the first 

little while is just too disruptive" (Dave 9/15. reiterated 12/20), His main quarrels with 

the text centered on the setting of the first chapter [recursive population models, heavily 

dependent on a particular technology], and that the text was hard for the students to read. 
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He admitted tiiat Wattenberg had some good ideas, but he felt that those ideas were 

misplaced. 

Dave felt obligated to teach one of the calculus sections using the Wattenberg text 

since he had been on the selection committee that adopted it. He had voted to adopt it on 

the principle that his fellow faculty members should have some choice about what text 

they would use for teachings. Dave had been on sabbatical when the decision was being 

made, so he had not examined the text as of a few days before the semester began. He 

looked at it briefly during our pre-semester meeting (7/24/95. journal entry), to give me a 

rough date when derivatives would be covered. Dave mentioned that he had heard from 

Mike Richards (a mathematics professor who taught from Wattenberg during the previous 

spring) that Wattenberg was a difficult text to teach from. He had heard that Wattenberg 

spends a great deal of time motivating the mathematics, so much so that things get quite 

rushed. 

Dave was unhappy with the heavy reliance on a particular model of technology in 

the first chapter, and he did not feel that setting of recursive functions and population 

models was a comfortable setting for first semester calculus students. "I think the 

beginning of the course, where we use the TI-82's and the P„ and P^, things with the 

recursive functions ... is a really bad idea for people who are just trying to get the 

technology and the concepts down and they haven't really had this before. I really think 

that's bad" (in class conversation with me. 9/7). Dave elaborated on this opinion during 

his interview September 15. "The content of the first chapter, which is... quite a bit 

different from the content of a standard calculus text, is very difficult for the students. 

For a couple of reasons. Conceptually it's very hard to introduce a calculus course by 

talking about recursive functions, which is what Wattenberg does. I think that's very 

hard. And secondly, there's the technology, and you want all the students to have pretty 
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much identical technology, when you have a class of 34 students. If you don't announce 

beforehand that... a particular kind of technology you need is a pre-requisite for the 

course, they go racing around during the first week trying to get the right calculator and 

it's a very poor way to start a class.... Wattenberg starts off really in a very 

uncomfortable way. and I think that does a disservice to our students." Dave also 

disliked having epsilons and deltas introduced early on (in class conversation. 9/7). 

While Dave did not like the text as a first semester calculus textbook, he 

recognized that some of Wattenberg's ideas were worth keeping in mind. He explained, 

"Wattenberg forced me in chapter one to use recursive functions and so that was new for 

me. And I think it's very innovative, very exciting, very neat and way above the comfort 

level of a First semester freshman taking first semester calculus. But I think it's 

something that should be used when the time comes and I certainly will add it to my ideas 

that I bring in throughout the course when it's appropriate.... [in the first chapter, though] 

it's absolutely misplaced" (Dave 9/15). 

4.2.5 Robin Supported the Hughes Hallett Text 

While Dave did not disguise his dislike of the text his class was using, Robin 

made a point of projecting a positive altitude about the book to her students. Robin liked 

the Hughes Hallett text. "Overall I think it's a very good book" (Robin 10/20). She 

assigned readings from the text in the hopes that would encourage her students to use the 

book. She felt that if the students did the reading it would help them get more out of 

class, but she also felt that assigning the readings would give her students the message 

that she thought the text was a valuable resource. She explained in her October interview, 

that she assigns readings "to help show that I have a positive attitude toward the book and 

[that] I'm familiar with the book, I know what it's saying. Enough so that I know what 
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to assign them for reading. And so, I think it helps them knowing that the instructor is 

supportive of the textbook that's being used, no matter what class, of course, but 

particularly this one because there's so much... controversy over it. And I think what 

works against my students actually, is when my students have tutors who say, 'Oh, yeah, 

this is a lousy textbook. Here's how you want to do the problem.' I get that so many 

times from students. The comment, 'Oh, my teacher hates this textbook, and he showed 

me how to do it this way. She said the examples in this book aren't any good.' And sure 

that's fine. Plenty of people have that opinion, and it can be a valid opinion in some 

ways. You can support the opinion why you wouldn't think that's a good textbook. 

But, I don't think they need to tell die students that. [ don't think it's helpful to tell the 

students that you think it's a lousy book." 

4.3 The Influence of Reform and Reform Texts on Teaching 

All three teachers acknowledged that using the reform texts had influenced their 

teaching, in different ways and to different extents. 

4.3.1 Dave Found Some Good Ideas in the Wattenberg Text 

Dave felt that after teaching mathematics for 33 years he did not modify how he 

taught calculus in response to different texts (Dave 9/15). He acknowledged that many of 

the ideas in the reform calculus texts, like the Hughes Hallett text, were good ideas, but 

he had been using those ideas in his classes even before the textbook was written. He 

suggested that the best way to start a calculus class was in a comfortable setting that 

looked like a high school class "Then I would mix in the so called rule of three, which I 

think is just common sense. Almost immediately I would pull a lot of the innovations out 

of the Harvard Calculus and stick them right smack in the middle of my class as I have 

always done anyway" (Dave 9/15). 
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With regard to the Wattenberg text. Dave noted that it inspired him to try some 

particular approaches and problems he had not tried before. Dave felt that these were 

worthwhile things that he planned to keep in his repertoire. During his November 

interview he explained, "While I don't like Wattenberg [the text] at all, the content of the 

book has made me redo things, do things in a different way, which livens things up for 

me and so it livens things up for the students too." Dave decided to skip sections of tlie 

book that he felt did not belong in a first semester calculus course. This gave him another 

benefit. "With this course I skip whole sections and find that... I have extra time on my 

hands, and so the explorations don't need to be rushed. We can take our time and smell 

the roses." He admitted that the Wattenberg text "piqued my interest, which was to its 

credit. Wattenberg I think is a very creative guy." 

In particular, Dave found the chapter 1 material on recursive functions, a new 

approach for him, to be "very innovative, very exciting, very neat." While he felt that this 

approach was a disastrous way to begin a calculus class he felt that it was a good idea that 

he would use. "I would put it when we get well into derivatives and when we can talk 

really easily about slopes being flat, no change in the function. And we can then bring in 

his equilibrium points and we can bring in oscillations that don't go to a limit. And there 

it would become meaningful" (Dave 11/10). 

Dave also found Wattenberg's approach to exponentials to be valuable. This led 

Dave to try an exploration he had never tried before. "They insist on introducing the 

exponential in, well, sort of a different way where you numerically have to calculate 

derivatives. They tell you that the exponential probably has the property that when you 

differentiate it and divide by it you'll get a constant. And, so I decided to go in there and 

find out what that constant was, and so we proceeded to, numerically ~ the TI82 allows 

you to numerically differentiate a given point. So we went to two to the x and we found 
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that no matter where we were on two to the x, when we pushed that dy/dx button that we 

got the constant point six nine, oh three one or something like that. So then we 

experimented ail day today with that constant for three to the x, four to the x. We found 

that two to die x. four to the x and eight to the x were related. And that went well, except 

for those people who already knew that magic constant was the natural log. But we shut 

them up and some of the other people enjoyed the exploration" (Dave. 11/10). 

4.3.2 Robin's Interactions with the Authors 

Robin had helped edit problems and text when the Hughes Hallett book was being 

written. She had worked as an evening school teacher for Deborah Hughes Hallett for 

eight years. She liked the textbook. Robin felt that her experiences with the authors of 

the Hughes Hallett text were important in her development as a teacher. She credited 

them as being positive influences on her teaching, helping her develop a much more 

varied approach to presenting problems and asking questions (Robin 10/20). "It's 

influenced me hugely, because, again. I've taught with the people who wrote it" (Robin 

10/20). She elaborated "That multi-sort-of-faceted approach of graphs, equations, 

whatever. So it's definitely influenced how I present topics and examples. Because I, 

left on my own I probably wouldn't choose to present them in so many different ways. 

So many different ways of thinking about a problem. I would kind of stick to one way 

that seems the clearest to me" (Robin 10/20). 

Robin also explained that for "this calculus book, partly because I'm so familiar 

with the people who wrote it, and so familiar with the philosophy and think it's such an 

important part of a person's learning experience that I think it's worth some time in class 

talking about the philosophy" (Robin 10/20). This is not something Robin did for other 

texts in other classes, she explained, "It would never occur to me to have to discuss that. 
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Or. get any benefit from discussing that. Now, I don't know if that's true, but it hasn't 

occurred to me" (Robin 10/20). Robin also warns students that examples in the text are 

not just like the problems at the end of the section, and she urges her students to "really 

work carefully through the examples." This is something that Robin now does for all the 

classes she teaches (Robin 10/20). 

Robin appreciated many aspects of the consortium approach to calculus. "I think 

overall probably because of this course and the way it's taught students tend to realize that 

there are different ways they can think about problems.... I believe at least the smdents 

get the idea that there's not a correct way to do the problem.... and I think that's good. I 

think that's what this calculus consortium approach has achieved over the traditional 

approach, I believe. It's that there are different ways to go about thinking of the problem. 

It's frustrating for the students, of course, lots of times to not have more direction. But. I 

think it's good because that's a transferable skill to other, to everything else in life. And I 

feel good about that happening" (Robin 12/19). 

4.3.3 Anne was Glad the Harvard Textbook Came Along 

Anne felt that using the Harvard textbook allowed her to teach calculus more 

effectively. Anne felt that incorporating the rule of three and adding emphasis to 

conceptual understanding helped her make calculus more accessible to her students. She 

explained that when she started teaching she felt a lot of gratification from teaching 

students how to do the steps of a problem quickly and efficiently, but she knew that as a 

masters student she learned best when she was able to reason something out. She came 

to realize that she wanted to do more than just tell her students how to follow algorithms. 

Although she realized that she wanted to include things like more applications, and 

working with tables of data, Anne felt constrained from doing this in a traditional course 
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because there it was an "add-in" and she was not willing to risk turning off her students 

by doing something they perceived was not part of the course. "When this book came 

along, and this was the first exposure I had of this rule of three business, it just seemed 

like such a natural thing to do. And I never... thought of doing it in Anton, or more likely 

it was this was something extra. When we start throwing something extra into the class 

students rebel." When the Harvard text arrived with the deliberate focus on concepts and 

the mandate to approach calculus using the rule of three. Anne thought it was great that 

she was now free to do these things that she had thought were a good idea. 

Anne believed that this approach helped students, too. She explained that in the 

traditional courses when students focused on computations they would very easily 

become so wrapped up in the computations that they lost track of the meaning of what 

they were doing. Now. Anne feels that her students "have this overall feeling of what 

calculus is. now I can hit them with heavy detail" of computations and they will still be 

able to keep track of the meanings. Anne also appreciated the emphasis on how theorems 

could help solve a problem, as opposed to proofs of theorems. "To me they're getting 

more out of that theorem than any traditional smdent ever did." She felt that this left 

students better prepared for subsequent courses. 

Anne also felt that the Harvard textbook better supported a classroom dynamic that 

she preferred. Anne explained that due to her experiences teaching a mathematics course 

for future elementary school teachers, she had been moving towards engendering a set of 

classroom dynamics that included more "work at their seat, working together and talking 

things out." With the Anton text she found it hard to come up with suitable problems for 

that style of teaching. She felt that the Harvard text "makes it easy to make up these 

worksheets. Because just the way that the wording of the questions are and what they're 

looking for" (Anne 10/23). Anne actualized this style of teaching with her worksheets 
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and in-class activities. She admitted that even though the Harvard text supported this 

style of teaching, it still took more effort on the teacher's part than traditional models of 

teaching. "It sure is easier to teach it algorithm based" (Anne 10/23). 

4.3.4 Calculus Reform has Changed Anne's Thinking 

As discussed in section 2.3.1.1, the reform materials have changed Anne's 

perspective about what it means for students to have an understanding of calculus. With 

traditional calculus, Anne believed that students either could do it or not. and that there 

was not much middle ground, but the more she teaches from a reform text, the less she 

feels that way. Anne has come to realize that being able to do problems is only one 

component of understanding calculus, and in fact it is possible for a student to have some 

understanding of what is going on even if that student can not make die correct 

computation. 

4.3.5 Anne's Template Problems 

One goal of calculus reform was to get away from template problems. However, 

it may be the case that one set of templates has been replaced with another. One of 

Anne's student put this nicely into perspective. At the end of the semester, when shown 

problem 9. asking students to determine when a population was growing most quickly 

given a table of population values at different limes (see Appendix d for interview text), 

the student's first words were, "This is the same type of question as number 1 on the 

exam. She always starts with a table" (Tamlyn, December interview). 

Anne herself acknowledged that the old templates were being replaced with new 

ones. In the October interview she mentioned that one of the professors would tease her 

about "Anne's template problems." She explained, "When you look at people who've 
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taught out of this [the Hughes Hallett text] for a while you start falling into that rut again. 

But I don't think it's as dangerous as it used to be. Because template in the sense of, we 

ask a table question because we've done tables, you know. Before it used to be the same 

equation with different numbers. So I think it's not quite as dangerous anymore." 

4.3.6 Not All Teachers are Willing to Accept Reform 

It is worth noting that although the three teachers in the fiill smdy each felt that the 

reform materials had some positive influence on their teaching, not all teachers were 

willing to accept the reform materials. For example, the teacher in the pilot study (see 

section 1.6) did not buy into the philosophy of the Hughes Hallett text. He complained 

about the lack of routine problems in the text, suggesting that the path to understanding 

the material was via practice. "To make sure you understand it you've got to do some 

drill problems." Also, rather than presenting the material in the order that the authors 

chose — presenting both derivative and integral concepts before the details for computing 

either one — he chose to present all the material on derivatives (chapters 2, 4, 5) and then 

he went back to chapter 3 and chapter 8 to pick up integration. He did not cover the first 

chapter on functions. 

He explained, 

I think calculus is such a quantum jump for students that they need 
to get a good hand on the derivative before they get into the integral. Uh. I 
don't see much reason for inverting things early in the first semester 
calculus. And, um. actually I was kind of turned off by that, that thrust in 
the book where they, they automatically go to integrals uh, before they 
really even know much about die power rule or the product rule or 
anything. Or really know much how to differentiate anything, or how 
much how to use a derivative for anything. I mean, um, they've just, 
they've just been introduced to this new creature derivative, they hardly 
know it, and then all of a sudden they are doing the opposite of it.... 
Certainly in the history of calculus people did derivatives for seventy or a 
hundred years before they did any integrals. And, so it's sort of the 
genetic thing. I mean, in human beings we're, we learn, we learn to do 
derivatives first and I can't see putting the two processes together that fast. 
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This misknowiedge about the history of calculus was used as his justification for rejecting 

the approach taken by the authors of the text. Perhaps the inclusion of historical or other 

materials justifying, explaining and clarifying the authors' approach and philosophy 

would be helpful in encouraging a reluctant teacher to accept and use the materials as 

intended by the authors. Simply providing a reform text to a teacher does not ensure that 

the ideas behind the reform will be transmitted to the student or the teacher the teacher 

must be convinced that the ideas behind the reforms in the text are good. 

4.4 Technology 

Students in ail three classes were required to have programmable graphing 

calculators. Dave's class believed calculators were more useful than the other classes did. 

but students in all three classes agreed that their calculators were useful (end of semester 

affective surveys. Appendix A). All but one student in Dave's class "strongly agreed" 

(the one student just "agreed") with the statement that "My calculator is a useful tool for 

doing calculus problems." For the other two classes, no more than two thirds of either 

class strongly agreed. Dave spent a great deal of class time doing problems on the 

projecting TI-82 and explaining step by step what he was doing. He frequently "messed 

up" what he intended to do and relied upon the class to straighten him out with regard to 

how to use the calculator. He was the only teacher to use a projecting calculator; Robin 

and Anne used hand held calculators only. Both Robin and Anne had their students do 

some programming and used programs to compute difference quotients. All three used 

(and directed students to use) calculators for graphing and computations. 
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4.4.1 Technology Enhanced Dave's Classes 

Dave was a proponent of using technology. He felt that technology was a fine 

tool for problem solving. "Students should be encouraged to use technology to explore. 

Students should also be encouraged to use pencil and paper to explore.... In short, use 

everything that is available" (email 6/11/97). "We've had fun exploring and the 

calculator's helped that out" (Dave 11/IO). Dave cited two particular explorations 

undertaken during the semester. One involved using the calculator to find the formula for 

the constant involved when differentiating different exponential fijnctions. The other was 

a quintic contest, which involved a great deal of graphing and using the TI-82 to explore 

guesses. Dave was. however, concerned about students becoming overly reliant on 

calculators (see section 2.4.1.1). 

Dave's calculator mishaps sometimes served as a vehicle for motivating 

mathematics. For example, on August 28 Dave graphed a function on his projecting TI-

82 and the screen was blank. "I see nothing on my screen, so let's use my head." He 

began analyzing the equation to see if that would help him figure out a proper viewing 

range. A student asked, "Can't you just solve where y=0 to find a viewing range?" Dave 

agreed that was a great idea and followed up on it. His use of the calculator enabled a 

student to find a purpose for finding a y intercept. 

4.4.2 Classroom Technology Needs Proper Classroom Conditions 

Dave found technology to be a wonderful addition to his classroom under the right 

circumstances, but he also believed that poorly implemented classroom technology was 

detrimental to effective teaching and learning. One of his complaints about the classroom 

he had been initially assigned was that the layout of the room prevented him from getting 

the overhead projector far enough from the screen to make the image large. "I think that if 
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you have a classroom that has a nice screen and you have the technology in your hand, 

like the TI82 which I had which can easily be put on the overhead, I think it's wonderful 

and I think it's the way to go. But if you don't have really a nice setup, a very friendly 

setup to the technology I think it is very confusing. And that's sort of what I had before I 

moved into the new room. Right now it's adequate. In the old room I think it was 

confusing and caused a lot of problems. And I think unless you do a slick performance, 

where you're good enough with the machines and the machines can be displayed well 

enough for the class, if you don't have a really nice setup it serves to confuse everyone 

and causes a major problem and is a major waste of time" (Dave 9/15). 

Dave had experienced problems with technology in the classroom before. "With 

other calculators that I've used in the past the screen just burned out so that after about ten 

minutes, the whole picture, the image just went clear. So there was no image at all on the 

screen. That was with the TI Explorer. And, so, that would be an example of technology 

failing. It seems to me that anytime you are trying to enhance something and it fails, it's 

just like the LAPD in the OJ Simpson trial. If there's something wrong, it just really casts 

a very malignant spell over everything else you do" (Dave 9/15). 

Dave also faced another technology dilemma. He had a projecting TI-82, but only 

about 9 of his students had TI-82s. When he spoke about key sequences and 

screen/mode settings he was concerned that he was losing most of the class, yet, he still 

wanted to talk about how to use calculators to solve some problems. In part, Dave felt 

this was important because of the heavy dependence of the Wattenberg text on the TI-82 

(see section 2.4.2.4). When it came time for the first test, Dave felt constrained as to 

what questions he could include because not all students had calculators with the features 

required to answer some questions Dave felt were relevant to the course. 
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4.4.3 Robin Felt There was Too Much Reliance on Calculators 

Robin's position on classroom technology contrasted strongly with Dave's. 

Robin said that one role of the classroom is to be "a place where they learn how to use 

their calculator" (Robin 10/20). But. Robin felt that most mathematics classes, and 

society in general, relied upon technology far too much. She wished that calculator use 

could be limited to the bare minimum of tasks that could not be done by hand. She saw 

value in taking time to do complex but possible tasks by hand. This relates to Robin's 

valuing tediousness (see section 2.3.3.3). "I think that they should be used, like a saw is 

used in construction. When you can't cut the tree down by yourself you need, then you 

have to go get another tool. You just need the aid of another tool. I think I like calculators 

used at that level. And that's pretty low level use in my opinion.... I'd like for calculators 

to be used as just a tool to help us gain some insight when it would just take a HUGE 

amount of time to do the same thing without a calculator. Now the only reason that 

makes a difference to me is that I would rather take the huge amount of time to do 

something by hand. To come up with lots of numbers by hand. Now I have to admit I 

wouldn't want to derive the square root of two by hand every time [ needed the number, 

or something like that. But, complicated graphs. I would rather do them by hand.... You 

know, students could share the work that needs to be done. It's gonna take a long time to 

come up with a graph" (Robin, 10/20). Robin held this opinion because she believed in 

the value of handmade efforts and in the value of people working together to accomplish a 

difficult task. She believed that people needed to learn that "they've got everything within 

themselves that they need", and when they did complicated things at the handmade level 

this was a valuable life experience for them. Robin recognized that most of her students 

were acculturated to relying on technology, and she did not want them to misinterpret her 

goals. "I'd be careful to explain the value in it. I'd want students to see that I'm not 
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having them do manual work just to be mean or just because I'm anti-technology or 

something. I see a value in it. I'd really explain that to them" (Robin 10/20). 

4.5 The Texts. Technology and Calculus Reform: Summary 

All three teachers worried about student competency. Computational ability and 

conceptual understanding are not mutually exclusive domains, but the teachers were 

concerned that die reform materials did not place enough emphasis on computation and 

practice. Anne and Robin addressed those concerns by supplementing the texts with 

more traditional problems. 

Each of the three teachers felt that the textbook was important to the students. For 

Dave, the most important thing was for the students to have a textbook they could read. 

He wanted the textbook to be clear, and he felt that the insight and creativity should 

happen in a classroom rather than in the black and white of a textbook. Robin recognized 

that many of her students would not know how to use a mathematics textbook like the 

Hughes Hallett book, and she gave her students guidance on how to use it. Robin made a 

point of being supportive of the textbook, since she felt this would be most helpful to her 

students. Anne felt that the Hughes Hallett book was good for her students in that it gave 

them the opportunity to reach concepmal understanding even if they had trouble with the 

computations. She felt that this opportunity was not presented in the more traditional 

texts she had used. 

Dave felt that many of the reform ideas, such as "the rule of three," were good 

ideas, but he explained that he had been using those ideas before the reform books were 

written. To him, those ideas were "just common sense." Dave did not like the 

Wattenberg text. His main complaints were that it was unreadable, and that the first 

chapter's heavy reliance on a particular type of technology along with the recursive 
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functions setting was a very uncomfortable way to start a course. Despite his dislike of 

the textbook, Dave acknowledged that Wattenberg was a very creative man, and Dave 

planned to add some of Wattenberg's ideas to his teaching repertoire. 

Robin explained that the chance to work with the authors of the Hughes Hallett 

text was very influential on her teaching. She felt that she would not have developed the 

multi-faceted approach to mathematics without that influence. She appreciated that 

students were taught that there was more than one way to approach a problem. 

Anne appreciated the Hughes Hallett textbook. She felt that it supported the 

teaching methods and classroom dynamics she wanted to use. The reform materials 

influenced Anne's perspective about what it meant for a student to "know" calculus; she 

came to realize that concepOial understanding could occur separately from computational 

facility. Anne knew that one goal of calculus reform was to get away from template 

problems. She recognized that she may be developing new templates, but she felt that the 

new ones were better. 

All three classes used programmable graphing calculators. Dave felt that they 

were a fine tool for exploration of mathematical ideas, just as pencil and paper also were. 

Dave felt that the right environment was necessary for successful implementation of 

classroom technology. Robin agreed that a mathematics class was a good place to learn 

how to use a calculator, but she felt that there was far too much reliance on that 

technology. She would have preferred to limit her students' use of the calculator. 

5. Chapter Summary 

The information and discussion in this chapter give rich, detailed pictures of 

Anne, Robin and Dave as teachers. All three are acknowledged to be good teachers. The 

students in all three classes overwhelmingly agreed that classtime helped them better 
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understand calculus (see student survey results in Appendix A). The three teachers' 

classroom styles and philosophies are distinct, although there are some important 

similarities. 

Anne's, Robin's and Dave's classrooms reflect different instructional approaches. 

Anne's classes are characterized by noisy in-class activities, Robin's classes are driven by 

her questioning technique, and Dave's classes experience his responsive lecturing. The 

three teachers have different amounts of experience teaching mathematics to 

undergraduates, have attained different levels of mathematical education, and used two 

different textbooks during the semester of the study. The teachers also have differing 

opinions on a number of teaching issues, such as incorporating technology, the meaning 

of "active" students, using snjdents' names and the role of classtime in their students' 

learning processes. An important lesson to be learned from these differences is that a 

variety of practices and philosophies should be incorporated into any model of effective 

teaching. 

Similarities among these three teachers, however, suggest that there are some 

common components in effective undergraduate mathematics teaching. All three of these 

teachers taught using a student-centered philosophy, placing their students' learning as the 

highest priority. These teachers did not aim for lovely presentations, but instead they 

focused on classroom approaches that they felt would best help their students. The 

teachers ensured that students had the chance to interact with the mathematics before the 

lesson on a topic ended. They modified plans in response to students' needs and ideas, 

and they incorporated students' efforts into the lessons. All three of these teachers 

thought deeply about their efforts as teachers. They were aware of and open to new 

teaching ideas from a variety of sources. They consciously incorporated new classroom 

approaches in the manner that they believed would best benefit their students. If there are 
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universal principles of effective teaching, these are qualities worthy of inclusion on that 

list. 
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CHAPTERS: STUDENT UNDERSTANDING 

I. Coding the Interviews 

The students in this study were interviewed in September, shortly after they were 

first introduced to derivatives, and then again in December at the end of the semester 

(Appendix D contains the protocols for these interviews). Coding the student interviews 

served two purposes. Using codes enabled the results of 53 student interviews to be 

presented in the space of a few pages, rather than in hundreds of pages of transcripts or 

summaries. Also, using codes helped make pattems of student thought more apparent. 

1 • 1 Explanation of Codes 

Each code is an abbreviated way of recording a strategy, concept or piece of 

mathematical knowledge that a student uses or expresses. Not every code represents a 

mathematically correct idea; sometimes students' knowledge and use of mathematics is 

not entirely correct. Every now and then a student response was not easily coded. In that 

case the response was summarized. Appendix B contains descriptions of the meaning 

associated with each code, including examples from student responses to clarify some 

meanings. It is suggested that die reader read through that Appendix before continuing, 

or that the reader refer to the Appendix in conjunction with reading the tables of interview 

results. Reading through the codes will make the interview table entries seem more clear, 

and will help develop a sense of the mathematical ideas and strategies that the calculus 

students used. In the discussion of the student interviews, some strategies are referred to 

by the name of the corresponding coding category. 
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1.2 Most Common Strategies and Their Codes 

The following are some examples of codes for the most common strategies and 

ideas students used when working with derivatives. Along with descriptions of these 

codes, I have included examples of student effort that would be recorded via these codes. 

Slope of line. 

Meaning: The derivative is the slope of a line or slope of the tangent line. The 

student finds or estimates the slope of a tangent line. 

Examples: ( I )  For  p rob lem 6  o f  the  t l r s t  i n t e rv i ew seve ra l  s tuden t s  "eyeba l l ed"  

the slope of the tangent line. (2) Marcus Jest (September interview) chose to find the 

derivative of 2x~ at x=3 by graphing the function on his calculator, and then estimating 

that the slope of the tangent line at x=3 would be about 5 or 6. 

Two points. 

Meaning: The student takes the slope between a given point and a nearby point, 

or the slope between two nearby points. 

Examples: Maria Domingo (September interview) solved problem 6 by taking the 

slope between (6.3,7) and (8,0.3), which were points she read from the graph. She 

solved problem 7 by computing that the slope between (1,4) and (3.3.2) was -.25. 

Small h. 

Meaning: The student indicated that one needs to use a point a small distance 

way, specifying the small number. For example, go over by .001 or plug in the point 

.001 over. 

Example: Alex Piccolo in September could not do number 6, but he explained, 

"you would find what this point is, then add smaller amounts to x to figure out what the 

slope would be.... Say I want to find it at I. (Writes and says ((1+ .000l)-(l))/.0001). 

Then whatever the function is you plug in the numbers, subtract the two and divide." 
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Diff quo. 

Meaning: The student cited the formula for the difference quotient, correctly or 

not. 

Example: Todd Hetcher in September spoke about using the formula (f(x-a)-

f(x))/x), and this was coded as diff quo. 

Limit. 

Meaning: The student used or expressed the idea of some limiting technique; as 

close as possible; approaching an infinitely small number. 

Example: Jim Lutz remembered in the September interview that a limiting process 

was how you would find a derivative. To find the derivative of y=2x' at x=3 he found 

the slope between x=3 and x=4, then between x=3 and x=3.05. and then between x=3 

and x=3.02. For his final answer he announced, "as x approaches 3 the derivative 

approaches the value of 15.5." 

Triangle. 

Meaning: The student used or spoke about slope triangles. 

Example: Many shidents did this. Natalie Kaplan in September explained that to 

answer number 6 "I could do rise over run" as she drew a slope triangle leftward from the 

marked point. 

Rule. 

Meaning: The student named a rule, such as the power rule or the chain rule. The 

student used or tried to use a rule to compute a derivative, correctly or not. 

Examples: Maria Domingo in December explained that it was a rule that the 

derivative of e" was (lnx)e\ Barbara Sweet (September) was set on using variations on 

the power rule to find derivatives. In explaining what a derivative was, she said, "I 

remember something like, if you have a function you take the number it's raised to and 
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subtract I." When asked about the derivative of an increasing function she wrote on her 

page, 'x^ 2x*'. To find the derivative at the point to the left of the min on the cubic 

(number 6), her approach was to write an equation for the curve and take its derivative. 

She found the equation of the curve (incorrectly) to be y = -.46x + 3.7 and she then found 

the derivative of that equation to be -.46+3.7 giving that the derivative at the marked point 

would be 2.78. She rapidly (and correctly) found the derivative of 2x" at x=3 using the 

power rule. When trying to decide which of the pair of graphed functions would be the 

original and which would be the derivative, she commented, "I thought with a derivative 

it would be more like a change of power and these look like the same power." 

Limit formula. 

Meaning: The student used or stated a difference quotient in conjunction with a 

limit. 

Examples: Some students mentioned the formula f (x) = lim h—>0 ((f(a+h)-

f(a))/h). Jose Martinez suggested in September, f(x) = h—>0 ((f(a+h)-f(b))/(a-b)). 

James Masters used the limit formula correctly to find derivative of 2x' in September, but 

using this technique was rare. Using it correctly was rarer. 

2. Interview Tables 

The results of the student interviews are arranged in a table of September 

interview results (Table 2) and a table of December interview results (Table 3). Within 

each table the students are grouped by teacher. The interview protocols in Appendix D 

include the picmres described in the text of this chapter. 
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2.1 September Interview Table Columns 

2.1 • 1 First Column 

The first column of this table gives the student's name, his or her grade in the 

course, whether he or she has had calculus before and general comments about the 

interview. Grades in the course can be A, B, C, D, E or W (withdrew before the 

semester ended). If a student is studying calculus for the first time that is noted after the 

grade; if the student has previously studied calculus no note is made. 

The comments section is meant to give a sense of the strategies and meanings for 

derivatives that the student used in that interview. Sometimes a strategy is included, even 

if it is not used entirely correctly, when it appears that the strategy is meaningful to the 

student. For example in Jim Lutz's September interview he wanted to find f (x) for 

f(x)=2x" at x=3. He used his trace button and found that at x=3.02 y=l8.31 and after 

computing (18.3I-l8)/(3.02-3)=15.5 he suggested 15.5 as the value of the derivative. 

Although he had not accurately found the coordinates of the second point, his explanation 

suggests that he was using a "two points" strategy in a meaningful fashion, so that code 

appears in his comments section. In other cases, when a strategy was not used correctly 

and it seemed that the student did not really grasp the strategy then that strategy is not 

included in the comments section. For example, in September Samantha Glenis answered 

the question about what a derivative is by drawing a slope triangle, talking about rise/run. 

mentioning a tangent line and explaining that you would take the slope between two 

points. Yet, when asked to find a derivative in problems 6, 7 and 9 she was unable to 

make any headway. In this case, none of the ideas that she spoke about were included in 

her comment section since they did not seem to be meaningful enough for her to use 

them. When reading the comments section, it is important to recognize that the student's 
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selection of strategies and explanations of understanding for the derivative were expressed 

in reaction to the particular set of questions asked, and this may not entirely reflect the 

extent of a student's knowledge. 

2.1.2 Second Column 

This column contains the responses to the following two questions: 

1. Tell me what you know about derivatives. Try to comment on each of the 

following areas: 

• What are derivatives? 

• How are they defined? 

• How do you compute derivatives? 

• What are derivatives used for in math and the real world? 

• What other things in math are derivatives related to? 

2. Suppose you are given the following problem: 

Find the slopes between the following pairs of points on the function y=x'. 

a) (2,8) and (3,27) 

b) (2,8) and (2.5, 15.625) 

c) (2,8) and (2.1, 9.261) 

What would be the purpose of doing these three computations? 

Occasionally in response to a later question a student made a statement explaining 

what a derivative is. If so, that statement was coded and added to the response to 

question I. 
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2.1.3 Third Column 

The third column contains the responses to the following three questions. For all 

three questions the student had in front of him or her a set of six graphs (see Figure 1). 

In order, the graphs displayed 

a) a concave down increasing function 

b) a linear increasing function 

c) a concave down decreasing function 

d) a concave up increasing function 

e) a linear decreasing function 

f) a concave up decreasing function. 

The questions were; 

3. Which of these graphs show an increasing function? 

4. What can you say about the derivative of an increasing function? 

5. Which of these graphs show a function with an increasing derivative? 
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Figure 1: Set of six graphs used in student interviews (questions 3, 4, 5 
in September; questions 4, 5, 6 in December). 
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2.1.4 Fourth Column 

This column contains the responses to the next four questions. Questions 6, 7. 

and 8 each came with a copy of the same cubic function (see Figure 2). The function was 

approximately y = .5x^ - 2.5x" + 2x + 4. The students were not given the equation, only 

the graph. For question 6 a point was marked on the decreasing leg, to the left of the 

local min. For question 7 a point was marked at the local max. In the responses to 

questions 6, 7 and 9 the value of the derivative is noted first, followed by strategy codes. 

6. How would you estimate the value of the derivative at this point? 

7. How would you estimate the value of the derivative at this point? 

8. Mark all places on the graph where the derivative is positive. 

9. Find the derivative of the function f(x)=2x' at x=3. After you have found the 

derivative, write your final answer using proper mathematical notation, and say your 

answer aloud using proper mathematical terminology. 

Figure 2: Cubic function for questions 6, 7, 8 of September student 
interviews (point is marked as for question 6; for question 7 the marked 
point is at the local max; for question 8 no point is marked). 

7 / 
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2.1.5 Fifth Column 

This column contains the responses to the next three questions. For question 10 

the students were given a graph of a pair of functions (see Figure 3). The students were 

not given the equations, only the graphs. 

10. One of these functions is the derivative of the other. Which is the original 

function and which is the derivative? How do you know? 

The first part of the record of the response to question 10 indicated if the student 

correctly selected the original and derivative functions or not. The next part is a record of 

strategies. 

Ay 

Figure 3: Graph used in September student interviews for question 10 
(one function is the derivative of the other — which is the original 
function and which is the derivative?). 
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For question 11 the students were presented with the following table: 

Year 
1920 
1940 
1960 
1980 
2000 
2020 
2040 
2060 

105.7 
131.7 
179.0 
226.5 
274.6 
311.0 
333.8 
350.7 

Population 

U.S. Population (in millions) 1920-2060. 
The figures for the years 1920-1980 are based on the census, 
while figures for 2000-2060 represent one possible projection. 

11. The U.S. Congress has been studying how the population of the United 

States will be growing during the first part of the next century. Some members of 

Congress who examined this table are worried that the population will be growing out of 

control, while other members have been reassured by what they see in this table. Explain 

how this table of numbers can be interpreted to support each of these positions. 

1 la. How could you restate your answers to question 11, using the word 

'derivative'? 

2.1.6 Sixth Column 

This column contains the responses to the last three questions of the interview. 

12. P(x) represents the profits a company earns when its product is sold at price x 

dollars. The company is currently selling its product at a price of x=S32, and you know 

that P'(32)=:0.02 (a small but positive value for the derivative). How would profits 

behave if you increase the price from x=$32? Should this company increase the selling 

price of this product? Explain how you made your decision. 

The first part of the response indicates if the student believed the price should be 

increased. The rest of the response includes explanations and strategies. 
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A 3-D model of a function of two variables was displayed for questions 13 and 14 

(see Figure 4). For question 13 a peak was indicated- In the responses, for question 13 

first the values are recorded then the explanations, and for question 14 the coordinates are 

recorded then any explanation. 

13. Using what you have learned so far about derivatives, what would you say 

are the two values of the derivative at this point? Explain why you think these are the 

correct values. 

14. Could you point to a spot where the derivative in the x-direction is negative, 

and the derivative in the y-direction is positive? 

Figure 4: 3-D model used for questions 13, 14 of the September student 
interviews (an interviewer is pointing to the peak indicated in question 
13).  
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2.2 December Interview Table Columns 

2.2.1 First Column 

The first column of this table gives the student's name, his or her grade in the 

course, whether he or she has had calculus before and overall comments about the 

interview. The contents of this column were decided using the same guidelines as for the 

first column of the September interview table. 

2.2.2 Second Column 

This column contains the responses to the following two questions: 

1. Tell me what you know about derivatives. Try to comment on each of the 

following areas: 

• What are derivatives? 

• How are they defined? 

• How do you compute derivatives? 

• What are derivatives used for in math and the real world? 

• What other things in math are derivatives related to? 

Occasionally in response to a later question a student made a statement explaining 

what a derivative is. If so, that statement was coded and added to the response to the first 

question. 

For question 2 a picture was presented (see Figure 5) and the students were asked: 

2. Explain this picture. 

If the student did not mention the limit definition for the derivative in their 

response they were shown the formula lim h-^0 ((f(x+h)-f(x))/h) and asked: 
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2a. Does this formula relate to this picture? 

T 2 1 

f (v)  

4 ^ 

r tr 

1 
X k 

1 
— 

Figure 5; Picture presented with question 2 of the December student 
interviews (explain this picture). 

2.2.3 Third Column 

This column contains the responses to the following four questions: 

3. Find the derivative of y = 2/x + e\ 

For questions 4, 5 and 6 the student had in front of him or her a set of six graphs 

(see Figure I). In order, the graphs displayed 

a) a concave down increasing function 

b) a linear increasing function 

c) a concave down decreasing fiinction 

d) a concave up increasing function 

e) a linear decreasing function 

0 a concave up decreasing function. 

The questions were: 

4. Which of these graphs show an increasing function? 

5. What can you say about the derivative of an increasing function? 



151 

6. Which of these graphs show a function with an increasing derivative? 

2.2.4 Fourth Column 

The fourth column contains the responses to the following two questions. 

For question 7 the student was shown two graphs (see Figure 6). One was 

labeled 'T(x)" and the other was labeled "g'(x)". The g'(x.) graph was the same shape as 

the f (x) graph but shifted down so that its y intercept was below the origin. The students 

were not given the equations, only the graphs. 

7. Here are graphs of f (x) and of g'{x). Will the graphs of f(x) and g(x) be the 

same? Explain. 

8- If you know that h'(7)=-1.2 and h(7)=2 what would be a reasonable estimate 

for h(7.1)? 
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Figure 6: Graphs of r(x) and g'(x) presented with question 7 in the 
December student interviews. 

2.2.5 Fifth Column 

The fifth column contains the responses to the final three questions. For question 

9 the record of the response includes at what time the population is growing most quickly, 

how quickly it is growing, then strategies. 

9. Refer to the following table of numbers to answer the next question. When is 

this population growing most quickly? About how quickly is it growing at that time? 
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t (hours) I 0 10 20 30 40 50 
p (hundreds) | LI O LT O 3l 

10. How could I restate each of the two previous questions using the word 

"derivative"? 

11. What use do you think the third derivative might have? 

2.3 The Interview Responses 

The responses to the interviews are presented in two tables. One table contains 

student responses for the September interview and the other table contains student 

responses for the December interviews. 

Table 2: September Interview Student Responses 

Name 1. What's a 3. Which 6. Derivative 10. Which 12. Increase 
derivative? graphs are on leg? graph is the the price? 

Grade 2. Why find increasing? 7. Derivative derivative? 13. Two 
(Note if first these slopes? 4. Deriv. of at max? I I .  Is  the  derivatives at 
time taking 

these slopes? 
increasing? 8. Positive population peak? 

calculus) 5. Which derivative? out of 14. Negative 
have an 9. Derivative control? in X 

Comments increasing of 2x" at 1 lA. Using direction. 
derivative? x=3. word deriv? positive in y 

direction? 

Anne's Students 

Pete Dowd 1. Rise/run, 3. A,b,d 6. -1/3, 10. Not 12. 
LINE, 4. "Slope slope of line correct, 1st Rise/run. 

D (First) program. will have 7. 0, LINE. leg inc, OPP graphing, no 
limit, ex greatest slope of line 11. EXP, deriv 

slope of line. (architecture - change 8. Inc percent, ratio 13. Zero, 
limit, LINE, - stress when 9. 12, I la. The slope of line. 
two points points). numbers graphing. derivative is LINE 

tangent to change the program. increasing at 14. Correct, 
worries about circle, slope. quickest". rise/run, two a decreasing inc/dec 
tangents graph LINE, points, limit rate. 
touching more 2. Deriv (but tangent INC/POS 
than once never really should be 
(#4,8), reach limit) on top of 

graph 
5. d 
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Julie Fan I. Rules 3. A,d 6. 10. Not 12. -
2.change 4. - numbers correct. 13. -

A 5. - 7. - guess 14. X 
8. 1st 11. Ratio. would only 

rule 9. 12, rule amt be negative 
I la. ~ on other side 

of origin 

Samantha 1. Rise/run, 3. A,b,d 6. - 10. Not 12. No, 
Glenis triangle, two 4. Positive 7. correct. misinterpret 

points. 5. D, "Constant". guess 13. -
A tangent rise/run horiz tan. 11. Ratio 14. Correct, 

2. Limit, (but LINE I la. Deriv is inc/dec 
no strategies/ never really 8. ISt decreasing 
concepts reach it) 9. 2, 

graphing. 
slope of 
point, limit 

Gerald Gloyd I. Two 3. A,b,d 6. - 10. Not 12. No deriv Gerald Gloyd 
points 4. Positive 7. Positive, correct, OPP 13. 

C 2.shape 5. —. height? 11. Amt Maximum 2.shape 
8. Inc 1 la. Deriv point 

inc/dec 9. 18, f(3) would show 14. Correct. 
increasing at inc/dec 
good rate in 
first part. 
then not as 
fast 

Lawrence 1. LINE, 3. a.b,d 6. 10. - 12. Yes. 
Jackson rise/run. 4. positive equation 11. percent margin 

velocity. 5. A,d 7. —, tangent 11 A. Deriv 13. -
E slope of line. INC/POS to circle is positive. 14. Correct, 

tangent to 8. Increasing but not inc/dec 
could find the circle 9. f(3). constant 
derivative of a 2. Shape, graphing 
line, but change, more 
makes no like function 
sense to find 
deriv at a 
point 
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George Kline 

C (First) 

no strategies/ 
concepts yet 

1. ~ 
2. shape 

3. a,b,d 
4. 
Increasing 
5. -

6. — (Not 
sure how to 
draw tangent 
line; 
intersects) 
7. -
8. I St. 3rd 
9. -
program 

10. — LINE 12. Yes, no 
I I .  EXP,  
spec, ratio 
I la. Slope 
dec 
[NC/POS 

deriv 
13. 
Decreasing 
for both. 
14. Correct, 
height, 
up/down 

Jim Lutz 

E (First) 

two points, 
limit, LINE 

1. Two 
points, 
triangle, 
LINE, 'to 
find 
maximum 
slope of a sin 
wave' 
2. change, 
graphing 

Nancy Mixner 

D 

rule, slope of 
line, inc/dec 

3. A,b,d 
4. Positive, 
slope of 
line 
5. d 

1. graph, 
RoC, inc/dec, 
rule, ex (how 
fast liquid in 
cylinder 
increasing) 
2. change 

3. a,b,d 
4. depends 
5. d 

6. —, limit, 
two points, 
program, 
numbers 
7. LINE, 
limit, two 
points, 
program, 
numbers 
8. Inc 
9. 15.5. 
graphing, 
trace, two 
points, limit 

6. -.25, 
slope of line 
7. 0, slope 
of line 
8. Inc 
9. 12, rule 

10. -, LINE 
11. EXP, 
graphing 
II A. -

10. Correct. 
Inc/dec 
11. amt 
11 A. Deriv 
is increasing 
faster at 
start, then 
decreasing at 
end. 
INC/POS 

12. No. no 
deriv 
13. 
numbers, 
height 
14. Correct, 
inc/dec 

12. -
13. Both 
zero,inc/dec 
14. correct 

Candy Ortiz 

B 

rule 

1. Velocity, 
deriv tells 
how graph 
changes 
2. Rate, 
graphing 

3. A,b,d 
4. 
Increasing 
5. a 

6. -
7. -
8. Max, min 
9. 12, rule 

10. Not 
correct, 
guess, 
inc/dec 
11. Ratio 
I la. -

12. Yes, no 
deriv 
13. Zero for 
both 
14. -



156 

Barbara Sweet L Rule, 3. A,b,d 6. 2.78, 10. -, 12. No, 
engineering. 4. equation. power rule OPP, 

B trig, tangent Increasing rule (finds 11. Amt misinterpret. 
to circle INC/POS. linear eq for 1 la. - margin 

LINE, rule 2.shape LINE f. uses rule 13. 1, height 
5. A,b,d incorrectly) 14. Correct. 
LINE 7. 4, inc/dec. OPP 

(equation of 
tangent line 
is y=4) 
LINE 
8. Inc 
9. 12, rule. 
LINE 

Sue Tamlyn 1. Slope of 3. A,b.d 6. ~, 10. Correct. 12. Yes. 
line, rule 4. Positive numbers. extrema equation, no 

B 2. deriv 5. a,d equation 11. Spec, deriv. 
7. No deriv. EXP, ratio. misinterpret 

rule, extrema zero, horiz slope 13. Both 
tan 1 la. Deriv is zero, peak 
8. Inc not constant. 14. Correct, 
9. 12, rule so not make inc/dec 

predictions 

Isabel Werner I. Slope at 3. a,b,d 6. btwn -1/2 10. correct. 12. Yes, 
point, RoC, 4. positive and -1/3. origin misinterpret 

A limit, rule, ex 5. A,b.d slope of line 11. Amount, 13. Both 
(throw a INC/POS 7. 0 percent zero 

limit, rule. book). 8. Inc 1 lA. - 14. correct 
slope of line velocity 9. 12, Rule 

2. deriv 

Robin's Students 

Maria I. Limit, 3. A,b,d 6. -5.75, 10. Correct, 12. -, 
Domingo approximatio 4. Increases two points OPP graphing. 

n, one point. 5. a,d 7. -.4, two 11. Spec equation 
E ex (time an points I la. Year is 13. Positive, 

object 8. Right leg. dof  height 
two points projects a left leg population 14. Correct, 

shadow). above x axis inc/dec 
rate, word only 
problems 9. 18, f(3) 
2. just 
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Todd Fletcher L LINE, 3. A,b,d 6. -.6818, 10. Not 12. Yes, 
tangent. 4. Positive equation. correct. graphing. 

B velocity, diff LINE slope of line inc/dec. pos deriv. 
quo, 2nd 5. D,f 7. 0, slope intercepts misinterpret. 

line, slope of 2. change INC/POS of line 11. Slopes INC/POS 
line 8. Inc 1 la. D will 13. Zero for 

9- -, stay positive both 
graphing. but not as 14. correct 
trace, diff large 
quo, limit 

Natalie Kaplan I. Slope at 3. A,b,d 6. Negative, 10. Not 12. Yes, 
point. 4. Positive inc/dec. correct. graphing 

A rise/run, diff 5. d triangle. slope values. 13. Both 
quo. velocity numbers inc/dec zero, peak 

rule, inc/dec 2. deriv 7. 0, peak 11. Amt 14. Not 
8. Inc 1 la. The correct 
9. 12, rule derivative is 

slowing 
down 

Norman I. Slope at 3. A,b.d 6. -1. 10. Correct, 12. Yes, 
Lemke point, rules. 4. Depends equation. extrema graphing. 

slope of line. 5. d slope of 11. Amt, misinterpret. 
B integrals. line?, two EXP 13. Both 

velocity pts. (in I la. zero, slope 
limit, slope of 2. deriv theory) graphing, it of line 
line, rule 1. 0, doesn't look 14. Correct, 

equation. like deriv is inc/dec 
peak getting 
8. Inc steeper. 
9. 12, rule 

Jose Martinez I. Velocity, 3. A.d 6. 10. correct. 12. Yes, no 
slope at 4. - equation guess. deriv 

W (First) point, limit 5. A, 7. - pushed up 13. -
formula. because it is 8. Rt. Leg 11. Ratio 14. Not 

no strategies/ limit, ex familiar 9. -, l la .  - correct. 
concepts (cars, planes, 

book, ball 
graphing, 
diff quo 

inc/dec 

speeds), 
approximatio 
n 
2. shape 
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Ken Mickens 1. Slope of 3. A,b,d 6. 10. correct. 12. 
function. 4. — Equation, extrema graphing 

A (First) velocity, rule 5. d,f diff quo. 11. EXP, 13. Zero for 
2. Av vel. small h amt both, peak. 

slope of line. deriv 7. 0, peak 1 la. Deriv inc/dec 
small h. 8. Inc, slope gets larger at 14. Correct, 
inc/dec of line an increasing inc/dec 

9. 12, small rate 
h INC/POS, 

then deriv 
gets smaller 

Alex Piccolo L Rule. 3. A,b,d 6. —, small 10. Correct, 12. Yes. no 
limit. 4. —, rule h. diff quo amplitude. deriv; then 

B paradox. 5. (A,b) 7. OPP no, small h 
tangent INC/POS numbers 11. Slopes 13. -

rule, inc/dec. 2. just 8. Inc, I la. -- 14. Correct, 
small h 

2. just 
inc/dec inc/dec 
9. 12.002, 
small h 

Bill Pino 1. Slope of 3. A,b,d 6. 10. Correct. 12. Yes, pos 
line, rule, diff 4. Positive equation. inc/dec deriv 

D quo, velocity. 5. d trace, two 11. EXP. 13. Both 
RoC points ratio 'constant'. 

rule. LINE 2.changes 1. 1 la. Thed peak, LINE 
'Constant'. of the actual 14. Correct, 
slope of line data is inc/dec 
(LINE) smaller than 
8. Rt leg. the d of the 
maybe left projection 
leg in 1st 
quadrant 
9. 12, rule 

Bob Swanson 1. Slope of 3. A,b,d 6. ~, two 10. Correct. 12. No, no 
line, RoC, 4. Positive points/small power rule deriv 

C rules. 5. — h, equation. 11. Ratio, 13. —, since 
velocity. limit, (draws amt not at a place 

rule integrals tangent line 1 la. -- where grid 
2. just intersecting) lines 

7. 0, slope intersect 
of line 14. Not 
8. Inc correct. 
9. 12, rule inc/dec 
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Dave's Students 

Sara Allen 1. Triangle, 3. A,b,d 6. -4, small 10. slope 12. Yes. no 
two points. 4. Positive h/triangle. value deriv 

B (First) slope of 5. a,d two points. 11. Ratio, 13. Both 
function. slope of line. amt zero, peak 

triangle/small limit, ex inc/dec 1 la. RoC is 14. correct 
h, limit (how fast 7. 0, slope not high 

bacteria of line 
grows) 8. Inc 
2. Shape, 9. 12. small 
slope graph h/triangle 

limit 

Glen Blair 1. two 3. A.b,d 6. -2/.I, 10. Not 12. Yes, no 
points. 4. Positive equation. correct, OPP deriv 

B (First) triangle 5. b,d triangle 11. Amt 13. Zero for 
2. change 7. 0. peak 11 a. D was both, inc/dec 

triangle. 8. Inc increasing. 14. Correct, 
equation, two 9. 12.2, two then inc/dec 
points, inc/dec points. decreasing. 

graphing or d is 
increasing 
but slowing 
down. 
INC/POS 

Jan Georgi L Slope of 3. B,d 6. 10. Correct, 12. Yes. 
line, triangle. 4. Positive Decreasing inc/dec misinterpret 

E two points. 5. b,e 7.0, inc/dec 11. Amt 13. Both 
ex (birth 8. Inc 1 la. RoC is zero, inc/dec 

inc/dec rates) 9. 19, f(3) the same 14. correct 
2. RoC each time 

Bea Gibson 1. Slopes, 3. A,b 6. -1/2, 10. Not 12. Yes, 
rise/run. 4. Increases triangle correct. misinterpret. 

D small h. LINE 7. -1/6, guess graphing 
tangent to INC/POS triangle 11. Amt, 13.-1 for 

triangle circles OPP 8. Inc slope both, can 
2. Just 5. B,d, 9. 9.8, INC/POS only go 

triangle triangle. I la. D of down from 
over/under trace this is steep there 

at beginning. 14. Correct, 
but flattens inc/dec 
out. 
INC/POS 



160 

Marcus Jest L RoC, 3. A,b,d 6. -I, slope 10. Not 12. ~. no 
slope of line. 4. Depends of line. correct. deriv 

D rise/run. 5. a,b,d degrees straightaway 13. Zero 
small h. 7. 0, horiz 11. Amt, 14. correct 

slope of line velocity. tan ratio 
geometry 8. Inc I la. RoC is 
2. Shape, 9. 6, decreasing 
changing Graphing, 

slope of line 
(eyeballed) 

James Masters 1. Slope of 3. A,b,d 6. Negative, 10. LINE 12. Yes. pos 
line, eq of 4. Positive, slope of line. 11. Amt deriv 

A (First) tangent line. LINE equation I la. Deriv 13. Both 
diff quo 5. A,b,d 7. 0. slope will become zero, peak 

slope of line. 2. Change, INC/POS of line zero 14. Correct. 
limit formula. shape, deriv 8. [nc inc/dec 
inc/dec 

shape, deriv 
9. 12, limit 
formula 

Lexi I. Slope of 3. A,b,d 6 .  - I ,  10. Correct, 12. Yes, 
Mortopolis line, slope 4. Positive triangle. slope value misinterpret 

graph. 5. A,b,d small h. 11. Ratio 13. Zero. 
W (First) tangent. POS/INC slope of line. 1 la. Deriv inc/dec 

triangle. degrees of first 60 14. Not 
slope of line. rise/run. 7. 0. slope yrs is higher correct. 
small h ex(rollercoast of line than deriv of inc/dec 

er. 8. [nc next 60 yrs 
engineering. 9. 12.02, 
physics. small h 
architecture), 
trig, unit 
circle 
2. Slope 
graph 
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Eric Vann 1. Integrals, 3. A,b,d 6. Negative, 10. Correct, 12. No. pos 
equations. 4. Positive LINE/sIope slope values deriv. slope 

B (First) velocity. 5. A,b,d of line. 11. Amt is nearly flat 
slope of line Dsrc/pos degrees, two 1 la. Pop is so leave the 

two points. 2. deriv points, limit increasing price alone 
slope of line. 7. 0, horiz but deriv of 13. Zero for 
slope values tan, slope of pop is both, slope 

line decreasing values 
8. Inc, (all 14. Not 
tangent lines correct. 
would go inc/dec (but 
up) moved in 
9. 12.2, negative y 
graphing. direction) 
two points. 
limit 

Allison L Graphs. 3. A.b,d 6. 2/7. (y/x) 10. Not 12. No. 
Whitfield RoC, 4. numbers correct. 1st misinterpret 

variables Increasing 7. 6/2, (y/x) leg inc. OPP 13. Positive 
C (First) 2.  change 5. a,b,d numbers 11. ?? 14. Not 

8 .  IS t  1 la. correct. 
tied to the 9. IS, f(3) Worried: height 
coordinates of INC/POS RoC large. 

height 

the point Reassured: the point 
RoC 
minimal 

Lynn Wood 1. Slope of 3. B,d 6. 10. Correct, 12. Yes. 
line, two 4. degrees. tangent lines graphing. 

A (First) points. Increasing triangle to f would pos deriv 
triangle 5. c,d 7. ISO, be 13. 

triangle 2. changes slope of line. perpendicula Increasing, 
degrees r to f graph height 
8. Inc 11. Amt 14. correct 
9. 12.02. I la. 
graphing. Derivative 
triangle would 

become a 
flatter line 
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Table 3: December Interview Student Responses 

Name 1. What is a 3. y = 2/x + 7. Are graphs 9. When is 
derivative? e\ find y'. of f, g same? population fastest? 

Grade How fast? 
(Note if first 2. Explain this 4. Increasing 8. Estimate 
time taking picture. functions. h(7.1)? 10. Restate 
calculus) questions? 

2A: Related to this 5. Derivative 
comments formula? of increasing 11. 3Rd deriv? 

function? 

6. Increasing 
derivatives? 

Anne's Students 

Pete Dowd 1. Tangent to 3. Correct. 7- Shifted, 9. 20-30, -08 people 
circle, rules, RoC. rule stretched per hour, graphing. 

D (first) making sense 4. A.b.d 8. 1.99 or amt, percent 
2. 4 is deriv. 5. Above X 1.98, 10. Max point on d 

inc/dec. rule. LINE, limit axis, "True graphing. graph? Y value at 
slope graph 2a. Slope of line I statements" equation that max point? 

6. D,f, 11 .  -
concavity 

Julie Fan 1. Slope of 3. Correct, 7. Shifted, 9. 20-30, .8 
function, rule. mle INC/POS hundred per hour. 

A RoC, integrals 4. A,b,d 8. 2.12, graphing, amt. EXP 
2. 4 is tan. two 5. Positive linearization 10. Find the d of 

rule. points, diff quo 6. a,b,d (missed "-") this population and 
linearization 2a. - find the max value 

Samantha 
Glenis 

rule, integrals, 
inc/dec 

L Slope of 
function, limit 
formula, rules 
2. 4 is tan, LINE, 
two points 
2a. Slope of line I 

3. Correct, 
rule 
4. A,b,d 
5. Above X 
axis 
6. D, 
INC/POS 

7. Shifted, 
"True 
statements" 
fund thm 
8. 1.7, 
inc/dec, 
INC/POS 

of the d at that point. 
11. Concavity of 1st 

9. 50, ??, equation 
(need it to find rate), 
graphing 
10. For what 
population is the d 
largest? What is d at 
that time? 
11. Info about 
previous two by 
integrals 
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Gerald Gloyd 1. Slope of line. 3. Correct, 7. Shifted 9. 20-30, .08 
deriv function. mle 8. Btwn 0.8 hundred per hour. 

C RoC, graph. 4. A,b,d and 2, inc/dec amt 
integrals, inc/dec. 5. Positive 10. When is slope 

inc/dec, rule key, program. 6. d of the increase in 
limit population greatest 
2. Deriv, other and what is the 
tan, set of approx derivative at that 
2a. No relation. point? 
deriv formula 11. Height, 

concavity of 2nd. 
concavity 

Lawrence 1. slope at point. 3. -2x'"+ In 7. NOT 9. 20-30,8 per 
Jackson velocity, circles. e\ rule SAME, find hour, graphing, amt 

(confused with 4. A,b,d extrema. 10. At what point on 
E integrals) 5. Above X inc/dec the graph is the d 

2. 4 is tan. axis 8. - greatest? What is 
concavity, find different points 6. D.f, value of the d? 
extrema. 2a. Slope of 1 concavity 11. The higher the d 
inc/dec the less it means. 

concavity of f 

George Kline 1. Slope of line. 3. Correct. 7. NOT 9. 20-30, .08 
rule, graph, ex rule SAME, g' hundreds per hour. 

C (first) (economics) 4. A,b,d neg amt 
2. Limit (but can't 5. Depends, INC/DEC 10. When is d the 

limit, inc/dec. really get there). [NC/POS 8. Between 1 most positive? What 
rule, slope deriv 6. d,f and 1.5, value is d at that 
values 2a. Explained inc/dec point? 

limit process 11. Each next d tells 
you trend of slopes 
of previous d 

Barbara Sweet 1. Slope of line. 3. Correct, 7. NOT 9. 20-30, .08 per 
RoC, diff quo. rule SAME, g' hour, amt 

B rules, velocity. 4. A,b,d neg 10. Find the 
find extrema, limit 5. Positive 8. 1.88, maximum d 

limit process. 2. Two points. 6. D inc/dec. 11. Concavity of f. 
rule, inc/dec. program, limit, 4 linearization inc/dec of f, "true 
linearization. is tan, explained statements" 
concavity limit process 

2a. Explained 
limit process 



164 

Sue Tamlyn 

B 

rule, inc/dec, 
limit, slope of 
line 

1. Slope of line, 
RoC, rules, find 
extrema 
2. 4 is tan, two 
points, limit, deriv 
2a. Explained 
limit process 

3. Correct, 
rule 
4. A,b,d 
5. Positive 
6. D, 
INC/POS 

7. Same 
8. 1.8, 
graphing, 
inc/dec, close 

Robin's Students 

Maria 1. RoC, rise/run. 3. X 7. Shifted 
Domingo slope of line, two *+(lnx)e\ 8. 0, 

points. mle linearization. 
E ex(chemistry. 4. A,d (7-7)/(-I.2-2) 

population). INC/POS. = 0/-3.2 
No usable algebra "true 
strategies/ 2. Find points statements" 
concepts 2a. Deriv formula 5. Positive. 

"true 
statements" 
INC/POS 
6. d 

Todd Fletcher 1. RoC of point. 3. Correct. 7. NOT 
deriv function. rule SAME, g' 

B diff quo. rise/run. 4. A.b.d neg 
slope, find 5. Positive 8. 1.88. 

limit, rule, two extrema, ex 6. d linearization 
points. (benzene). 
inc/dec. velocity, 2nd, 
linearization. concavity, "true 
concavity statements". 

inc/dec 
2. Deriv, 
explained limit 
process, LINE 
2a. (Referred to 
formula w/o 
prompt) 

9. 30-40, 3/5, 
graphing, triangle 
10. When is the d 
greatest and what is 
the value of the d at 
that time? 
11.  S lopes ,  
extrema, inflections 
of 2nd 

9. 10-20, .44, 
slopes 
10. What is d when 
growing most 
quickly? What is d 
of how quickly it is 
growing at that 
time? 
11. Inc/dec of 2nd. 
concavity of 1 st 

9. 20-30, 8 animals 
per hour, amt 
10. When is d most 
positive? What is d 
at that time? 
11. Deriv of 2nd 
deriv, change of 
concavity, d of d of 
d, concavity 



165 

Natalie Kaplan 1. Slope of 3. Correct, 7. NOT 9. 20-30, .8/10. amt Natalie Kaplan 
function, slope at mle SAME, g' 10. When is d 

A point, rule. 4. A,b,d neg highest? What is d 
making sense. 5. Positive, 8. 1.9, at that time? 

rule, inc/dec. find extrema. above x axis inc/dec, close 11. Deriv of 2nd 
find extrema concavity 6. d deriv 

2 .4  is  tan  
2a. Old way, no 
relation 

Norman I. RoC, slope of 3. Correct. 7. NOT 9. 20-30, 8 people 
Lemlce line, limit mle SAME per hour, amt 

formula, rule. 4. A,b,d g' neg 10. How quickly is 
B velocity, inc/dec. 5. Positive 8. 1.88, finding a d. 

integral 6. d,f linearization 11. Inc/dec of 2nd. 
rule, inc/dec. 2. Different concavity of 1st, if 
linearization. points, 4 is tan. function is x^ then 
RoC two points tells you nothing 

2a. Slope of 1 

Ken Mickens 1. Slope of 3. Correct. 7. NOT 9. 20-30. .08 
functions, RoC, rule SAME, find hundreds per hour. 

A (first) limit formula. 4. A.b.d extrema amt 
limit, ex 5. Positive 8. 1.88, 10. At what point is 

limit formula. (conditions affect above x axis linearization d largest? What is d 
limit, rule. a reaction. 6. c,d value at that point? 
find extrema. business. 11. Rate of change 
linearization marketing. of acceleration 

production). 
instantaneous 
2. Deriv, 
explained limit 
process, LESfE 
2a. (Referred to 
formula w/o 
prompt) 

Bill Pino 1. RoC, ex (water 3. Correct, 7. Shifted 9. 20-30, .8/10. amt 
flowing, cost. key 8. 1.9, 10. At what t does d 

D manufacturing. 4. B,d,f inc/dec, close show largest slope? 
quantities, drug INC/POS What does d tell you 

limit, slope of absorption) rules. 5. Positive about RoC in that 
line, inc/dec slope, area 6. a,c time frame? 

2. Deriv 11. concavity 
2a. Explained 
limit process 

Dave's Students 
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Sara Allen 1. Slope of 3. Correct, 7. Shifted 
function, rule. mle 8. -1.1, close 

B(first) slope at point, two 4. B,d 
points. 5. Increasing 

rule ex(population INC/POS 
growth) 6. b,d 
2. Different points 
2a. No relation. 
deriv formula 

Glen Blair 1. Slope of 3. Correct, 7. Same 
function, rule mle 8. Less than 

B (first) 2. 4 is tan, LINE, 4. A,b,d 2,inc/dec 
other tan 5. Positive 

rule, inc/dec 2a. No relation 6. a,b.d 

Bea Gibson 1. Slope of 3. 3x"'72+e\ 7. Shifted 
function, dy to rule 8. 2.2 

D dx, rule. 4. A.b.d 
ex( interest). 5. Increasing, 

rule integral positive 
2. 4 is tan, find INC/POS 
points 6. a,b,d 
2a. No relation 

Marcus Jest I. Find extrema. 3. e\ rule. 7. Shifted, 
OPP, slope, rule. derivative of OPP, find 

D engineering (2/x) = (deriv extrema. 
2. 4 is tan, find of 2)/(deriv "tme" 

OPP points, two points of x) statements. 
2a. No relation. 4. A.b.d stretched 
other tan 5. Depends, 8. Btwn 2 

degrees, OPP and 2.5, 
6. C,e,f OPP close. 

proportion 

James Masters 1. RoC, slope of 3. Correct, 7. NOT 
function, mle. mle SAME, Deriv 

A (first) velocity, integrals 4. A,b,d tells slope. 
2. 4 is tan, set of 5. Positive slope values 

RoC, deriv approx 6. d,f different, g' 
tells slope. 2a. No relation. neg 
slope of line. old way 8. 1.88, 
diff quo, set of graphing. 

9. 20-30, btwn 12 
and 13 people per 
hour (100/80), amt 
10. When is d 
largest? What is d at 
that point? 
11. Velocity, 
integral 

9. 20-30, .08. amt 
10. D is positive 
11. Compare two 
functions' limits 
(L'Hopital?), d of d 
of d 

9. 20-30. 8 people 
per hour, amt 
10. When is the d 
highest? How high 
at that time? 
11 .Dofdofd  

9. 20-30, 80 per 10 
hours, amt, EXP 
10. EXP 
11. Another 
calculation, velocity 

9. 20-30, 8 per hour 
10. When is d 
greatest? What is it 
equal to at that lime? 
11. Change of 
concavity, concavity 

approx, rule, 
inc/dec 

inc/dec, 
degrees, diff 
quo 
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Eric Vann 1. Slope at point. 3. Correct. 7. NOT 9. 20-30, .8 
limit, key, rule. mle SAME, slope hundred per 10 

B (first) velocity, instant. 4. A.b.d values, flat hours, amt 
integrals 5. Positive places 10. Where's the d 

rule, inc/dec. 2. 4 is tan, deriv 6. d 8. Between 1 greatest? What's the 
slope value. 2a. — and 2, value of the d at this 
limit inc/dec. point? 

degrees 11. Velocity, 
L'Hopital, deriv of 
2nd deriv 

Allison I. RoC, slope of 3. 1/2 + e\ 7. —, "true 9. 20-30, .8 
Whitfield line. mle statements" hundred per 10 

ex( population 4. A.b.d 8. -1.5. close hours 
C (first) changes) 5. Positive 10. When is d 

2. future 6. a,b,d increasing most? 
rule, "true 2a. — What is specific d 
statements" when growing most 

quickly? INC/POS 
11.3  dimensions .  
concavity 

Lynn Wood I. Slope, rule 3. Correct, 7. NOT 9. 20-30, 1.5 times. Lynn Wood 
2. 4 is tan. change mle SAME, g' amt. EXP 

A (first) 2a. -- 4. B,d neg 10. When is slope 
5. Increasing 8. -146.189, biggest? What is 

rule, slope INC/POS compulation slope at this point? 
value 6. d involving 11. L'Hopital 

anti-
differentiation 

3. Results by Question 

In this section of the chapter, the results from selected questions from the two 

interviews are compiled and briefly discussed. Questions from the two interviews that are 

roughly parallel are discussed together. 

3.1 First Time Taking Calculus 

In Anne's entire class, according to the initial class surveys (see Appendix A). 17 

out of 40 students had never taken calculus before. In Robin's class 16 of 34 were taking 
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calculus for the first time, and in Dave's class 23 of 34 were taking calculus for the first 

time. The students participating in the two interviews replied as follows: 

Table 4: Students' Previous Calculus Experience 

First time Took calculus 
taking calculus before 

September Interview 
Anne's class 3 9 

Robin's class 2 7 
Dave's class 7 3 

December Interview 
Anne's class 2 6 

Robin's class I 5 
Dave's class 6 2 

3.2 Why Find These Slopes? 

In the September interviews the students were asked the purpose of finding the 

slopes between the following pairs of points on the function y=x"'. The points were (2,8) 

and (3.27); (2.8) and (2.5.15.625); and (2.8) and (2.1.9.261). The most popular answer 

to this question (11 of the 31 students) was that it would show how the slope changes or 

is different over the different intervals. For example. Glen Blair explained, it would "give 

you all the different slopes that would vary on the graph in different ways." Eight of the 

students felt that these slopes in the given order would be suggestive of a limiting process 

for finding a derivative. As Pete Dowd explained, "As you got closer to the original 

point, which is (2,8), your slope would be getting bigger. It would help you find the 

tangent line to your parabola. Say the slope were 10, then this one [first pair] would be 

9.5, this [2nd pair] would be 9.6, this [3rd pair] would be 9.88. You could get closer to 

9.9999. You'd never really hit 10." Although the graph is not a parabola, his suggested 

slope values are inaccurate and he appears to hold a misconception about limits being 

unattainable, he has, nonetheless, given a description of how taking the three slopes 
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would be part of a limiting process for finding a derivative. Other popular answers to this 

question included taking the slopes to find out about the shape of the graph (7 students), 

and taking the slope because it is good practice (4 students). Bea Gibson suggested a 

model of mathematics learning with her response: "It would give me practice in graphing. 

Just be like a homework assignment. You're taught something in class and then you go 

home and repeat it so you learn it." 

In the December interviews the students were shown a picture (see Figure 5 or 

Appendix D) and asked to explain it. Students who did not mention the limit definition of 

the derivative were prompted with it. This question roughly parallels the "Why find these 

slopes?" question in that both questions provided a setting suggestive of the limiting 

process involved in taking derivatives. The following table gives a breakdown of the 

main responses by class. 

Table 5: Responses to "Explain this picture." 

3.3 Explain This Picture 

Anne's Robin's Dave's 
class class class 

Explained the 
limiting process 

3 3 1 

Slope of line I 3 0 

Recognized the 
derivative formula 
but did not relate to 
the picture 

1 

Did not relate 
formula and picture 

0 5 

Dave's class had the hardest time with this question. Dave had drawn a similar picture as 

he inu^oduced derivatives (class of September 5). It is interesting to note that the 

Wattenberg text did not have a similar picaire in the sections introducing derivatives. 
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while the Hughes Hallett text had three related pictures (p.97 had one and p. 105 had 

two). Overall, at the end of the first semester of calculus, only seven of twenty two 

students discussed a limiting process when presented with a suggestive setting. 

3.4 Identifying Increasing Funcdons 

When shown the page with six graphs (see Figure 1 or Appendix D), most 

students were able to identify an increasing function in both the September and December 

interviews. Again, the six graphs were 

a) a concave down increasing function 

b) a linear increasing function 

c) a concave down decreasing function 

d) a concave up increasing function 

e) a linear decreasing function 

0 a concave up decreasing function. 

In September 26 of 31 students correcdy identified the three increasing functions. The 

five who did not do so each made the error of omitting one increasing function. No one 

indicated any of the decreasing graphs as a response to this question. 

In December 18 of the 22 students correctly identified the increasing functions. 

Three students who answered correctly in September missed this question in December. 

3.5 The Derivadve of an Increasing Function 

In the September interviews 16 of 31 students stated that the derivative of an 

increasing function would be positive, and 7 students stated that the derivative would be 

increasing. This can be compared to the responses to question #8 from the September 

interview where 23 of the 31 students correctly marked the parts of a cubic graph with a 

positive derivative. In December, 18 of 22 students stated that the derivative of an 



171 

increasing function would be positive and 2 students stated that the derivative would be 

increasing. One student, Barbara Sweet, who stated that the derivative would be 

increasing explained as follows: "It [the derivative] should be increasing as well. If you 

drew a tangent line here [on graph c] it would be decreasing. But if you drew a tangent 

line here [on graph a] it would be going up, the same as the function." She, as several 

students did, felt that since a tangent line would be increasing that meant the derivative 

would be increasing. She seemed, in some sense, to be identifying the tangent line [as 

opposed to the value of its slope] and the derivative. This was an important theme, 

appearing throughout the interviews. 

3.6 Functions with Increasing Derivative 

In both September and December the students were asked to identify which of the 

six graphs (see Figure I or Appendix D) showed a function with an increasing derivative. 

The most common responses [responses not included in the table were given by only one 

or two students in each set of interviews], by class, are given below. 

Table 6: Students' Identification of Graphs with Increasing Derivative 

Anne's Class Robin's Class Dave's Class 
Graphs Sept. Dec. Sept. Dec. Sept. Dec. 
abd 2 10 0 5 3 
d 4 4 3 3 0 2 
df 0 3 2 10 1 
ad 2 0 10 10 

It is interesting to note that in September the correct answer, d,f, was given by 

only 2 of 31 students. The most common responses were a,b,d and d. Students who 

chose a,b,d may have been reasoning as Barbara Sweet seemed to, that since the tangent 

lines would be increasing that meant that the functions would have increasing derivatives. 

In September, one student, Sara Allen, explained that she was not choosing b since 
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"slope remains constant." She chose graphs a and d. She may have been reasoning as 

Barbara Sweet did, but also remembering the fact that the slope of a line is constant and 

incorporating this into her answer. 

One of the two students who chose d,f in September was Todd Fletcher. Todd 

seemed to reason out his answer by thinking about the values of the slopes of the tangent 

lines. The dialogue from his interview with regard to this question was as follows. 

Todd: Not this [a], this [b]. This one [d]. The slope of the tangent line would 
get greater as the x values increase. [Long pause.] 

Interviewer: Which one are you considering? 
Todd: This [f]. I'm trying to figure this out in my head. I know that the 

derivative would not be positive. 
Interviewer Could it be increasing if it is not positive? 
Todd: It could be increasing. That's what I was thinking. I believe it is still 

negative but, I think this one's increasing too. It's getting closer to zero. 

Unfortunately, neither he nor the other person who selected graphs d and f in 

September answered the same way in December. Todd Fletcher selected d [not f] and the 

other person selected d and c. Five of the 22 students in the second interview selected 

both d and f. Some of those students brought up the idea that concavity was related to 

this question. The most popular response in the December interviews was d with 9 of the 

22 students selecting only that graph as their answer. This is likely related to the theme of 

students confusing properties of functions and derivatives. Some smdents felt that a 

decreasing fiinction could not have an increasing derivative. This theme is discussed 

further in sections 3.4.4 and 3.4.5. 

3.7 Finding Derivatives Given an Equation 

In September the smdents were asked to find the value of the derivative of 

f(x)=2x* at x=3. Fourteen students decided that the answer was 12, and another 5 

students answered with a number slightly higher, like 12.02 or 12.2. These slightly 

higher numbers were from the slope between (3,18) and a nearby point. Four students 



173 

did not answer and four students found f(3) and declared that to be the answer. One 

student, Allison Whitfield, who answered f(3)=l8 was prompted "Now we want the 

derivative." She answered, "I thought that was the derivative." After being reminded that 

the derivative was "in other words, the rate of change," she insisted, "that's what I 

thought f(x) was." The interviewer explained, "We want the rate of change of f(x). How 

fast f(x) is changing at each point." Allison reiterated, "Right. At x=3 that would be 18." 

Of the 23 students who did not decline to answer and did not suggest f(3). their 

strategies fell into three main categories. Many students used the power rule to take the 

derivative, plugging in x=3 to find 12 exactly. Several other students used some variation 

on an approximation for the derivative. For example, using the calculator to find two 

points on die graph and taking the slope between those two points, or plugging x=3 and 

x=3.01 into the function f(x)=2x* and using die difference quotient. The third strategy 

involved using an approximation but explaining that to tlnd the exact value a limit would 

need to be taken. One student went through the process of finding several 

approximations, although he did not recognize that he was introducing significant 

rounding errors as he read values using his trace key and he found the limit to be 15.5. 

Other students guessed from a single approximation that the limit was likely to be 12. 

One of Dave's students used the limit definition of derivatives directly on the formula 

f(x)=2x". He expanded 2(x+h)"-2x". divided by h and took the limit, eventually plugging 

in x=3 to get an answer of 12. Another of Dave's students graphed f(x)=2x" on his 

calculator and gave an eyeball estimate of 6 for the slope at x=3. The following table 

gives a breakdown of strategies by class. It is interesting to note that none of Dave's 

students used a mie. This may be related to the fact that most of his students had not had 

calculus before, while most of the interviewed smdents from the other two classes had 

previously studied calculus. 
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Table 7: Strategies for Finding the Derivative of f(x)=2x^ at x=3 

Rule Approximation Limit 
Anne's class 6 0 3 
Robin's class 4 2 0 
Dave's class 0 6 2 

In December the students were asked to find the derivative of f(x) = 2/x + e*. All 

but one student used a rule based strategy; that one student used a built in function on his 

calculator to find the derivative. Sixteen of the 22 students used the rules to find the 

correct derivative. One student. Bea Gibson had trouble writing 2/x as 2 times x to a 

power. Other students incorrectly remembered rules for taking derivatives. For example. 

Marcus Jest took the derivative of 2/x by taking the derivative of 2 (which is 0) and 

dividing that by the derivative of x (which is 1) and finding the derivative of the entire 

term to be 0. 

3.8 Finding the Derivative at Points on a Graph 

In the September interview the students were given the graph of a cubic and asked 

what the value of the derivative would be at a marked point to the left of the local min (see 

Figure 2 or Appendix D). It is interesting to note that 8 out of 12 of Anne's students and 

5 out of 9 of Robin's students felt that they could not answer this question, while only 1 

of 10 of Dave's students did not answer. 

One possible explanation for this is that Dave had been introducing derivatives by 

trying to find the slope of a tangent line to a fiinction [just a mathematical equation; no real 

world context] while Anne and Robin had each begun their introduction to derivatives by 

setting their equations, graphs and data in the context of the height of a tossed object. So, 

finding the derivative at a point for a context-less graph may have been a more familiar 

problem for Dave's students. 
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Another explanation for his students' greater willingness to take a stab at the 

problem may have been Dave's policy of giving a problem and then recording a list of 

student generated possible solutions on the board. Dave explicitly included estimates and 

as he checked the possible solutions and found the best possible answer he did not 

dismiss the other answers as wrong, but judged diem in terms of being better or not quite 

as good estimates. For example, during the class of September 5 he recorded estimates of 

the steepness of the tangent line to y=x- at x=2, and ended that problem by noting that 80 

degrees was a good estimate. In that same class, when he recorded different guesses for 

the steepness of the tangent line to square root of x at x=7, he explicitly told the class, 

"I'm perfectly willing to take an estimation.... I'm taking guesses as well as actual 

answers at this point." His students may have had greater experience being asked to give 

an estimate. By showing his students the list of answers from their classmates and 

evaluating student answers in terms of being better and worse estimates. Dave may have 

been sending the message that in calculus there was a range of possible answers to a 

question and it was okay to give an answer that was not the single best possible answer. 

3.9 Estimating a Function Value 

In the September interview students were told that at price x=S32, the derivative 

of the profit function was P'(x)=.02. The students were asked to decide if the price of the 

product should be increased. For only five of the 31 students did the fact that the 

derivative was positive enter into their reasoning. Bob Swanson's answer was 

representative. He explained, "Profits would go up if you increase the price, but demand 

would go down. You should not increase the price. That's not mathematical, but just 

common sense." 
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In the December interview students were asked a roughly parallel question. They 

were asked to give an estimate of h(7.1) given that h(7)=2 and h'(7)=-1.2. Thirteen of 

the twenty two students gave mathematically defensible answers. To get those answers 

the students used two main strategies. They either noted that the derivative was negative, 

so the value of the function at x=7.1 should be lower than that value at x=7, or they used 

some type of local linearization strategy. 

3.10 Which is the Original and Which is the Derivative? 

In the September interviews the students were shown a pair of fiinctions, one of 

which was the derivative of the other (see Figure 3 or Appendix D). The students were 

asked to identify which was which. Eight of the 31 students were able to answer this 

question correctly, offering mathematically sound explanations for their choices. One 

successful strategy involved checking the extrema of the two graphs. Norman Lemke 

used this strategy explaining "This [the derivative graph] has a zero slope here [at a local 

max], [f it were f then the other function would have to cross the x axis right below it, 

but it does not." Six students were unable to choose which function was which, and the 

other 17 students either guessed or based their answers on mathematically incorrect 

reasons. Of these 17, six guessed correctly and eleven guessed incorrectly. Dave 

assigned a pair of problems [8.16 and 8.17 from the Wattenberg text] similar to this 

question in the homework due September 6. 

Bob Swanson's reasoning is an example of incorrectly applied mathematical 

reasoning. He explained, "I'll use this example. If f(x) = x", then the derivative would 

be 2x [he sketched a parabola and a line]. It [the parabola] would intersect two times. 

(Pause) This one right here [the correct choice] must be the derivative because it has one 

less time that it would cross the x axis. The other one crosses the axis three times, so it's 



177 

an X to the third equation. This one crosses the axis twice, so it's an x squared. The rule 

for derivatives is that the derivative would be one power less than the original function." 

Bob Swanson knew something about talcing derivatives; he knew that taking the 

derivative of a power function would reduce the power by one. Bob also seemed to 

believe that the number of x intercepts would equal the degree of the function, which is 

not true. 

Another student, Isabel Werner, also used her knowledge of the power rule to 

justify her guess. "This one here [the original function] begins positively. It is the 

original. The only rule I know is the power rule. If the function were x'+\-6 when you 

found the derivative the -6 would fall out and when you plug in zero the derivative would 

automatically equal zero at that point." She remembered that the derivative of a constant 

would be zero. Neglecting that the derivative of the linear term could leave a non-zero 

constant in the derivative, she decided that the power rule would cause a derivative to go 

through the origin and that is how she made her selection. Both she and Bob Swanson 

were neglecting that fianctions could be other than polynomials. 

Other students' answers were grounded in non-mathematical reasoning. A result 

from the pilot smdy (see section 1.6) provides an illustration of this. In the pilot smdy the 

students were also asked to identify which graph was the derivative and which was the 

original. The graphs they were shown were the same shapes as for the full study, except 

that both the original and derivative graphs passed through the origin (i.e. the "original" 

graph would be shifted up compared to the "original" graph in Figure 3). One student 

who had been doing rather poorly on all the previous problems in this interview answered 

this question quickly and correctly. This is a piece of the transcript of her interview. 

Student: This one's the derivative. [Moved her pen along the correct function] 
Interviewer: Ok, how do you know? 
Student: Um, (pause) because, I. Because! (Chuckle) 
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Interviewer Well, what kinds of things were going on in your head that made 
you feel, ok, that was the answer. 

Student: Because, I was Just remembering what the teacher was saying yesterday. 
That, whenever it's going to be up here, (pointed to the local max of the original 
function) the derivative of something is down here (pointed to the derivative function, 
beneath the local max of the original function). Well, like the lower it is (pointed to the 
origin), the higher (moved pen along the original function, from the origin to its right 
end), like, on, on the graph. (Short sigh.) Well, this is the derivative right there. I don't 
know. I'm just saying that um, cause I just remember what he drew on the board. Um, 
and I don't understand exactly why he was doing that. But I Just think that's it. Cause, I 
mean, I don't understand exactly why he, why it went like that, but, what I remember of 
what he drew was the bottom one would be the derivative. 

This student had been paying enough attention to notice a pattern, although she 

admitted that the reason for it was not clear to her. Her pattern, that the derivative would 

be the lower function was mathematically invalid, but it allowed her to correctly answer 

this question. The pattern that she noticed was not entirely unreasonable. Many 

examples of functions given by calculus teachers and calculus textbooks lie in the first 

quadrant. In this case, if the function has any decreasing portion, then the derivative will 

dip into the fourth quadrant and it will indeed be the lower of the two functions. 

3.11 Will the Original Graphs be the Same? 

In the December interview students were shown graphs of f(x) and g'(x). These 

two derivative graphs were the same shape but the g'(x) graph was shifted downward 

from the position of the f (x) graph (see Figure 6 or Appendix D). The students were 

asked if the graphs of f(x) and g(x) would be the same. Eleven of the twenty two 

students believed that the graphs would be the same, perhaps Just shifted in the manner of 

F(x) and g'(x). As Samantha Glenis explained, "The f and g graphs wouldn't be at the 

same place. Like if you put them on top of one another they'd have exactly the same 

shape. They'd be shifted." Ten students decided that the f(x) and g(x) graphs would not 

be the same. Seven of those students explained their reasoning by pointing out that, since 

g'(x) dipped below the x axis while r(x) never did, then g(x) would have a decreasing 
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portion of its graph while f would never decrease. Two students pointed out that where a 

derivative crossed an axis the original function would have a max or min, and g would 

have two of those while f would have none. A third student, Eric Vann, used a variation 

on this idea and reasoned, "Let me think about this. This [f (x) graph] is the slope. I was 

thinking the other way around. If this is a plot of the slope, here [negative x intercept on 

g'] the slope would be zero, as opposed to up, on f [pointed to corresponding x valued 

place on f graph]. The slope on f would never be negative but the slope here [where g' 

dips below axis] is negative for g(x). That would mean they'd be different graphs. 

When the slope is zero it's a flat point. This [f] would only have one flat point, as 

opposed to this one [g] would have two." One student, James Masters explained "All the 

graph of the derivative does is tell you the slope of the f(x) function at any particular x 

value." He pointed out that since the f(x) and g'(x) graphs had different values at each 

value of X then the slopes of f(x) and g(x) would always be different so the graphs could 

not possibly look the same. 

3.12 Working With Tables 

In both September and December the students were given a table describing a 

population and asked questions about the population growth. The most notable part of 

these responses was the strong feeling among several students that the data must be 

exponential [in neither case were the data exponential]. Seven smdents in September and 

three in December expressed this thought. For example, in December, Lynn Wood 

decided that she wanted to proceed by writing the equation for data. She explained, "I 

was just going to do P=( 1+r)"." The interviewer asked, "Is that a kind of equation that is 

likely to fit this kind of a graph?" She replied, "I don't see why not. It's a population." 
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4. Multi-Question and Other Source Themes 

Some student strategies for and ideas about mathematics spanned over several 

questions. Other themes and data about what students know arise from other sources, 

such as classtime. These themes often illustrate significant misconceptions or gaps in 

knowledge or understanding among the students. Some of the most interesting ones are 

discussed in this section. 

4.1 The Derivative is the Tangent Line 

"As far as I know a derivative is just a straight line that touches at one point on a 

graph" (Jim Lutz. September interview). The derivative at a point can be thought of as 

the slope of a tangent line at that point. Several snadents, on the other hand, felt that the 

tangent line itself (rather than the number giving the slope of that line) was the derivative. 

In some cases students seemed to be sloppy with their language when they said diat the 

tangent line was the derivative, but in other cases the students clearly meant what they 

were saying. 

Jim Lutz made his statement about the derivative being a straight line when shown 

the graph of an original function and its derivative (see Figure 3 or Appendix D). He felt 

that it made no sense for either of these functions to be the derivative of the other, and 

gave the explanation quoted above. George Kline also felt that the same question made 

no sense. He explained, "These lines are intermeshed. I don't see how one could be the 

tangent of the other." Bea Gibson was explaining why the derivative of increasing 

functions were increasing, "Like we were doing in class. As you moved along the 

function you could draw [the tangent lines]. It stays the same." Barbara Sweet's 

explanations for several questions suggested that she, too, thought that the derivative was 

the tangent line. When deciding what she could say about the derivative of an increasing 
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function (see Figure 1 or Appendix D) she sketched a tangent line on an increasing 

function and sketched one on a decreasing function. She explained, "It [the derivative of 

an increasing function] should be increasing as well. If you drew a tangent line here [on 

the decreasing function] it would be decreasing. But if you drew a tangent line here [on 

the increasing function] it would be going up, the same as the function." When 

identifying graphs with increasing derivatives she indicated, "The same ones [as the 

increasing functions]. The tangent has to be along side the function, not cutting through 

it. so if the function increases the tangent does too." When asked the value of the 

derivative at the local max of the cubic graph (see Figure 2 or Appendix D) she gave as 

her answer "Equation of the line is y=4." She was identifying the derivative to be the 

tangent line, rather the value of the slope of that line equaling the value of the derivative at 

that point. Eleven of the 31 students in the September interviews gave answers 

suggesting that they thought that the tangent line was the derivative. Five of the 22 

students participating in the December interviews also gave responses indicating that they 

were confusing the tangent line with the derivative. For nearly 1/4 of the students, the 

confusion had not disappeared entirely, even at the end of the semester. 

The confusion between the derivative being the slope of the tangent line instead of 

the tangent line itself came up in Anne's class on September 20. Anne asked her class 

how they would illustrate average velocity on their graphs. Some students suggested it 

would be the slope of the line through the two points, and others suggested it would be 

the hypotenuse of the slope triangle they had drawn through the two points. Anne 

explained to the class, "I'm glad somebody said the wrong thing. They said the 

hypotenuse is the average velocity. Be real carefiil. The hypotenuse, when we look at 

that, is just a length between the two points. That's not what you mean by average 

velocity. Average velocity is—?" A student suggested, "the arc [the piece of the curve 
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between the two points]?" "The slope of that hypotenuse, if you want to call it that way. 

So the slope of this line is average velocity," Anne explained. 

4.2 I Don't Know the Function 

Some students in this study had a narrow point of view as to what constituted a 

function. Some students felt that graphical or table representations of functions were 

inadequate. Other students thought of functions primarily in terms of polynomials (e.g. 

Swanson's and Werner's explanations of which function was the original and which was 

the derivative) or other functions with simple formulas. Sue Tamlyn wrote on her initial 

survey that she had studied calculus for two years in high school. So. even though this 

was likely not the first time she was being exposed to the mathematics related to calculus, 

her September interview contained a few examples of this narrow approach to functions. 

When asked to find the derivative at a point on the graph of the cubic (see Figure 2 or 

Appendix D), she objected, "I've never been asked to find the derivative without having 

an equation. I don't know how to do that." Later in the interview, when presented with a 

table of population data. Sue Tamlyn used her calculator for a moment and then 

announced, "Well, it's not an exponential function. The ratio of populations from 1940 

to 1920 is not the same as the ratio of populations from I960 to 1940." After another 

pause she continued, "It's not linear. It doesn't have a constant slope. It's not an actual 

function." In December, Marcus Jest had trouble deciding if the graph of a concave down 

increasing function (see Figure 1 or Appendix D) would be increasing or not. He 

explained, "I mean, since I don't know what the function is, I don't know anything about 

it." To him, having a graph still left him feeling like he did not know the function. In 

December, Pete Dowd commented while answering one problem, "I'd like an h(x) 

formula." The interviewer asked him, "What would you do with the formula." He 
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answered, "I'm not sure. But it would make me feel better." The desire for an equation 

came up more often in the September interviews (where 12 of the students responded that 

they'd need an equation to solve some problem) than in the December interviews. 

4.3 The Derivative is the Opposite Function 

I would say that it [the derivative] would look opposite of what the function 

looked like" (Marcus Jest, December interview). Also in the December interview, as 

Marcus Jest drew the original functions that would correspond to the given f(x) and g'(x) 

graphs in question 7 (see Figure 6 or Appendix D), he drew original functions that were 

the "opposite" of the derivative graphs. By "opposite" he meant diat the graph would be 

reflected about some horizontal line. Marcus Jest was the only smdent who went so far 

as to select the decreasing functions as ones with increasing derivatives, but he voiced an 

idea that several students echoed. 

In the September interview, for example, Maria Domingo looked at the graph of 

the function and its derivative (see Figure 3 or Appendix D). After correctly choosing the 

original function, she stated, "I think this one [the derivative] is the inverse of that one 

[the original]." When asked what she meant by 'inverse', she explained, "Opposite. 

Ripped around the x axis. It's the same type of graph, but the points opposite, flipped 

over the x axis." The interviewer asked, "And that is why it is the derivative of the other 

function?" Maria answered, "Yes." Bea Gibson was not sure which function would be 

the original and which might be the derivative, so the interviewer asked her if she would 

be able to decide for a different pair of functions. She thought she might be able to figure 

it out if the function was a parabola. When prompted to draw a parabola and its derivative 

her drawings suggested she was using a variation on the "opposite" strategy. She drew a 

parabola (labeled it 'function') and a reflection of the parabola across the line y=x (labeled 
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the retlection 'derivative'). A few other students pointed out that one of those two 

functions appeared to be the opposite of the other, but it was not entirely clear if this was 

part of their reasoning for deciding which was the derivative. 

Marcus Jest, who seemed to hold firmly the idea that the derivative was the 

opposite, was in Dave's class, and there was a possibly related episode in Dave's class. 

During the class of September 7, the first question from the previous day's homework 

that the students wanted to see was how to draw the slope graph of the sinusoidal curve 

(#5 assigned the previous day). Dave explained that this was not a problem to do on the 

calculator, but was done by visualization and guessing. Dave drew the function and 

another pair of axes labeled x and f (x). A student estimated the slope at x=0 to be I and 

Dave plotted this on the f graph. Dave pointed out that the slopes would then decrease to 

zero at the top of the first peak. He drew a concave down decreasing curve on die f 

graph from (0,1) down to the x axis. "Is this a picture that reflects what I just said?" A 

student asked, "How do you know the slope graph is a curved line?" Dave 

acknowledged that he didn't know. "That's a great question." He explained that his 

slope graph would tell him that the slope would be diminishing a little bit at first and then 

a lot at the end, and this was at least plausible. Dave continued drawing the slope graph 

with curved sections, although he admitted that he could have chosen to connect his 

points with straight lines. As Dave created the slope graph he spoke about the original 

curve having positive slope, but less and less positive, and then having negative slope and 

more and more negative and then still negative but less and less negative and so forth. A 

student asked about the slope curve compared to the original curve. "So it's just the 

inverse basically?" "Basically," Dave agreed. Dave was answering that the derivative he 

had just drawn was in some respects the opposite of the function he had started with; out 
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of context or misinterpreted as a general statement, however, this sort of answer may 

have contributed to incorrect student beliefs related to the concept of derivatives. 

4.4 Positive vs. Increasing in the Interviews 

The problem of distinguishing between "positive" and "increasing" or "negative" 

and "decreasing" was significant for many students, and was perhaps the most prevalent 

misconception exhibited by the students. The students were confusing these terms or 

they were having trouble distinguishing properties of the function from properties of its 

derivative. This trouble is related to the previously discussed theme of some students 

confusing the tangent line [as opposed to the slope of that line] with die derivative. The 

positive/increasing problem came up during the student interviews as well as during class 

time. 

For example, in December. Julie Fan was trying to decide which of the six graphs 

would be increasing (see section 3.3.4. 3.3.5. 3.3.6 for related discussion, and see 

Figure I or Appendix D for copies of the graphs). She rapidly identified the increasing 

concave up (graph d) and the increasing concave down (graph a) graphs as increasing, 

but she hesitated about the linear increasing graph (graph b). When asked what she was 

thinking about she explained, "I was trying to remember if it was a constant function or 

an increasing one." She was likely thinking about the derivative of the linear function and 

confusing that with the function itself. Sue Tamlyn declared in her December interview. 

"I don't think decreasing graphs can have increasing derivatives." George Kline, in 

December, stated that "The derivative's going to follow whatever the graph does." Also 

in December, Maria Domingo had trouble distinguishing between properties of the 

functions and their derivatives. She chose graphs a and d as increasing, but not graph b. 

She explained. "This one [graph d] because the slopes are increasing. It's concave up 
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which means an increasing function. This one [graph b] the slopes are all the same since 

it's a straight line. This one [graph a] it starts negative but gets positive so it's an 

increasing function as well. The values of the slopes are negative, but increasing since it 

gets positive." In September Maria Domingo had chosen graphs a. b, and d, explaining 

they were "going up from left to right." 

During the September interviews, when asked what they could say about the 

derivative of an increasing function, seven of the 31 students answered that it would be 

increasing as well. When asked to identify the functions with an increasing derivative, 

tied for the most popular answer was the increasing functions. 

Several students showed evidence of this confusion when they were asked to use 

the word "derivative" in their answer to why Congress should or should not be worried 

about the population growing out of control. The population table data was increasing, 

slowly at first, quickly in the middle and slowly again at the end. The growth rate was 

increasing for the first part of the graph, but then decreasing for the second part of the 

graph. Glen Blair, for example, had trouble sorting out the behavior of the function from 

the behavior of the derivative. He explained (correctly) that the derivative was increasing 

between the years 1920 and 2000, but the derivative would be decreasing between the 

years 2000 and 2060. He then explained (incorrectly) that the people who worried the 

population was growing out of control were worried because the derivative was "still 

increasing. It's slowing down. The slope isn't that steep, but it's still increasing." 

Those who were reassured had noticed "the derivative is increasing, but it's slowing 

down." 
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4.5 Positive vs. Increasing in the Classrooms 

During the class of September 28, Robin was going over homework problems, 

including 2.3 #8 in which students were asked to draw a graph whose slope is 

everywhere positive and decreasing gradually. She had begun speaking about second 

derivatives. Robin asked the class, "What does a negative f mean? Is f a downward 

shift of f?" The class decided that was probably not it. Robin asked, "If f is negative 

does that mean f is positive?" Again the class answered "no." Robin explained the 

difference between a function being negative and a function decreasing. Five minutes 

later, however, two students described a function as negative when it was actually a 

decreasing function. Robin reminded them that negative means below the axis. One 

student insisted. "No, not that kind of negative," and made a downward gesture with her 

hand. Robin pointed out, "You are moving your hands downwards, do you mean 

'decreasing'?" The student agreed that decreasing was a correct description. Robin 

reminded the class again that decreasing was not the same as negative. 

In Dave's class on September 6, he had drawn a slope graph and was trying to 

create the original graph that would correspond to it. One leg of the slope graph was a 

diagonal line segment from the origin to (1,1). Dave explained that the piece of the 

original function corresponding to this leg would be getting bigger and bigger and bigger 

slopes until it had slope 1. A smdent asked, "Is the slope really getting bigger? It looks 

constant at one." Dave reminded the smdent that the slope graph measured slope and 

slope was increasing to I. 

One student in Anne's class had a great deal of trouble with this issue, which he 

confronted during one lesson. During the class of October 2 this issue came up as Anne 

was going over the homework problem #8b from section 2.3 in which students were 

asked to draw a graph whose slope is everywhere positive and decreasing gradually. The 
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following abbreviated excerpt from that class gives a nice picture of that student's 

confusion. 

Anne: Are "positive" and "decreasing" for f or for f ? [Students called out various 
replies.] Both of these words apply to f. Let's do one at a time. Draw a graph whose 
slopes are positive. [Anne gave the class time to do this.] Concave up has noting to do 
with positive slopes. Just increasing. [Anne drew a concave up increasing graph on the 
board and a concave down increasing graph on the board.] Both have positive slopes. 
Now which has decreasing slopes? [Students replied.] Draw tangent lines to get 
perspective. [Anne drew tangent lines at points dl along the graphs. She indicated the 
concave down graph.] What are the values of the slopes doing? [Students called out, 
"getting smaller."] What's happening on this one? [She indicated the concave up one.] 
As I move right the slopes are increasing. 

Nate: Can you draw f(x)? 
Anne: We don't have to. We just have to draw f. If you want to draw f these 

two words tell you about it. Positive means the graph of f is above axis. Decreasing 
means the graph is decreasing. 

[Anne drew another concave down increasing curve, up from an asymptote along 
the negative y axis. Part of question #8b was the word "everywhere" and Anne wanted to 
know if this sort of function was ok in light of word "everywhere". One student had a 
problem with the function that Anne had drawn.] 

Nate: I can't see that the slope is decreasing. 
Anne: From left to right the slopes are getting smaller. The tangent lines are 

approaching a flatter position, so their slopes are getting smaller. 
Nate: So f would be like that. [He gestured f as a decreasing curve.] 
Anne: Yeah, but that's not f you're drawing, f would be like that. 
Nate: But that's not a positive slope. 
Anne: It doesn't say f has a positive slope. It says the slope of f is positive. It 

didn't say the slope of f is positive. This is a real big issue. It's amazing. Even though 
we do this all the time and say I don't understand it, when we get to 2.5 it's going to all 
start getting together again. The slope of f is positive which means f is increasing. It's 
true f decreases, but they didn't ask you to draw f. They asked you to draw f. 

[There was further discussion of "everywhere" and discussion of a possible 
equation for curve with the asymptote. While other students looked through chapter one 
notes to help them figure out an equation, per Anne's suggestion, the same student 
resumed his questions.] 

Nate: I thought when they said draw "a graph whose slope" they wanted you to 
draw f(x). 

Anne: Nope. They want the graph of f. 
Nate: Yeah, the graph of f where f (x) is decreasing and positive. 
Anne: No, to say what you mean they'd say the slopes of f are positive. 
Nate: So the slope of a graph is the prime of a graph. 
Anne: The slope of a graph can be graphed as f. When they said to draw a 

picture in this problem, they wanted you to draw a graph whose slopes did this. They 
want the original f, not the prime graph. 

Nate: What's the point of that? 
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Anne: Well, what I'm doing is describing a function in words and you're going 
to draw a picture of it and everybody's going to have the same picture. The purpose is 
being able to describe a function in words. 

[Anne continued discussing a possible equation for the graph with the class. She 
asked about the domain. After that was settled Nate continued with this issue.] 

Nate: Do you always have to read it from left to right? 
Anne: Yes. 
Nate: Then how would you be able to draw the slopes are negative and 

increasing? 
Anne: If the slopes are negative then what would the f graph be doing? 
Nate: An increasing graph? How could you do that from left to right? 
Anne: No no no no no! I'm glad Nate is having a problem with this, because I 

think a lot of people are going to have a problem. He says, how can that happen? The 
slopes are negative and something is increasing. Now think about that. If I said the 
slopes are negative and f(x) is increasing, that is contradictory. But that's not what the 
problem says. Read the problem. Is that what it's saying? [Class: No.] It's not saying 
the slopes of f are negative and the graph of f is increasing. What is it saying? [Class: 
The slope is increasing.] What is increasing? [Class: The slope.] The slopes, not the 
graph of f. Very different. The word increasing does not apply to the graph of f going 
up. It applies to the slopes of the graph of f. It's very very important you make the 
distinction. So let's take a look at this part. Draw two pictures for me of graphs of f 
whose slopes are negative. Draw two different pictures. These make great exam 
questions. Draw two pictures for me of graphs of f whose slopes are negative. Do you 
have them? The graph of f whose slopes are negative. Why do I say there's two possible 
pictures? What's one picture? [Through gestures the class answered decreasing concave 
up and decreasing concave down. Anne drew them both on the board.] Ok, both of 
those have slopes that are negative. Which graph am I drawing here? Are these f or f ? 
[Class: f] These are efs. Ok, now take a look at the tangent lines on this graph [concave 
up decreasing] from left to right. [Anne sketched tangents at many points.] They all have 
negative values. What are the values of these slopes doing as you go from left to right? 
Are they getting larger or smaller? [Some students called out "larger", some call out 
"smaller", several students repeated themselves as if to drown out the people saying the 
opposite word.] They're getting less negative. That makes them larger. It's true the 
tangent lines look steeper. Steeper does not mean larger in value with negative numbers. 
It's just the reverse. In fact, isn't that true, when you guys are finding inflection points 
you look for a minimum? That's the most negative, that's the lowest value. Let's put 
some numbers on these things. [She assigned numerical values to the slopes of the 
tangent lines.] Ok, look at the values themselves. The values are increasing. So the 
slopes are all negative, but the slopes are increasing in value. Let's take a look at this one 
[the concave down decreasing function] The exact opposite pattern is happening. The 
slopes are becoming more negative, so the values of the slopes are, what? [Class: 
decreasing.] Decreasing in value. So what Nate said is true, you can't have a graph of f 
whose slopes are negative and the f graph is increasing. But that's not what they're 
asking here. They're saying I want a graph of f whose slopes are negative, and the 
slopes themselves, on the graph, are getting larger from left to right. Ok? (Pause) It's 
really quite interesting. You probably won't start noticing it right away, but when you 
start listening to the news, reading the paper, it's amazing how people screw this up. 
Because they'll talk about things increasing at an increasing rate and that's not what 
they're showing you in a picture on the news. I have a funny feeling that some of the 
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people writing these texts are not being very clear mathematically. And they use the word 
"it" a lot. It's very confusing. It's possible for me to have a graph in mind, in fact I 
didn't assign it for homework, but there's a problem on the EPA [section 2.5 #9] and this 
is probably a good point. [Anne found the problem in the book.] This one is relevant to 
why it is so important to be clear with the language. [Anne spoke about reducing the rate 
of pollution versus reducing the amount of pollution being put out. With regard to 
another problem she spoke about two kinds of profit graphs, and which would be better. 
She spoke about how f would look for each.] 

This classroom dialogue suggested that Nate was in the process of trying to 

understand the difference between positive and increasing and the difference between 

properties of the function and properties of its derivative. He was finding out that 

something he did not think possible was in fact possible. He seemed to be trying to fit 

this into his knowledge structure but it was creating a contradiction somewhere. Nate 

seemed to be uncertain which of his assumptions was incorrect, so he was examining 

what assumptions (i.e. existing parts of the knowledge structure) need to be modified so 

that this new fact could fit in. One such assumption examined was the idea that you must 

always read a graph from left to right. Nate's dialogue indicated he was having trouble 

distinguishing "graph whose slope" from "slope graph", so it may be that another part of 

his knowledge structure which he was re-examining was that these two things are the 

same as each other. The ideas a) 'graph whose slope' and 'slope graph' are equivalent 

and b) graphs go from left to right were mming out to be incompatible in light of the new 

information that it was possible to draw slopes negative and increasing. He was deciding 

which idea to keep and which one to reject. 

This issue came up once again in Anne's class a couple of weeks later. On 

October 20 Anne gave her students a worksheet about finding the distance a rocket had 

traveled given a graph of its velocity. In the context of the rocket problem on the 

handout, Anne pointed out that positive velocity meant the velocity graph was above the 

axis, not that the velocity graph was going up. 
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4.6 The Real Definition of Derivative 

The students and teachers in this study seemed to have differing ideas about the 

real definition of derivative. Anne gave an extra credit problem on the final exam asking 

students to state the definition of the derivative of f(x) at x=a. The only answer she gave 

credit to was lim h—>0 ((f(a+h)-f(a))/h). For example. Sue Tamlyn wrote "the slope of 

the tangent line at x=a" and she received no credit for that answer. Julie Fan also received 

no credit for her response "Derivative is the instantaneous rate of change at point a." One 

of Robin's students. Ken Mickens, mentioned in his December interview, "When we 

were doing review this morning we asked what the definidon of the derivative was and 

she gave us this equation [lim h—>0 ((f(a+h)-f(a))/h)]." 

Students did not always feel that this limit formula was the best definition of a 

derivative. In addition to the examples from the final exams, there were some student 

comments about this during the interviews. In September, many students were not at all 

sure what the derivative was. but they had just experienced the introductory lesson on that 

topic. James Masters, for example, explained, "I'm pretty sure the derivative is not the 

equation of the tangent, but I'm not sure exactly. My impression of derivatives is not that 

you give them numerical values, but that they are equations, just like the equation of the 

graph would be. But I really don't know." 

By December, the students had been working with derivatives for some time, and 

their impressions tended to be more definite. Only four of the 22 students spontaneously 

mentioned the limit formula for derivatives when asked what is a derivative and when 

shown the picture in Figure 5. Many students defined derivatives as the slope of the 

tangent line or the rate of change. Allison Whitfield gave the definition of derivative as 

"Derivatives deal with rate of change over time." Later, when prompted with the limit 
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formula, she was uncertain what it was or what it might have to do with the picture. Glen 

Blair explained in December derivatives were "defined by, if you have x", it's nx" '." 

Even after being prompted with the limit formula in December, several students 

failed to recognize it or they dismissed it as being the old way of doing derivatives. In 

December. James Masters explained, "That formula you showed me earlier [the limit 

formula for derivatives), he talked about that for a day or two, before we really learned 

what derivatives were or how to differentiate things." Natalie Kaplan said about the 

formula, "This is the long way of taking the derivative. I don't know how it would relate 

to the picture." 

4.7 The Tangent Line is Known 

Information about what students seemed to be thinking about derivatives came 

from classtime as well as from their interviews. During the class of September 5, Dave 

had drawn on the board the function y=Vx. a tangent line at x=7 and a secant line that was 

"close" to the tangent line. The following two paragraphs detail an episode about that 

picture: 

Dave returned to his drawing and sketched the tangent line to the 
curve at x=7 as he continued his lecture. "What I want to do is, guess 
what? Find the slope of the tangent line, right there, for the curve y equals 
the square root of x right at seven." Dave gestured at the overhead screen. 
"And I've sort of got a little picture of it up there. Now the hand calculator 
can really help some. But we can also do this with pencil and paper. You 
know what I'm going to do." Dave drew a short horizontal segment 
moving right from the point 7,V7, and then a vertical segment up to the 
curve. He used his figure as he explained. "I'm going to go just a little bit 
to the right of seven. And I'm going to go up. And I'm going to find this 
little triangle right here and I'm going to figure out what the slope is. 
That's what I'm going to do. Just like I did with the parabola I'm doing 
with the square root. I'm going over and up. I'm staying, remember, I'm 
staying on the parabola. So you can see, whatever slope I get is probably 
slightly less. I mean, the slope I get is sort of the green line here, and the 
true tangent line which I've drawn in pink is steeper, a little steeper in 
slope than the green that I'm actually going to find." 
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Lexi asked, "Why don't we find the tangent line?" Dave 
responded, "Well I'm trying to." Lexi persisted, "Well, I mean, why 
don't you put the point, the second point on the tangent line?" Dave 
replied, "Well, because I don't know what the tangent line is. Let's be 
clear about this. I don't know what the pink line is. It's the pink line, the 
tangent line, I'm trying to find." Dave marked the pink line with question 
marks and the phrase 'pink line is?'. Dave continued his explanation. 
"What I do know is points on the green line. The green curve I can go up 
and down along the trace and I can find points every which way. In fact, 
I've got a point right here. Seven point oh two. Y is two point six four 
nine. So if you said, 'Start at seven and go to the', if you said this, 'start 
at seven and go to the right point oh two one two seven six six, places'. 
And I ask you, 'Ok, how high am I now?' You'd say, 'Oh, my y 
coordinate is two point six four nine seven six nine two." If that's what 
you wanted this distance to be." Dave indicated the horizontal leg of the 
triangle along the y=Vx curve on the board, "I could give you the point on 
the curve that is that height." Dave indicated the uppermost vertex of the 
triangle along the drawn curve. "I don't think that's the way I'm going to 
do it. though." Dave turned off the projecting calculator and put away the 
screen. 

In this exchange, it seemed that Lexi believed the tangent was already found — after all. 

the teacher had drawn it on the board. It existed, so to find its slope the obvious thing 

was to take two points on it. On the other hand, mathematician Dave was going through a 

process to find this line. To Dave, the tangent line was a representation of an object that 

could be found as the end result of a limiting process. This exchange suggests that some 

students do not understand that the limiting process is essential in the development of 

derivatives, and instead feel their teacher goes through unnecessarily complex 

mathematics to find a known tangent line. 

4.8 "True Statements" 

In the December interview, several students seemed to be relying on memorized 

facts to help them answer questions about derivatives. This type of memorized 

knowledge was not always helpful to the students as they tried to solve the problems, 

especially when the memorized "facts" were not mathematically true statements. Often 

these statements were very similar to mathematically correct statements, with a change in 
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one or two key words. Here is a sample of some "true statements" from the December 

interviews. 

• Where it [a function] would change concavity would be where the derivative crosses 

the X axis. (Marcus Jest) 

• [f it's flat [at an extremaj here on the prime graph, then the original graph would 

probably be passing through the x axis. (Allison Whitfield) 

• You're supposed to know that when one is positive then the next one is something. 

When one is concave up then the other is something. (Pete Dowd) 

• f is increasing if f is positive and f is concave up. (Maria Domingo) 

• When the original graph is increasing then the first derivative is positive and the 

second derivative is concave up. (Barbzira Sweet) 

4.9 Attachment to a Strategy 

In the September interviews some soidents showed evidence of fixing on a single 

strategy for dealing with derivatives and using (or trying to use) this strategy on many 

problems. Sometimes this strategy did not lead to the best possible answer. An 

alternative strategy may have been more suitable, but the smdent may not have been 

comfortable enough with various strategies for dealing with derivatives to be able to 

switch to a different strategy. 

For example, Maria Domingo used a two points strategy (finding slope between 

two nearby points) to find the derivative on the cubic at the point to the left of the local 

min (see Figure 2 or Appendix D). For that problem she used the marked point (whose 

coordinates she read as (6.3, .7)) and the local min (whose coordinates she read as 

(8,-3)). The next question was to find the derivative at the local max. Maria stuck with 
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her strategy and took the slope between the marked max (coordinates (1,4)) and a nearby 

point (3,3.2), finding a slope of -.25 instead of the correct answer, 0. 

Marcus Jest knew that the derivative could be found by estimating the slope of a 

line. To find the derivative of each of the marked points on the cubic (see Figure 2 or 

Appendix D), he drew a tangent line and estimated the slopes to be -1 and 0. When asked 

to find the derivative of f(x)=2x" at x=3 his strategy was to graph the function on his 

calculator and then give an eyeball estimate of the slope of the tangent line to be 6. 

Barbara Sweet was set on using variations on the power rule to find derivatives. 

In explaining what a derivative was, she said, "I remember something like, if you have a 

function you take the number it's raised to and subtract 1." When asked about the 

derivative of an increasing function she wrote on her page, 'x' 2x*'. To find the 

derivative at the point to the left of the min on the cubic (see Figure 2 or Appendix D), her 

approach was to write an equation for the curve and take its derivative. She found the 

equation of the curve (incorrectly) to be y = -.46x + 3.7 and she then found the derivative 

of that equation to be -.46+3.7 giving that the derivative at the marked point would be 

2.78. She rapidly (and correctly) found the derivative of 2x" at x=3 using the power rule. 

When trying to decide which of the pair of graphed functions would be the original and 

which would be the derivative, she commented, "I thought with a derivative it would be 

more like a change of power and these look like the same power." 

5. Chapter Summary 

The information and discussion in this chapter has been presented to give a picture 

of students' understanding of the concept of derivatives. Students displayed a wide 

variety of understandings, both in terms of different strategies and differing depths of 
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understanding. The students also exhibited a variety of difficulties and misconceptions 

about derivatives. 

Students used many different strategies and ideas when working with derivatives. 

Some of the more common ones included considering the derivative to be 

• the slope of the tangent line 

• the slope between a given point and a nearby point, or between two nearby points 

• the result of the slope or difference quotient between the given point and a point some 

specific small amount away, such as .001 to the right 

• related to a difference quotient 

• related to some sort of limiting process 

• found best by using a slope triangle, or 

• a set of rules, such as the power rule. 

Some students, especially in September, clung to a single strategy for dealing with 

derivatives. Other smdents were able to discuss a multiplicity of mental representations 

and were able to employ several strategies, suggesting a more meaningful understanding 

of the concept of derivatives. 

The most common difficulty that students had with regard to derivatives was that 

they had trouble distinguishing properties of the function from properties of the 

derivative. This confusion was evidenced in the interviews and during classtime. For 

example, students seemed to confuse the words "positive" and "increasing," and the 

words "negative" and "decreasing." Even in the December interview, fewer than 1/4 of 

the students interviewed were able to identify graphs representing functions with 

increasing derivatives. This suggests that learning to distinguish the properties of the 

function from the properties of its derivative is a difficult task, one that most of these 
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students did not master. The teachers in each class spent some time on this point, but 

perhaps it would be valuable to construct a lesson directly addressing this difficulty. 

Students had other difficulties and misconceptions as well. Several students 

spoke about the derivative at a point being the tangent line [as opposed to the value of the 

slope of that line]. While some students may have been using imprecise language, the 

explanations of other smdents indicated diat they clearly meant what they were saying. 

Several students displayed a narrow conception of what constinited a fianction or of how a 

function could be communicated. Students used mathematically faulty reasoning in some 

instances, which at times led students to "correct" answers. For example, students 

believed that the derivative was the "opposite" function from the original one, or that the 

derivative would be the bottom function. One student asked why his teacher was 

bothering to find slopes of secant lines to approximate the slope of the tangent line. This 

student felt that a drawn tangent line was a known tangent line and saw no need for a 

limiting process to find its slope. Some students relied on incorrectly memorized facts to 

answer questions about derivatives. 

Students and teachers differed about the real definition of the derivative at a point. 

Anne and Robin indicated that they felt the correct definition would be the limit of the 

difference quotient. This is most likely an artifact of their own experiences learning 

calculus. Students did not ascribe the same importance to this definition of derivatives. 

There were a few instances of smdents using a limiting process to find derivatives in 

September, but for the most part students ignored this facet of derivatives. 

By the end of the first semester of calculus, most of these smdents still had some 

knowledge gaps and confusions about the concept of derivatives. Nonetheless, many of 

them were able to give at least somewhat mathematically reasonable responses to 

questions involving derivatives, and they were able to use multiple strategies and ideas 



198 

when working with derivatives. Even with good teachers, it is likely that most students 

do not fully develop an understanding of the concept of derivatives by the end of first 

semester calculus. Teachers can use an awareness of how their students are thinking 

about the concept of derivatives to make better informed instructional decisions. 
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CHAPTER 4: CONCLUSIONS 

Anne, Robin and Dave have each thought a great deal about what they are doing in 

their roles as teachers. As I conclude this study, I have a great deal of respect for what 

each of them does. There are some important insights about teaching and learning 

undergraduate mathematics that can be gained from the study of their classrooms and 

from listening to them and their students. 

I. Teaching Practices 

Several conclusions fall under the category of suggestions about what is important 

and what is more a matter of personal style in effective teaching practices in undergraduate 

classrooms. 

1.1 Students Had the Chance to Interact With the Material Before the Lesson Ended 

One thing that these three teachers did in common was to allow their students the 

opportunity to interact with the mathematics before the lesson on that topic was over. The 

teachers did not put the interaction time at the end of the lesson, simply as practice time. 

By giving students a chance to interact with the material in the midst of the lesson, the 

teachers set the stage for students to begin thinking more deeply about the mathematics 

before the lesson ended. As students worked with and thought about the material, and 

tried to incorporate it into what they already knew about mathematics, this was when 

questions came up that needed answers. With more of the lesson remaining, there was 

the opportunity for those questions to be answered and for the students to work through 

their knowledge building processes with guidance from the teacher. This is perhaps the 

most important lesson about teaching practices. 



200 

I • 2 There is a Variety of Effective Teaching Models 

A lesson that comes in conjunction with allowing students to interact with material 

is the lesson that all three teachers achieved this in different ways. For example, Dave 

gave responsive lectures, Anne used group activities and Robin used a questioning and 

pausing technique. There were three good teachers taking three different classroom 

approaches. To repeat a quotation from Warren Colbum, the best way to teach is "his 

who teaches the best. But then it will be found to be the best only in his hands" 

(Colbum, 1830/1912/1970, p.27). The results of this study support Colbum's assertion 

that it would be injurious to assume that one single style of teaching is the single best 

style. Different teachers use different styles in the classroom and that is to be encouraged 

and supported so that each teacher does the best possible job that he or she can do. 

1.3 The Focus is on What Students are Learning 

All three of these teachers kept their focus on what the students were learning, 

rather than on how well they were covering the material. Dave made assignments and 

lectured in response to the knowledge and questions of his students. Robin revised her 

lesson plans to go back over some material she thought her students had not learned well. 

Anne adjusted the schedule of topics when she anticipated the adjustment would help her 

students learn the material better. As Dave expressed, "Teaching is an altruistic, giving 

thing." Remembering that the goal is to teach students, not to cover material, is another 

valuable idea to learn from these teachers. 

1.4 Grow and Learn as a Teacher 

The willingness to grow, to learn and to reflect on teaching practices were 

qualities that all three teachers possessed. These teachers were open to new ideas about 

teaching. They attended talks on mathematics education topics, they were aware of what 
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other teachers were doing, and they thought about whether their approaches were 

working. Anne, Robin and Dave were willing to consider new teaching ideas they 

encountered and they adopted the ones they believed to be valuable, modifying those 

ideas to fit within their own styles. For example, Anne and Dave described their 

evolution from "telling" and "talking head" models of teaching to models incorporating 

more interaction. Anne explained the reasons behind why she adapted cooperative 

learning to suit her classroom style. Robin explained how she had come to learn to 

present the mathematics using a variety of approaches. Dave, who had been teaching for 

33 years was eager to try group activities, which he had not done before. Being open to 

new ideas and being thoughtful about teaching practices are qualities worth emulating. 

1 • 5 The Teacher's Mathematical Understanding can be a Powerful Tool 

Deeply held knowledge of the subject is a powerfiil tool for masterful teaching. 

Dave had years of experience working with mathematics and thinking about it deeply. He 

was able to use his understanding of the subject to respond to unanticipated student input 

and to recognize the potential value in it. Anne acknowledged that as she developed a 

stronger understanding of the mathematics she was able to move away from teaching only 

algorithms towards incorporating concepts as well. 

1.6 Incorporating Homework 

All three of these teachers spent classtime going over homework problems. For 

Dave, in some lessons, this was how he spent most of the hour. Going over homework 

incorporated that piece of the course into the mainstream of the course. It provided 

another oppormnity for soidents to benefit from their teacher's guidance after the students 

had worked with the mathematics. 
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1.7 Using Names and Calling on StudenLs 

Using names and deciding who would answer questions was an important part of 

Robin's teaching strategy. Anne and Dave deliberately avoided using names and calling 

on students. Anne encouraged choral responses. Dave happily replied to students, but 

they needed to initiate the interaction. This issue seems to be one that is a matter of 

personal style. 

1 • 8 The Point of Classtime 

Dave felt that the point of classtime was to motivate his students to work on the 

material on their own, when they would really do the learning. He also acknowledged 

that classtime provided an opportunity for his students to ask questions, although he 

believed there were better formats for providing this opportunity. Anne felt that most of 

the learning occurred during classtime and it was her role to guide her students in this 

process. Accordingly, Anne felt that it was important for smdents to attend class, while 

Dave believed in the student's right to miss class. Robin felt that her job in the classroom 

included being a role model for madiematicai thinking and learning. 

All three teachers saw a continuum between smdents' efforts in class and outside 

of class. This is yet another reason for teachers to focus on teaching the students rather 

than on presenting the material. When teachers give lessons about doing mathematics, 

rather than simply sharing well structured facts and examples of applications of those 

facts, then the teachers are setting the stage for the smdents to do mathematics outside of 

the classroom, rather than to have students remember mathematical facts. 

1.9 The Classroom Atmosphere 

Dave felt that keeping the class fiin was essential. Anne was concerned about 

engendering an atmosphere where smdents felt safe and comfortable speaking about 
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mathematics. She did this by encouraging choral responses and providing individual and 

small group attention while students worked problems. The most important thing for 

Robin was to empower her students as learners. She tailored questions to individual 

students' skill levels and she encouraged them, by example, to learn how to ask their own 

questions. Each of these ideas about an appropriate classroom atmosphere has merit. 

2. What Students Knew 

Even with good teachers, students do not always leam what we think we have 

taught. It is valuable for calculus teachers to be aware of how their smdents are thinking 

about the mathematics the teachers think they are teaching. 

2.1 Positive Versus Increasing 

Throughout the first semester of calculus, students have trouble distinguishing 

between "positive" and "increasing" and they have trouble distinguishing between 

properties of the function and properties of its derivative. 

2.2 The Derivative is the Line 

Although some students are simply being imprecise with their language when they 

say "the derivative is the tangent line," other students are stating what they actually seem 

to be thinking. With some students, this is more than a problem of language. It is a 

problem identifying which type of object [i.e. a numerical value of a slope versus an 

entire line] corresponds to a derivative at a point. 

2.3 The Real Definition of Derivative 

Students and teachers seemed to disagree about what precisely the correct 

definition of derivative would be. Anne and Robin felt that the single correct definition 

was given by the limit formula. All three teachers explained the idea of finding the slope 
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of a tangent line via a limiting process using slopes of secant lines. In both the September 

and December interviews, however, very few students mentioned the limit formula for 

derivatives, and in fact when prompted with that formula in December several students 

failed to recognize it. Most of the students in both the September and December 

interviews did not bring up the idea that the derivative involved a limiting process. 

2.4 If You Can Draw It. the Tangent Line is Found 

The power of pictures is strong. To a student in Dave's class, once Dave had 

drawn the tangent line to a curve, it appeared that the tangent line was known. The 

student did not see the need to go through a limiting process to tlnd that tangent line. This 

is another instance where students and teachers may be thinking quite differently. 

2.5 The Bottom Function is the Derivative 

The student in the pilot study used this strategy to correctly identify which of two 

functions was the derivative and which was the original. Unfortunately, this strategy was 

not grounded in correct mathematics. There were multiple instances of students using 

poor mathematical strategies to arrive at an answer, sometimes correct and sometimes not. 

Another example of a mathematically invalid strategy was the idea that the derivative was 

the opposite of the function. As teachers assess their students it is important to find out 

how the students are arriving at their answers to get a better picture of what the students 

really understand. 

2.6 "True Statements" 

Several students made statements as they gave explanations that suggested they 

were reciting memorized facts. Sometimes those "facts" were not entirely accurate. For 
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those students, reliance on memorized statements suggests that they did not have a well 

internalized grasp of what a derivative was and how to work with one. 

2.7 Sticking with a Strategy 

In the September interview some students found a single strategy for working 

with derivatives that they were most comfortable with. Even though their strategy did not 

lead to the optimal answer for some problems, the students stuck with the single strategy. 

One likely reason for this was that as the students were first learning about derivatives 

they were able to latch on to a single meaningful strategy, while the incorporation of other 

strategies and interpretations of the meaning of derivatives came later as the students' 

understandings developed. This conclusion is related to Tommy Dreyfus' explanation of 

four stages of the learning process for advanced mathematics. He suggests that students 

go through the stages of "using a single representation; using more than one 

representation in parallel; making links between parallel representations; and integrating 

representations and flexible switching between them" (Dreyfus, 1991). 

2.8 It's Not an Actual Function 

Some smdents, especially in the September interviews, had a narrow point of 

view as to what constituted a function. They rejected graphical or table representations as 

not really being functions. Some seemed to feel that polynomials or other simple 

formulas described all the "actual" functions. This finding is in line with work done by 

Marilyn Carlson, who found a similar narrowness in the fiinction concept held by high 

performing college algebra students (Carlson, in press). 
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2.9 Populations are Exponential 

Several students in this study looked at the two problems about tables of 

population figures and decided that the data ought to be exponential. Although the data in 

neither case was exponential, the students immediately associated populations with 

exponential functions. 

3. Classrooms, Calculus Reform and Other Topics 

3.1 Watch What You Do and Say 

Teachers should avoid perpetuating misleading patterns with the choice of 

examples they use. Although a difficult task, they should be alert to any commonalties in 

their choice of examples and make explicit to the students which commonalties are related 

to the concepts and which are not. For example, if the teacher graphs all original 

functions in the first quadrant, then the teacher may want to be alert to what patterns 

students may infer from this. David Tall noticed a similar tendency of students to 

generalize patterns from the examples diey have seen. He refers to this as "the generic 

extension principle" which he summarizes as, "If an individual works in a restricted 

context in which all the examples considered have a certain property, then, in the absence 

of counter-examples, the mind assumes the known properties to be implicit in other 

contexts" (Tall, 1991). 

3.2 Classroom Design 

University planners need to be aware that the physical layout of classrooms can 

have an impact on classroom dynamics. The layout of desks and board space can 

influence choice of teaching strategy and the ability to incorporate technology, for 

example. Bolted down chairs may make group work harder to implement. Theater style 
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classrooms may create a sense of distance and discourage discourse. Making sure there is 

a place for the overhead projector, and that any projection is visible are important 

considerations for a teacher who wishes to incorporate technology depending on that 

projector. When designing or remodeling classrooms, the needs of the users of those 

rooms, in terms of supporting effective teaching strategies, should be considered. 

3.3 Calculus Reform 

Calculus reform is having an impact on some teachers. Dave did not feel that the 

calculus reform movement was having much impact on his teaching, as he had been using 

reform techniques before they came into fashion. Tom, the teacher in the pilot study did 

not see the point for changing how he had always taught calculus, so using a calculus 

reform textbook had little impact on his teaching. Anne, on the other hand, did change as 

a teacher in light of calculus reform efforts. She explained that she used to joke about 

students who said they could do calculus, but they just could not do the problems. Anne 

seems to have come to believe that being able to explain a concept, even if the student can 

not use it to do a problem, now counted as evidence of knowing calculus. Robin cited 

her use of multiple approaches to a problem as an example of how working with calculus 

reformers and calculus reform material influenced her teaching. 

3.4 Template Problems 

One of the goals of calculus reform was to get away from template problems. 

Anne and one of her students recognized that template problems are still being used. 

Anne believes, however, that at least the template has been improved. 
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3.5 Technology 

The teachers had different feelings about technology in the classroom. Robin felt 

that it was often overused, and while she was willing to incorporate it she felt that there 

would be much to gain by doing more work by hand. Dave felt that technology was 

another tool, and he encouraged students to use every tool they had when working on 

mathematics. 

3.6 Competency 

All the teachers in the study expressed concerns about smdents' competency. All 

the teachers felt that the students could use more practice with computations. The teachers 

worried that they were contributing to a generation of calculus smdents who could not do 

what would be required in their engineering classes. This question and the issue of 

technology are not unconnected. As technology becomes smaller and more powerful, 

more and more students are likely to have calculators that find derivatives at a point or 

give derivative functions. Teaching the computation of derivatives by hand, over time, 

may fall into the same category as teaching the computation of square roots by hand. 

4. Implications 

Many of these conclusions may seem like common sense. This is good. One 

goal of this smdy was to find out what good teaching looks like, and hopefully common 

sense is related to that. On the other hand, these findings are not common sense to 

everyone. Not everyone is an experienced teacher or one who has thought deeply about 

teaching. 

Hopefully studies like this one will lay the groundwork for guiding undergraduate 

mathematics teachers towards being more effective. I would like to see the results from 

this and similar studies incorporated into faculty development programs for new 
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undergraduate mathematics teachers (such as TA preparation programs) as well as into 

faculty development programs for experienced undergraduate mathematics teachers. As 

these three teachers demonstrate, keeping an open mind about teaching practices and a 

willingness to grow as a teacher are valuable qualities, to be encouraged. 

Two natural extensions of studying effective undergraduate mathematics teaching 

are worth following. One extension is to study what aspects of departmental cultures 

foster effective instructional practices, and what can be done to encourage the 

development of cultures that support effective teaching. Another extension is to smdy 

odier effective undergraduate mathematics teachers, in different settings and at different 

points along career paths, to learn more about the approaches effective teachers use and to 

learn what factors were important to these teachers as they developed their teaching 

methods. 

I believe it is worth pursuing further investigation of the various student 

understandings of the derivative concept. In this work I have found several distinct 

versions of the derivative concept. Students diink of derivatives, for example, as 

• the slope of a tangent line, 

• the tangent line itself, 

• the slope between two nearby points, 

• the number resulting from plugging a small value of "h" into the difference quotient, 

• and a value to be found by looking at the trend on better and better approximations. 

A worthwhile avenue of inquiry would be to develop an assessment tool taking into 

account this variety of understandings shown by the students, and then use this 

instrument to further explore what students are thinking. A cross sectional study. 
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including advanced high school students through mathematics graduate students, may 

provide significant insight into students' understanding of the concept of derivatives. 
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APPENDIX A: STUDENT AFFECTIVE SURVEY RESULTS 
The age distribution of the students in each class: 

Anne Robin Dave 

Z3-30 

20-22 

23-30 

20-22 

23-30 

20-22 

0 6 12 18 24 0 6 12 18 24 0 6 12 18 24 

The gender distribution of each class: 

Anne 

M 62^% HF 373% 

Robin 

|M 38.8% HF 41.2% 

I Dave I 

M 41.2% • F S8.8% 

The distributions of academic level (Freshman, Sophomore, Junior, Senior, Other) in each 
class: 

Anne Robin I Dave 

Fr So Jr Sr Oth Fr So Jr  Sr Oth Fr So Jr Sr Oth 
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The distribution of majors or intended majors of the three classes: (Darker bars indicate 
August data, lighter bars indicate December data) 

Anne Robin Dave 

36 

30 
24 
18 
12 
6 
0 

Sci Math Busi Hum Oth Sci Math Busi Hum Oth Sci Math Busi Hum Oth 

The number of semesters of calculus previously taken by the students in the three classes: 

Anne Robin Dave 

24 
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12 

24 
20 
16 

0 12 3 4 2 3 4 

The most advanced mathematics course previously taken by the students in each class: (Alg 
= algebra. Trig = trigonometry, Prec =pre-calculus, Calc = calculus, Oth = other) 

Anne Robin Dave 

20 

16 
1 2  

Alg Trig Prec Calc Oth 

20 

16 

1 2  

Alg Trig Prec Calc Oth Alg Trig Prec Calc Oth 
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The distribution of the semesters when the most recent previous mathematics course was 
taken by the students in the three classes: (Su95 = Summer 1995, Sp95 = Spring 1995, 
Fa94 = Fall 1994, Earlier = before Fall 1994) 

I Anne I Robin Dave 

30 I 30 I 30 I 

I I I  m  •  I I I  

'iH-ji "iLX^ 'iUUi 
Su95 Sp95 Fa94 Earlier Su95 Sp95 Fa94 Earlier Su95 Sp95 Fa94 Earlier 

The students' response to the statement, "I plan to take another math course after Math 
124": (darker bars = August data, lighter bars = December data) 

Anne Robin Dave 

Yes Maybe No 

36 

30 
24 
1 8  

1 2  

Yes Maybe No Yes Maybe No 

The students' response to the statement, "I enjoy math": (Agr = agree, Neu = neutral, Dis 
disagree; darker bars = August data, lighter bars = December data) 

E3 Robin l^iav^ 

Agr Neu Dis 

24 

1 8  

1 2  

Agr Neu Dis Agr Neu Dis 
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The students' response to the statement, "I am good at math": (Agr = agree, Neu = neutral, 
Dis = disagree; darker bars = August data, lighter bars = December data) 

Anne Robin Dave 
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10 

Agr Neu Dis Agr Neu Dis Agr Neu Dis 

The percentage of smdents taking this course because it is a requirement: (R = required, O 
= other) 

Anne Robin Dave 

H  R  S0% H o  20% 1  R 76^% 1  C 23.5% |R 82.4% H o  17.6% 

Students' responses to the December survey question, "My teacher expects me to solve 
math problems in class." (Oft = often, Som = sometimes, Rar = rarely, Nev = never) 

Anne Robin Dave 
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Students' responses to the December survey question, "I am frustrated when my teacher 
expects me to solve problems in class ~ I wish my teacher would just tell me how to solve 
the problems." 
(SA = strongly agree, A = agree, N = neutral, D = disagree, SD = strongly disagree) 

Anne Robin Dave 
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20 
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10 

SA A N D SD 

20 
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10 
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Students' responses to the December survey question, "It makes me feel confident about 
my math abilities when I successfully solve problems in class." 
(SA = strongly agree, A = agree, N = neutral. D = disagree, SD = strongly disagree) 

Anne Robin Dave 
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Students' responses to the December survey question, "Since my teacher is the math expert 
in the classroom, I learn more by watching my teacher do the problems than by doing them 
myself."(SA = strongly agree, A = agree, N = neutral, D = disagree, SD = strongly 
disagree) 

Anne Robin Dave 

15 

10 

15 

10 

SA A N D SD 

15 

10 
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Students' responses to the December survey question, "I make a comment, answer a 
question or ask a question in class: " (Oft = often, Som = sometimes, Rar = rarely, Nev: 
never) 

Anne Robin Dave 
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Oft Som Rar Nev 
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Students' responses to the December survey question, "My teacher knows my name.' 
(S A = strongly agree, A = agree, N = neutral, D = disagree, SD = strongly disagree) 

Anne Robin Dave 
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Students' responses to the December survey question, "I feel like my teacher cares how 
well I do in this class." 
(SA = strongly agree, A = agree, N = neutral, D = disagree, SD = strongly disagree) 

Anne Robin Dave 
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Students' responses to the December survey question, "My calculator is a useful tool for 
doing calculus problems." 
(SA = strongly agree. A = agree, N = neutral, D = disagree, SD = strongly disagree) 

PAnne I Robin Dave 

25 

20 

15 

10 

25 

20 

15 

10 
5 

0 li I I I 
SA A N D SD 

1 r 
N D SD 

Students' responses to the December survey question, "Classtime helps me better 
understand c^culus." 
(SA = strongly agree, A = agree, N = neutral, D = disagree, SD = strongly disagree) 

Anne Robin Dave 

20 

15 

10 

I I I 
SA A N D SD SA A N D SD SA A N D SD 

The next page contains the students' responses to the Fennema-Sherman Mathematics 
Attitude Scale: Confidence in Learning Mathematics. This is one of a set of nine Likert-
type scales measuring attitudes related to mathematics learning. The scales can be used as a 
total package or individually. The confidence scale was tested on 376 subjects in grades 9-
12. The split half reliability for this scale was found to be .93 (Fennema & Sherman, 
1976/1986). 
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Fennema-Sherman test results for Anne's class. The graph on the left gives the test score 
distributions for the August (darker bars) and December (lighter bars) interviews. The 
graph on the right gives the net changes on the test scores between the August and 
December interviews, for all students who answered both surveys. 

Anne - scores 

15 

10 

29- 30-39 40-44 45-49 50-54 55+ 

Anne - score changes 

15 

10 

<-9 -9/-5 -4/-1 +0/+4 +5/+9 >+9 

As above, for Robin's class: 

Robin-scores Robin - score changes 

15 

1 0  

29- 30-39 40-44 45-49 50-54 55+ 
1 

<-9 -9/-5 -4/-1 +0/+4 +5/+9 >+9 

As above, for Dave's class: 

Dave - scores Dave - score changes 

15 

1 0  

5 

0 

15 

10 

5 

0 
29- 30-39 40-44 45-49 50-54 55+ <-9 -91-5 -4/-1 +0/+4 +5/+9 >+9 
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APPENDIX B: STUDENT INTERVIEWS CODE LIST 

Code List Relevant to Multiple Questions 
The codes explained in this section are related to the possible responses to more 

than one question. 
D. "D" or "d" stand for the word "derivative". 
LINE. The derivative is the line that touches the graph. The derivative is the 

tangent line. "As far as I know a derivative is just a straight line that touches at one point 
on a graph" (Jim Lutz, September interview). 

Tangent. Derivatives have to do with tangent lines. 
Slope of line. The derivative is the slope of a line or slope of tangent line. The 

student finds or estimates the slope of a tangent line. 
Two points. Take the slope between given point and nearby point, or the slope 

between two nearby points. 
Small h. Indicated that one needs to use a point a small distance way, specifying 

the small number. For example, go over by .001 or plug in the point .001 over. 
Diff quo. Cited the formula for the difference quotient, correctly or not. For 

example. Todd Fletcher in September spoke about using the formula (f(x-a)-f(x))/x), and 
this was coded as diff quo. 

Limit. Used or expressed the idea of some limiting technique; as close as 
possible; approaching an infinitely small number. 

Limit formula. Used or stated a difference quotient in conjunction with a limit. 
For example, lim h—>0 ((f(a+h)-f(a))/h), or as Jose Martinez suggested in September, 
r(x) = h-»0 ((f(a+h)-f(b))/(a-b)). 

Triangle. Used or spoke about slope triangles. 
Rule. Named a rule, such as the power rule or the chain rule. Used or tried to 

use a rule to compute a derivative, correctly or not. For example, Maria Domingo in 
December explained that it was a rule that the derivative of e* was (Inx)e*. 

Height. The value of the derivative was based on the height (value) of the 
function. 

Inc/dec. Derivatives show if the function is increasing or decreasing. The 
derivative is positive when the function is increasing, negative when the function is 
decreasing. As a strategy, this code indicates the student was examining where a function 
was increasing or decreasing and drawing conclusions about the derivative being positive 
or negative. 

OPP. The derivative is the opposite of the function. Student drew a derivative as 
a reflection of the function around a horizontal axis. 

Equation. The student expresses the desire to have the function represented by an 
equation. For example, when asked to find the derivative at a point on a graph during the 
September interview. Sue Tamlyn declared, "I've never been asked to find the derivative 
without having an equation. I don't know how to do that." 

Numbers. The student expresses the need to have exact coordinate values for a 
graph. The grid overlay is not enough. 

Degrees. Slope was given or estimated in degrees. 
Peak. Slope at a peak is zero. 
Tangent to circle. Relating ideas of tangent lines and circles. 
Graphing. Graphed function on calculator or paper. 
Trace. Used trace key on calculator. 
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Program. Referring to calculator programs for evaluating functions and finding 
difference quotients. 

Key. Using a built in calculator function to take a derivative. 
Horiz tan. The tangent line is horizontal. 
Find extrema. The derivative can be used to find a max or a min. The derivative 

is used for optimization problems. One would expect to find a max or a min of a function 
where its derivative crosses the axis. 

"True statements". Assertions about relationships among features of derivatives 
and functions that seem to be recitations of incorrectly memorized "facts." For example, 
in the December interview, Marcus Jest asserted, "Where it would change concavity 
would be where the derivative crosses the x axis." 

Slope graph. Slope values can be plotted to make a slope graph. 
—- I don't know. No answer given. 

Code List Relevant to Particular Questions 
The following codes are relevant primarily to a particular question. The question 

is paraphrased in italics before the related codes are explained. 
What is a derivative ? 
RoC. Rate of change. 
Graph. One can graph derivatives. 
Ex. Gave an example of a type of problem involving derivatives. The example is 

noted in parentheses. 
Rise/run. Derivatives have to do with rise/run. 
Velocity. Derivatives are related to velocity, speed, acceleration, distance per 

time. 
Slope. Derivative is the slope. 
Slope of fjjnction. Derivative is slope of the function. 
Slope at point. Derivative is the slope at a point. 
Deriv function. Take the derivative of an equation and it will tell you the slope at 

any point. 
Graph changes. The derivative tells how the graph changes. 
2nd. There can be a second derivative. 
Concavity. The second derivative shows concavity. 
Paradox. The paradox of velocity at an instant. 
One point. The derivative tells you something about one specific point. 
Instantaneous. The derivative gives instantaneous rate of change, instantaneous 

velocity, or instantaneous slope (as opposed to average). 
Making sense. The derivative is another way to make sense of a graph. 
dy dx. The derivative has to do with the notation dy/dx. 
Integrals. Derivatives are the opposite of integrals. 
Eg. of tangent line. Derivative is used to find the equation of a tangent line. 
Why do these three slopes? 
Deriv. To find the slope at (2,8) since second point gets closer to original point. 
Shape. They tell you about the shape of the graph (no other reason for these three 

pairs in this order). 
Change. To find out how the slope changes at different places on the graph. 
More like function. When the points are closer together the slope is more like the 

function. 
Rate. To find the rate of something. 
Av. Vel. To find the average velocity 
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Just. Just to find those slopes. Practice finding slopes. 
Derivative of an increasing function is? 
Increasing. Increasing aJso; The derivative is the same as the function. 
Positive. The derivative would be positive. 
Depends. It depends on the function. Student gives a derivative for each 

increasing function. 
Triangle over/under. Depends if the slope triangle is over or under the function. 
Where does this function have a positive derivative? 
inc. (correct) where the function is increasing. 
ISt. Marked the part of the function in the first quadrant. 
3rd. Marked the part of the function in the third quadrant. 
max. At the max. 
min. At the min. 
rt leg. Only at the rightmost increasing leg. 
Find the derivative off(x}=2xr at x=3. 
fr3). Evaluates f(x) at x=3. 
Which one is the original fimction and which one is the derivative? 
Origin. The one through the origin is the derivative since the constant terms of 

polynomials drop off when you take a derivative. 
Power rule. The derivarive crosses the axis one less time than the original. like 

the derivative of a parabola is a line, there should be a decrease in power. 
Guess. Random guess, based on nothing. 
Intercepts. Where one crosses the axis the other should have slope zero; where 

one crosses the axis the other should change from increasing to decreasing (or from 
decreasing to increasing). 

Extrema. Where one has extrema the other should cross the axis. 
Pushed up. The peak of the derivative is up and left of the original's peak. 
Amplitude. The derivative should have less amplitude than the function. 
Slope value. Estimating slope values, or trends on slope values for one graph and 

comparing that to values of the other graph. Rise over run on one graph gets smaller so 
the derivative graph's values should get smaller. 

Support that the population is growing out of control and that it is not growing out 
of control (September). When is the population growing most quickly (December)? 

EXP. Populations grow exponentially. 
Ratio. Ratios between consecutive population values decrease at the end; die 

population doubles. 
Percent. Checked percent growth at different times. 
Amt. Looked at amount of differences between consecutive population values. 
Slopes. Checked amount of population change per time. 
Spec. The numbers are just speculation, you can't tell about the future. 
Should the price be increased? 
Pos deriv. The derivative is positive, so increasing the price will increase the 

profits. 
No deriv. Value of derivative did not come into play. 
Misinterpret. Thinking .02 is the profit, or the percent profit, or the profit per 

item. 
Margin. Spoke about profit margins. 
Explain this picture. 
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Deriv. This picture shows taking a derivative at x. The limit of the slopes of lines 
like 1, 2, 3 would be the slope of the tangent line at x. 

4 is tan. Line 4 is the tangent line. Line 4 shows the slope at x. 
4 is deriv. Line 4 is the derivative. 
Set of approx. Lines 1, 2,3 show approximations to the slope at x. 1 is the worst 

and 4 is the best approximation. (No limiting process explained). 
Other tan. 1, 2 and 3 are other tangent lines. 
Future. This shows what happens to the lines as you go further along the 

function. 
Different points. The 4 lines show the slopes at the 4 different points. 
Find points. Lines 1, 2, 3 help you find the values of the points 1, 2, 3. 
Is this formula related to the picture? 
Explained limit process. Explained the idea that the formula tells you to take the 

slopes between two points (one point fixed) with shrinking intervals and then the slopes 
approach the value of the tangent line slope. Made connections between the elements of 
the formula and the picmre. 

No relation. Did not explain relationship between picmre and formula. 
Old way. Identified the limit formula as the old way or the long way of taking 

derivatives. 
Deriv formula. Identified the formula as the definition of derivatives. 
Slope of line 1. Explained how that formula would give the slope of line 1. 
When the graphs off and g' are the same shape. Just vertically shifted, will the 

graphs off and g be the same? 
NOT SAME. The student expressed that the graphs would not be similar, the 

graphs would have some specific feature different from one another. 
Deriv tells slope. The derivative function tells you the value of the slope at 

different points. Since these slope graphs have different values the original graphs will 
have different slopes and will not be the same. 

g' neg. g' has negative values, while f does not, so the graph of g will decrease 
but the graph of f will not. 

Rat places. There will be flat places on the original graph where the derivative 
graph equals 0. The function f will have one flat place, while g will have two. 

Fund thm. The fundamental theorem is relevant. 
Same. The graphs of f and g will be the same. 
Shifted. The graphs of f and g will be the same shape, but shifted. 
Stretched. The graphs of f and g will be the same shape but stretched, scrunched, 

elongated or narrowed. 
Given that h(7)=2 and h'(7)=-l.2 what would be a good estimate of the value of 

h(7 . I )?  
Linearization. Used a local linearization strategy. For example, Norman Lemke 

computed 2-1.2/10 and explained, "h'(7)=-1.2 which means if I o to h(8) I should go 
down 1.2 spaces on the graph, but I only increased by . I so I wanted to see how far I 
decreased in 1/10 of a step." 

Proportion. Decided that h(7)/7 = h(7.1 )/7.1 or a similar proportion was true. 
Close. Since 7.1 is close to 7, then h(7.l) will be close to h(7). 
What would the third derivative tell you? 
Change of concavity. The 3rd derivative tells you how concavity changes. It tells 

you how dramatic the change of shape is. 
Another calculation. It would be another calculation to do. 
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3 dimensions. It has to do with 3 dimensions, instead of the two usually used in 
first semester calculus. 

Info about previous two. It would give some kind of information about the first 
and second derivatives. 

Deriv of second deriv. It would give you information about the second derivative, 
like extrema and increasing/decreasing parts, just the same way the first derivative gives 
you that information about the original function. 
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APPENDIX C: THE THREE CLASSES 

1. Anne and Her Lessons 

I • 1 Anne's Initiai Lesson on Derivatives 

Anne led the first lesson on derivatives on Wednesday, September 20. Before 

class began, the teacher from the previous hour was packing up his supplies and talking 

to a couple of his students. Anne's students were arriving and sitting at their desks and 

noisily socializing. Nearly all the desks were full by the time Anne arrived. She 

immediately got out some papers to pass back to the class. "Ok, I have all your 

homework here. I can't believe I'm catching up. I just need to keep it up through 

October, because in November we have all those days off here and there." 

Anne explained about the papers, "Ok, up at the top I have a percent grade circled. 

That is your homework percent right now. If you're missing anything, that might show 

that percentage is a little bit lower than it should be. One reason why I put that percent 

there is to double check if I have all the points correctly recorded. So if you have a 

homework assignment that you got back with a grade on it, and I forgot to record it—." A 

student interrupted, "Does that include quizzes?" Anne answered, "Yeah, the quizzes will 

be part of the homework grade. It will all come together. And I think already we've got a 

maximum of 122 points. So there will probably be over 500 by the time we're finished. 

So if you've got a low homework or a couple of low homeworks, right now it might 

affect your percent by quite a bit but by the time we're finished it won't." The same 

student asked, "What percentage of the grade is homework?" "I believe it's 125 points, 

so it's more than a test grade," Anne explained. "And for the most part everybody is 

doing very well on the homework. If you keep it up, even if you have a lot of questions 

on the homework, or you leave a couple of homework problems blank, some points are 
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better than no points. So make sure you keep turning in the homework." Anne handed 

the pile of graded homeworks to a student at one end of the front row. The student found 

his homework paper and passed the pile to the next student who did the same as Anne 

continued class. 

"Ok, what I had said was, we'd go over 1.9 homework 1.10 homework and the 

rest of the orange sheet on Friday. I want to get started on chapter two. That will give 

you more time to get help outside of class. As I mentioned, with the trig some of you will 

need extra work. A little bit over the next couple of weeks to get up to speed with the rest 

of the class. And this sheet and the homework will give you a rough idea of the kinds of 

things I'm looking for. I do have to mention though, that I have to cancel two hours this 

week- Let me tell you what they are." Anne got her planner out of her bag and opened it 

up. "On Thursday from 3 to 4 I have to cancel that hour. That's time I spend in room 

108. And ±en Friday from 2 to 3, that hour I just have to cancel." Anne put away her 

planner and took out a pile of handouts. "All right, so ready for something important? 

We haven't been doing anything important!" she teased. Ann gave a pile of handouts to 

each person in the front row and the students passed the handouts to the people behind 

them. 

"Section 2.1 is an introduction to the chapter titled "distance and velocity"." Anne 

wrote the chapter name on the board. "Have we talked about this in this class before? 

We have? Ok, when did we talk about it?" A student made a suggestion, but Anne did 

not agree with it. Instead she reminded students about a problem they had discussed on 

the second day of class. "Oh, it wasn't really related. If you remember the problem from 

Tucson to Benson and Bisbee, a long time ago, they were driving around and sometimes 

we had to decide if the graph should be linear or not. And should it be steeper or 

shallower. Should it be flat. All those issues came up. Now we're going to make them 



226 

more formal. And in order to do diis, what I thought was important was to keep in mind 

the rule of three from the book. What was the rule of three?" Students made suggestions 

about graphs and numbers and algebra. Anne restated, "I can give you functions in table 

format, graphs of equations, and equations. And the important thing, even for people 

who have had calculus before, is chapter two is going to start sounding familiar, but the 

idea is our emphasis is going to push a little bit more away from the equation, and 

emphasize more on tables and graphs. So it's even a different point of view for those of 

you who've had a little bit of calculus." 

"So in order to get started, this is the problem that I want you to work on. It will 

give us background that we'll be able to use for the next couple of days. Several students 

have performed an experiment, and they have the equipment to do this, they threw one of 

their calculus book into the air and recorded its velocity at various times. The really ironic 

thing about this experiment, is you would think that if you were watching something 

move, you were more likely to measure time and position. The more relevant thing to 

measure, if something is driving past you, you might want to know how many miles it's 

traveled and when it has passed you. Well it turns out that in a lot of situations velocity is 

easier to measure, because of the equipment and so on. So I think it's kind of ironic that 

what you normally wind up with questions about are distance and position and you might 

want to know velocity." 

Anne asked the class, "Well, here what kind of information do we have?" Several 

students called out "time and distance." "Have I actually recorded velocity?" Anne asked. 

"No," the class responded. "What did I record?" The students again called out, "the 

time, the distance." "The time and," Anne hesitated and then she and the class 

simultaneously said, "the distance traveled." "Can I get velocity from that?" she 

continued. The class called out, "Yes," and Anne went on, "If I gave you velocity could 
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you get distance traveled from height? So in some way these two things are 

interchangeable in the sense I can get one from the other. In this chapter I'm going to be 

giving you information about distance and asking you lots of questions about velocity and 

all those applications. In the next chapter we just reverse the role." 

Anne indicated the handout. "Here's some numerical data. I already gave it to 

you. These are some heights, times. The algebraical part, if you think about a book 

being thrown into the air and coming down and plotting height versus time, isn't it 

believable that it should be parabola shaped? It goes up and then does what?" Anne 

began to gesture along the path of a tossed object in slow motion. "Slows down," 

suggested a student. "Slows down." Anne agreed. "Turns around and then, comes back 

down." she suggested as students also murmured similar responses. 

"Ok. well what I want you to do for the first part of this exercise is to find the 

precise equation that's needed for this data." Anne paused for a moment. "And I know 

that some of you are going to have a hard time getting started. How would we start doing 

that? Well when you found equations to go with tables of data before, what did you do?" 

Students made suggestions along the lines of "plug in a point." Anne said, "take a point 

and plug it into the equation. Right? Well how many unknowns are you going to find 

then?" The students called out, "three." "Three unknowns," Anne agreed. "One of them 

should be real easy to find." "C" suggested a student. "C? Keep working on it. What I 

want you to do is find the correct numbers to give this table of data." 

The students began reading through and working on the problem. After a 

moment, Anne encouraged, "Plug in a point. Use it to find something." Some students 

were talking with one another about the problem. The noise level gradually increased and 

the chatter seemed to stay largely mathematical. Anne circulated around the outer edges of 
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the room and even wedged between the bolted down desks from time to time. She 

checked student work, gave advice and answered questions. 

About four minutes later Anne asked, "How're you coming along?" She 

observed, "It looks like the substitution method is real popular. Not what I would have 

thought of." A student in the second row asked if he had it right. Anne checked and then 

pointed to him and announced to the class, "Ok. we've got another right answer over here 

if anybody wants to steal from him." Anne kept circulating and the class kept working 

noisily. A minute and a half later, from the back of the room Anne directed, "Once you 

get your equation go ahead and pick the best window to draw a picture of it. Best 

window in the sense that it gives you a nice big picture." The class kept working and 

Anne kept circulating. She came over to me and explained that this part was a nice 

algebra review. Although it might seem like it could be a waste of time the students 

would be fitting curves to data all semester. Anne reminded the class, "Make sure you're 

doing the next part also." A couple of minutes later she called out, "Ok, you should just 

about be finishing up your graph, the last part." Anne circulated for another minute then 

began writing an algebraical solution on the board. She urged, "Finish up so we can 

move on to the next part of this," and spent another minute circulating and answering 

questions. Anne went back to the board and finished writing the solution. The noise 

level decreased as Anne wrote, although she did not talk to the class until she had finished 

writing. 

"Most people I noticed were using substitution and I just wanted to put a solution 

on the board where I used elimination method instead. Just to remind you about the 

opposite technique. Substitution method got a little bit messy and I also wanted to point 

out that when I was listing down this data, of course I cheated. [ had the equation in 

mind and then I just generated a table of data from it. So, the value .5 comma 44.5, that 
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might not be a perfect point. You might need to round off a little bit. And it's 

unfortunate that some of you may have tried to use that and you might have a little bit of 

an error. You may not have gotten exactly minus sixteen for a, you might have gotten 

close to that. But just a reminder about the elimination method. This approach, having 

too many unknowns, and you need separate equations to solve will come up later in the 

semester. So I just wanted to review that on top of everything else." 

"So do you have a nice clean picture here?" "Yes," murmured the class. "What 

does it look like? An upside down parabola? Which you really didn't need the calculator 

to draw for you. right?" The class agreed. "You knew what the intercept was and you 

knew it was upside down. Ok. now let me ask you to do a bunch of things. One 

question after the other." Anne erased the board. "So please follow with me and ask any 

questions as we go along because one thing about the introduction to this chapter is if you 

get lost halfway through you'll be lost the rest of the time. Ask as you go." 

"Ok. here's some questions. Question one: I'm going to ask you to find 

something. It doesn't matter how you do it." Anne wrote and said, "What is the change 

in height between .5 and 2.5 seconds?" Anne waited a moment then directed, "Don't 

shout out the answers. I want you to find it. And I don't care how you find it." 

Anne gave them nearly a minute to figure out the answer before she continued. 

"Does everyone have the answer? I just want the change in height. A real simple 

question. What did you get for the answer?" Several students called out, "seventy four." 

A few added, "feet." "Seventy four," Anne repeated. "Ok, from here on out, units are 

going to be a lot of partial credit. That's a big thing in this. So you said 74 feet." Anne 

wrote 74 feet on the board. 

"Someone tell me how you calculated this. In other words, I'm getting at the rule 

of three. Which statement do you use to find the seventy four?" "The table," answered 
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most of the class. "Ok. some people used the table because the two values happened to 

be right in the table. Ok, did anybody use the equation? Could you use the equation?" A 

few people answered, "yes." "You have your evaluate program, you've got an equation 

already sitting in there. You could have used the equation. How could you use the 

graph, to get the same answer?" "Trace it," one student offered. "Trace it. What could 

be a little bit of a problem with that?" A student answered. "It's not exact." "You can't 

get a nice perfect calculation with that." 

"Ok. I have another question for you. Before I do it. though, let me put a little bit 

of notation on the board so we can all use the same notation. From chemistry now. what 

is the symbol used for change?" "Delta," called out several students. Anne continued, 

"Yeah, everybody should be comfortable with that from chemistry. So if I'm going to 

talk about a change in time, what symbols could I use?" " Delta t," called some students, 

"delta X," called others. "Ok. delta t or delta x," Anne acknowledged. "I'll use 

whichever you want me to use." The class chose delta t. Anne wrote it on the board. 

"Ok, delta t is going to represent what?" The students answered, "change in time." "A 

change in time," Anne continued. She wrote on the board "At is going to represent a 

change in time." "The other thing I want to really emphasize is notation is a really big 

issue in this chapter. Actually, here on out in the course. And if you have the correct 

answer and the notation's wrong, then it's wrong. Ok, so watch the notation. Ask what 

things mean." 

"Ok, in this problem delta t has what value?" Students called out, "two." Anne 

agreed, "Two. Right, the value of the change in time was two. Ok." Anne circled where 

she had written 74 feet. '"This also means something doesn't it? It means a change in —?" 

Several students called out, "height." "Height. So I'd need a symbol. Now delta h 

would be a wonderful symbol, the only problem is h is used as something else. This 
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could mess us up down the line. And I think to be consistent, notice I put an f(x) here, so 

I should now use t, not x. I want to use the f notation. I could have very well used delta 

y. It's very nice comfortable notation, but the delta f is gonna help us out a lot. So if I 

use a delta f symbol or even a delta y, what's that going to represent in this example ?" A 

student suggested, "change in height." Anne agreed, "A change in height. It won't 

always be a change in height. It will depend on the notation. In this problem what is the 

value of delta f?" A few students suggested 74. Anne prompted, "seventy four—?" 

"Feet." they finished. "Ok. I want you to try to use the notation as much as possible." 

"Now I'm going to have another question." Anne wrote and asked aloud. "What 

is the average velocity of the book between .5 and 2.5 seconds?" She cautioned, "Don't 

give me an answer. I want everybody to come up with what they think they're going to 

solve and then we'll see if you're all the same." 

Anne waited for a moment then asked. "Everybody have the answer?" Most 

students called out, "No." "No? Ok," Anne acknowledged. As she gave them more time 

to figure it out she explained, "Again, I want to let you know why I'm asking you not to 

shout out answers. Because everyone has slightly different experiences with this in the 

past and I want to make sure that everybody gets to try this on their own." She paused, 

then prompted. "If the word average confuses you, just think about what velocity means, 

that's kind of the easiest thing." 

Anne waited another short moment then asked. "What answer are you getting?" A 

few students called out. "37 feet per second." "Thirty seven feet per second," Anne 

repeated. She recorded 37 feet/second on the board. "Velocity is how fast you go, right? 

Having an answer of 37 feet per second, what's the calculation involved?" As students 

told Anne pieces of how they had computed it, Anne said aloud their answers. "Total, the 

word total is very important in here, total distance traveled over total time spent moving. 
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Very important the word total gets in here. Average velocity is total distance divided by 

total time." She wrote "Average velocity = total distance/total time." She asked, "Do I 

mean total time like the entire time the book is in the air?" "Just the time that it took," 

replied one student. Anne restated, "Just the total time we're interested in. Ok? In terms 

of symbols, the total distance is like a difference in height. So delta, delta f, over—?" 

"Delta t," a student supplied. Anne wrote "=Af/At". "Have you seen this formula 

before?" she asked, "Delta f over delta t?" Several students said, "Slope." Another said 

he sees it in physics all the time. Responding to him, Anne said, "Well, no, let's not even 

be high tech about it. He says he sees it in physics all the time. Some of you probably 

saw this in eighth grade. There's nothing fancy here. What does this mean? A 

difference in two—?" The class supplied, "y values," which Anne repeated. She 

continued prompting, "over a difference in two—?" "X values," the class finished. "X 

values," she repeated. "Where have you seen this before?" "Slope." called out the class. 

"Yeah, it's slope. Slope of what, though?" One student answered, "that point." "Mmm. 

careful," Anne cautioned, "it's not the slope of a point, but—." As Anne paused several 

students called out "between" and "at two points." Anne finished, "slope between two 

distinct points on the graph. This is the slope of a line dirough two distinct points on the 

graph." Anne wrote the previous sentence on the board. "I'm emphasizing on the graph 

because we do weird things in this course. We do the slope of a line through a point on a 

graph and a point in mid-air. There's a lot of weird things, so I want to be real specific." 

"Is this just algebra still?" The class didn't really answer. "It's still just algebra. 

Ok, this next one isn't really a question. It's a command." A few students chuckled. 

"So I'll call it 'c' for command. So now what I want you to do —. Yes?" A student had 

raised her hand and Anne acknowledge her. The student asked, "I don't understand why 

we use the whole total time when you're asking for velocity between those times?" "I'm 
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glad you said that," Anne began, "and when I mentioned this I said the total time really 

meant the whole time the book was in the air. When I wrote this I'm implying that I'm 

talking about my time frame." The smdent persisted, "But if your question is what is the 

velocity between those two times then why do you include those two times? Do you see 

what I'm saying? I mean I got 86 as the velocity." Anne asked that student. "Ok, where 

did the 86 come from?" The student explained, "I just took the two velocities that were in 

between .5 and—." Anne interrupted, "Ok, what velocities?" The student continued, 

"The velocity for one second and the velocity for 1.5 seconds." "Those are distances, 

though, right?" Anne asked. Anne explained, "She has a very legitimate point that's 

actually going to come up in this section. I mean, the instant at 2.5, why don't I use the 

height of the book at 2.4? 2.49? That's the issue we're getting at. Why don't you use 

the next one over?" Another student suggested, "Well, if you go down on both of them 

it's going to hit the ground." Anne continued, "Yeah, when we talk about average 

velocity we always talk about closed intervals. We talk about between this spot and this 

spot. And we use the end points as well. In one sense you can think of this as 

convention. When we get to the next concept that will be a real big issue, whether to use 

the end points or not." 

"Ok, here's the command. I want you to illustrate three things on the graph you 

have on your paper." Anne said aloud and wrote on the board, "Illustrate delta t, delta f 

and average velocity on your graph." She further explained, "I don't mean generically, I 

mean with the specific numbers we used right here." Anne gave them a moment to get 

started and sipped her drink. She prompted, "Hopefully you drew a nice large parabola 

so you can see what you're illustrating. Now if this is just algebra, maybe the question is 

do you remember how to illustrate slope and changes in y and changes in x in an algebra 

class. If you remember that, then I expect it will answer this."(36:45) The smdents 
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began to talk with one another and Anne circulated. The student chatter sounded 

mathematical. Anne responded to raised hands as she circulated. 

After a little more than two minutes, Anne returned to the board and asked, "How 

many people put the 2.5 value at the very top, at the vertex? So in the table of data it 

might look like it's the highest value, but it turns out that when you actually graph it, like 

on the HP, Tve noticed that the point is actually a little bit to the left of the vertex." Anne 

labeled the points on her parabola on the board. 

"How many people remember illustrating or finding slopes with a little triangle? 

What was the whole purpose of finding-a-triangle method?" Several students called out, 

"rise over run." "Rise over run," Anne acknowledged. "And which part of this is rise 

and run?" she asked, pointing to where she had written Af/At. The students again said, 

"rise over run." Anne moved back to the graph. "So now, I'll make this a little less 

messy." She cleaned up the labeling on her graph. "What should I do to illustrate delta 

f?" Some students suggested, "vertical." "That length is delta f." Anne agreed, labeling 

the vertical leg of the slope triangle. She asked, "What about delta t?" "Horizontal" a few 

students replied. Anne labeled the horizontal leg accordingly. "That's delta t. So where 

is the average velocity?" Some students called out, "the hypotenuse" and others said "the 

slope." "Ok," Anne replied, "I'm glad somebody said the wrong thing. They said the 

hypotenuse is the average velocity. Be real careful. The hypotenuse, when we look at 

that, is just a length between the two points. That's not what you mean by average 

velocity. Average velocity is~?" Anne waited for an answer. One student proffered, 

"the arc?" "The slope of that hypotenuse," Anne corrected, "if you want to call it that 

way. So the slope of this line is average velocity. I'm really picky about that. One word 

that is going to be kind of off limits in this course is the word 'it'. 'It' is average velocity, 

'it' is slope, 'it' is a line. You're going to have to be real specific about what 'it' is. So 
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here if you point to the line and say 'this is average velocity,' you won't get credit for it. 

It's not the line, it's the slope of the line. Real specific. You've got to say what you 

mean." 

Anne erased part of the board. "Ok, let me ask you some questions about this 

now." A student in the front row called out, "I have a question." "Uh-huh?" Anne 

acknowledged. The student asked, "How did you pick that point right there? The one 

we're talking about, in the first place." "Well, remember the two points you used to get 

delta f?" Anne answered. The student was not sure. Anne came over to his desk and 

looked at his paper. "What point did you use? Yeah, you used this point and you used 

this point. Those are die two points." "Oh, ok," the student said. 

Anne continued to the rest of the class, "Ok, I have some questions now." She 

wrote and asked aloud, "What does the sign of delta f over delta t tell you about the 

book?" She directed, "Again, don't shout out any answers." She waited half a minute 

and asked, "What is the sign of delta f over delta t in our example?" The class called out, 

"positive." Anne agreed, "Positive, ok. And that tells you what? What is the book 

doing?" Students called out, "rising," and "going up." "Going up," Anne repealed. 

"So, what would the sign of delta f over delta t have to be to tell you the book was going 

down?" Anne asked. "Negative," the class replied. "Negative because the little triangle 

for your illustration would be where?" Anne probed. A few students responded. Anne 

said, "on the other side. So a positive sign means what?" The students murmured. "The 

book is traveling—?" Anne started. "Up," a student finished. "Up," Anne repeated. She 

wrote on the board "pos sign means the book is traveling up." "That's not something to 

memorize, by the way. It's this particular story line. My things could be going up and 

down and I could change the orientation and have just the opposite. A negative sign 
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means the book is traveling—?" "Down," answered a student. Anne wrote "Neg sign " 

down." 

"Is this still algebra? What does a positive sign for the slope mean on a line?" 

"Line's going up," suggested a student. "Something is increasing, something," Anne 

said. "In this case what is the something?" Students called out, "height" and "height of 

the book." Anne repeated, "height of the book. And then when we have a negative slope 

on a line something is decreasing. And in this case it's the height of the book that's 

decreasing." 

"Ok, command. I like that. Do everything all over again except this time I want 

you to go between point 5 seconds and point 6 seconds." Anne prompted. "I want you to 

find the values of these things, I want you to illustrate the things. It should go a little 

faster now. though. Because you kind of know where we're going. Find delta f. delta t. 

average velocity and draw pictures for all of them." She wrote this command on the 

board. After a minute and a half she encouraged, "Help the people around you. I think 

you're getting the idea." Anne circulated among her smdents a bit and spent some time 

waiting at the front of the room. After almost another minute she suggested, "Those of 

you that are done quickly, you know your calculator draws those lines nicely. Use the 

line command and give it the points. It will draw the nice little neat lines on the calculator 

for you." Anne spent another minute helping a student in the front row. 

"What did you get for delta f?" she asked the class. Several students responded at 

once. "How much?" Anne asked again. Students called out "6.727". "6.74". Anne 

recorded the answer on the board, and wrote values for delta t and average velocity as 

well. She continued, "Now I'm going to draw this on the same picture. It gets kind of 

messy when I do it. Let me get this out of here." Anne erased some of the labeling she 

had done previously on the graph. She drew in the new points and the line between them 
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and represented delta f and delta t. "So, it's probably more like this, right? They're real 

close together. Now if I had a nice zoomed in picture we could really see the distinction 

there. Is there a littler triangle there?" The students agreed that there was. Anne 

continued, "Littler. Did you notice something when I made the time frame smaller? What 

happens to the change in height?" A few students called out "smaller." "It got smaller." 

Anne repeated. "I think that makes sense, right? You don't wait very long, the book 

can't move very far. What happened to the slope of that line? Did it get steeper or 

shallower?" "Steeper." called out the class. "It got steeper. Right, so what? Ok." 

Anne wrote the next command on the board. The students were to do everything 

again except go between .5 and .500001 seconds. "Well, I don't want to wait very long. 

I don't want to wait very long while I watch the book fall," Anne commented. She 

pointed back to the previous problem and asked, "Was everybody able to get the six point 

seven four up there? How did you guys do it? It wasn't on the table." The class called 

out how they had computed the value, "calculator," "plug it in," "the program." "The 

program!" Anne exclaimed. Anne circulated as the students worked on this last problem. 

After a minute she asked, "Are you getting an answer? That program's pretty good. 

Actually, I've got an even better program for you tomorrow." She made a place on the 

board to record the answers, then cautioned, "Now be very careful. You know if you 

find your delta f and put that into average velocity, you better keep every single decimal 

place." 

She gave them another half minute to work, then she inquired, "Did you get an 

answer?" A few students replied. "How much?" Anne asked. The students repeated 

their answer and after figuring out which numbers went with which item Anne recorded 

the answers on the board. "Ok, and that's velocity? Exactly?" "Not exactly," the class 

answered. 
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"Does this process of what I'm doing remind you of something we've done this 

semester? The limit thing that we talked about." Anne paused for a moment. The class 

had been very loud and they "shushed" themselves. Anne continued, "When did we ever 

talk about limits in this course?" There was still a great deal of chatter, but a few students 

answered, "e." "When we derived e," Anne answered. "There is a limiting idea going on 

here. The big step comes tomorrow. Now, I want you to bring all of this with you 

tomorrow. And Amy has to talk to you a little bit. I do know I have some of your 

homework here. 

1.2 The Next Lessons 

The smdents from Anne's class participated in initial interviews on September 21 

and 22. Anne continued her introduction to derivatives on the 21st. On the 22nd Anne 

led a lesson going over a trig section from the previous chapter, although the discussion 

of one problem included a discussion of how to interpret a rate graph. 

Anne began the class of September 21 by directing her students, "All right, what 

I'd like you to do is skim over your notes for a minute. I want you to have the correct 

frame of mind before we get started." She told them that as promised they'd be 

continuing the same problem from yesterday. Anne noticed diat by five minutes into class 

time about five people were absent. She told the class that since people were absent she'd 

make a point of collecting something from them as "one way for me to tell exactly who is 

here." It turned out that four of the smdents did eventually make it to class that day. 

Anne began discussing the problem by going over some of the same questions 

asked during the previous class. She asked, "As delta t gets small, what does delta f do? 

Again, to make sure that everybody has a chance to think about the answers, don't shout 

out the answers right away. Now this is just going over some observations we made 
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from the calculations we did yesterday. What did you observe?" Everyone agreed that 

delta f would get smaller, too. Anne continued, "Does that make sense physically when 

you're watching this book? Because the delta t is the time period in which the book is 

going to move. If that's very small the book isn't going to move very far. You know, 

that's all this is about." 

Anne moved die class on to discuss notation to illustrate the idea of delta t getting 

small. In this way she introduced the At -> 0 notation. Although a student asked if they 

would add this notation to their slope expression, Anne held off on that explaining that 

they were still just looking at the rise and the run components separately and noticing that 

as the run got smaller, so did the rise. 

This led into the next question which was, "As delta t gets small what does delta f 

over delta t do? Did velocity get small?" The class noted that the velocity actually got 

bigger. Anne asked, "But do you think as I make the interval of time smaller and smaller 

it will get bigger and bigger and bigger? Look at your picmre. Look at your graphs. 

What do you notice when you graph it. Do you think, in some sense, there will be an end 

to this process?" After some discussion Anne asked the students what value the average 

velocities seemed to be heading towards. Anne directed her students to use even smaller 

intervals from the point t=.5 in their programs. "Let's see if our intuition is right." She 

circulated as the class tried this out. 

Anne solicited from the students what they had found and then recorded in words 

that delta f over delta t seemed to be approaching 69 as delta t got small, or in other words 

as delta t approached zero. She asked the class how this might look using the "lim" 

notation. She had the class look back at their notes from the lesson on finding e to figure 

out how best to use the "lim" notation to write more formally what they had just written in 

words. 
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Anne then asked the class, "Doesn't this seem weird?" She pointed out that both 

the numerator and denominator were approaching zero, yet that zero over zero was 

approaching 69. She explained to the class that for each of the values they had used for 

delta t. the value of delta f was about 69 times as large. Anne fiirther explained the 

although anything over zero was undefined that in this limit they never really looked at a 

delta t equal to zero, but just at really small delta t's. 

Anne then pointed out that none of the lines she'd drawn to illustrate all the slopes 

they'd found had a slope of exactly 69. She asked the class, with the interval starting at 

t=.5, "Is there any line that has exactly slope 69 between two points on this graph?" The 

class decided that none of those lines would have a slope of exactly 69 and one student 

called out that the tangent line would do it. Anne reminded the students that a tangent line 

from geomeuy would touch a circle at exactly one point and never cross through the 

circle. She had the students take a minute to draw the tangent line at t=.5 and check their 

answer with a neighbor. Anne explained that she could think of the graph near .5 as a 

piece of the circle and then the tangent line to the graph would be like the tangent to a 

circle. She further explained that it would be ok if the tangent to the graph crossed 

through the graph somewhere else away from t=.5 since calculus is concerned with what 

is happening in the little area near a particular point. 

Anne then asked the class "What would a program have to do to make these 

computations less tedious? What would you have to tell that program?" She spent 

several minutes soliciting from the class the steps and information needed to find 

difference quotients. They discussed the two alternatives of inputting the first and last 

points of the time interval versus inputting the first point and the size of the interval. This 

discussion led into a discussion of notation for average velocity, and Anne wrote the 

standard notation for the difference quotient in the limit definition of derivatives (i.e. 



241 

(f(t,+h)-f(t,))/h) on the board while soliciting it piece by piece from the class. She 

emphasized that this was just another notation for rise over run, the slope of a line 

between two points on the graph. Anne then asked where the 69 had come from and put 

the limit notation in front of her difference quotient explaining that this changed the 

interpretation of the slopes. With the limit expression out in front they were not looking 

at the slope between two points on the graph anymore, but rather looking at an expression 

for finding the slope of the tangent line at one point on the graph. She emphasized that 

the program would not give them the slope of the tangent line, but of a line between two 

points on the graph. 

She asked, "How are you going to make this program eventually give you a 

reasonable answer for the slope of the tangent line?" A student suggested, "Well, if you 

made your number really really small and then rounded off you would get the tangent." 

"But would you use one calculation?" Anne asked and then agreed with the folks who 

said no. Another student asked "Couldn't we just plug in delta t equals zero?" Anne 

asked the class what would happen if they tried that and told them that the calculator 

would give them an error message. She also reminded them that if they choose an 

interval size too small they might get calculator round off errors. She told the class that a 

much better way of doing things was to make several calculations and look for a trend. 

Anne pointed out that this approach with the calculator would only work if they had the 

function as an equation and that they had not yet discussed what to do if the function came 

as a table. 

Anne had student volunteers help pass out the programs so that each class member 

got the correct program for their model of calculator. Anne used the term difference 

quotient to explain what the program was finding. She had the students enter the program 

and then use it to generate the same data they had been finding by hand for two days. 
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Anne then had the students use the program to find the slope of the tangent line at t=1.2. 

She reminded them that when they were running the program over and over again with 

smaller and smaller interval sizes that "you are physically taking a limit." 

The first part of the class of September 22 was spent going over homework 

problems from the section on trig at the end of chapter one. Some problems were from 

the book and other problems were from a worksheet Anne had given to the class. One 

problem from the worksheet asked soidents to find the coefficients to a sin function the 

modeled air entering and leaving the lungs. The units on the independent variable were 

seconds and the units on the dependent variable were liters per second. After discussing 

what the various coefficients on the sin function would be, Anne graphed the function and 

asked which part would correspond to inhaling and which part would correspond to 

exhaling. They discussed that this was not a graph of the volume of air in the lungs but 

rather a graph of rate. This graph corresponded to volume the way a speed or velocity 

graph corresponded to distance. Anne asked what a distance graph would look like if the 

speed were constant and she drew a diagonally increasing line. She then drew the next 

leg of the graph as a steeper diagonal line explaining that that part would also be a 

constant speed, but faster than the first part. Lastly, Anne drew a decreasing line on a 

distance graph and explained that that would correspond to "getting closer." Anne spoke 

about what positive and negative slopes would mean on a distance graph. Going back to 

the lung graph, she pointed out that where the rate graph was positive something must be 

increasing, in this case volume of air, so the part of the graph above the axis 

corresponded to inhaling and the part of the graph below the axis corresponded to 

exhaling, or decreasing the volume of air in the lungs. 
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Anne gave the students a problem to work on over the weekend. For the function 

f(x) = (ln(x+-2))/x, (a) estimate the slope of the tangent line at x=l, and (b) find the 

equation of the tangent line at x=l in the form y=mx+b. 

2. Robin and Her Lessons 

2.1 Leading Up to the Initial Lesson on Derivatives 

Robin's first lesson on derivatives occurred on Tuesday, September 19. The 

class of September 18 was spent finishing up chapter one. Some problems discussed that 

day included identifying the domain and range of f(x)=sin(x) and of fgraphing these 

functions; two problems from section l.l I; graphing y=x^ and y=x"'+6x'+3x-10 in the 

standard window and then in a window that would make graphs look the same. On the 

board at the start of the lesson on the 18th, Robin had written: due Tuesday 9/19 Chapter 

1 review problems #14,22,24 plus read as much as you can in 2.1 but read the top half of 

pg. 94 at a minimum, due Wednesday 9/20 2.1 #1-7.9. 

The assigned problems from section 2.1 (p. 100-101) were as follows: 

1. A car is driven at a constant speed. Sketch a graph of the distance the car has traveled 

as a function of time. 

2. A car is driven at an increasing speed. Sketch a graph of the distance the car has 

traveled as a fiinction of time. 

3. A car starts at a high speed, and its speed then decreases slowly. Sketch a graph of 

the distance the car has traveled as a function of time. 

4. A bicyclist pedals at a fairly constant rate, with evenly spaced intervals of coasting. 

Sketch a graph of the distance she has traveled as a function of time. 

5. Find the average velocity over the interval 0 < t < 0.2 and estimate the velocity at t = 

0.2 of a car whose position, s, is given by 
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t (sec) 0 0.2 0.4 0.6 0.8 LO 
^(ft) 0 0.5 1.8 3.8 6.5 9-6 

6. A ball is tossed into the air from a bridge, and its height, y (in feet), above the ground 

t seconds after it is thrown is given by 

y = f(t) = -I6t2 + 50t + 36. 

(A) How high above the ground is the bridge? 

(B) What is the average velocity of the ball for the first second? 

(C) Approximate the velocity of the ball at t = 1 second. 

(D) Graph the function f, and determine the maximum height the ball will reach. What 

should the velocity be at the time the ball is at the peak? 

(E) Use the graph to decide at what time, t, the ball reaches its maximum height. 

7. Match the points labeled on the curve in Figure 2.6 with the given slopes. 

Slope Point 
-3 
-I 
0 

1/2 
1 
2 

(Figure 2.6 was a five legged function with positive y intercept, contained largely in the 

first quadrant, dipping slightly into the fourth, with six labeled points.) 

9. For the graph y = f(x) shown in figure 2.8, arrange the following numbers in 

ascending (i.e. smallest to largest) order: 

• The slope of the curve at A. 

• The slope of the curve at B. 

• The slope of the curve at C. 
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• The slope of the line AB. 

• The number 0. 

• The number I. 

(The graph in figure 2.8 was an increasing concave down graph starting at the origin. A. 

B. C were points from left to right. A was just past the origin, B was where the labeled 

line y=x intersected the function, and C was further to the right.) 

The reading assignment was as follows: The top half of p.94 contained a discussion of 

the paradox of speed or rate at an instant. The main idea was that if something was 

changing, a photograph at any particular instant would "stop" the change so it could seem 

like there could be no rate at an instant. The authors indicated that the modem approach, 

made famous by Newton, is to look at speed over small intervals containing the instant. 

The chapter then went on to introduce the example of finding the velocity of a tossed 

grapefruit. First the average velocity was found using a table of heights. Next, the idea 

of taking smaller and smaller intervals and looking at the limit of the velocities was 

suggested for finding instantaneous velocity. The section continued with an explanation 

of how to visualize the average and instantaneous velocities as the slopes of lines on a 

graph of height versus time, which they pointed out is different from the path of the 

grapefruit. They suggested that if you zoomed in enough on a graph at a point it would 

look like a line and the slope of this "line" is the slope of the curve. They finished up by 

giving a precise definition for instantaneous velocity at a point using limit notation and 

then they discussed how to find a limit by trying small values of "h" or simply 

approximating the limit by using a single small value of "h". 
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2.2 Robin's tnitial Lesson on Derivatives 

Robin's initial lesson on derivatives took place on September 19. Most of the 

students had already arrived in the classroom. Before class began, Robin spoke to Bill 

Pino at the front of the room, showing him something on her calculator. When they 

finished Robin began passing out papers to her students. She asked "somebody want to 

pass out one of each of these to people with TI-8 Is?" Meredith agreed to do so and called 

out "Who has a TI-81?" as she picked up the stack of papers. "TI-82's?" Robin inquired. 

"Ok, so Forrest you're a TI-85?" Robin asked as she continued passing out the papers. 

Forrest replied, "Yeah." 

Robin was distributing sets of calculator programs to the class. Each student 

received a set of programs written specifically for their particular model of calculator. 

Included in the set of programs was a program that would evaluate a fiinction at a point. 

This program came with explicit information on the keystrokes required for entering it, 

and was in part designed as in introduction to programming the calculator. Another 

program in the set was a program to compute a difference quotient. A few more students 

arrived as the programs were being distributed. 

"OK, for tomorrow. For tomorrow I need you to enter your calculator programs. 

First enter evaluate a function." Robin wrote on the board: For tomorrow: Enter 

calculator programs: 1st "EVAL FUN". She continued, "That's one you really don't 

need because most of you have calculators that have their own way of evaluating a 

function. The TI-82 for example uses a table. But, by entering that and by following the 

directions on here and paying attention to the comments that are off on the right, you can 

find some of these programming directions. The menus, the functions that you'll need. 

So enter the program first just to get comfortable with entering programs. That's why 

we're going to do this now. It may be a little short program you will never use. You can 
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erase it after you've entered it if you want to. Then once you've gotten that done enter the 

difference quotient program." Robin wrote on the board: 2nd "DIFF QUO" Enter that. 

For most of you it doesn't have any instructions on where to find these commands and 

symbols and stuff. So you wouldn't know it unless you enter evaluate a function first. 

So I'm hoping you'll get difference quotient in there. That's a real one. That's a real 

useful one." 

Some students began to murmur. One spoke up that he didn't have the right set of 

program. Another student came to the front of the room and picked up some program 

sheets. "Which do you need? Everybody else have one for your own calculator?" Robin 

asked. "We'll work with it some tomorrow in case you have trouble getting it in. You 

have to be very careful and enter the computer program exactly as it looks on those pages. 

No punctuation differences, no spacing differences. It has to be exact. Because the 

computer language is very precise." 

"So you got you're quizzes back. We had the whole range. Some of you did 

pretty good. The average on the quiz was 51 percent. We had the whole range including 

a lot at the lower digits. You get a second chance to do better on that one tomorrow. It 

will be a similar quiz on the very same topic. Know the circle definitions of the trig 

functions. Know how to find the effective annual yield. The continuous rate that money 

is growing. I've posted the solutions to that quiz outside my office, so they're there now 

in case you want to go by and look at it." 

"Today we're going to start chapter two. And I hope you read the first pages that 

I put up. Cause it serves as kind of an introduction. We're going to start talking about 

measurement of speed. Which has it's own paradox with it," Robin began walking back 

and forth across the front of the room, "because as I'm walking across the room I'm 

walking at some speed. That'll be changing, too. Sometimes I walk faster and 
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sometimes I walk slower. You can talk about the average speed that I travel at as I walk 

from one end of the room to the other. And oddly enough you can talk about my speed 

right here." Robin walked partway to the door and stopped. "Even though I'm not 

moving if you take a snapshot of me. it looks like I'm not moving at ail. Well you can 

say what was her speed right at that exact spot, even though at that instant, just for an 

instant. I wasn't moving at all. So it's kind of a paradox to talk about speed at an instant. 

I think it would be more comfortable to talk about a speed over, an average speed over an 

interval. That's what we're going to talk about today." 

"I brought in a sweet potato." Robin held up a sweet potato. "I think in the book 

they talk about throwing a grapefruit or a pomegranate or something." Some students 

indicated it was a grapefruit. "A grapefruit?" Robin continued, "Well, I didn't have a 

grapefruit. I have a sweet potato. So I'm going to throw this sweet potato up. starting 

from about five feet or so: throw it up. it comes down. Up, down." Robin had tossed 

the potato nearly to the ceiling twice. She began drawing pictures of sweet potatoes on 

the board to illustrate the potato's position at different times as it was tossed. She drew a 

series of potatoes going straight up the board and a series of potatoes heading down just 

to the right of the up series. "Imagine now you have a little strobe light which shows 

different positions of die sweet potato — it's down here, and then you catch it up here, 

then it's up here, then it reaches its highest level, then it starts dropping again. So that's it 

going up, and then it starts falling again. And then if I let it fall all the way it goes back 

down to the ground. Splat down on the ground. You could ask, for example, well what 

the average speed was it traveling for its first one second." Robin tossed the potato again. 

"Let's say from the level at which I let go up to here may have been one second." Robin 

marked from the beginning of the series of upward traveling potatoes to nearly the top of 

her series of potatoes. "Then we can talk about the average speed of the sweet potato 
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traveling during that one second. What information would you need to know if you were 

trying to find the speed during that first second?" 

Robin waited. After several seconds Larry suggested the distance it traveled. 

Robin wrote "Dist" on the board, explaining, "you'd know the distance. Than you. 

Larry. Let's see, what else?" "The time," continued Larry. Robin agreed, "And the 

time. What would you do with those? Or do you need a third piece of information?" She 

wrote "time" under "Dist" on the board. Larry explained, "It would be distance divided 

by time." "Ok, distance over time equals the speed. I'll call it the rate." Robin drew a 

fraction bar between dist and time, and then wrote "= Rate" to their right. "Let me just 

embellish that a little. If you had the change in the distance," Robin wrote "change in 

position" on the board. " ~ sorry, the change the position is another way of describing 

the distance traveled. The position was here, and now it's there." Robin gestured in die 

air from where she had released her potato to where it might have been a second after the 

toss. "So the change in position is actually what the distance is, over a corresponding 

change in time." Robin put a fraction bar below "change in position" and wrote "change 

in time" as the denominator. "So time from zero seconds to one second. Then that would 

tell you the rate at which it traveled during that second. And that's just coming from 

distance equals rate times time, which you've seen a bunch of times." Robin wrote 

"D=r*t". "Larry just divided by "t" on each side to get an expression for the rate in terms 

of distance and time. Nothing new there." 

"Is it traveling at one particular rate from here to here? Oops, lost the potato." 

Robin tossed the potato in the air and it slipped out of her hands as she caught it. "Is it 

traveling at a rate, as far as you know? Well, Leslie, what do you think about rate?" 

Leslie replied that it would speed up and slow down and it starts at zero. "That's right, 

that's zero," Robin replied as she held her hand straight out. "It must be speeding up. 
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then it slows down. Why is it slowing down?" Leslie answered, "From gravity. It goes 

back to the floor." "Gravity pulls it down back to the floor, that's where it eventually 

stops" Robin agreed. "So it's not traveling at a rate during that one second. It's traveling 

at lots of different rates. So if you do this change of position over change of time what 

actually are you finding?" Leslie replied, "rate." Robin continued, "Yeah, you're finding 

the average rate. The average rate of change in position to say it fully. So I'll just put that 

there, the change in position." To the right of "change in position/change in time" Robin 

wrote "= average rate (of change in position)." 

"I'm going to put some figures up on the board." Robin erased her potatoes, then 

turned around and held up the sweet potato as she explained, "You might want to copy 

this down just because we'll be using this table of values to make lots of little 

calculations. You don't have to write it in your notes exactly, you just have to be able to 

work with it. Now I took the mathematical equation that pretty much really describes the 

height of the sweet potato as a function of time. Now I didn't measure the real data, but 

somebody had to come up with the equation similar to this, so I know this is a reasonable 

equation. So I measured t, time in seconds, I mean I didn't measure it, but I imagined it. 

and I'm going to plot that against y, which is a function of time, s(t), and that represents 

the height in feet above ground for the sweet potato." 

Robin put the following table of data on the board: 

t (time in 
sees) 

0 .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 

y=s(t)=ht. 
(in feet) 
above 
ground 

5 10.36 14.44 17.24 18.76 19 17.96 15.64 12.04 7.16 1 

The table of values stretched on to the second board. "I should have started on the other 

side. I'm going to continue this table over here because I would really like to put in more 
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entries. Since I didn't scoot it over I'll just continue it. I'm taking time measurements at 

every two tenths of a second, and I'm going to go for two seconds." Robin took another 

minute and a half to finish putting the table on the board. She labeled s(t) "position 

function." 

"Ail right, so I have, I have some S(t) equation, that I was using actually to come 

up with this data, but I'm just putting up the data. Some function that's called the 

position function and gives you, what's this function giving you, as a function of what?" 

A student suggested. "Position of the sweet potato." Robin concurred, "Position of the 

sweet potato, number of feet above the ground, as a function of the number of seconds 

gone by. Okay?" 

"Now I'm going to put up a bunch of questions. What was the average velocity 

that the potato traveled over the first second? I want us to switch the word rate now to 

velocity." Robin wrote "a) What average velocity did the potato travel over the 1st 

second?" She explained, "We're also going to find what average velocity it traveled at 

over the second second," and wrote "b) What average velocity did the potato travel over 

the 2nd second?" 

"Let's do part a first. Can somebody tell me what figures should we be using to 

get the numerical value to answer part a? Maria, want to take a guess at this? The answer 

to part a?" Maria suggested using the height at t zero and t one. Robin praised, "Very 

good, t zero and t one." She recorded on the board as she explained, "We've got 5 feet 

above ground at zero, and we've got 19 feet above the ground for one, so we're gonna 

calculate the change in position over the change in time. So we've got 19 minus 5 is our 

change in position, over time which is one minus zero. So, 14 is a numerical value. 

What kind of units go with that?" A students offered "feet per second." "Yeah, feet per 

second. Feet for the numerator, seconds for the denominator. Going 14 feet per second 
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on the average, making pretty good time. Everybody all right with that? Data at zero 

seconds and at one second. Does this seem reasonable for two values to use?" Robin 

paused. No one objected. "Seems reasonable, doesn't it? Total change in position, from 

the beginning of the interval to the end of the interval, a total change in position over the 

total change in time." Robin directed the class to do the next question on their own, 

"Okay, go ahead and do the second one, part B. see what you get pretty quickly." 

Robin leaned over the desk of Ken Mickens. sitting in the front row. "Ok. let's 

see. Ken has got t equals one and t equals 2. 19 minus I over I minus 2, you get 

negative 18. Still feet per second. Why is it negative?" A few students called out replies. 

Robin explained, "Because the height is decreasing. In other words it's falling down, 

with a negative velocity. In this course we use negative velocity to mean something 

coming down toward the ground, height is decreasing." 

"All right, no problems with that. Let's look at the average velocity over one 

more interval here. I'll put it right up here so I'm not getting too far off to the side." 

Robin wrote the third question above the data on the board as she said it aloud. "Average 

velocity over times 0.6 and 1.4 seconds. Ok, the interval from 0.6 to 1.4 seconds." 

Robin waited a moment, then directed, "Rhea, call out the figures I need to use in the 

numerator." Rhea hesitated a moment and replied, "17.24" which Robin repeated and 

wrote on the board, then the Rhea finished with " 15.64" which Robin also repeated and 

wrote. "All right, and Anu the denominator?" ".6 minus 1.4," Anu answered. Robin 

said, "Ok, let's see what you get out of that. Negative two, again, negative decreasing 

height. On the average over that interval it decreases." 

"So, just looking at this, it's like a slope right? Change in y's over change in x's, 

sort of? We've been getting this average rate of change in the position by looking at two 

different position values and subtracting. So the position at time B minus the position at 
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time A. so I'm calling s(t) the position function again, it's right over here. I didn't tell 

you what the function is, it's part of the equation, but there is some function we could call 

the position function. The subtracted positions on the top, over the subtracted time values 

at the bottom. You've seen that lots of times." Robin had written (s(b)-s(a))/(b-a) on the 

board. "Another name for that is, can you tell me another name for this setup right here?" 

One student suggested "Rise over run." Robin acknowledged that answer and asked, 

"Can anyone think of a calculus associated name for this?" Another smdent suggested, 

"derivative." "Well," said Robin, "it's getting close to the derivative. This is called the 

difference quotient." She wrote "difference quotient" on the board. "Difference quotient. 

That's what you're calculator program is going to calculate for you. Change in y's over 

change in x's." 

Robin erased questions a and b and titled the space "Graphical Rep." She 

continued. "Now let's see what it looks like in a graphical representation. We have time 

and height above the ground, feet above the ground." Robin drew axes, labeling the 

vertical axis "y=ft above ground" and labeling the horizontal one "t=sec". She marked 

and labeled ticks every .2 seconds out to 2 seconds on the horizontal axis and every 5 feet 

up to 20 feet on the vertical axis, adding unlabeled ticks in between. Robin dien plotted 

the points from the table on the graph. "Ok, looking something like that. If we kind of 

fill in some extra dots it'll probably look something like this." Robin dotted in a smooth 

curve connecting the plotted points. 

Robin tossed the potato straight up in the air again and asked about the 

relationship between what the toss looked like and the graph. "How does this relate to 

this thing? What you see with this thing? It goes up, it comes down. What's the 

relationship between what you've just saw there and what you're looking at here?" Robin 

waited a moment. "Is it the same thing?" One student made a comment about the shape. 
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Robin responded, "Does it look like the sweet potato's making a parabola?" The student 

added, "over time." "Oh. over time," Robin acknowledged. "Yeah, if you plot the dots 

out over time then it looks like a parabola, but that's not actually the path the potato takes. 

It's actually going up and down. We throw it straight up and straight down. So this isn't 

a graph of the path it takes. It's a graph of the height over time." 

"How does the number— let's see what we had over here. 14 feet per second — 

show in that picture? Explain how we can visualize 14 feet per second, how we can 

graph it." Robin waited. She asked the question again. "Let's say it out loud again. 

How can you visualize 14 feet per second? Think for a minute before you answer." 

Robin waited another moment then called on a student who responded. "It's the slope of a 

line connecting t of zero to t of one." Robin followed his suggestion and drew the line on 

the graph from the function at x=0 to the function at x=l. "So if I draw in a line, imagine 

that line, the slope is 14 you're saying?" Robin labeled the line "slope is 14 ft/sec." The 

student acknowledged, "Yeah." Robin agreed. "I think you're right. Let's see how 

you've done it. We got that whole big thing by taking a change in y's, specifically the y's 

associated with time one and time zero. So, yep. It's a change in y's, that distance right 

there, that distance between y's" Robin drew a vertical segment from the fiinction at x=l 

down to the height of the function at x=0 and continued, "over a change in time." Robin 

drew the horizontal segment completing the slope triangle. "Visualize that, that over that 

is the slope of that line. If you were thinking that you were right. And that's how you 

can visualize all these slopes." Robin indicated how to represent the average velocity 

from t=I to t=2 as the slope of a segment. "From here to here. It's not the line. It's the 

slope of the line. Make sure you remember to put the word slope in there when you try to 

explain this. You're slope is negative 18. So that rate of change can be seen as a slope." 
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"Now, if I draw a curve in," Robin drew a curve through her plotted dots. "Let's 

just say I plotted a whole bunch of these points on this. We call one of these lines that 

joins two points on this curve, we call that a secant line. S-E-C-A-N-T. Secant line." 

She labeled her lines "secant." Robin wrote and repeated twice, "The average rate of 

change is the slope of a secant line." 

"Let's do one more average rate of change here. We're up to part d on this. Zero 

point eight and one point two seconds. Let's see what that would be. I'm going to take 

17.96 minus 18.76 over 1.2 minus 0.8. Is that right? That would be negative point four. 

Is that right ?" A student corrected, "point four." A brief discussion of the correct value 

of the subtraction ensued. A student asked about which order the points needed to be 

taken to subtract correctly when finding the slope. Robin answered, "Oh, you can 

subtract in either order so long as you're consistent from top to bottom. For example, if 

you've got whatever time you put first, put that distance first. You flip both around that's 

fine. Make sure you flip both around, not just one." 

"All right let's compare d and c. We got the same answer. Negative two. But 

they're different times. From point six to one point four. Point six to one point four 

slope equals negative two." Robin drew in the secant from .6 to 1.4 and labeled it "slope 

= -2" and then she drew in the secant from .8 to 1.2 and also labeled that "slope = -2. 

The function and the previously drawn secant lines were in white, but these two secant 

lines were drawn using pink chalk. " She continued explaining, "And this one is from 

point eight to one point two. Slope equals negative two also. It happens, right? We did 

our calculations correctly." 

"I'm interested in getting right up here at one, at one second and finding for part e 

— I don't know to call it, it's not going to be an average, I'll leave that blank for a second 

— at t equals one second." Robin wrote "e) at t=l sec." She elaborated, "I'm 
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wondering how fast that potato was traveling at exactly one second's time. At that one 

second mark. I'm wondering what it's speed was." Esther suggested that the speed 

might be zero. "It looks like it might be zero," repeated Robin. "Why do you say that. 

Esther?" Esther explained her answer and Robin restated, "Yeah. If at the one second 

mark happens to be exactly where it changes directions. Then the average speed is going 

to be zero. It goes up for an instant and then it starts falling. For that instant it has zero 

velocity. Change of direction. Going from positive to negative. So when you go from a 

positive to a negative number you have to move through the number zero. So 

madiematically that makes sense." 

"And, if it's the slope of a secant line it goes from this point to this point," Robin 

explained as she pointed to the function at x=I twice. "How do you calculate a slope that 

goes from a point to itself? You can't think of it diat way. Right? It doesn't make sense 

to think of it that way. How you can think of a slope at a point, though, is the slope of a 

secant line as the interval is shrinking. So the slope at a point. Maybe it's zero, maybe 

it's not. We don't know." Robin drew the tangent line to the function at t=l using pink 

chalk. In the blank space in question e she wrote "rate." "Let's see. rate at t equals one 

second is the slope at one point, where t equals one, specifically." Robin completed 

writing part e to read "Rate at t=l sec is the slope at one point." 

She continued, "And I won't write this down, but one way you can arrive at that 

is shrinking the time interval size. So that you're taking the slope between two points that 

are getting closer and closer together." Robin paused and then repeated, "Taking the 

slope between two points that are getting closer and closer together. That's what I meant 

as the point of c and d. I was shrinking my time interval size. First I started out four 

tenths away from point one in each direction. And then I shrunk it and I only went two 

tenths away from one in each direction. If I had some more data stuck in here, like just 
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one tenth of a way on either side, I'd be shrinking the time interval and I'd be getting an 

even better idea of what the rate was exactly." 

"Do you know what they call an average rate of change exactly at one point? They 

don't call it the average rate of change." A student offered, "instantaneous." "Yeah," 

Robin agreed, "you call it the instantaneous rale of change. Now I'm writing the slope of 

this tangent line. It's changed it's name." Robin erased the labels for the secant lines 

from .6 to 1.4 and from .8 to 1.2 and for the tangent line at I. She re-labeled the tangent 

line "slope of this tangent line." "I'm not calling it a secant line anymore. If it touches the 

curve at just one point it's called a tangent line. Slope of this tangent line is instantaneous 

rate of change, of the height of the potato." Robin finished writing " slope of this tangent 

line is instantaneous rate of change." 

'What if all of a sudden a little motor inside the potato kicked in, and it was 

coming round here doing about negative two feet per second, two feet per second it's 

falling, and it continued that rate because the motor kicked in. It kept it at that rate of two 

feet per second, negative two feet per second for maybe, another whole second. What 

would that look like on the graph?" Robin waited a couple of seconds. "Go ahead 

Phillip." Phillip suggested the graph might be straight. Robin probed, "If it keeps the 

rate of negative two feet per second, for a whole second constantly while that motor is 

running. How did we say we visualize the rate?" A student replied, "slope." "Slope," 

Robin repeated. "Slope. So say from one second to two seconds it keeps that slope of 

negative two feet per second. It's gonna be that slope, that steepness, all the way from 

one second to two second." Robin extended the pink tangent line at t=l out beyond t=2. 

"'It' meaning the curve, the white curve is switched. It wouldn't be curved anymore. 

Because it would have a constant rate of change." Robin erased the part of the curve after 

t=l, and indicated the extended pink tangent line. "So here would be the sweet potato 
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curve, right? All the way to the two second mark. If the motor gave out then it would 

start falling probably faster, gravity would start working on it." Starting at t=2 seconds 

Robin curved the extended pink tangent line back to the horizontal axis. "But you would 

have a constant rate of change over a whole second if the motor were to kick in and give it 

a constant velocity." Robin darkened the pink straight line between t=l and t=2. 

"Constant velocities look like this." 

"This here first second shows changing velocities. Why is that'? Why do I say I 

can see changing velocities on this graph?" Hank answered, "velocity is slowing down." 

Robin asked him to explain, "Yeah, how do you see that in here. Hank? What's the 

graphical representation of that?" Hank supplied, "The slope decreases." "Yeah," Robin 

agreed, "the slopes are decreasing." Robin moved her chalk as a tangent line along the 

first second of the curve. "The slopes are changing, that equals a change in velocity. 

Velocity is slope. Slope velocity. Rate of change is slope. Same thing." 

"Ok. There's a definition in your book. Reads pretty much like this. You can 

write it down or just find it in the book. Phoebe, what page is it on?" Phoebe had her 

book open to die page. She told Robin it was page 95. "Page 95 in the blue box gives 

you the definition for instantaneous velocity. Right Phoebe? Is that what is says right 

there in the blue box?" Another smdent corrected that it was on page 96. "Page 96. 

Instantaneous velocity at time t is the limit of the average velocities as the time interval 

shrinks around t." 

"What time do we have? I didn't bring my watch. Hmm?" Someone told Robin 

the time. "Thirty seven after? We'll do one more example and then we'll let Amy have a 

few minutes to talk to you." Robin erased the board (the graph, the table of data, the 

questions) and wrote "INST VEL is lim h->0 ((s(a+h) - s(a))/h), h is interval size". She 

explained as she wrote, "Ok, instantaneous velocity is the limit as the time interval 
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shrinks. Ok, that definition I just said in words looks like this in math. If h is your time 

interval size," Robin drew a parabola like the one from the potato example and labeled 

two points on the horizontal axis a and a+h. These points were both to the right of the 

point below the vertex. She drew lines straight up from those points to the parabola and 

marked the corresponding points on the function. She marked the distance on the 

horizontal axis between a and a+h as "h". Along the vertical segment extending up from 

a, Robin marked the portion from the function down to the height of s(a+h) as "s(a)-

s(a+h)". She finished her thought, "this is s(a) minus s(a+h). That's this distance right 

there. Over this distance, which is h." Robin drew the h length segment extending to the 

left from s(a+h). "The change in y's will give you this distance, over the interval size, 

represents a change in x's. The difference quotient is sitting in there, and the other 

symbolism, the limit as h goes to zero, is just saying that as this time interval size shrinks 

towards zero you're getting toward an instantaneous velocity." 

"Let's shrink h a little more so that it's only that big." Robin marked a point 

between a and a+h much closer to a. She sketched the vertical line from the new a+h up 

to the function and drew the secant line on the function between a and the new a+h. 

"That's the new h. Then the slope of this secant line is even closer to the slope right here 

at this point a, than, the slope of this secant line was. We'll get a feel for that better 

tomorrow when we do the exercise." 

"And actually I think I'll just stop right there. The example I want to do would be 

really nice to do tomorrow when you have you're calculators programmed. So we'll do 

an example tomorrow and we'll check your programs. I've put a few problems from 2.1 

on the board yesterday, they're due tomorrow. If you didn't get that, see me after class 

or check with your classmates. Now Amy needs to speak for a few minutes while I'm out 

of the room. I'm going to head on back to my office for office hours now, so if you want 
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to come on over there after you're through here I'll be there." The class began chatting 

and shuffling papers noisily. "Maybe if you could just be quiet for a few more minutes 

and give Amy your attention I'd appreciate it." Robin erased the board as I began 

explaining about the research project and that there was the opportunity to participate in 

two paid interviews, as I had explained at the beginning of the semester. Robin left the 

room and I solicited volunteers. 

2.3 The Next Lessons 

The class of September 20 began with the re-take of the quiz, which took about 

half an hour. Robin then led a discussion of problem 1.11#13, about finding the 

coefficients of a parabola given information about its vertex and y intercept. This had 

been a homework problem. Although the solution was in the smdent solution manual 

Robin felt that the students needed to know about the other standard form of a parabola 

(y-k=a(x-h)") for things to really make sense. After this, the class discussed problem #6 

from 2.1 which had also been a homework problem. 

By 9:39 am they had reached part c of problem 6. This part required 

"Approximate the velocity of the ball at t=l second." Robin explained that what they had 

been doing up to now in this class could not get them the velocity at one point because 

their procedure involved subtracting between two points. So one point would not give 

them enough information to find the velocity. "So how could we approximate the 

velocity right there? Leslie?" Robin asked. Leslie suggested taking two points nearby, 

like .9 and 1.1. Robin explained to the class that Leslie had picked two times "real close 

to one. Just one tenth of a second away on either side. If you get the f(t) values to go 

with those, the y equals that goes with t=.9, the f value that goes with 1.1, then you can 

do your change in y's over change in x's. Your change in f values over change in t 
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values. That's a good way to get it. The points are real close together so that's going to 

give you a real good approximation of the slope exactly at the one point. Rhea are you 

thinking of any different points that you could use to get an estimation of the slope right at 

t= 1 ?" With a bit of prompting Rhea came up with .95 and 1.05. Robin explained again 

that they would need to find the corresponding f values and do the change in y's over 

change in x's. Robin noted that since these points were each only five hundredths away 

from one they would give an even better estimate than .9 and l.l. She continued. "So 

there are at least two possibilities that would give you a fine estimate. Phoebe is there 

another possibility that might work?" "Sure," Phoebe answered. Robin probed. "What 

for example?" Phoebe suggested 1.02 and .98. Robin pointed out that one of the points 

could be 1; they didn't have to go symmetrically on each side of I. "You could just use 1 

and something close to it, like 1.001. That's fine too. So you have lots of options. 

Neither of these is the one right answer because they're all good. They're all good 

estimates. Is one of them better than another though, do you think?" Robin paused 

briefly, then asked, "Ron, what do you think?" Ron answered, "the smallest." "Which 

one is that?" Robin asked. Ron explained, "The one that is symmetric and closest to each 

other." "Could be." Robin agreed, "it depends on the shape of the curve. If one is at the 

vertex, I don't know that it is, but if it is then everything is symmetric on each side of it 

and Ron would be right. The ones that are symmetrically located and are closest to each 

other would be the best. If one is not at the vertex, over on the side somewhere, then 

being symmetric around it doesn't necessarily give you the best estimate. It might be that 

this is the best. You can't really know unless you know the shape of the curve, and it 

doesn't really matter." A student asked if you could just graph it on your calculator and 

go to x= 1 and press the slope button. Robin said, "Oh, sure. You've got a slope button. 

Yeah. If your calculator will tell you a slope value at a particular x value then you can get 
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it that way. So, if that's how you get it on an exam you need to write that's how you're 

doing it. But most likely on an exam I'm going to ask you to show your work and do a 

calculation. Find an estimate for the slope value. Your calculator is probably giving you 

an exact value. We can get exact values for these slopes at a point. By the time we get to 

chapter 4 and find a way to come up with the exact derivative formulas — oops! I used 

the word derivative." That was the first time (9:44 am) that Robin used the word 

derivative in that course. She continued "I haven't used that word before, have I? Have 

I? I haven't. That's the new thing in section 2.2. so I'm allowed because we're in that 

section. That's the only new thing about 2.2 versus 2.1 is that they start using the word 

derivative. What is that synonymous with?" Bob suggested. "Slope of a tangent line?" 

"Slope of a tangent line," Robin agreed. "At whatever point you're interested in. right?" 

Bob continued, "Instantaneous rate of change." "Exactly," Robin praised. "There you 

go. Bob. Derivative is the instantaneous rate of change. Which is the slope of the tangent 

line at a point, whatever point you're interested in." Esther asked about part a and Robin 

spent a moment going over part a (the start height of the ball) again. Robin continued by 

going over the answers for parts c, d and e, as usual with a great deal of student input. 

She went over the correct numerical answers, and also discussed a variety of ways to find 

the answers. For example, she discussed finding the maximum height by graphing and 

using trace, by completing the square and by using a formula that one student knew for 

finding a vertex of a parabola. Robin ended class and reminded them that the next day 

they would be going over some more problems, using their calculator programs and 

reviewing for the exam. 

The assignment on the board, due 9/21, was section 2.2 #2,3 and the rainstorm 

problem from a handout. Problem 2 was to sketch a graph of sin(x) and decide if the 

derivative at 3pi is positive or negative and to give reasons for your answer. Problem 3 
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was for a given concave down increasing graph to sketch lengths representing f(x), 

f(x+h), f(x+h)-f(x), and h for any convenient x with h>0. The handout had the amount 

of water in the Rillito River during a 10 day rainy period to be A(t) = -40t" + 4(X)t. The 

formula and graph were given and the goal was to find the rate of change on day 2. A 

table was given with columns Time Interval [a,b], A(b), A(a), A(b)-A(a), b-a. Average 

Rate. The first four time intervals were supplied ([2,5], [2.4], [2,3], [2,2.5]) and there 

were three more given only as [2, J. The students were directed to fill in the table and 

draw secant lines to go with each interval as well as a tangent line at 2. The smdents were 

reminded that "numbers for slopes should make sense when compared to the graph." The 

accompanying questions were 

1. As the time intervals become smaller, what is happening to the slopes of the lines 

connecting the endpoints (secant lines)? 

2. How does this compare to the slope of the tangent line? 

3. What general statement can you make involving slopes of secant lines (average 

velocity or rates), slopes of tangent lines (instantaneous velocity or rate) and the limiting 

process? 

Robin also had written on the board and announced that a practice exam would be 

available outside her office after 10 AM that day. 

The third introductory lesson on derivatives was during the class of September 

21. The first example was let f(x) = x2. Find the instantaneous rate of change of f(x) at 

x=2. Robin asked the students first about how they could visualize the instantaneous rate 

of change, then she drew the graph to illustrate it. She then introduced the symbolism 

"f(2)" and explained that that was a way to abbreviate the big written sentence. Robin 

directed the students, read f(2) as "f prime at 2". Robin computed (f(2.00I )-

f(2))/(2.001-2) as a good estimate. She directed the students to try using h = .0001 for 
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this function and to use their calculator programs to evaluate the difference quotient, to get 

a better estimate. She circulated and helped students who were still entering the program. 

When going over the problem she asked the class what the actual slope at that tangent line 

would probably be. Many students simultaneously called out "four." Robin mentioned 

to the class that some people had probably seen in calculus before that the derivative 

would be 2x and they would just plug in 2. She further explained that this would be 

discussed fiirther in chapter 4. She explained about the limiting process giving the exact 

answer. Esther asked if there was any connection between the fact that the value of the 

graph at 2 was 4 and the slope was also 4. Robin said it was a coincidence. Robin then 

led a discussion of the problem from the purple sheet that had been assigned the night 

before. This was the problem about finding the rate of change of the amount of water in 

the Rillito on day 2 of a 10 day rainy period. Robin asked students for their answers to 

the various table entries and questions, as well as for details about how they found those 

answers. Robin again explained about the idea of taking a limit to find the exact rate at 

one point, or the exact derivative. She instructed them to use their calculator programs to 

get an even better estimate than between 2 and 2.001. Esther eventually asked why they 

couldn't just use 1.9 and 2.1 and find A'(2) = 240 in one step. Robin agreed that that 

was a fine interval to use, but you couldn't really tell whether a symmetric interval would 

be better than one which had the point at the endpoint without knowing more about the 

function. The class ended with a review for the upcoming exam. 

The first midterm, covering all material from the beginning of the course through 

the beginning of chapter 2, was given in class on September 22 and a take home part of 

the exam was distributed as well. 
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3. Dave and His Lessons 

3.1 Leading Up to the Initial Lesson on Derivatives 

The initial lesson on derivatives was on September 5, the day after labor day. The 

assignment given at the beginning of the previous class, Friday, September I, was p.67 

problems 8.2, 8.3, 8.4, 8.6 and 8.7. The problems (from the Wattenberg text) were as 

follows: 

The first exercises below ask you to find esdmates for the slope of the tangent to 

the circle x'+y~ = I or y = V( l-x") at a point (a,f(a)) as shown in figure L75 by 

computing the slope of a chord through the point {ci,f(ci)) and a second point. Notice that 

you will need to compute the y-coordinate of some points by using the equation y = V( I-

X-) .  

Figure 1.75 shows an upper half circle with -1 , 0.6 and 1 labeled on the 

horizontal axis, and 0.8 labeled on the vertical axis. Dotted lines go from 0.6 vertically 

and 0.8 horizontally to the corresponding point on the circle. A tangent line is drawn at 

that point and labeled "tangent". 

8.2 (0.6, 0.8) and (0.65, ?) 

8.3 (0.6, 0.8) and (0.61. ?) 

8.4 (0.6, 0.8) and (0.55, ?) 

8.6 (0.4, ?) and (0.41, ?) 

8.7 (0.4, ?) and (0.39, ?) 

This assignment was from section 1.8 of the text. Section 1.8 is called "The 

Tangent to a Curve" and it contains the explanation "We determine the slope of a curve, v 

=f(x) ,  at  a  part icular  point ,  (x ,  f (x)) ,  by drawing the tangent  to  the curve at  that  point . . .  

and then determining the slope of the tangent. [P.65]" The text goes on with the 
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explanation that we begin this process by estimating the slope of the tangent based on the 

slope of a chord or secant that is close to the tangent. The assigned exercises are at this 

point in section 1.8. After the exercises, section 1.8 continues [p.68] by expanding upon 

a previous example (estimating the slope of the curve y =f(x) = l-r at the point (0.6, 

0.64)). It is noted that the general formula for the slope between the points (0.6, 0.64) 

and {Q.6+h,ji0.6+h)) is given by -1.2 - /j. The author then points out that "by choosing 

h very small we get a chord that is very close to the tangent, so that the slope of the chord, 

-1.2 - /z, is very close to the slope of the tangent." Section 1.8 closes with the informal 

definition of a limit, followed by some examples and a more formal definition of limit and 

then the limit definition of derivative is given followed by some examples and more 

exercises. Finally some theorems about limits are proven. 

Section 1.9 begins on page 79 with two paragraphs explaining that the derivative 

is a major idea in calculus. Pages 80-82 are a subsection called "The Derivative and the 

Microscope" which gives a graphical treatment of the idea that for a function to have a 

derivative at a point then at that point "die curve and the tangent would be almost 

indistinguishable [p.80]." From the bottom of page 82 through page 83 the ideas of 

average and Instantaneous velocity are discussed and instantaneous velocity is shown to 

be the same as the derivative. The top of page 84 contains some exercises about velocity. 

The next subsection is called "Rates of Change" and contains an example showing how 

the rate of change of the amount of water in a reservoir over short time periods can be 

interpreted as estimates for the value of the derivative of the function describing the 

amount of water in die reservoir at any time. After some exercises relating to this 

example, the next subsection, "Sensitivity" explains how the derivative is related to the 

sensitivity of demand to price. Following a few more exercises there are two paragraphs 

titled "Notation and Terminology." Section 1.9 is the last section of chapter 1 before the 
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summary section. Dave suggested that September 5 would be the day I want to do 

interviews, even if he did not finish section 1.9 on that day. 

"Do you have any questions on the homework assignment from yesterday?" Dave 

began the class of September I. He reminded the class that they would be skipping 

sections 1.4, 1.6 and 1.7. The first problem Dave went over was problem 5.6, which 

asked "Suppose that the function f(x) is continuous at the point a. Prove that the function 

h(x)=3f(x) is also continuous at the point a." Dave began by sketching a continuous and 

a discontinuous function. He made a sketch of 3f(x) for the discontinuous function, and 

asked "Do you agree with this, if you have a skip in the original function, and then you 

triple the original function, you'll still have a skip?" Dave then went back to the original 

problem of a function "with no skips." Dave spoke about what continuity meant. He 

made a horizontal band rightward from the y axis centered at a height of f(a) by using his 

chalk sideways and pointed out that for the continuous function the band would have to 

cross the function. On the other hand, he could make a similar band on the fianction with 

a skip and that band would not hit the function. Dave then spoke about the band having 

epsilon width and a corresponding vertical band having delta width. He asked die class. 

"Would you agree with me? Let's be careful with this. Would you agree with me that 

this [3f(x)] is exactly the same shape it is now, just three times higher up? Would you 

agree with me that that's true?" Lexi agreed readily. Dave asked again, "Does everybody 

agree with me that when you triple a function the shape remains the same and it just 

moves upwards?" Some students agreed and Dave replied "Really?" Finally one student 

pointed out that the shapes would be similar, but the slopes would get steeper, too. Dave 

followed up on that idea and demonstrated that low points only move up three times their 

small height while high points move up the much larger distance of three times their large 

height. He then demonstrated that the new graph would still have to go through a band of 
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chalk at height 3f(a), but it would go through the band more quickly. He asked if that 

was sufficient proof. One students said, "No." Dave responded, "Well, the right answer 

is 'yes, it's perfectly clear,'" then he poked his face up to the video camera. He explained 

a bit more about the sizes of deltas and epsilons and then gave the next homework 

assignment. 

Dave explained that all the homework problems were based on the same circle of 

radius one. He asked if anyone knew the formula for a circle of radius one. The students 

asked him which formula. He explained that he wanted the formula for the curve of the 

circle with radius one. The smdents offered suggestions like 27Cr and Ttrl. Dave then 

spent a few minutes talking about circumference and area of a circle and surface area and 

volume of a sphere. He gave an advertisement for vector calculus which he promised 

would deal with three dimensional things. 

Dave gave the equation for the circle as x" + y~ = 1. Dave asked for a couple of 

points on the circle. The four intersections with the axes were suggested, as was 7t. 

Dave agreed with the first four points and marked them on the circle. He pointed out that 

since they were looking for points, k needed to be two numbers, like (7t, something) or 

(something, k). Dave then asked for any other points on the circle between (1,0) and 

(0,1). No one had an answer. "That's a great question right there. Give me one more 

point." Lexi called out, "zero zero." Dave plotted it and noted it wasn't on the 

circumference of the circle. Dave recorded other suggestions on the board as they were 

called out. The students made suggestions like (.25,.75) and (47t/3, something). Dave 

plotted (.25,.75) and found it fell short of reaching the circle. The students then 

suggested (.25..85). Dave tried plotting it and decided that he couldn't tell from the plot. 
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He asked the class how they could tell if it really was or was not on the circle. They 

suggested using one value and solving for the other. Dave added that they could check if 

(.25) - + (.85) - = 1, which they tried. Another guess, (.5,.71) was submitted and 

checked. Then (.71,.?I) and (.707..707) about which Dave proclaimed "I think we've 

got a winner." but he found that although it was really close, the sum of the squares was 

not exactly 1. Dave asked how they student had found that point and the student 

explained he was taking the square root of 100/2. Lexi then offered (.25, .97). Dave 

asked where that guess came from. When Lexi answered, "trial and error," the rest of the 

class chuckled. Dave said, "That's fine. Trial and error is great." 

Dave spoke about the problem a little more, then he said, "here's an assignment. 

What should it be worth? Ok, let me make tell you first. What I'd like you to find is a 

point on here which is a fraction. Like a over b would be the x coordinate and c over d 

would be the y coordinate." Dave pointed out that the square root of 50 was not a 

fraction, but was a square root. A student pointed out that .707 was 707/1000. Dave 

agreed that was a true statement but pointed out that (707/1000) 2 + (707/1000) 2 was not 

exactly 1. The deal he gave was 5 points per new first quadrant fractions, up to a 

maximum of ten points. 

Dave got back to the upcoming homework assignment. He spoke of a particle 

traveling on the upper semi-circle from left to right. He wanted to know how it was 

traveling at any place on the path. He showed it started by going up steeply, then going 

up but less steeply, then going flat and then heading down more and more steeply. Dave 

explained that he wanted to talk about that steepness. "You mean slope?" asked a student. 

"Exactly," answered Dave. He reminded them about finding slopes of lines. He drew a 

slope triangle on a line and labeled appropriate legs Ax and Ay. He noted that they were 
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now using three Greek letters, e, 5 and A, and that fraternity members were in luck. A 

student offered that physics students were in luck, too and Dave agreed. Dave continued 

by explaining that he was now talking about the slope of a curve, and the slope of a curve 

was hard to capture since it kept changing. 

Dave explained that on the homework they would look at the point (.6,.8) which 

he ruled out as a fraction that could earn points for the students. Then the students would 

use another point on the circle, like (.7.?). Dave explained how to find the number to 

replace the'?' by plugging in .7 for the x and solving in the equation for the circle. Dave 

asked, "Now this is my question. If you joined these two points with a straight line, 

what's the slope of the line?" Following a student suggestion, Dave found the slope by 

finding Ax and Ay. He ended up with a slope of .86. and then asked the class, "Do you 

buy that?" He glanced around die room, blew some chalk dust off his hand and asked 

again, "Everybody buys that?" One student objected to the slope being positive. After 

asking the student to explain what was the problem with a positive slope, Dave agreed 

that the slope should be negative and he showed the class the correct way to find the 

slope. While he was explaining this there were some questions from the class, for 

example questions about the correct order for subtracting points when finding a slope. 

Dave finished his explanations about how to find slopes and he spoke about the 

big picmre. He told the students that their eventual goal was not to find the slopes of 

chords, but rather to find the slopes of tangent lines. Dave reminded them that in 

geometry they had learned that tangent lines to circles were perpendicular to lines between 

the point of tangency and the circle's center. On a new picture of a unit circle he drew a 

tangent line to the point (.6,.8) and drew a radius to that point. He asked the class what 

the slope of the radius would be, and then he elaborated on how exactly to find that slope. 
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He drew over the tangent line with pink chalk, and then poked his face up to the camera 

and asked, "Is this thing color?" He finished finding the slope of the tangent line by 

reminding the students that it's slope would simply be the negative reciprocal of the 

radius's slope. He then explained to his students that the goal was not to just be able to 

find slopes of tangent lines to circles, but to be able to find slopes of tangent lines to any 

curve. Dave predicted that by Halloween the class would be able to find the slope of any 

curve at any point. "That is called the derivative. That is what differential calculus is all 

about. Finding slopes of curves at points." Class ended with more questions about what 

fractional points would be valid for the exura credit assignment. 

3.2 Dave's Initial Lesson on Derivatives 

Class began at 10:00 AM. Most students were seated at their desks, and Dave had 

put his book and papers on his table at the front of the room. As class began. Dave said 

and wrote on the board: 

Homework 

for tomorrow 

pg75 #8.9,8.13 

8.16, 8.17 

Dave continued, "And. I have a couple of others I want you to look at. When I 

give you some that are not in the book, I think I probably am a little more serious about 

them even than I about these [the ones written on the board already, from the text]." He 

went on to say and write: 

Find the slope of the line tangent to 

1. y = X" - 2x at pt. (2,0) 

2. y = l/x at pt. (2, 1/2) 
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"We're getting to the end of chapter one and then of course we start chapter two. 

In a couple of weeks we're going to have our first test. And I was wondering if it makes 

any difference to you whether our first test is on a Thursday or a Friday. Does that make 

any difference to anybody?" A few students offered opinions. "Let me ask you this. Is 

there anybody that would have a problem, real reservations, with Thursday? Problems 

with Friday? Ok. then I'll decide when the time comes. It's not this week, it'll not be 

next week, but the week after." A bit more discussion in this vein, Mondays were ruled 

out as a bad idea by the students. 

At 10:03 Dave picked up his text book and opened it. "Ok, how about the 

assignment that you were to look at for today. Any questions?" One male student asked 

"What was the assignment?" Dave chuckled. A female student asked "Could we go over 

the extra credit?" Dave replied "What? Oh. that's right, we did have an extra credit thing. 

Yeah, if you found one or two fractional points on a circle, hand them over to me." Dave 

put the book down and held up high the first paper he had received. A male student asked 

"What if you did them on your calculator and just have the answers?" Dave responded, 

"Well, write them on a piece of paper and hand them in." Dave remained in the front of 

the room, behind his table. As the papers were passed forward and brought forward by 

individuals, Dave narrated in TV sports commentator fashion, "This is extra credit. The 

extra credit, as you can see, is now rolling in." Most students handed in a page to Dave. 

Dave glanced at the papers as they came in. He checked that all students who intended to 

turn in some extra credit have done so and then he began going over the problem. 

Dave reminded students what the problem was: to find fractions on the unit circle. 

He drew a unit circle on the board and wrote xVy- = 1. Dave pointed out that the class 

already know two such points, (.8, .6) and (.6, .8) since .8 and .6 were really the 

fractions 4/5 and 3/5, and Dave wrote those two fractions on the board. He explained that 
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it turned out that these points really were on the unit circle because it turned out that (and 

Dave wrote this, too) (3/5) '+(4/5)" = (5/5)" and (5/5)" = I which was true since 3"+4* = 

5". "There was an example of a fractional coordinate point which is on the circle. And 

my question to you was to find a couple more. You could find as many as you want but 

you could get as many as ten points if you find two, five points if you find one. Just 

briefly looking through here [the stack of extra credit sheets handed in] I did find three 

different answers, correct answers, on three different papers." Dave wrote on the board: 

(5/13, 12/13). "Five thirteenths, twelve thirteenths on one paper. And the reason this 

works is that [Dave wrote as he said] (5/13)-+(12/13)" = (13/13)' since 5-+12-= 13'." 

Orally, he finished the explanation, "Twenty five plus one hundred forty four equals one 

hundred sixty nine." The other two examples were (7/25. 24/25) and (20/29, 21/29) 

which Dave explained in the same way. 

Dave continued explaining, "Those were three, the three right answers that were 

handed in. That I saw as I quickly went through them as you guys handed them in. But. 

you see, I don't know if you worked a whole lot on this. You cannot get the answer by 

zooming in on your calculator [a strategy tried in the previous class meeting by some 

students], and you cannot get the answer by putting in things like [writes on board] V3/2 

and stuff, either. Because those are not fractions." 

At about 10:08, in the middle of Dave's explanation, Lexi Mortopolis walked right 

in front of Dave moving from the door back to his seat at the front of the classroom. Lexi 

often got up once or twice during each class he attended. He would go to the bathroom or 

otherwise leave the room for a couple of minutes each time. He was the only student who 

did this. Dave was uninterrupted by Lexi walking in front of him. His lecture continued, 

"Well, it is, square root of three over two is a number divided by a number. Technically, 

a fraction is a whole number divided by a whole number. So, the 3, 4, 5, the 5, 12 and 
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13, 7. 24 and 25, and 20. 21 and 29 I think are the only ones I saw that were right. 

These actually are real famous numbers in mathematics." A student interjected 

"Pythagorean triplets?" Dave affirmed, "They're called Pythagorean triplets." It was 

now nine minutes into class time. Dave erased what he had written on the board for this 

problem. 

Standing in front of the freshly erased piece of board, Dave began the main lesson 

for the day. "We're just about ready to get into calculus. We've messed around with, 

well, we started off with some word problems and talked about growth and exponential 

things. We used the TI-82 to plot funny things that went up like that and went like that." 

Dave sketched a concave down curve approaching a horizontal asymptote, and a row of 

jags like A/VW\ on the board to illustrate. "And we've reached a point now where we're 

going to use our graphing calculators in a more ordinary way." Dave erased the curve 

and row of jags. 

"We will graph things like, uh, y equals x squared." Dave drew this graph on the 

board and labeled the curve with the equation y = x2. "Which we all have the capability 

on our graphing calculators to do. Just like that. Then we will go to a point on that 

curve, and I'll do that. I'll go to the point (2,4)." Dave makes two tick marks on the 

horizontal axis to the right of the origin, then four tick marks on the vertical axis up from 

the origin, and makes a heavy dot on the curve at the point (2,4). "And the question I'm 

going to ask, and it will be just like this question and this question and two of these four." 

Dave pointed to the two homework questions he had written on the board, and to the four 

problems from the book that he had also assigned for the next day. "I will ask what you 

think the slope of the tangent line is, at that point." Dave drew the tangent line to the 

curve at the point (2,4). 
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"And I think geometrically, in some sense, the tangent line is the Line that the 

curve, here's the curve. The curve is in green here." Dave found a piece of green colored 

chalk and drew over part of the curve with the chalk. "And it touches the line, the line is 

sitting right flat against it. I want to know, I want to know the equation of that line, 

really. I'd like to know what the line is that's tangent to that curve at that point. And, uh. 

another way of saying it is this: If you take a ride on this curve and you stopped right 

there and had your picoire taken." Dave bent his head close to the drawing and traced 

along the curve with his chalk, from left to right approaching the point (2.4). When he 

reached the point (2,4) he turned around and snapped his fingers for emphasis. "Time 

stops right there. What direction were you headed?" 

Lexi suggested "Up." Dave replied. "Yeah, but how up? How. what slanted up? 

Because you're in the middle of going up, up, up, more steeper, steeper, steeper, steeper, 

steeper, steeper." Dave traced along the curve again while he rapidly recited his 

"steeper"s. When he reached (2,4) he continued, "Stop here just a second to check how 

steep you are." Dave continued tracing the curve beyond (2,4). "And then more steeply 

still until you're going nearly vertically up." Lexi offered, "I Figure about eighty 

degrees." Dave acknowledged, "About eighty degrees" and next to his curve wrote: a) 

about 80°. 

Dave continued, "Well that's exactly the question I'm asking. About how many 

degrees are you going up? Except I'm not going to ask it in degrees. We could answer it 

in degrees. I'm not going to ask it in degrees, exactly, I'm going to say, slope of a line is 

determined by." Dave drew a small right triangle (horizontal and vertical legs with the 

right angle at the lower right) away from his main graph. He made the hypotenuse a thick 

line and labeled the horizontal leg h and the vertical leg k. "Well, there are two points on 

a line, and this distance right here is h and this distance right here is k. And the slope of 
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that line is k over h." Dave wrote: k/h = slope. "The slope being the change in the 

upward direction, k, that's the numerator, divided by the change in the x direction. The 

change in the y direction, the up direction, divided by the change in the over, the x axis, 

the h. The x direction, which is h. That's slope." Dave did much pointing at his triangle 

as he explained the slope. 

"And so I'm asking for what's the slope of the green line, I mean really the white 

line." Dave pointed to his green curve and the white tangent line he had drawn. "The 

slope's changing always. About the only place I can tell on this parabola for certain, of 

the slope, is probably down here, where the curve comes down, is flat, and heads up 

back that way." Dave traced with chalk along the parabola through the vertex from right 

to left. "And I think I could say for certain, that the curve, at that point, right there, at x 

equals zero." Dave labeled the vertex x=0. "I think the slope is. now it's flat, what's the 

numerical value of flat?" A few students replied. Dave said. "Slope is zero," and wrote 

slope = 0. "That's about the only place I can say for sure by looking at this curve, is that 

it's flat at the origin." 

Dave pointed back to his white tangent line at the point (2,4). "But what it is there 

is about seventy or eighty degrees. By the way, um, eighty degrees, it would be my 

guess that this angle here is about eighty degrees." Dave marked the lower left angle on 

the triangle he had drawn earlier. "Is there a way of changing slope to angle, or angle to 

slope? Is there an easy way to do that? On your calculator or in your mind or 

something?" A student asked, "What's the question?" Dave restated, "How does angle, 

the inclination, the angle of inclination or elevation or something, how does angle relate to 

slope?" A few students offered guesses and Dave repeated the main parts: "What? Take 

the height? Take the sin? The tangent?" Dave affirmed, "It's tangent, the tangent of the 

angle is the slope of the line," and wrote: tan(80°) = slope = k/h. He continued, "Or if 
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you know the slope of the line you take the inverse tangent. That's on your calculator." 

Dave stepped over to his table and checked his calculator. "At least on the 82 there is t a 

n, that's tangent, then above it in blue there's inverse tangent. So at least on the 82 there 

is a way of going back and forth between slopes and angles. Now we do have a guess of 

eighty degrees here which I'm going to check after a bit." 

Lexi asked, "Could we estimate the slope, too?" Dave said, "What?" And Lexi 

repeated, "Could we estimate the slopes?" Dave replied, "Yeah, well, what the heck. 

Let's estimate the slope." Lexi posed, "Like three, can I just?" Dave wrote on the board 

and said, "Estimate slope: 3." "That means for every one over you went three up?" Dave 

asked? "Right" agreed Lexi. "Ok." Dave continued as he drew a box around the 3, "By 

the way, which is a steeper slope? A slope of three or an angle of eighty degrees?" Dave 

waited a brief moment but no students responded. "Ok, if you're going to use your 

calculator you better put it in degree mode rather than radian mode. Let's see. In fact I'm 

going to try that right now. I just asked a question of myself. What's steeper, an angle 

of eighty degrees or a slope of three? Let me figure that out. Unless you get yours 

quicker than I am, which is very likely." Dave started using his calculator, but a few 

students seemed to have the answer and were quietly stating it. "Is tangent 80 steeper 

than three?" Dave asked. "No," replied those students. 

Dave pulled the overhead screen down in front of the chalk board, plugged in the 

overhead projector and hooked his TI-82 up to its projecting mechanism to continue this 

thread. Dave narrated his calculator work. "Ok, tangent eighty, versus three. I've not 

done this before. Let me see. I go into mode and I go down to radian and change to 

degree. Then I'll go back." Dave's calculator screen was being projected onto the 

overhead. Dave paused and looked at his calculator; it seemed apparent to his students 

that he had no idea how to go back. A student supplied, "Press clear." Dave picked up 
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his narration, "Clear. And, uh, now I'll clear this [the leftover work on his main screen]. 

Now I'm going to push tangent eight oh equals. Five point six seven, that's steeper than 

three." On the overhead screen the display showed tan 80 on one line and 5.67128192 on 

the line below. Lexi asked, "So if you had the slope already you'd take the inverse 

tangent of five point six seven?" "Yeah, let's do that," Dave replied. "Let's ask a second 

question. What's the angle which gives you a slope of three? That would be inverse 

tangent three equals, ok, seventy one degrees, seventy one point fifty six degrees is like a 

slope of three. What else?" The third line on the screen now read tan-1 3 and the fourth 

line was 71.5650519. 

Dave turned off the overhead display, put up the overhead screen and moved back 

to the board saying, "Ok, let's now do the question. How steep is it right there? Well, as 

you know, if the slope is varying, the best we can do is estimate. And we have some 

estimations right here, three, eighty degrees, and I'm going to try to get a really good 

estimation. So what I'll do is I'll take a point. I'll take this point here which is (2,4), and 

I'll take a point really near by, but on the green curve, and I'll connect those two points 

that are on the green curve, on the parabola. I'll connect them. And I'll form this triangle 

right here and I'll see what the slope is." Using pink chalk, Dave had drawn another 

point to the right of (2,4) on the green curve. He drew a pink line straight down from that 

new point and then a line straight to the left to connect it to (2,4). 

"Now there's one, only one really problem left here. What point would I choose 

to take this right there?" Dave marked the upper pink point, and then points to (2,4) 

again. ' I've already chosen this point. It's (2,4). And I said I'd take a point close by." 

Dave looked at the class. "So, if its going to be close, let's get serious, let's make it 

close. How about." Lexi interjected, "two point one, four point five." Dave wrote 2.1 

on the board and said, "No, how about two point one. Is that, well, that's the x 
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coordinate." Dave made a mark on the x axis just to the right of the second tick mark and 

labeled the new mark 2.1. He labeled the second tick mark 2. Then he indicated the 

second tick mark and his new mark. "That's two, that's two point one. So ['11 take two 

point one." Dave paused in his explanation and erased some of the homework 

assignment from the board. "So, so one of my points is two, four, the other of my points 

is two point one, ok, now I've got to figure out what the y coordinate is on the green 

parabola.." Dave wrote on the board P: (2,4) and Q: (2.1, ). He deadpanned, "Since it's 

green, don't you think it makes a lot of sense to use green chalk? I do." Dave rewrote 

his coordinates using green chalk. "One point's two, four, and the other point is two 

point one. How do I find the y coordinate of the parabola if the x coordinate is two point 

one?" Several students replied together, "You square it." Dave acknowledged, "You 

square it." Dave pulled down the overhead projection screen and projected his calculator 

screen. He narrated his actions as he used the calculator. The previous four lines were 

still on his screen and he entered 2.12 on the fifth line, producing 4.41 on the sixth line of 

display. He copied 4.41 into the empty y coordinate slot for point Q on the board. Lexi 

consulted with another male student sitting next to him. 

"Ok, now what the heck am I trying to do?" Dave turned off his calculator 

projector and rolled up the overhead screen. He examined his figures on the board. 

"First of all, I've mixed my pinks and my greens, and I'm not real happy about that. But 

secondly, I have a triangle. Its right here. And you tell me what's the base of that 

triangle." Dave drew another triangle away from his green parabola, and indicated that he 

meant it to be a copy of the pink one along the parabola from (2,4) to (2.1,4.41). 

"Here's the u-iangle, right here. It went from two, four, to two point one, four point four 

one. You tell me: What's the base of that triangle?" Some smdents replied and Dave 

affirmed, "Point one." He labeled the base of his new triangle . 1. "Yeah, exactly. It's 
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the difference between two point one and two. Two point one minus two is point one." 

Dave wrote on the board 2.1 - 2 = . I. He went on, "And what's the height of the 

triangle?" Several students responded, "point four one." Dave repeated the answer and 

wrote .41 next to the vertical leg of the triangle. "Well, yeah, that's four point four one 

take away four." Dave gestured at the points along the parabola as he explained, "This 

height is four point four one and it dipped down to four. It's four point four one minus 

four is point four one." Dave wrote 4.41 - 4 = .41. 

"Ok, the height is point four one, base point one. What's the slope?" Several 

students responded at once. "What?" Dave asked, then after the students again said their 

answers Dave repeated. "Four point one. Exactly. The slope, point four one divided by 

point one which is four point one." Dave wrote slope .41/. 1 = 4.1 "Now do you think 

that's pretty close, really pretty close to the correct slope?" Several students agreed that it 

should be. Dave agreed, "I do too." 

He continued, "Let's do better. Instead of going one tenth of a unit over, let's go 

one hundredth of a unit over. Now, what I'm going to do, I mean I can't really draw 

that. It's so tiny. So I'm going to blow this whole picture up. To ten times the picture 

you see on the board here. So that I can make that small adjustment. So I've taken what 

you see in that circle and I'm going to blow it up." Dave drew a circle enclosing the piece 

of the graph from just before (2,4) to just after (2.1,4.41). He erased the rest of the 

homework assignment and in its place drew a thick green curve with the side of his green 

chalk. "Here comes the parabola, it's really fat. Here's the point two, four." In the 

middle of his curve he made a thick dot with pink chalk and labeled it (2,4). 

Dave continued by drawing another pink dot above this one on his green curve 

and then drawing in pink down and left from this new dot to the dot at (2,4). He labeled 

the horizontal leg h and .01 as he spoke. "And I'm going to barely go above it. I'm 



281 

going to go a distance over, I'll call this distance h. And I'll say it's one hundredth. This 

point right here is one hundredth past two. So this point right here is two point oh one 

four." Dave labeled the vertex at the right angle (2.01,4) and as he spoke he labeled the 

top vertex (2.01, ). "What I really want to do is find this point right here, which is two 

point oh one, and what will be the y coordinate if the x coordinate is two point oh one? 

Well, let's take two point oh one squared." Dave again used his projecting calculator and 

displayed his computation of 2.01". On the board he copied 4.0401 into the space for the 

y coordinate next to 2.01. 

"That looks kind of neat. 4.41,4.0401. What if I had two point oh oh one? 

Then I would have 4.004001?" Dave shrugged to the class. 

"Well, anyway. This distance right here is .01. What's this distance right here?" 

Dave indicated the base of the triangle was .01, then drew a curly bracket along the 

vertical leg of the triangle which he labeled .0401 as his students responded. "Point oh 

four oh one. The slope is .0401 divided by .01." A female student volunteered that that 

would be 4.01 and Dave repeated, "Yeah, which is 4.01." Dave labeled the hypotenuse; 

slope = .040 l/.Ol =4.01. 

He pointed at his original parabola. "My previous slope was 4.1. Let's review. 

When I took a triangle that went one tenth over, and then up, I had this tiny triangle right 

here. The slope of that little triangle, the slope of that hypotenuse was four point one." 

Dave moved back to his enlarged parabola. "Then I blew everything up and drew it 

again. And I went one hundredth over and up. I didn't get four point one, I got four 

point oh one. What do you think would happen if instead of going over a hundredth I 

went over a thousandth? Oh oh one, then I went up." Lexi suggested "four point oh oh 

one" as Dave pointed to his result for the slope on the enlarged parabola. Dave continued 

lecturing "I think it would be four point oh oh one. I really do. What do you think the 
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true —. We've got four point one and four point oh one. And the guess was made and 

it's right, that the next one is four point oh oh one." Dave wrote 4.1, 4.01.4.001 on the 

board and boxed them. "And then the question is, if you made it really small, and one 

thousandth, by the way isn't really that small when you know that there are numbers that 

are really close to zero. What do you think the true answer is?" One student immediately 

suggested four, and Dave continued. "And you said four. Exactly. Four, exactly. 

You're right. It's four exactly." 

Lexi asked, "So this is another way of kind of showing a limit?" Dave 

responded, "This is exactly what we are doing. We are showing a limit. What we are 

doing is we are taking approximations." Dave indicated his original parabola, "good 

ones." Dave indicated his blown up parabola, "better ones." Dave circled 4.001 in his 

boxed list of three slopes. "Maybe one more, even better. And then stopping and saying, 

'Where are we going toward, really'l What is the true final answer we are getting closer 

and closer and closer to with our approximations?' And the answer is four." Dave drew 

an arrow after 4.001 in his boxed list of slopes and then wrote 4 at the head of the arrow. 

"So the two guesses we had were really pretty dam good. We had a guess of 

three. Answer's four. We had a guess of eighty degrees. Which we learned is a slope of 

about five point seven. And our urue answer is exactly four. And if you want, you can 

find the angle. The angle who's tangent is exactly four." Several students report this to 

be 75.9 or 76 degrees. "Seventy five point nine? Just a second." Dave checks for 

himself on his calculator (without projecting his screen). "You were right. About 

seventy six degrees. Now eighty degrees is a real good estimation. So, the person who 

gave the estimation of eighty degrees will be receiving extra credit. I'm not sure in what 

form." Dave pointed to Lexi, "Was that you?" '"Yeah,"' Lexi replied. Dave elicited 

chuckling from the class as he clarified, "Like maybe a tenth of a point, or perhaps a 
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hundredth of a point, or really, we could blow it up to a thousandth of a point." Dave 

was gesturing at his blown up parabola and list of slopes. Lexi objected, "Hey!" 

Another classmate helped out, "The limit of that, sir." Dave chuckled and said, "Hey, 

that's right. The limit of that." 

Dave erased his original parabola and the things drawn near it. "Ok. Let's try 

another one. And I'll tell you what we're going to be doing in here. We're going to be 

spending time finding slopes of tangents lines to curves. Until we get sick of it." "What 

if we already are. sir?" quipped one student. Dave chuckled and produced some giggles 

from his students as he continued, "Well, the limit of this will be completely throwing up. 

And about just before we reach that limit we're going to generate lots of formulas so we 

don't ever have to go through this process of finding the limit again." 

"Let's take another function. Let's take, y equals, I'll say, um, y equals the 

square root of x." Dave wrote y = Vx on the board, pulled down the projector screen and 

began narrating as he used his projecting calculator. "And I'll graph this. See what it 

looks like. I've got to get out of the mode I'm in now. So since I happen to still be in 

sequence mode. I'll go back. Hit clear. Ok. Now we can all do this I'm sure on our 

calculators." Dave was in the y equals window of his TI-82. "I'm going to put y equals 

the square root, which is the blue, square. X. And I'm going to graph it." Dave 

changed to the graphing window, which was blank so he checked his range as he 

explained, "And, of course, I don't have my window right. So, let me change my. I'm 

going to get just the standard window, so I push zoom. I'm going to go to six." Dave 

selected option 6, the standard window, from his zoom menu. The graph of y = Vx 

appeared on his projecting screen. "This is the standard window. There's my picture of 

y equals the square root of x. Which is kind of a funny looking picture up here. It's a 
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straight line, followed by another straight line, followed by another straight line." Dave 

was pointing out, but not in so many words, that the arrangement of pixels on his 

calculator screen caused his graph to look more like a series of stacked, short horizontal 

line segments than like a smooth curve. "I'm going to go to my window and change the 

format a little. I'll, say, go down to negative two, and, oh, let's go to negative three. I'll 

go to negative three, and I'll go down, up to positive three." Dave was resetting his 

viewing range to have xmin at -3 and xmax at 3. He realized that was not what he meant 

and changed xmin back to -10, xmax back to 10, and my ymin to -3 and ymax to 3. "I 

mean, negative ten, positive ten, and my y will go from negative three to positive three. 

And I'll graph it again." Dave went back to the graphing window. 

Some students appeared to be following along on their calculators at their desks. 

Some students did not have their calculators out. 

He copied the graph onto the blackboard, labeling 10 on the x axis and 3 on the y 

axis. As he spoke he marked the point on the curve above the point x=7 and drew a 

vertical line from that point down to the x axis. "And let's say I went from three down to 

minus three, and over to about ten. So it would sort of look like that. And let's choose 

the point seven, way up here, that point right there." Dave went back to his projecting 

calculator and narrated as he used it. "Let's hone in on that point. I push the trace. Let 

me walk up to x equals seven. There's seven point oh two there, blinking off and on." 

Dave remmed to his drawing and sketched the tangent line to the curve at x=7 as 

he continued his lecture. "What I want to do is, guess what? Find the slope of the 

tangent line, right there, for the curve y equals the square root of x right at seven." Dave 

gestured at the overhead screen. "And I've sort of got a little picture of it up there. Now 

the hand calculator can really help some. But we can also do this with pencil and paper. 

You know what I'm going to do." Dave drew a short horizontal segment moving right 
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from the point 7,V7. and then a vertical segment up to the curve. He used his figure as he 

explained. "I'm going to go just a little bit to the right of seven. And I'm going to go up. 

And I'm going to find this little triangle right here and I'm going to figure out what the 

slope is. That's what I'm going to do. Just like I did with the parabola I'm doing with 

the square root. I'm going over and up. I'm staying, remember, I'm staying on the 

parabola. So you can see, whatever slope I get is probably slightly less. I mean, the 

slope I get is sort of the green line here, and the true tangent line which I've drawn in pink 

Is steeper, a little steeper in slope than the green that I'm acmally going to find." 

Lexi asked. "Why don't we find the tangent line?" Dave responded. "Well I'm 

trying to." Lexi persisted, "Well, I mean, why don't you put the point, the second point 

on the tangent line?" Lexi pointed towards the drawn line on the board. Dave replied. 

"Well, because I don't know what the tangent line is. Let's be clear about this. I don't 

know what the pink line is. It's the pink line, the tangent line, I'm trying to find." Dave 

marked the pink line with question marks and the phrase 'pink line is ?'. Dave continued 

his explanation. "What I do know is points on the green line. The green curve I can go 

up and down along the trace and I can find points every which way. In fact, I've got a 

point right here. Seven point oh two. Y is two point six four nine. So if you said, 'Start 

at seven and go to the', if you said this, 'start at seven and go to the right point oh two 

one two seven six six, places'. And I ask you, 'Ok, how high am I now?' You'd say, 

'Oh, my y coordinate is two point six four nine seven six nine two.' If that's what you 

wanted this distance to be," Dave indicated the horizontal leg of the triangle along the 

y=Vx curve on the board, "I could give you the point on the curve that Is that height." 

Dave indicated the uppermost vertex of the triangle along the drawn curve. "I don't think 
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that's the way I'm going to do it, though." Dave turned off the projecting calculator and 

put away the screen. 

Dave returned to his drawing of y = Vx on the board. "Here's the way I'm going 

to do it. I'm going to take one point here." Dave indicated the point on the curve at x=7. 

"And I'm going to go to the right. How far would you like me to go to the right?" One 

student shouted out, "one thousandth." Dave agreed, "One thousandth. Ok. I'll do it." 

He labeled the horizontal leg of his triangle .001 then pointed to the vertical leg of the 

triangle. ""Now I'll ask you this; How far up did I go? As soon as you tell me how far 

up went, I will divide it by oh oh one and I will have a real good guess as for the 

steepness of the pink line [the pink line is the tangent line at x=71." 

"One to the negative sixth." stated Lexi. "Hmm?" asked Dave. "One to the 

negative sixth. That's how much you went up," Lexi explained. "You mean you know 

already?" Dave asked in a surprised tone of voice. Lexi replied, "Yeah." As he wrote on 

the board 'a) l"^', Dave checked, "One to the negative sixth?" At this points several 

classmates voiced disagreement: "Isn't it square root?" "It's square root." "Not on my 

calculator." "It's square root." "Isn't it two point six four five nine?" Lexi asked, "Point 

oh oh one squared. You don't square point oh oh one?" A classmate responded, "No, 

it's square root." Dave asked the young woman who had proposed a different number. 

"Two point six four nine?" She corrected Dave, "Two point six four five nine." Dave 

recorded on the board b) 2.6459 and continued, "We're getting all sorts of answers. I'm 

perfectly willing to take an estimation. Taking a look at that, you know, rather excellent 

drawing. How steep do you think that pink line is? You can give it to me in degrees or 

you can give it to me as a slope. I'm taking guesses as well as actual answers at this 

point." One student suggested "One point eight." Dave wrote'c) 1.8'on the board and 

asked, "What do you think the angle is?" Students suggested 45 degrees, 35 degrees and 
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30 degrees. "What do you think the angle is?" asked Dave. "Thirty degrees," said a 

couple of students. Dave recorded on the board'd) 30"'. 

A student said, "You go up .0316." "Is that how far you go up?" Dave asked as 

he labeled the vertical leg of the uiangle with this number [that number happens to be the 

square root of .001 ] Lexi asked, "Doesn't it make more sense to (a brief exchange 

here between two students where I did not catch the exact words — I think they were 

wondering why Dave did not write this most recent guess under the other four. Dave 

explained that the first four guesses were slopes.). 

"Well, I think I'll let you guys get about two or three minutes to yourself here. 

And I'm taking, well, I'm taking answers to the slope. So you guys are trying to find out 

this little distance right here." Dave indicated the vertical leg of the triangle. 'And of 

course, as soon as you do, you'll divide it by a thousandth." A student clarified. "Ok, so 

we're guessing the slope." Dave finished, "the same thing as multiplying it by a 

thousand. So whatever this distance you find right here, you will divide it by point oh oh 

one which is the same thing as multiplying it by one oh oh oh. So whatever you get here, 

multiply it by a thousand." Dave indicated where he had labeled the vertical leg .0316. 

"This would be thirty one. If this is correct right there, then this answer would be thirty 

one, the slope answer." Dave again indicated the vertical leg of the triangle and then 

moved to the adjacent board. "So right now, let's stick with what's that little distance 

right there. I'll take some answers over here to the y, rise in y." 

Dave wrote 'rise in y' on that board. Two more students called out .0136. Dave 

recorded that guess on the board twice and noted," Ok, the first two are the same. Point 

oh three one six. So we have two of the same answers. And we also have that answer 

over here. I'm waiting for some more answers. What you're doing right now is exactly 

what you're going to be doing on the first test. Exactly. You'll be asked this question. 
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What's the rise in height of a tiny little triangle?" Some of the students were talking with 

one another. Very few students appeared to be computing. Dave stopped talking, pulled 

down his projection screen and used his projecting calculator. He computed V? and 

V7.OOI and wrote on the board 'V? =2.64571311' [this contains a small typo in the value 

of V? — his computed answer was 2.645751311] and below it 'V7.001 = 2.645940287. 

Dave then entered (ans) - 2.64571311 [which included the typo in the value of V7]. He 

recorded his computed answer on the board 'V7.00I - V7 = 2.27176552 e"*'. Finally, 

Dave used his calculator to multiply that result by 1000 and he recorded on the board 

(V7.OOI - V7)/.001 = .227176552. Dave moved back to his drawing of the graph of y = 

Vx. "Ok, uh. Amy is going to want to talk to you in a couple minutes about the survey 

and the hundred and fifty dollars she's handing out to each of you individually, so let me 

just finish up the question here. If you go one thousandth over and a certain distance up. 

Well, this point right here, its height off the ground is the square root of seven. The point 

is seven, square root of seven. This point right here is seven point oh oh one, square root 

of seven point oh oh one. Ok, so we certainly have that done here, and I wrote it on the 

board." Dave moved back to the adjacent board where he had recorded his computation. 

"The square root of seven is two point six four blah blah blah. The square root of seven 

point oh oh one is slightly more." Dave pointed to his projecting calculator projection of 

his computation as he continued explaining. "Here's the square root of seven. Here's the 

square root of seven point oh oh one. They're very, very close. Then I just subtract 

them, by pushing enter. That got me the answer, minus, then I just replicated the square 

root of seven right there. I could have just plugged in square root of seven. I subtract 
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them. I got two point two seven one seven, e to the minus four. Now that has a 

meaning. E to the minus four means you start here and you walk back four, one two 

three four, one two three four. You go over to there. You precede it by three zeros and 

then a two." Dave gestured at the overhead screen to show how the location of the 

decimal point would be affected. He wrote on the board 2 [2, decimal point, ellipses] 

and then he wrote three zeros in front of that 2 and put a new decimal point in front of the 

zeros to show how E"* influences the location of the decimal point. "And that is the 

difference. And then you divide by point oh oh one, or multiply by a thousand and you 

get point two two seven." A female student pointed out "You forgot a five when you 

subtracted." A male student [I think it was Bmce Everett, the ROTC guyj agreed, 

"yeah." Dave asked, "I did what?" She repeated, "You forgot a five after the two point 

six four five seven. There's supposed to be another five." "Oh did I?" asked Dave. 

"Yes sir," replied the male student, "it changed your answer by quite a bit." "Oh, ok," 

Dave acknowledged. "Oh[ Is my answer still about two two seven ?" Dave asked. The 

male student answered, "it's point, its one eight nine." Dave recomputed his answer on 

the projecting calculator and narrated his keystrokes, "Ok, well, I, uh. let me just do what 

I said I was going to do. I'll take the square root of seven point oh oh one and I will 

subtract off the square root of seven. And I will enter it. You guys are absolutely right. 

It's one eight eight nine then divide that by oh oh one, or, like I say, multiply it by one 

thousand. Multiply it by one, thousand. And my answer is sitting right here." Dave 

pointed to the lowest line being projected on the screen, which read .188975487. "It's 

about two tenths, or less. Point one eight eight nine, like about point one nine." Dave 

returned to his drawing of the curve y = Vx. He relabeled the vertical leg of the triangle 

'.00019' and at the top of his list of guesses for the slope he wrote '.19' and circled that 

answer. "So this thing here is about one nine. The slope is about point one nine. And I 
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want to give Amy the rest of the time. But this is what we're going to be doing. And I 

did give you one more assignment which asics you to do the very kind of thing we're 

doing right now. So I'm going to get out of here." 

At this point I told the class that I was going to wait until Dave has left the room 

so he would not have any idea who I was talking to. I then began to recruit volunteers for 

the interviews. 

3.3 The Next Lessons 

At the beginning of class on September 6, Dave wrote on the board: 

For tomorrow: graph and find tangent line to 

1. f(x) = x3-x at point (-1.0) 

2. f(x)=sin(x) at point (I,sin( I)) 

given y=f(x) draw f(x) 

3. (Graph of increasing line through origin) 

4. (Graph of parabola with vertex at origin) 

5. (Graph of sinusoidal function) 

Class began with a discussion of problem 8.13, finding the equation of the line 

tangent to y=x"+3x at the point (2,10). Dave led the class through approximating the 

slope of the tangent by using (2,10) and a nearby point. The class suggested using 

x=2.1. Dave used the projecting calculator to graph the function and followed smdent 

directions to use the evaluate feature to find the y value corresponding to 2.1. After 

finding the slope using the point where x=2.I, Dave pointed out that the true slope of the 

tangent line would be a little less than this approximation. He asked the students to guess 

the true slope. Dave promised they'd have a formula for that by the end of the day. Dave 
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then finished the problem by plugging into the y=mx+b formula to find the equation of 

the tangent line. 

Dave then moved on to problems 8.16 and 8.17 in those problems the students 

were asked, "One curve is the graph of y=f(x) and the other is the graph of y=f(x). 

Which is which?" For problem 16 there was a parabola with the vertex on the negative y 

axis and an increasing line through the origin. For problem 17 there was a parabola with 

the vertex on die negative y axis and a cubic through the origin. Dave noted, "Well, at 

this stage for almost all of you, f(x) is an absolute question mark because we haven't 

even talked about it. But we'll talk about it now." Dave started off by drawing y=3x and 

asking what is the slope of that line. He asked what the slope would be at each of several 

points on that line and it was always 3, according to his students. Dave made a graph 

with an x axis and a slope axis (the vertical axis), and found that he'd get a horizontal line 

at height 3. 

Dave next drew a parabola and asked the class the slope at several points and 

prepared to record those answers on a graph with the vertical axis labeled "slope". Dave 

acknowledged that the correct answer to "what's the slope at this point?" for most 

students in the class should be "I don't know. Can you give me ten minutes to find out?" 

But since there wasn't really that much time to do this problem, making an estimate was 

just fine. Dave drew the line y=x. a45° line, as a reference line and suggested that 

students could estimate the slopes by comparing to that line. The students estimated the 

slopes at several points and Dave plotted those slopes on his axes. Dave explained, 

"What I'm doing is building a curve from a curve. The original curve was a parabola and 

the new curve is the slope curve." Dave connected the points he had plotted and wrote the 

notation f (x) for the name of that new curve. He pointed out that the f curve for the 

parabola looked straight line-ish. Dave then went back to problem 8.16 and answered 
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which curve matched f and which matched f. Dave agreed that at this point in the class 

answering this type of question involved a great deal of guess work. 

Dave drew graph of a piecewise linear function and questioned the class to 

develop the slope graph that would correspond to it. Dave declared he would illustrate 

slopes "by animation." He tapped his chalk along each piece of the piecewise function 

and asked for the slopes as he tapped along. Dave finished the slope graph and drew a 

big box. around it. "That's it. Here's my picture. Let's frame it. That's my picture of 

the slope of this." Dave brought up the issue of what the slope might be at the corners of 

the original graph. He pointed out that if you drew a slope triangle to the right of those 

points and to the left of those points you would get different answers, and Dave pointed 

out that there was no right answer so the slope just did not exist at those points. 

"Could we take a slope picture and go backwards and draw the original from 

whence it came?" "Yes," answered a few students. One student pointed out that the 

"original" might not be at the same coordinates as the true original, just that it would have 

the same slopes as the original. Dave draws a piecewise linear function from (-2,0) to the 

origin, from the origin to (I, I) and from (1,1) straight to the right. Dave pointed out that 

the First leg of the slope function was constantly zero. He asked the students what sort of 

function would always have a slope of zero. A few people suggested horizontal. Dave 

pointed out that he could put his horizontal line at any height and he picked one and drew 

it. Dave then looked at the next leg of the slope function, from the origin to (1,1). He 

explained that the next leg of the original fiinction would start with slope zero and then the 

slope would be getting bigger and bigger and bigger slopes until it had slope I. A student 

asked, "Is the slope really getting bigger? It looks constant at one." Dave reminded the 

student that the slope graph measured slope and slope was indeed increasing to I. Dave 

asked how to graph a curve that was "getting slope-ier and steeper and steeper until it 
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reached a steepness of I." Dave drew such a curve and then finished by drawing the final 

leg of the original function with constant slope I. A student asked how Dave knew where 

to start his line in his picture of the original. Dave threw that question back to the class 

and they decided that he really could have started his line at any height. 

Dave said, "Ok, what have we learned how to do. Let's review the last two days. 

Tomorrow, Thursday, is going to be a day that I'm just going to come in and give you a 

little mini-test, like I did last Wednesday, and walk around among you and find out how 

you're doing. I'm can tell you right now what it will be. It will be like the stuff we did 

today and yesterday. Let's repeat what that was." Dave reviewed that they could find the 

slope of a curve at a point, using a calculator, a graph, a limit, a guess and an 

approximation. The next topic discussed had been to draw a slope graph and then to take 

a slope graph and draw the original graph. Class ended. 

Before class began on September 7. Dave was in the other room of the math 

annex going over a problem with about a dozen of his students. Dave began the class by 

offering to answer any questions the students had, before he would start the quiz. He 

told the students that when he put the questions on the board they were welcome to work 

by themselves or in groups according to whatever pleased them. The last several students 

trickled into the classroom. Dave told the class that he wanted them to put their names on 

the quiz and hand it in so that he could look at it and get a sense of how the class was 

doing. One student pointed out that if they worked together it wouldn't represent what 

individuals knew. Dave agreed, and said that was fine since he was looking to gauge the 

combined understanding of the class. 

The first question from the previous day's homework that the students wanted to 

see was how to draw the slope graph of the sinusoidal curve (#5 assigned the previous 

day). Dave explained that this was not a problem to do on the calculator, but was done by 
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visualization and guessing. Dave drew the function and another pair of axes labeled x and 

F(x). A student estimated the slope at x=0 to be 1 and Dave plotted this on the f graph. 

Dave pointed out that the slopes would then decrease to zero at the top of the first peak. 

He drew a concave down decreasing curve on the f graph from (0,1) down to the x axis. 

"Is this a picture that reflects what I just said?" A student asked, "How do you know the 

slope graph is a curved line?" Dave acknowledged that he didn't know. "That's a great 

question." He explained that his slope graph would tell him that the slope would be 

diminishing a little bit at first and then a lot at the end, and this was at least plausible. 

Dave continued drawing the slope graph with curved sections, although he admitted that 

he could have chosen to connect his points with straight lines. As Dave created the slope 

graph he spoke about the original curve having positive slope, but less and less positive, 

and then having negative slope and more and more negative and then still negative but less 

and less negative and so forth. A student asked about the slope curve compared to the 

original curve, "So it's just the inverse basically?" "Basically," Dave agreed. He 

continued, "for those of you who have had calculus, you know that the derivative of the 

sine is the cosine." Dave explained that without saying that, he made the slope graph kind 

of wavy since he knew that the derivative of a wave was a wave. 

Dave went over question number 2 from the previous day. finding the slope of 

f(x)=sin(x) at x=l. Before starting this question he put up question #l from the quiz in 

case anyone would rather get started on that than hear the explanation for homework 

problem. Question #I was for f(x)=ln(x) find the slope of f(x) at x=2. Dave drew a 

graph of sin(x) with a tangent line at x=l (in radians). Dave explained again about using 

the point (1 ,sin( 1)) and a nearby point a small distance to the right, such as x= 1.01, and 

making a slope triangle. He pointed out that the height of the first point was sin( 1) and 

the height of the second point was sin(l.Ol). Dave reminded the class to make sure they 
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were in radians. Dave used his projecting calculator. First he checked that he was in 

radians and then found the two heights. He found the lengths for his slope triangle and 

divided to find a good approximation of die slope. Dave pointed out that dividing by .01 

on the calculator was a bit silly. He noted that the answer they found was not an exact 

answer but just an approximation. He asked if that was good enough and he answered 

himself "for today, that's an A+." Dave compared that approximation to the value of 

cos( 1), since he told the class that very soon they would know that the derivative of sin 

was cos. 

"Ok. let me put down what I'd like you to try today. Like I say. put your name 

on it at the end. Be neat. Use your calculators. Talk to anybody that you want, 

including me, because I'll be available." A smdent asked if they could leave when they 

finished. Dave reminded them that this was very informal and they were welcome to 

leave when they were done. Dave put up the test questions. 

1. Find the slope of f(x)=ln(x) at x=2 

2. Find the equation of line tangent to f(x)=x3+x2 at (1.2) 

3. Given y=f(x) (the graph was of a three legged cubic with it's inflection point at the 

origin) graph the slope. 

4. Given y=f(x) (a piecewise linear graph along the negative x axis, from the origin to 

(1,1), back down to (2,0) and then along the rest of the positive x axis) graph the slope. 

After Dave put the questions on the board he screwed his face up and poked it up 

to the lens of the video camera and asked, "Is this on?" I told him it was. He asked if I 

was also observing the person whose class met right before his, and what was her name 

anyhow? I told him who she was and that I was indeed observing her class, too. Dave 

spent a couple of minutes giving me his opinion of the Wattenberg text and discussing the 
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upcoming Forum on Calculus Reform which was being held at a nearby hotel in two 

days. 

Dave moved off and began circulating around the room helping individuals and 

clusters of students. Dave used the side and rear boards to illustrate his explanations for 

students sitting near those boards. He sometimes sat in empty desks next to the clusters 

of students he was helping. The students were talking, and it sounded like the talk was 

mathematical. For the most part, they were working in pairs or individually. About a 

half hour into classtime two students handed in their papers and left. Bea Gibson asked 

me to help fix how her calculator was graphing, which I did. A few minutes later two 

students behind me asked if I could explain how to do the third problem. I suggested 

they call Dave over since I felt that in my role as an observer I should probably limit 

myself to minor explanations, like how to make the calculator work. The two decided to 

work on the problem on their own. Bea Gibson told me that the word "derivative" really 

threw her in her interview the previous day, but after the interviewer told her what it was. 

the interview went great. She was proud of how much of it she was able to do. With ten 

minutes of classtime left, the two smdents behind me began reading the college 

newspaper. A few minutes later Dave made it over to them and gave them help with the 

third problem. As class ended Allison Whitfield came over and told me that her interview 

was good because it made her go home and study the concepts afterwards. 
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APPENDIX D: STUDENT INTERVIEW PROTOCOLS 

1. First Student Interview Protocol 

This is the text of the interview protocol used for the first student interviews. It 

was developed in light of results from the pilot study. An additional question was 

included in some later interviews. That question is included after the end of the main 

interview protocol. Graphs set in front of the students (referred to in the text of the 

protocol) are also included at the end of this Appendix. The main goal of this interview 

was to test the accuracy, depth, breadth and flexibility of student understanding of the 

concept derivative. 

Interviewer Guidelines 

Always remain polite and positive. Seem interested in what the student is saying. 

Do not indicate incorrectness. Pause for the soident to answer questions. Clarify 

questions as requested by the smdent, or if it is clear that the student did not hear the 

question or read it correctly ~ this is different from giving an incorrect answer. Do not 

prompt the student for a correct answer, nor indicate correctness of an answer; as Novak 

and Gowin point out, an interview is not Socratic teaching. The student should be 

encouraged to clarify or explain his or her thoughts as necessary and encouraged to use 

the pen and paper as appropriate. Students will be permitted to use whatever supplies 

they wish. Each question will be written in large letters on a card which will be placed on 

the table where the student can read it as the interviewer asks the question. The question 

will be left facing the smdent on the table while it is being answered. The interviewer will 

sit across from the student. The wording in this script should be followed in spirit. 

Recording the Interview 
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Interviews will be videotaped, and audiotaped when possible. Set the 

videocamera as near the student as possible, while keeping both the student's work and 

the student's mouth in the field of view. Check if the student is left or right handed and 

make sure that the writing hand will not block the camera's view of the student's work. 

Be careful not to place supplies between the camera and the smdent's work. Make sure 

that the microphone on the videocamera is aimed at the student's mouth. 

If the audio taping device is available (which it will be for only one interviewer at 

a time, I'm afraid), place that as near to the smdent as possible, without interfering with 

the student's ability to write and without blocking the video camera. 

The interviewer must be careful to speak loudly and clearly for die sake of the 

transcriber. Also, feel free to "narrate" non-audible events as they occur, and feel free to 

follow each interview with some of your own thoughts/impressions/explanations on tape 

At the end of the interview, explain on tape if anything unusual happened which the tape 

did not pick up. 

Supplies to be Set in Front of the Student 

Unlined paper 

Blue/black pens 

Ruler 

Programmable graphics calculator, such as TI-82 or TI-81 

Copies of functions/table for student to write on 

Transparent grid overlay 

Supplies for the Interviewer 
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Unlined paper 

Pens 

Question cards, 3-D model 

Data Collection Form 

Videocamera/power cords 

Videotape 

Extension cord 

Tripod 

Cash 

Receipts 

(Tape recorder, audiotape) 

Before the Interview Begins 

The supplies are pointed out to the student. The student is also told that he or she 

is free to use his or her own calculator and any supplies on this table to help answer 

questions. 

Audio Label 

Turn on all recording devices. State the time, date and place of the interview, 

your name and ask the student to state his or her name for the camera. 

Read this explanation to the student 

Participation in this interview will not affect your university records including 

your grade in Calculus in any way. During this interview I will be trying to document 

your thought processes and knowledge structures as completely as I can. Keeping this in 
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mind, I'd like you to think aloud as mucti as possible, or write down whatever comes to 

your mind. Also, I will often ask you to explain your answers or restate them. When I 

do. it does not mean that your answer is wrong, just that I am trying to learn as much 

about your thoughts as possible. Do not feel uncomfortable if I pause for a long time 

between questions. I want to give you a chance to tell me everything you can about each 

question. Feel free to tell me to go on to the next question if I pause too long, or tell me 

to wait if I am going on to the next question before you are done answering the current 

one. The video camera (and tape recorder) is (are) being used to record your work so I 

do not need to take notes on what you do or say. I may ask you to repeat something you 

have said during the interview so that the camera (tape recorder) picks up the audio better. 

If I ask you to repeat something it does not mean that you said something incorrect or 

unusual, just that you said something quietly. In this interview I will be asking you some 

questions about Calculus and I will ask you to solve some problems. Some questions 

and problems will be simple, others may be difficult since I am trying to find the limits of 

what you understand. I do not expect that you will be able to answer every question I 

ask, but try to answer all the questions and problems as well as you can. Take your time 

and give as much detail as you can with each answer. Shall we begin?" 

I. Tell me what you know about derivatives. Try to comment on each of the following 

areas: 

• What are derivatives'? 

• How are they defined? 

• How do you compute derivatives? 

• What are derivatives used for in math and the real world? 
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• What other things in math are derivatives related to? 

PROBE: Let's see, have you spoken about each of these topics as well as you can? 

NOTE: Roughly speaking, this should be the only probe. In particular, do not prompt 

the student to speak more about one particular topic. 
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2. Suppose you are given the following problem: 

Find the slopes between the following pairs of points on the function y=x . 

a) (2,8) and (3.27) 

b) (2,8) and (2.5. 15.625) 

c) (2,8) and (2.1, 9.261) 

What would be the purpose of doing these three computations? 

PROMPT: "You do not need to actually find any of these slopes unless it would help you 

answer the final question better. What [ am interested in is your opinion of what doing 

these three computations would get you." 

"I am now going to ask you to solve a few problems. Since we are trying to 

document your thought processes, it would be helpful if you could think aloud or write 

down what you are thinking as much as possible. Feel free to ask me anything you need 

to while you are solving the problems." 

Indicate the first set of six graphs. The student should draw on his or her first copy of 

these graphs. 

3. Which of these graphs show an increasing function? 

NOTE: Have the students circle the graphs they choose. 
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PROMPT: " More than one graph may show an increasing function." 

4. What can you say about the derivative of an increasing function? 

PROMPT: Point out the functions the student has circled. "You said that these were the 

increasing functions. Does looking at these pictures help you make a statement about the 

derivatives of increasing functions?" 

Indicate the second copy of the six graphs and have the student circle appropriate graphs. 

5. Which of these graphs show a function with an increasing derivative? 

PROMPT: "More than one graph may show a function with an increasing derivative." 

PROBE: "Explain how you decided on those functions." Definitely ask this probe unless 

the student explains without being prompted. 

Place the picture of a three legged function with two points marked on it in front 

of the student. Make sure the transparent grid is clearly available, but do not indicate that 

it must be used for this problem. Perhaps move it into a more prominent position on the 

table as you ask this question. One marked point on the function is at a local max. The 

other marked point is to the side of a local min. The function is presented on plain paper 

with only the x and y axes marked, but a transparent grid is available as an overlay. The 

grid will be left on the table for the student to pick up or not as the student wishes. 



304 

Indicate that the student may mark on the first copy of the cubic function. 

Pointing to the point to the side of the local min: 

6. How would you estimate the value of the derivative at this point? 

NOTE: Your goal is to get the students to give a numerical estimate and to explain the 

method/reasoning they used to get that estimate. 

POSSIBLE PROBES: Suggest that the student use the grid overlay if the student is 

wondering about the units on the axes, or begins to make tick marks, etc. Do not suggest 

using the grid overlay if the student does not seem to want to refer to units on the axes. 

•'Can you give me a number for the value of the derivative?" 

•'How did you get that particular number?" (Probe in great detail here!) 

"No formula is provided for this function. Could you make an estimate just using 

the graph of the function?" 

Indicate that the student may mark on the second copy of the cubic graph. 

Pointing to the marked local max (same graph): 

7, How would you estimate the value of the derivative at this point? 

NOTE: Your goal is to get the students to give a numerical estimate and to explain the 

method/reasoning they used to get that estimate. 

POSSIBLE PROBES: Suggest that the student use the grid overlay if the student is 

wondering about the units on the axes, or begins to make tick marks, etc. Do not suggest 

using the grid overlay if the student does not seem to want to refer to units on the axes. 
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"Can you give me a number for the value of the derivative?" 

"How did you get that particular number?" (Probe in great detail here!) 

"No formula is provided for this function. Could you make an estimate just using 

the graph of the function?" 

Indicate that the student may mark on the third copy of the cubic graph. 

8. Mark all places on the graph where the derivative is positive. 

PROMPT: Make sure the marks you make will pick up clearly when copied. 

PROBE: Whether the student has marked all the places correctly or not. ask "Have you 

marked all the placed where the derivative is positive?" 

9. Find the derivative of the function f(x)=2x' at x=3. After you have found the 

derivative, write your final answer using proper mathematical notation, and say your 

answer aloud using proper mathematical terminology. 

PROBE: Make sure that the student has indicated the method used to find the derivative. 

Ask "How did you find that answer?" if no work is shown. 

Point out the graph with two functions, one the derivative of the other. 

10. One of these functions is the derivative of the other. Which is the original function 

and which is the derivative? How do you know? 
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PROBE: "Explain how you decided." Let the student go on as long as possible when 

answering. 

"'Would you be able to decide for a different pair of functions? What things would 

you consider to decide for a different pair of functions?" 

Present a table of numbers as follows: 

Year Population 

1920 105.7 

1940 131.7 

1960 179.0 

1980 226.5 

2000 274.6 

2020 311.0 

2040 333.8 

2060 350.7 

U.S. Population (in millions) 1920-2060. 

The figures for the years 1920-1980 are based on the census, 

while figures for 2000-2060 represent one possible projection. 

Leave the table in sight as the student answers the questions. 

"This is a table of U.S. population figures for the years 1920 to 2060. The first four 

pairs of numbers are taken from the US census, while the last four pairs of numbers 
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represent one possible prediction for the US population over the next 65 years. Use the 

information in this table to answer the next questions." 

11. The U.S. Congress has been studying how the population of the United States will 

be growing during the first part of the next century. Some members of Congress who 

examined this table are worried that the population will be growing out of control, while 

other members have been reassured by what they see in this table. Explain how this table 

of numbers can be interpreted to support each of these positions. 

POSSIBLE PROBES/PROMPTS: "The members of Congress have formed their 

opinions based on the projection in this particular table." 

"Could you look at how much the population increases at different times?" 

"Explain what computations you made." 

"What numbers did you plug into your calculator?" 

"What specific information from the table helped you come up with your answer?" 

If derivatives have not been mentioned in either of the two answers to number 11, ask 

(#11 follow up) How could you restate your answers to question 11, using the word 

'derivative'? 

12. P(x) represents the profits a company earns when its product is sold at price x 

dollars. The company is currently selling its product at a price of x=$32, and you know 

that P'(32)=0.02 (a small but positive value for the derivative). How would profits 
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behave if you increase the price from x=S32? Should this company increase the selling 

price of this product? Explain how you made your decision. 

POSSIBLE PROMPTS: "Is there enough information here to answer the question?" 

"What does the information in this problem tell you?" 

"What information might help you answer this question?" 

"Can you make any statements about this problem?" 

"Would it help you to write or draw anything?" 

Present the 3-dimensional model with grids marked on it. Place the function on 

the grid so that the tallest peak is over x=l .5. y=3.5. "This is a three dimensional graph 

of a function." Point out the lines parallel to the smdent and gesturing from negative to 

positive: "These lines represent the x-direction, and these lines," point out the lines 

perpendicular to the student and gesturing from negative to positive, "represent the y-

direction. For a three dimensional graph like this we can also think about derivatives. On 

this kind of graph we think of every point as having two derivatives, one in the x-

direction," gesture from - to + in the x-direction again, "and one in the y-direction," 

gesture from - to + in the y-direction again. "The two derivatives for this kind of function 

tell you the same things that the derivative you are familiar with tells you. The derivative 

in the x direction tells you what this model is doing as you move along in this direction," 

gesture from - to + in the x-direction, "and the derivative in the y direction tells you what 

the model is doing as you move along in this direction," gesmre from - to + in the y-

direction. "Does this make sense?" Pause for a moment. Answer questions. Point to 

the taller peak. 
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13. Using what you have learned so far about derivatives, what would you say are the 

two values of the derivative at this point? Explain why you think these are the correct 

values. 

Answer any reasonable questions from the student. Alternatively: What is the 

value of the derivative in the x-direction? the y-direcdon? 

14. Could you point to a spot where the derivative in the x-direction is negative, and the 

derivative in the y-direction is positive? 

PROMPT: "Why that point?" or "Why there?" 

OK! Those are all the questions I have for you. Do you have any questions for 

me? Would you mind filling out a form with a few questions about yourself and giving 

Amy permission to see your exams and a way to reach you for the second interview? I 

need to give you $5 for this interview. You will be paid $ 15 for participation in the 

second interview if you participate in that one. Thank you very much for your time. 

Your participation in this interview is an important contribution to the study of the impact 

of teaching practices on student understanding. 

(Have the student fill out a form, pay the student $5, and get a receipt. Mark the 

student's name on the BACK of each page he or she used.) 

The following supplemental question was incorporated for later interviews: 



310 

The main goal during this interview is to explore the structure of the knowledge 

you have built at this point in the semester. During the second interview we will explore 

the knowledge you have build up later in the semester, but a large part of that interview 

will also be used to explore how the teacher's methods and other activities have affected 

your learning process. Although this is not the main focus of this interview, would you 

like the opportunity in this interview to briefly discuss your teacher's teaching style and 

the classroom activities? Your responses will be kept confidential. They will not reach 

your teacher and they will have no affect on your teacher's position with the university. 

[Note: Up to interviewer to do this first or last. Probe as appropriate.] 

Possible probes: 

Do you often feel confused or frustrated during class? Is it because of the difficulty of the 

material or is it your teacher's approach? Do your questions eventually get answered? 

Is there something you wish your teacher did more or less of? 

Do you feel that your teacher is giving you the information you need? 

Do you get excited about the material you are studying in class? 

Do you think your teacher has a good sense of how well you and the other students in the 

class are understanding the material? 

[Try to keep this part brief so that there is time to do the rest of the interview without 

feeling rushed.] 
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Calculus Interview Data Collection Form 

I give my permission to allow Amy Rabb-Liu to look at my exams in Math 124 in Fall 
1995. This permission will not affect my grade in Calculus in any way. She will not 
reveal to my teacher which exams she is looking at and she will not reveal my exam 
results with my name or any other identifying information attached. I may withdraw this 
permission at any time. 

(signature) 

(date) 

What grades did you receive in the last three math classes you have taken? 

What grade do you expect to earn in Math 124 this fall? 

What is your ethnicity, or what cultural group(s) do you consider yourself a member of? 

Do you speak a language other than English? Which language(s)? Which language do 
you speak most comfortably? 

How can Amy reach you for participation in the follow up interview if she cannot reach 
you in class (a phone number or address would be great; this information will be kept 
confidential)? 
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#3 
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#7 

»8 
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Year Population 
1920 105.7 
1940 131.7 
I960 179.0 
1980 226.5 
2000 274.6 
2020 311.0 
2040 333.8 
2060 350.7 

U.S. Population (in millions) 1920-2060. 
The figures for the years 1920-1980 are based on the census, 
while figures for 2000-2060 represent one possible projection. 



317 

2. Second Student Interview Protocol 

Supplies to be Set in Front of the Student 
Unlined paper 
Blue/black pens 
Ruler 
Programmable graphics calculator, such as TI-82 or TI-81 
Copies of functions/table for student to write on 
Transparent grid overlay 

Supplies for the Interviewer 
Unlined paper 
Pens 
Question cards 
Data Collection Form 
Videocamera/power cords 
Videotape 
Extension cord 
Tripod 
Cash 
Receipts 
(Tape recorder, audiotape) 

Set up the Equipment 
Turn camera on, focused on the student's work area, and the student's mouth. 

Make sure that the microphone is pointed at the student. Place the audio recording device 
near the student. 

Before the Interview Begins 
The supplies are pointed out to the student. The smdent is also told that he or she 

is free to use his or her own calculator and any supplies on this table to help answer 
questions. 

Audio Label 
Turn on all recording devices. State the time, date and place of the interview, 

your name and ask the student to state his or her name for the camera. 
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Read this explanation to the student 
Participation in this interview will not affect your university records 

including your grade in Calculus in any way. During this interview I will be trying 
to document your thought processes. Keeping this in mind, I'd like you to think aloud 
as much as possible, or write down whatever comes to your mind, ^^^en I ask you to 
explain your answers or restate them it does not mean that your answer is wrong, just that 
I am trying to learn as much about your thoughts as possible. Do not feel uncomfortable 
if I pause for a long time between questions. I want to give you a chance to tell me 
everything you can about each question. Feel free to tell me to go on to the next question 
if I pause too long, or tell me to wait if I am going on to the next question before you are 
done answering the current one. 

The video camera (and tape recorder) is (are) being used to record your work so I 
do not need to take notes on what you do or say. [ may ask you to repeat something you 
have said during the interview so that the camera (tape recorder) picks up the audio better. 
If I ask you to repeat something it does not mean that you said something incorrect or 
unusual, just that you said something quietly. In this interview I will be asking you 
some questions about Calculus and I will ask you to solve some problems, and then I will 
ask you some questions about your learning process. Some questions and problems will 
be simple, others may be difficult since I am trying to find the limits of what you 
understand. I do not expect that you will be able to answer every question I ask, but try 
to answer all the questions and problems as well as you can. Take your time and give as 
much detail as you can with each answer. Shall we begin?" 

I. Questions on Derivatives 
1. Tell me what you know about derivatives. Try to comment on each of the following 
areas: 

• What are derivatives? 
• How are they defined? 
• How do you compute derivatives? 
• What are derivatives used for in math and the real world? 
• What other things in math are derivatives related to? 

PROBE: Let's see, have you spoken about each of these topics as well as you can? 
NOTE: Roughly speaking, this should be the only probe. In particular, do not prompt 
the student to speak more about one particular topic. 
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2. Explain this picture. 

3 ^ ' 

1 

! 

! / 
" 1 • 1 

PROMPTS: 
• Well, if your teacher asked you to find the slope of line L then line 2. then line 3. 

then line 4 what would be her point? 
• Does this formula relate to this picmre ? 

3. Find the derivative of y=2/x + e^x. 

Indicate the first set of six graphs. The student should draw on his or her first copy of 
these graphs. 

4. Which of these graphs shows an increasing function? 

NOTE: Have the students circle the graphs diey choose. 
PROMPT: " More than one graph may show an increasing function." 

5. What can you say about the derivative of an increasing function? 

PROMPT: Point out the functions the student has circled. "You said that these were the 
increasing functions. Does looking at these pictures help you make a statement about the 
derivatives of increasing functions?" 

Indicate the second copy of the six graphs and have the student circle appropriate graphs. 

6. Which of these graphs shows a function with an increasing derivative? 

PROMPT: "More than one graph may show a function with an increasing derivative." 
PROBE: "Explain how you decided on those functions." Definitely ask this probe unless 
the smdent explains without being prompted. 
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7. Here are graphs of r(x) and of g'(x). Will the graphs of f(x) and g(x) be the same? 
Explain. 
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^ROBE: Could you talk about or draw some of the important features of f(x) or g(x)? 

8. If you know that h'(7)=-1.2 and h(7)=2 what would be a reasonable estimate for 
h(7.I)? 
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9. Refer to the following table of numbers to answer the next question. When is this 
population growing most quickly? About how quickly is it growing at that time? 

t (hours) I 0 10 20 30 40 50 
1 

p (hundreds) I 1.1 1.3 1.7 2.5 3.1 3.6 

10. How could I restate each of the two previous questions using the word "derivative"? 

1. What use do you think the third derivative might have? PROBE: Would it tell you 
anything about the first or 

second derivative functions? 
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[II. Study habits, etc. 
In this part of the interview I am going to ask you to think about your own learning 
process and answer some questions related to that. Try to tell us about how you learn as 
accurately as you can. Your answers will not be judged by anyone. 

1. Tell me about how you studied for your calculus course. 

PROBES: 
• How much time did you spend out of class working on Calculus during a typical 

week? 
• How long did it take you to do an average homework assignment? 
• Did you spend much time going over the text? 
• Did you spend time going over your class notes? 
• How often did you go to your instructor's office hours? 
• How much time did you spend studying with others? 
• Did you put in extra study time before exams? 
• Do you do most of your studying alone or with others? Why? 

2. Did you study for this interview? 

Now I want you to think about that moment in time when a calculus concept suddenly 
makes sense. 

3. During what sort of activity do you most often find yourself "getting it"? 

Possible Prompts: 
• When doing homework. 
• Listening to the teacher explain it. 
• Working on problems in class. 
• Talking about homework with classmates. 
• Reading the chapter in the book. Etc. 
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4. If you were describing this course to a friend, what would you tell them this course is 
about? 
Brief description of what is main point of course as the student sees it. 

IV. Instructor 
I am now going to ask you some questions about your instructor. I wish to remind you 
that your responses will be used for research purposes only, and they will not affect your 
grade in any way. Your instructor will not be told of your responses in any attributable 
manner. 

I. Describe your instructor. 

I am looking for the student's impressions of the instructor. I.e. He is knowledgeable, 
friendly, fair, intimidating, boring and confusing but great help in office hours. Probe for 
answers along these lines. 

2. Describe the types of instructional activities that your instructor used during this 
semester. How did a typical class go? 

Explain what instructional activities are, if necessary. They are the things that happened 
in class, like lecturing, discussions, problem solving sessions, group activities, etc. 

3. which instrucrional activity (or activities) best helped you learn this semester? 

What activities do you wish there had been more/less of? 
Would you rather have worked more problems/heard more lecmres? 
Was working with other students valuable? 

4. Do you feel that your questions got answered in class? Outside of class? 

Probe about: 
• office hour attendance 
• "openness" of instmctor 
• Did you think that the instructor adjusted the focus of some class sessions to 

specifically address student interests or confiision? 

5. Talk about the selection of problems used for examples, in homework, etc. 

• Do they seem contrived or genuine applications of the math to the real-world? 
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• Do the problems help you see that you might use this math beyond this course? 

6. Do you wish to comment on the text? 

• Did you ever try to sit down and read sections of it? 
• Did reading it help you understand the math? 
• Help you do the homework problems? 
• Was it organized well? 
• Do you like the approach in the text? 

7. Is there anything else you think Amy should know or any other advice you wish to 
offer? 

VI. Follow up information 
1. Do you give Amy permission to ask your instructor to reveal your grade in this course 
after the semester is over? 
2. If Amy needs to do any follow up to diis smdy would it be OK to contact you again in 
the future? How could she reach you? 

End the interview on a positive note (e.g. OK, that was great! It was also important). 
Thank interviewee and pay him/her $ 15. 

Permission to reveal grade: 

I give permission for my instructor 

to tell Amy Rabb-Liu my course grade for the first semester 
Calculus course I have taken during the spring semester. 1995. 

(signature) 

(date) 
I can be reached for follow up information at 

(name) 

(address) 

(phone) 
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#2 



327 

#4 
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#7 
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#9 

t (hours) I 0 10 20 30 40 50 
1 

p (hundreds) I 1.1 1.3 1.7 2.5 3.1 3.6 
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APPENDIX E: TEACHER INTERVIEW TRANSCRIPTS 

1. Dave 9/15 

Friday, 11:10, September 15 

A: Would you like to just start talking or do you want me to ask you questions? 
D: No, I prefer that you ask me questions. 
A: Do you want me to ask you kmd of philosophical questions first or do you want me to 
ask you kind of basic information ones? 
D: This is your thesis. You do what you wish. 
A: All right we'll just warm up to things by asking you just a little, some kind of, exact 
questions about your background. 
D: Ok. 
A: Here's the basic question. What's your experience and training for being a teacher? 
D: Well, I didn't have any formal training. I just started out as a graduate student being 
given, I was told to assist a faculty member and I handled drill sessions and so did a 
colleague of mine. He handled the main section, and it was pre-calculus. And then a 
geometry. 
A: You handled recitation or drill sections for the geometry class? 
D: That's right. 
A: That's how you began. And since then I'm supposing you've had some kind of 
experience. 
D: Yeah. Since then, while I went to graduate school I was a teaching assistant for four 
years. And then I was a faculty member at Oberlin for five years and taught a variety of 
courses there. And I've taught here since 1971. 
A: Ok. And do you often teach calculus when you teach? 
D: Oh, I would say of all the courses I've taught, that's the one I've taught the most. 
Perhaps a third of the classes I've ever taught have been a form of calculus. First of 
second or third semester. 
A: Ok. And with this particular text, this is the first time you're using this text. 
D: Yes. 
A: Ok. Which brings us to the text, which I know you've got things to say about. So. 
D: Mmhmm. Well, I think that I've taught long enough so that it doesn't really matter 
what text I use. Because I just do exactly what I want to do. Whether it's consortium or 
Wattenberg or standard. I don't think what I've done in this class has been markedly 
different from what I've done in the past in the many times I've taught calculus. The 
book is irrelevant to me. However, it's not irrelevant to the students. It's something they 
have to be able to read. And I think, probably, this book is not very readable. And the 
content of the first chapter, which is a little different fi-om the con—, quite a bit different 
from the content of a standard calculus text, is very difficult for the smdents. And, uh, 
for a couple of reasons. Concepmally it's very hard to introduce a calculus course by 
talking about recursive functions, which is what Wattenberg does. I think that's very 
hard. And secondly, there's the technology, and you want dl the students to have pretty 
much identical technology, when you have a class of forty three students. If you don't 
announce beforehand that the technology is, a particular kind of technology you need is a 
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pre-requisite for the course, they go racing around during the first week trying to get the 
right calculator and it's a very poor way to start a class. 
A: Ok. So it's partly because of the technology requirement and partly because the 
concepts of recursive functions 
D: That's right. Yes. 
A: are very complex. 
D: I think we should start off in a more familiar, more comfortable setting. And 
Wattenberg starts off really in a very uncomfortable way, and I think that does a 
disservice to our students. 
A: What would be a more comfortable setting? 
D: I, well, my feeling would be that the standard way that they leam it in high school 
probably is the most comfortable setting. That's the way I would start. Then I would 
mix in the so called rule of three, which I think is just common sense. Almost 
immediately I would pull a lot of the innovations out of the Harvard Calculus and stick 
them right smack in the middle of my class as I have always done anyway. And I would 
probably want the most friendly text possible then I would do reform calculus as a 
teacher. 
A: Ok. When you start out you said "it". I assume you mean derivative. Start off with 
derivatives. 
D: I would start off early on with derivatives. I think the reform makes a mistake in 
starting off with functions and spending so much time on functions. I would probably 
start derivatives almost right away. The concept of rates of change would be day two. 
A: Day two. What would you do on day one? 
D: Day one I would introduce myself and take roll and greet them and welcome them to 
the University of Arizona and dismiss them early. 
A: Oh. Much as you — 
D: Much as I did. 
A: Oh, I see. That's what you'd do— 
D: Yes, that's what I'd do in my —. 
A: Ok. Talk to me about the technology a little bit. Just any comments on that. 
D: Well, I think that if you have a classroom that has a nice screen and you have the 
technology in your hand, like the TI82 which I had which can easily be put on the 
overhead, I think it's wonderful and I think it's the way to go. But if you don't have 
really a nice setup, a very fnendly setup to the technology I think it is very confusing. 
And that's sort of what I had before I moved into the new room. Right now it's 
adequate. In the old room I think it was confusing and caused a lot of problems. And I 
think unless you do a slick performance, where you're good enough with the machines 
and the machines can be displayed well enough for the class, if you don't have a really 
nice setup it serves to confuse everyone and causes a major problem and is a major waste 
of time. And I would get rid of it unless you had a really correct room. And then it's a 
wonderful package. And by a correct situation, I mean not only the room, but the 
smdents should all have the calculator that you're displaying overhead. 
A: But they don't in your class. What is that doing? 
D: So, I think that's hard. I really think that is. And the first test I'm giving Tuesday 
I'm simply going to steer away fi-om some of the concepts that I think are innovative and 
nice because I realize they don't all have TI82s and I think I shouldn't penalize them. 
Unless, unless it's a pre-requisite that's stated in the course catalog beforehand, "You 
need a TI82." Just like you need a book. And if it's stated that way and they all come in 
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with the same thing then I would feel OK about insisting that they know how to use them. 
But that's not the situation right now. 
A: Do you wish it were. 
D: Yes. 
A: Do you think it will be? 
D; Ye^. I don't know about exactly standardized calculators. I think in several years 
from now the University of Arizona will have friendly rooms to technology. In maybe 
ten years. When that comes I think it will be wonderful. 
A: What makes a room friendly to technology and what kind of physical layout — what 
things do you look for in a physical layout? 
D: Well, I think you have to have the seats so that they can all see the screen that you're 
projecting on the overhead with. And that's not the case in, gee, any of the rooms that I 
know of. Except for 101 and 102. And you need, and I do have with the TI82, the 
ability to project overhead. But with other calculators that I've used in the past the screen 
just burned out so that after about ten minutes, the whole picmre, the image just went 
clear. So there was no image at all on the screen. That was with the TI Explorer. And, 
so, that would be an example of technology failing. It seems to me that any^me you are 
trying to enhance something and it fails, it's just like the LAPD in the OJ Simpson trial. 
If there's something wrong, it just really casts a very malignant spell over everything else 
you do. 
A; Ok. 
D: And I think there's a lot of Mark Fuhrman in the technology we have on this campus. 
A: (chuckle) I see. 
D: I think we should ship that technology off to Idaho. 
A: Just like Fuhrman. TTiere you go. So the main thing you want to see in the layout is 
the desks placed where everyone can see the screen and you want some good projecting 
devices. 
D: Yes. Yes. 
A: Those are the main things you look for. 
D: And one's that don't fail. 
A: I guess that does sound important doesn't it. Anything else you look for in the 
physical layout of a room or would that do it for you? 
D: No, that would do it. And if we didn't have the technology part I would be perfectly 
happy to almost be in the middle and lecture in the round. Certainly I would prefer to 
have seats that can be moved, and you can walk among the class as I try to do every 
Wednesday. And, uh, and so I really would like it informal, being allowed to commune 
with them, have them work in groups. That's ideal. But that setup is not the same semp 
as the technology setup. 
A: Right. That's for a different purpose. 
D: Yeah. 
A: And that's all right. That's also something I'm interested in too. Um, let's see. 
D: Come on! Get with it! 
A: Well, you said so many cool things here. So let's see you were talking about, hmm, 
what was I going to ask you there. You were saying something about the technology that 
I wanted to follow up on here. I'll ask you that in a minute when it comes back to me. 
D; Yes. 
A: The next time I'm going to write it down. 
D: Mark Fuhrman. 
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A: Yeah, that's it. Mark Fuhrman. (Chuckles) Talking about, going back to what you 
said a few minutes ago, about how you teach calculus the same no matter what text you 
use anyhow, how have you, what things have you been doing that have been along the 
lines of Wattenberg's approach and what things have you been doing that are different? 
What have you done different (?word?) in particular? 
D; Well, Wattenberg forced me in chapter one to use recursive functions and so that was 
new for me. And I think it's very innovative, very exciting, very neat and way above the 
comfort level of a first semester fi%shman taking Hrst semester calculus. But I think it's 
something that should be used when the time comes and I certainly will add it to my ideas 
that I bring in throughout the course when it's appropriate. I think Wattenberg batted out 
this book in a short amount of time, as I understand it. Like in about five years. And he 
went with just a fantastic idea, a smart guy, had a wonderful idea. And then all of a 
sudden you lay it on a bunch of freshman students who are not quite as bright lis 
Wattenberg himself. And it's absolutely misplaced. 
A: The things about the recursive functions. 
D; Yeah, mmhmm. 
A: So where would you place it? 
D: I would put it when we get well into derivatives and when we can talk really easily 
about slopes being flat, no change in the function. And we can then bring in his 
equilibrium points and we can bring in oscillations that don't go to a limit. And there it 
would become meaningful. I would say at about, well, you could touch on it in about 
week three. And then I would refer to it perhaps daily or quite often all the way through 
the rest of the derivatives. 
A: So you'd put it after you'd started derivatives. 
D: Yes. I would certainly do it. Yes, I'd put it after derivatives. 
A: And if you were going to teach it once again would you start in chapter two and then 
go back to chapter one? 
D: Out of Wattenberg? 
A: Yeah. 
D: I wouldn't teach it again out of Wattenberg. 
A; You wouldn't teach it out of Wattenberg? 
D: No. Because I think the first little while is just too disruptive. I would go back to 
Harvard Consortium or any traditional text would be just fine. Because I really think 
that's slow and that's pedestrian and that's sort of dull and that's just what I like. 
A: (chuckle) Ok. 
D: Because I think, I think that if the textbook is readable then that's all I care about 
because I'm the rest of it. And I can provide all the insights I want. But when you start 
filling up, as the reform, as the Harvard calculus book does, it fills it up with beautiful 
insights, and I've had students, more than one student tell me its very hard and quite 
unreadable because it is intuitive and creative. Well I think that, the intuitive creative side 
of things is exactly where the teacher's important. And exactly where you can look at the 
students when you're trying to get them to understands. You can look into their eyes. 
You can gauge the temperature of the class. And you can really make great headway in 
imparting understanding in a teacher-student setting that is very difficult to do in a black 
and white book-student unaided with a tutor setting. I think putting innovative creative 
ideas in a book takes an author of the standing of Dickens or Shakespeare. I mean those 
guys can get across fantastic ideas. But we don't have mathematicians who are writers. 
We just have mathematicians who are guys who put down mathematics. And that's a 
whole different story. And I think to be creative in black and white in mathematics is sort 
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of misplaced. I think it should be done with the teacher and the student in a more human 
setting. 
A: Interesting. So from that conference last Saturday [Forum on Reform Calculus], you 
heard what Wattenberg's latest plan are for his next step [an on-line interactive text]? 
D: Yeah, from you somewhat. 
A: Or Dan, maybe. 
D: And from Dan. 
A: Right. Uh, how is that, how do you think that's going to work? 
D: I don't know. I think maybe the next generation might become very comfortable with 
technology. With email, with the web and internet And if they, if that —. And I think 
there that you can have the human touch because you can have dmost immediate 
feedback, electronically. And that might be possible. I don't know. That's sort of wild 
and that's in the future. But the immediate feedback, I don't know how much it's 
important to have a human being within a few feet of you whose eyes you can read. I 
don't know how important that is. I think it is important to have immediate feedback with 
your ideas going back and forth. And if that can be done electronically, rather than just 
with vibes and body language and smiles and smff like that, maybe that would be ok. 
And maybe in the ftiture we can have peoples faces right there on the screen. And you 
can almost go back and forth as if they are in the room except they could be thousands of 
miles away. But you can read their, you could see them on the screen. Then that would 
be, of course ideily it's best if they're there with you, but if not, perhaps just having 
their image and a one on one immediate feedback would be nearly as good. It's possible. 
A: Interesting. Now, you were talking about the importance of body language and 
smiles and of the immediacy of being there in the classroom. 
D: Mmhmm. 
A: I remember one day after class you said, let's see, I wrote it down somewhere, "I had 
to work hard to keep the class with me today. They were really mentally elsewhere." Or 
something to that effect. 
D: Yeah. Yeah. 
A: How did you know that? And what did you do when you said you were working 
hard to keep them wiih you? 
D: Well, I noticed that a number of them were just kind of nodding off, and looking 
around the room. 
A: Sleeping? 
D: Well, I don't know if they were sleeping, so much as just kind of they looked 
completely bored. And the material wasn't all that exciting. And, uh, I had an agenda for 
the day, so I didn't feel like being a clown. Which is sometimes what I do. So I just 
wanted to get through the materi^, and I think that day I noticed in the last twenty minutes 
that they were bored. On the other hand, I had just twenty minutes to finish what I 
wanted to do for the day. And so, that's sort of bad. Because I just did my thing and 
became a talking head and sort of left the human being and a teacher ~ the very thing I 
think is most important is being a human being and a teacher — and 1 just became a ̂ king 
head. Which is what many of my own professors were when I was in school, just 
talking heads. 
A: (chuckle) Oh, I see. Now what do you mean by a talking head? 
D: Well, that's a phrase that's conmion, I thought. I thought everybody knew what that 
was. [Dave leaned over so he was only inches fi-om the microphone on the recorder.] 
A (chuckle) Nonetheless, I'd like to Imow what you know it is. 
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D: It's just, it just well, it came from this person on TV whose name I've forgotten. But 
some of your lisieners will remember. 
A: Max Headroom? 
D: Yes! 
A: Ok. Uh-huh. 
D: Yes. Uh, and the meaning of it is that this person is Just not caring at all about 
communicating or relating to anybody out there. He's just laying it on you. Giving you 
the scoop and lecturing without really caring whether anybody is listening or taking it all 
in. It reminds me of PBS. Some of these great programs, with Alistair Cooke and some 
of these wonderful programs, are just so beautiful and so wonderful that they are very 
little more than talking head presentations. Even though they're filled and replete with 
technology and beautiful images and so on, it's just they're way too full of themselves. 
A: Ok. 
D: And they're beautiful, encapsulated, complete things in their own right. And they're 
in fact so complete that they don't need to ever be shared with anybody. Because they're 
a nice little time capsule. Hey, we could put these things in the ground and let them be 
looked at thousands of years from now and they would pretty well say what things are 
like. But, they certainly don't serve to teach or instruct. Uh, or enhance anybody's 
understanding. I mean, all they are is just performances and endeavors of bright people 
who have a lot of technology at their disposal. And, uh, they do it and they walk away 
feeling wonderful and happy but they haven't accomplished a dam thing, except fulfill 
their own desires. Which is not teaching at all. Teaching is a very altruistic giving thing. 
It has almost nothing to do with being satisfied with yourself. Nothing to do with that. 
A: What does it have to do with? 
D: Well, I think it has to do with, 
A: Well, besides being altruistic and giving. 
D: I think it's a sharing thing. In my nine o'clock class this morning I went in pointing 
out that some of the other teachers in 223 were all asking the same thing on the test that's 
coming up. And I didn't ask my own class that, so I said, "Why don't we see if we can 
do this problem?" And I went in and we all sat down and I thought I had the wrong way 
of doing it. So I proceeded to do it the wrong way and they all scratched their heads and 
they said, "Well, that doesn't seem to be right" And I agreed with them. And then we 
tried what I thought was the right way, which was also completely wrong. 
A: Oh no. 
D: And we all struggled about that and we all realized after about ten minutes that that 
was wrong also. if\nd there must be a third interpretation and we finally got the third 
interpretation and I think most of the class and I finally came to a consensus that we had 
answered this problem right. Now to me that's, that's kind of a consensus with the 
teacher as sort of a guide, but we all shared in the discovery together. It's sort of like 
being a guide walking down to Havasu canyon or something. You can be out in front, 
you can point out things, but the whole class is right there with you taking pictures of 
Havssu falls and Mooney falls and they're all sleeping out with you together in the 
evening and they're all partaking of the same thing you're partaking of. Even if you've 
partaken of it a hundred times it's still wonderful and exciting and it might be their first 
time. But you're all in it together. That would be as opposed to, uh, giving a slide show 
of your visit to Havasu canyon. Where you say, "See this, see this. I took that picture. 
Hey, this is my fourth time there, isn't that wonderfiil. I suggest maybe you guys try it 
sometime." [Phone rings. I hit pause.] 
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A: Ok. Here's the last one. You were talking about the talking head model versus 
interacting with the students. 
D: Yes. 
A: Actually guiding them to Havasu falls. 
D: Oh, ye^. We were going to Havasu falls. 
A: That's right. As opposed to, 
D: That's right. Camping out, looking at the (?terraces?) 
A: That's right. As opposed to a slide show. 
D: Yep. Yeah. 
A: And with this particular group of students, in this particular class, how's it going? 
D: Well, I think it's going ok. With forty three, and I think about thirty five show up 
every day, um, it's just about impossible to do what I suggested I do. But I'm happy 
with them. I think we're on pretty good terms. And if more of them would come to the 
office hour that's specifically for them, as some of them are now doing, I'd get to know 
them better and that'd make it even better. And some of them, I recognize don't want to 
get to know me or even have a good time and leam. And that's fine too. There's a few 
of those that just don't like math and don't like teachers and that's great. But, I think it's 
going as well as could be expected, given the lousy first chapter in the book, the lousy 
technology an the fact mat it's a huge class. I'm happy with it. 
A: Ok. That's very good. Now, you had mentioned also on the first day that you used 
to be a talking head land of model. When did you change? 
D: I don't think I've ever really been a Max Headroom, exactly. Because I'm the same 
guy I was when I was in my twenties. But, I'm becoming more and more comfortable 
with group work, with them talking to each other, with setting aside a whole class just to 
let them work on the homework. Uh, and it used to be that I really wasn't, I just didn't 
feel secure about myself unless I was just the guy up in front, answering the questions. 
And I really did want to be more in control. And now I'm willing to not necessarily be in 
control so much. And I think my best lectures are the ones where I'm totally befiiddled 
like in my nine o'clock this morning. Where it took the whole class to get together with 
me to figure this all out. I think a lot was learned then. And I guess previously, maybe 
twenty years ago, I would have been embarrassed by that, in fact, that maybe the class 
thought I wasn't as smart as I should be. And that doesn't bother me anymore. 
A: Interesting. Do you think that's just from maturity as a teacher? 
D: Yeah, probably. 
A: All right. I'm going to ask you more questions later in the semester. 
[Interview is ended with some small talk, about my last name, etc.] 

2. Dave 11/10 

2nd interview 
11/10 11:13 am 

A: This is an interview with Dave, and this is Friday, it's November tenth, and it's 
about, oh, thirteen or fourteen minutes after eleven, roughly speaking. Dave is going to 
talk loud enough that this will pick him up, or else I'm going to move it closer to him. 
This is as close as it gets. (Scraping/banging noises. Amy laughs). Dave is making his 
chair creak. That's Dave! Ok. So, how's the class going? 
D: Oh, that Dave. (Dave and Amy are laughing.) 
A: I see that you're very serious whenever I turn this on. Fine. (More laughter.) 
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D: How's the class going? 
A: Yes. How's the class going. 
D: Well,uh. 
A: I am going to close that door. All I am going to hear is door slamming. 
D: Uh, I'd say if you would compare it to my recent calculus classes in the past I'd say 
it's going well. In that, I think the overhead and the calculator, that combination has been 
good. And while I don't like Wattenberg at all the content of the book has made me redo 
things, do things in a different way, which livens things up for me and so it livens things 
up for the smdents too. I mean, I just am not able to just sit back and assign stuff right 
out of the book as I could if the book were more traditional. It forced me to do stuff, and 
while I still don't like it, I think probably overall the class has been receptive. So overall, 
I'd say I'd grade the experience as a B. 
A: AB? 
D: Yes, my honors 223 gets a B+. 
A: AB+. 
D: Yes. 
A; And that's your nine o'clock class. 
D: Yes. 
A: What does your typical calculus semester get? 
D: I would say, a C+. 
A: Oh. So this is maybe a little better than typical? 
D: Yeah, this is a little better. 
A: Oh. What's making this better? 
D: The last time I taught calculus was out of the reform calculus in room 101 and that got 
a C-. 
A: Oh. Why was that? 
D: Well, because, uh, the class and I just didn't do real well. And room 101 I thought 
was, really put a real dampening effect on everything. It just deadens any excitement you 
have. Because when you get up a head of steam, suddenly the pen doesn't write on the 
whiteboard anymore, because it's run out of ink. So you search around and usually all 
the others are run out of ink too. So then you have to leave and get one out of the office, 
or something like that That breaks it. Plus, the computers are in there and some of the 
kids, no matter what you tell them, have them on. They're playing something, looking at 
their little monitors. Plus, all the computers are sort of, create the, uh —. They don't 
break the line of sight with the students but they break your line of sight with Ae desks 
the smdents might be actually taking notes on. And the whole thing I think is broken up, 
so I don't like room 101 and I didn't get along well with that class and that's why the C-. 
A: Ok, but this class was a B. 
D: This class, yes, this class was a B. 
A: Ok, that's not bad. That's an all right grade. You were saying that the book has 
forced you to do some things differendy. 
D: Mnihnun. Yep. 
A: And to liven things up for yourself and maybe for the students? 
D: Yes. 
A: Could you go into — explain that. 
D: Well, for example, uh, they insist on introducing the exponential in, uh, well, sort of 
a different way where you numerically have to calculate derivatives. They tell you that the 
exponential probably has the property that when you differentiate it and divide by it you'll 
get a constant. And, uh, so I decided to go in there and find out what that constant was. 
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and so we proceeded to, numerically ~ the TI82 allows you to numerically differentiate a 
given point. So we went to two to the x and we found that no matter where we were on 
two to the x, when we pushed that d y d x button that we got the constant point six nine, 
oh three one or something like that. So then we experimented all day today with that 
constant for three to the x, four to the x. We found that two to the x, four to the x and 
eight to the x were related. And that went well, except for those people who already 
knew that magic constant was the natural log. But we shut them up and some of the other 
people enjoyed the exploration. 
A: Mmhmm. 
D: And, uh, about two weeks ago we spent time graphing, searching for shapes of 
curves and high points and low points. Prompted by a question from a Miss-es Amy 
Rabb-Liu 
A: Oh I Uh-huh. 
D: who had mentioned something about a lecture. And that prompted probably a two full 
day exploration of inflection points, critical points and forcing functions to pass through 
things by knowing something about their derivatives but not necessarily about 
themselves. So, we introduced ourselves to anti-differentiation. Uh. but that was thanks 
to her. 
A: (Chuckle) I see. 
D; And, uh. so we've had fun exploring and the calculator's helped that out. But, in a 
more traditional calculus course I probably would have srack more to the book. And. uh, 
with this course I skip whole sections and find that I can use. I mean that I have extra time 
on my hands, and so the explorations don't need to be rushed. We can take our time and 
smell the roses. Uh, whereas if there were a strict syllabus we couldn't. And I make the 
time by skipping (??) sections which (?were written by?)Wattenberg on differential 
equations. I just skip the whole dam thing. Except, I picked out the y prime equals k y 
part of it. But I skipped over (???) 
A: Mmhmm. 
D: And I certainly skipped a lot of stuff on recursive functions, which freed up a lot of 
time. 
A: Ok. And (stammer) some of these approaches are not things that you typically do? 
These were influenced by --
D: Uh, those two I've never done before. 
A: Oh, the - ? 
D: The, what we are now calling the Rabb-Liu curve exploration. 
A: I see. 
D: named after an Amy Rabb-Liu. 
A: Uh-huh. 
D: And, and the finding this constant, which is related to the exponent (??), I've never 
done before with a class. 
A; Ok. And, would you say that the book influenced this? Or ~ ? 
D: Probably. Yeah, I'd say so. (Amy is speaking at the same time here — not loud 
enough to understand.) Influenced in a good and a bad way. It allowed me time by 
skipping parts of it. Plus it piqued my interest, which was to its credit. 
A: All right, that's good. Something to Wattenberg's credit. 
D: Well, Wattenberg I think is a very creative guy. 
A: Uh-huh. 
D: I think he lives in cyberspace now, doesn't he? 
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A: I think he does, yes. I was under that impression myself. Ok. Um, let me ask you 
about students in your class. Uh, do any students from this class this year stand out to 
you? 
D: One is beginning to stand out. He's very soft-spoken. And he's a huge guy, about 
six five. Uh, and he just never said much. On the first test he got in the mid nineties and 
this time he got a hundred. On the second test (?I don't recall exactly?). We've had three 
tests now, but he's been in the nineties; this time he far and away was the best. And I've 
gotten to know him a little bit. And it turns out that he has not had calculus in high 
school, like some of the others, nor has he gone through a calculus class and failed and is 
taking it again. It's all new to him. Today he said to me. "I'm way confused. All I seem 
to be understanding is that there's this constant and we get the constant by somehow 
pushing the dy dx button and doing things like that. Am I missing anything?" And I 
said, "No, you're exactly where I want you. I want you bewildered. And you're right 
with it. And when we talk about a week from now we're going to actually answer some 
of the very questions that you've raised." And he's the Ot^Y guy in there that is right 
with me and stuck with me. There's some that are just behind because they're not 
following the math. And there's some that have had glimpses into, uh, more than I'd like 
them to. And this fellow is, I'm really impressed with him. He's got a great demeanor 
and, uh, so 1 would recommend him for an honors class. I think he would be (??). 
A: Interesting. Now you know that any names that are said are going to be kept out of 
the study, confidential. 
D: But I can't be sure of that. 
A: (Amy chuckles) 
D: And if I could I'd be happy to give you his name. 
A; All names will be disguised. 
D: Can we turn this off, can we turn this off for a second? 
A: Well, we could but I'd like to get it on tape. Which guy is it? 
D: His last name is M A S T E R S, Masters. 
A: Masters. 
D: Yeah. 
A: OK. Masters. Interesting. Does anyone else stand out to you, for any reason? 
D; Well, there are some that are very friendly and forthcoming with their answers, uh, 
but come test time they don't stand out. We have others, that they do very well on the 
tests. 1 mean they got a lot more than (??) getting nineties. We probably have six or 
seven A's in the class in fact. Um, but some of them tend not to even come to class, and 
I have a feeling that they, uh, already knew the smff and, you know, sort of ringers. And 
he's the only one who stands out as a person who really is learning in the right way at the 
right pace, and is very serious about it. Most of my other A students sort of either just 
know it already and don't come to class, or they're very quiet and they have not really 
said anything to me. 
A: Ok, so, any other students you wish to comment on by name at all? 
D: Well, only if we have some sort of reciprocal agreement where I can get the names of 
those that are being specially noted. 
A: (chuckle) Well, you can't. 
D: I think with some sort of reciprocal agreement we can work out a deal. 
A: (chuckle) No, no, no. There's only one that you're aware of and he's out of here. 
D; He's out of here! 
A: Sorry. 
D; Well. I would have to go review the names in my, uh. 
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A: Ok. 
D: But that can be done at another time. 
A: All right. 
D: But NONE just stand out. 
A: Except for Masters. 
D: Yeah. 
[Off the record discussion — a half dozen lines ~ about how to pronounce "Masters'" last 
name.] 
A: Now you were saying that this Masters person's really right with you. 
D: Mmhmm. 
A: Do you think he's getting a lot out of this class? 
D: I think so. I think that he would probably be doing better —. I think that he'd do well 
in another class, too. But I think this experimental, well, the exploratory approach that 
I've adopted, on some of the days, has been helpful to him. Yes. 
A; Ok, what kind of students, what qualities of a student will ~. No. let's speak in 
English! What qualities should a student have to get the most out of your class? 
D; Well, I think, probably they would have to — this is not just in my class ~ it helps 
when they're not hung up on grades. 
A; Uh-huh. 
D: It helps when they aren't taking notes and trying to, you know, be just perfect and not 
miss anything, not be uptight, but just relax and try to follow the fun of it and the 
adventure of it. Uh, but that's not very common, because most of them are there, 
especially in this five hour class, they're in there really to get five hours of a good grade. 
Because it means so much to them. So, the pressure is on them and they do take notes, 
and my boardwork isn't all that great, and I jump around from one thing to another. And. 
that's probably frustrating to them. So, I would say, if they could somehow enjoy it for 
the experience of just learning stuff, that'd be, uh, that kind of person would get the most 
out of a class. 
A: What would you want the ideal student to do? To actually do while in class? Would 
you want them to listen? Would you want them to, well you said you want them to avoid 
taking notes. 
D: Well, I'd prefer they didn't take notes. 
A: So, not taking notes. What kind of things should they DO, not take notes, but what 
should they DO? 
D: Well, I would hope that if I was doing my job, as I see it, I would be raising 
questions in their mind and a lot of the time maybe they'd be raising their hand. Asking 
what I meant or where I was going. And I would then throw a question back to them and 
we'd get established some sort of dialogue, as many of them as we could in class. Uh, I 
would like to. if possible, be not a talking head and not a know-it-all, not mister answer-
man. 
A: Mmhmm. 
D: But that's hard to do with thirty four students. And, so I tend to lecture too much. 
And I guess it would probably be impossible to do it ideally, because we can't have all 
thirty four students raising their hands and asking questions. That wouldn't work either. 
A; That wouldn't work? 
D: No. 
A: Why wouldn't it work? 
D; No, because it'd be chaos. Because all thirty four would be slightly different 
questions, in slightly different directions and you just couldn't do thirty four directions in 
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a fifty minute class. At all. [t'd be far better to have just a very small class, just a small 
class of five to ten. And, that would make it a tutorial. But, but that can't be done. 
Especially in a lower division calculus class where they have to reach a point to take the 
second semester of calculus. I mean there is material that they just have to know. 
A: Mmhmm. You're saying, in an ideal class it would be great if all the students would 
have the chance to, you know, be raising their hands, 
D: Mmhmm. 
A: and be more actively asking questions. 
D: I think so. 
A: Tell me about what actually happens in your classroom. I see that sometimes smdents 
do raise their hands. Um, let's see, how do I phrase a question about that? Who gets to 
speak in the classroom? Who raises their hands? Do all the students? Do you think over 
the course of a week? 
D: No. No I don't. Uh, I don't think even half of them raise their hands. 
A: Yeah? Is it always the same ones? 
D; Perhaps a third, maybe ten to twelve raise their hands. And those will raise their 
hands a lot, some of them. Like there's a couple of them that just are constantly raising 
their hands. 
A: Do you know who they are? 
D; Um, well I could look at my book and find out who are the ones that are. They tend 
to be boys, at least the two that are probably most vocal are boys, and then there's two or 
three girls that quite regularly raise their hands and ask questions. And then once a week 
I generally just have an hour or most of an hour spent just mingling around. And when I 
go around and talk to them personally and see how they're progressing on the problems I 
gave them for the day, nearly everyone will raise their hand there. Well, most of them. 
On those days that I advertise we're having one of those days we don't get full 
attendance. Out of the thirty four students we get only like twenty five. Like today, we 
had one of those days and we had about twenty students in there. Because the others 
know this day's coming up, and, uh, they see that as an ideal opportunity to skip. 
A: Oh. And what's your reaction to that? 
D: Well, that's ok. 
A: That's ok? 
D: Sure. 
A: Ok. 
D: I mean, that's what I did when I was in college. 
A; Oh, I see. (Chuckle) And I guess you made it to being a professor, so you must have 
learned something. 
D: Yeah. No, I think the right to miss a class is real important. 
A: And do you think less of the students who do? 
D; No. I guess if I thought about it and took roll and found out exactly who they were, I 
might. I have a student who's getting an A who hardly ever comes to class. And, and 
that's ok. 
A: Ok. Very laid back. All right, um, go ahead. You were going to say something? 
D: No. 
A: So with the students, back to the who raises their hands and who talks. 
D; Yeah. 
A; Um, this is something that you want them to do. (Stammer) So. the ones who raise 
their hands, this is something you appreciate them doing? 
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D: Well, it depends on what they say. Yes, but with this class I appreciate what they say 
because I think they are on target with their questions. It shows they are listening and 
following, and ihey also, they add some personality to the class. Cause these two 
particular guys that I'm thinldng of are very personable. They do as much as I do in sort 
of trying to make it a fun class. 
A: And making a fun class is an important thing? 
D: To ME it's important to make a fun class. Yeah. I think ('? 1-2 words'?) to have them 
have a good attitude toward math is real important. Because I think math is mostly 
learned by they themselves. And if they have a decent attitude toward it they might work 
at night, and almost enjoy working at night. And if they don't have a good altitude, and 
they DO work at night it's probably grudgingly. And. uh, they probably wouldn't put in 
the time because they wouldn't have been motivated, and they would kind of dread 
having to pick up their math book. And since math it probably learned almost entirely by 
themselves, I think it's very, as I've said before on this tape, a very lonely business. I 
think that if they get a good attitude they'll spend a lot more time on it and hence they'll 
learn a lot more. 
A: Explain that a little bit more. You say math is — 
D: a LONELY LONELY business. 
A: lonely business. Explain what you mean (we hear a "bang" and A says "ow")by, um, 
huh? My train jumped the track here. Right. You were saying that sOidents learn math 
by themselves. 
D: Yeah. 
A: Explain that. 
D: Well, I think that, uh, as much as the teachers can help, partly with their attitude and 
partly explaining tricky things and tough spots to them, uh, and as much as their 
colleagues can get together and work in groups and help 'em out and keep 'em going, uh. 
I think it's the kind of thing they actually have to internalize and that means get it 
themselves. Especially when we continue to test them by themselves. We don't give 
group tests yet, or I don't. 
A: Mmhmm. 
D: They have to actually produce on the tests, which means that they have to be able to — 
and it's more than just spitting out or memorizing. I always have a couple of questions 
on my tests where they have to think. And that means they have to really have an idea of 
what's going on. And it's THEM who has to have an idea. Not their friend, not me. 
They're the ones that have to have the knowledge. 
A: Does that mean that they have to get the knowledge while sitting alone? Or can they 
internalize it while they're in the presence of others. 
D: Well, I think they can internalize it in the presence of others. But, I think though, 
well, it's been my experience when I was a student, and also watching as a teacher, too, 
that when I was a student, and not unique to me, — I think its always been true of 
everyone — I would immediately go to the exercises assigned and I would look through 
and I would say, "Number one, uh-huh, yeah, I see how that'll go. Number two, yeah, I 
figure, yeah, if I do this this and this." And whenever I took the attitude of just kind of 
saying, "Yeah, I understand this, I actually understand it and I see how these are gonna 
go," if I took a quiz or something, on the very question I nodded my head at the previous 
night, I didn't really understand it. You have to do it. You can't nod your head and say, 
"There's a concept that I actually learned, and I'm familiar with it, and I see the end result 
right now." Doesn't work that way. You have to actually go through because very quite 
possibly it didn't go quite the way you thought it would. 
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A: Mmhmm. So you think that one important part of the learning process is DOD*^G the 
problems. 
D: Absolutely. 
A: Rather than just reading them. 
D: Uh, yes, the most important part of the process is the doing of the math. Yes. 
A: What's the role of class time in the learning process? 
D: Well, that's ~. I don't really know. 
A: (chuckle) 
D: I, I, uh, I just do what most everybody's always done. Get a group of people 
together and stand up in front. You try to get them to think along with you. But, uh, it's 
almost a relic. 'Jh, it's almost something a dozen years from now will be gone. Because 
[ think it's sort of a waste of time. 
A; Classtime is a waste of time? 
D: Yeah, classtime. I do. I mean — 
A: Have you told your students this? 
D: No. 
A; (chuckle) Oh, I see. 
D: You can sort of help 'em out by, by —. Well it energizes them and it gives them a 
regular habit to come to class. And that's good, because otherwise they might never look 
at the stuff. So, it keeps them that way, sort of thinking about it once every day or two 
days. But, uh, and those who will ask questions during class can get some things 
straightened out. But its worthwhile for those who've studied the material before they 
come to class and they have something that's been tough for them and they have specific 
questions. But that would almost be better handled if I had. you know, four hours of 
office hours, uh, where they could come in one at a time, two or three at a time, and say, 
"Last night I did this this this and it just didn't seem to work out and I got stuck here there 
and here. Now, what should I do?" Because for me to stand up and tell them stuff is, I 
think, sort of a waste of everyone's time. 
A; Hmm. 
D: I think I have to be a person who reacts to their questions. Now this is, I should say, 
at a particular level. If I were teaching a graduate level class, where I think the maturity of 
the students such at that level, where we can talk more about the big picture, 
A: Mmhmm. 
D: And we can see where it fits in. Then the teacher, I think, can be sort of a wise oracle 
and the students sort of know, have done enough math, are in good enough mathematical 
shape that they can appreciate and understand and see what's going on and they will then 
go back and do whatever work is necessary to do the problems. But I think there you can 
be more of a talking head at the graduate level. 
A: Mmhmm. 
D: But in calculus I think it's entirely just getting in shape, putting in the mileage. This is 
like long distance running. 
A: The students are the ones-
D: Yeah, the smdents. The student has to do it. And all you are is person that tries to get 
them into a mindset where they're willing to go out and do five miles in thirty five 
minutes. (?Word?) 
A; Interesting. Anything else you want to comment on or elaborate on? 
D: On that particular thing? 
A: No. On anything. 
D: Um. Well I've kind of run out of that particular. 
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A: All right. 
D: line of thought. 
A: Well I think in the combination of this and the previous interview I've pretty much 
asked what I've wanted to ask, for now. I do want to pin you down on some names, 
though, if you can, if you'd be willing to do that. Do you want to go grab the book and 
come back? Or do you want me to go over there [his office was across the hall from the 
empty classroom where we did this interview]? 
D: Let's see if I can do that. 
A: All right. I'll hit pause for a minute. 
[Pause. Return:] 
A: We'll just close this door again so that students, so that comments on students are 
confidential. 
D: Ok, um. I said there were a number of A students. There were seven in fact. One is 
William Chang who has a better than 95 average and he comes very occasionally and he 
obviously knows what's going on. Um, Masters, I think it's Steven Masters, is I've 
spoken of already. He never says anything either, except after class he talks. 
A: Mmhmm. 
D: Um. The, let's see, one of the people who is really very helpful, very nice is named 
Everett. Although he's not doing that well in class. He's got a low B. 
A: And by "helpful" and "nice" you meon during class time? 
D: I mean he smiles, he certainly is the first one to get up to make sure the overhead is in 
focus, 
A: Oh, yes. 
D: he, uh, he contributes by answering questions. He seems to really understand the 
material a lot more than he shows on tests. But he doesn't complain when his tests aren't 
one hundred. Uh, Wood, who is a girl, has got really nearly an A, I mean she has an A, 
she's got nearly a 97 average. And, uh, she obviously knows what's going on and she 
participates some but not a lot. Uh, Haynes is another who is an A student that doesn't 
participate a lot. Neena Mehringer has got a C, but she's constantly contributing and 
she's not really happy about her C, in fact she's quite unhappy, but she's always there 
contributing. Uh, another one is Whitfield who has a C, actually a low C, but she is there 
contributing as well. Um, now who's this guy? (Brief pause) Blair is got a high B and 
he contributes and Navarette has a high B or Navarette has a high B and he contributes. 
But who's the guy who, really is very nice, is constantly cracking us up? Oh, Post has 
got an A and he's very serious and, a very serious guy, I guess he just has to get an A in 
the class, but he also contributes. I like him. Um, (pause), let's see. I can't fmd the guy 
who I'm, who's constantly opening his mouth and helping out. 
A; You mean the one who usually sits kind of in the middle? 
D: Yeah, yes. What's his name? 
A: I don't — you're his teacher, man. 
D: Yeah, what's his name? It isn't Bert Shelter is it? Bert Shelter is a good guy too, he 
has nearly an A. 
A: I'm not sure what this guy's name is. I'm not sure who everyone's name is. 
D: I'm not sure. He's probably either Blair or Shelter, both of whom have high B's, or 
B's actually. 
A: How good are you with students' names, by the way? 
D: Not very good. 
A: Do you think it matters? 
D: Ye^, I think I should know their names and I don't. I know some of them, but, uh. 
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A: Which ones do you know and why do you know those people's names that you 
know? 
D: Weil, I know Everett because, well, he sits right there in the very front, and, uh, I 
don't know. I know Phillips. Phillips is now actually Emmans. She changed it. And I 
know her because she's in the office all the time getting help. And I know Greener 
because she's an athlete on the track team. She's also an A student. I know Lynn Wood 
because she's just one of the best students in there. Uh, I should know Haynes, and he's 
one of about three guys who, Haynes, Blair, Navarette and Shelter, they're all guys and 
they sort of all mix together. I know Neena Mehringer because she's constantly raising 
her hand. I know who William Chang is although he never comes to class, because he's 
got an A. I know Jill Semper because she was a superstar in high school and I know the 
name, a superstar track athlete. 
A: Oh. 
D: And so when I noticed she was in my class, well I know what she looked like. And 
Masters I've just gotten to know. And, uh. Jest I know because he comes into the office. 
And Post I know because he sits also right in front. Jack Caffrey is the brother of 
[athlete], so I know him. 
A: Oh, wow. 
D: And I know Semones. I mean I know who she is. She sits next to Jack Caffrey. 
And I know Whitfield. And I know Justine Chee. She's the Native American in diere 
who sad to say has just really lost it. She started with an 88, she then got a 66 and her 
last grade was a 34 and she is now not coming to class. 
A: Oh. 
D: Uh, and I know Lin because she's Oriental and she's the only Oriental in there. And 
she's also having trouble right now. Her last (?few words?). William Chang, he's 
Oriental, too, but uh. But that's it. And then I've left out probably ten names there. 
A: They're all a big blur? 
D: Yeah. Ibrahim, Garcia, Smith, Georgi, Blakely. Well, Blakely, he's dropped. 
Lexes. Yeah, I don't know Vann. Oh, I know Vann. Actually, he's a good guy. Uh, 
Devries. Well, I know Devries, too. Dunds, Gibson, Markham, Allen, Jasper are just. 
Grayson, Salisbury, Ortega. Those are people I couldn't tell you exactly. 
A: And what impact do you think this has on 
D: I think it'd be a lot better if I knew their names. Not that I would ever call on them 
and say, "Ok, what do you think. Eric, Eric Vann?" 
A: Uh-huh. 
D: "What do you think?" 
A: You wouldn't do that? 
D: I wouldn't, no. 
A: Why? 
D: Because when I was a student I just hated to be called on. It was the worst thing in 
the world to be called on. Being my last name was WI was usually able to sit in the back 
cause of alphabetically. That's where I was put. And I loved it back there. And when 
people didn't do it alphabetically I would come in and sit in the very back of the room. I 
did not want to be noticed. 
A: Oh, Interesting. And so, as a result you don't single out students in your classes? 
D: No, not at all. It could be, possibly, a source of embarrassment if they didn't know 
the answer. 
A: Mmhmm. So, 
D: So I won't do that. 
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A: Ok. So basically, not knowing everyone's name isn't impacting how you run the 
class much? 
D: Probably not. That's true. And if I did run it the other way I would know their 
names. And when I first began teaching I was very interested in knowing all their names 
and was very good at that. As a teaching assistant in Colorado I knew everybody's name 
on the second day. 
A: Wow. 
D; Because I really cared about who they were. And now, it's just, I don't hardly learn 
their names except if they stand out in a certain way. I don't even bother. Which is not 
right. 
A; Do you still care about them? 
D: Not nearly as much as I did. 
A: How did that change and why? 
D: Well, because, I've just, there's been thousands of students, just too many to care 
about. 
A: Oh my. (Chuckle) Ok. Well, all right sure. 
D: But, like I said, this guy Masters I do, because he cares about the subject and he's 
been talking with me. And in my honors 223 class I know more of them. And there's a 
few of them that I really do. Well a couple of them went to our math camp as junior high 
kids. 
A: Oh. 
D: So I now them from that. 
A: That must be exciting for you to see them as they progressed. 
D: Mmhmm. 
A: That's neat. 
D: And I know a couple of the others by reputation. And they're really into math. And 
so I follow them. 
A: So, maybe as you've matured as a teacher the students you really care about tend more 
to be the ones who care, stand out. 
D: Those stand out. As well as die ones that are having a great deal of difficulty stand 
out. And then there's the third group, not necessarily disjoint, that's just constantly 
worried about things and they ask to talk to me and is in my office a lot. I know about 
them, too. Cause they sort of force themselves on me. 
A: So it's the students who get themselves noticed 
D: That's right. 
A: rather than you 
D: That's right. That's the way it is now. Yes. It is. 
A: Oh, interesting. 
D: And it used to be the other way. I would actively want to know who they were. 
A: Whether or not they wanted to be known. 
D: Even then. Well, I wouldn't impinge upon their space if they didn't want to be 
known, but I sure would know their names. 
A: Interesting. Ok. Anything else you want to comment on? 
D: No, no. 
A: Well I think that will do it for me today. I'll probably ask you some questions again at 
the very end of the semester. 
D: Ok. 
A: Um, I think that covers it. Well, thank you. 
D: Ok. Is this going to come into the afternoon thing at all do you think? 
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A: I sure hope not! 
(Rest of chatter cut off as tape ends. I am reassuring him that I do not plan to speak about 
him in a colloquium attended by people he works with.) 

3. Dave 12/20 

[Non-transcribed part about how Dave believes his students would answer the math part 
of the interview questions.] 
A: So, do you want to tell me how you think the semester went? 
D: Well, I didn't like the book. I still don't and I don't want to teach out of it again. 
A: And you won't be teaching out of it. 
D; And I won't be teaching out of it. That's right. I won't be teaching out of it. Um, 
the class I enjoyed overall, but that wasn't mathematically enjoyed so much as just their 
personality. There were a few that definitely had personality and that was a lot of fun. 
And they were mostly good hearted, good spirited people. And, so [ liked the class. 
Now mathematically, I think it was about an average class for me. Here at Arizona, as far 
as being good. We had, uh, two or three really quite good people. And at the other end 
we had some, they didn't tend to come to class, they failed. In fact, four people got E's 
in the class. Um, I think, uh, 
A: Who were the really bright ones if you remember off the top of your head? 
D: Um, well. Masters, Wood, um William Chang were probably. Um, Bruce Everett on 
the final just, just was out of orbit he did a great job. 
A: Good for him. 
D: But he wasn't that, he got an A in the class, but he wasn't that strong going in. Will 
Chang, probably for consistency. He was in the ninety percentile and above the whole 
way. Um, and the other one was Arthur Post who just worked his tail off. Because it 
was a five credit course and he was very serious about it. And so just through dint of 
effort he did a very nice job. Uh, so I'd say Masters, Wood, Post, Chang and then 
Everett come to mind as five people who got A's. I may be, well Jack C^ffrey got an A, 
but he had calculus before and he knew all that stuff, so he didn't bother to come to class. 
Um. 
A; You were starting to say mathematically about how the semester went. 
D: Yeah. Mmhmm. 
A: Do you think, do you feel that the students as a whole got a body of knowledge that 
you presented or worked with that you're comfortable with. 
D: No, I don't. I think that's probably where I'm least happy. I don't think the kids 
walking out of my class really have a very good idea of what calculus is all about. And I 
used to think when I taught the more traditional methods, when we did a lot of maximum 
and minimums, related rales and they came AFTER we had discussed differentiation, and 
that came AFTER we carefully did delta x's and we did measurements — in other words I 
taught by the traditional way which I grew up with — I felt more comfortable at the end of 
those semesters. Knowing that when they went into the next semester to begin their 
integration they really could do next semester. These students, uh, whatever they go into 
next semester, I, I am quite uneasy, say about the C students who go on into 125 b, that 
they know anything about what cdculus is about. So I think, and I'm blaming it I guess 
on my self but also on the book. Because I tried to follow the book for the most part. I 
think that they are not well prepared to go on. 
A: Do you think the consortium students are? 
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D: Yeah, well I never, even though I taught it a number of times, I never felt even there 
that they had a body of knowledge that they could fall back on through memory. I mean, 
every time you sort of base something on the hand calculator and intuition and insight, 
rather than on memory and drill, I always feel a little uncomfortable they don't have 
something to fall back on that they can just non-thinkingly do. I guess it might be like ask 
any third grader or fourth grader nine times seven, well they can get it on their hand 
calculator but have they actually memorized it in their mind. Well had they memorized it I 
would feel more comfortable about them going into the fourth grade than I would if they 
had to punch it in on their hand calculator, then I wouldn't feel so good. So, no, 
although I must say that I like the consortium a heck of a lot better than Wattenberg, but 
no, ever since I've taught consortium I've not felt I gave my students their money's 
worth. 
A: And more so with Wattenberg or the same amount? 
D: Oh, no. More so. I don't think those students got their money's worth out of my 
class. I mean we had a lot of fun. And socially it was a good experience. And I think 
that's important. But I would hate to send them out into industry thinking they knew how 
to differentiate. Because I don't think they can. 
A; Ok. Other comments you want to say about the semester or anything"? 
D: Well, I certainly covered it. I like the class and I like their attiuide for the most part. 
And I didn't like the text. And mathematically, like I said, they were about an average 
class. Mathematically, as a class. 
A: All right. Do you want to comment on any of these interviews? 
D: Well, I would like to know how my guessed to how they did corresponded to how 
they did. 
A: I'll need to go through and re-listen to the interviews and make the transcripts and re
read them to give you a real definitive answer on that. Some of what you said was right 
on the nose. But I think you might have underestimated how they would do on the first 
interview a little bit. I think they did better dian you suspected. 
D: Well, now I did say that those who had had calculus would do well. 
A: Yeah. I'm going to have to go double check who had calculus and who didn't. 
D: Yeah. It could be that many of the kids, a lot did have calculus. Or had an analysis 
class in high school where they leamed some calculus. Not integral, but derivative. 
A: As soon as I get some of the data complied I'll let you know. Probably some time 
during the spring I'll be more prepared to tell you how they did on the interviews. And 
you can, if you'd like a better sense of where your students are. 
D: Mmhmm. Yeah. I would also be curious to know how my students answered that 
versus Robin's and Anne's. Or really, Robin and Anne are sort of similar in that they're 
consortium versus Wattenberg. I'd like of you could to sort of compare those two 
approaches. 
A: I most certainly can. And I will. 
D: Wattenberg versus consortium. 
A: By the time I get all this written up I'll have a table of question by question how the 
students did class by class. And you can kind of compare any way you'd like. 
D: Yeah, that would be I would be interested in that. 
A: Yeah. 
D: And I'd also be interested to know which students you acmally interviewed. Because 
I got to know some of my students quite well. And I liked them. 
A; Well, there's no chance of my telling you. 
D: But the grades are already posted. 
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A: Yeah, but I still think ethically I don't believe I'm supposed to share that information 
with you. (Chuckle) I don't think so. Well you figured one out during the semester, 
but. 
D: Well, Bruce Everett was one. 
A: Bruce Everett was one? 
D: Yeah, if he was, then and Bruce is an interesting person, we won't get into 
personalities, but he's an interesting case. 
A: He's the class clown guy. 
D: Not really. No no no. Jasper. 
A; Jasper was class clown, that's right. Oh, Everett was the military one. 
D: Everett was the military marine. Yeah. And very helpful. And dso quite 
opinionated. 
A: He's the overhead projector guy. 
D: Yes. And he also felt very strongly about some issues going on in the class that were 
not mathematical in nature, but sort of, well moral. He comes from [OOPS! SIDE OF 
TAPE ENDS! I MUST CHECK VIDEO TO RECAPTURE THIS PART] 
Was just because of those students involved. And he was a person I enjoyed having. So 
was Jasper for that matter. 
A: They were memorable, both of them. 
D; And Masters, who always arrived five minutes late and sat over to my right, couldn't 
even see the board, and did nearly one hundred percent on everything. He was also a 
very interesting guy. He never said anything at all, never criticized anything, but a very 
interesting guy. And I'm sure Masters did not volunteer for your thing. Cause I doubt he 
volunteers for anything. (Both chuckle) 
A: That's a very interesting assessment. Wow. Ok. 
D: But he's a bright serious guy. 
A: Ok. That's interesting. 
D: Now if you had Allison Whitfield that would have been interesting. Because she had 
some definite ideas. Or Phyliss Greener or Jill Semper would have been interesting. If 
you had any of them. 
A; These are the ones who would speak up after, what was that, the second or third 
midterm you gave? 
D: Allison Whitfield and (?name?) and there's Devries. There's a lot of them that spoke 
up. And that was what made the class fun. They all felt, I think most of them felt 
perfectly, well on the right side of the class. On the left side of the class, unfortunately. 
A: Right from your point of view. 
D: My point of view, yeah. On the other side there were some that were scared. They 
stopped coming to class when they did badly. Justine Chee for example, the Native 
American. Just finally stopped coming entirely, and never came to my office hours. 
A: Did she come to the find? 
D: She did take the final and did horribly. 
A: Oh. 
D: And, uh, over there also there were a couple of other students that just rarely came to 
class. And just didn't — I think they were just insecure and embarrassed about how they 
were doing on their tests. So they sort of dropped out. 
A: All right. Anything else you want to say for the record about your class or anything 
else you want to know? Or anything I can tell you? 
D: Well, you're not very forthcoming. (Both chuckle) 
A: About their names I'm not. 
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D: Well, how would you asses how the class went? I mean you talked to eight or ten of 
them. I mean, did, was it a class they enjoyed? Was it a class they felt they learned 
something? Was it a class —? 
A: Most students, yes, they felt it was a good class. Um, some interesting comments 
about you. I think one of them said something to the effect of, "You know, he just 
ignores all social conventions and just comes in and teaches." (Both chuckle) I said. 
"Well that's an interesting comment. What does —" 
D: Ignores social conventions? 
A: Apparently you ignore all the social conventions and you just come in and teach. 
D: I wonder what the social conventions are. 
A: I don't know but I guess you're ignoring them. (Both chuckle) 
D; Fly open, shirt untucked. 
A; I don't think they meant that. 
D: What did they mean? 
A: I mean I think this person actually meant, I mean, I don't know. (TTowards the end 
of the semester in one of your classes you were?) talking about, someone said "You're 
not going to have one of those fiinky problems on the test?" Do you remember that? 
D: Yes, I do. 
A: And you wrote "funky" on the board (both are cracking up). And so he said, "he just 
does that." That person, that really got their attention. 
D: Yeah. 
A: So that's effective. So that's one thing. Actually, I think more than one person said 
something to that effect. So you're unconventional Dave. 
D; Well I certainly do ignore, I just do what I do. And I don't give a hoot (both 
chuckling) what comes out. But I'm also quite serious about their learning math. And 
there's where I think we failed. Me and the book. I mean, I think we had, we were 
successful in giving them a positive experience, an experience where they will not hate 
math, but will enjoy math. And maybe did not hate college. It was a good time. And 
that's real important. But as far as just professionally, (?for the motivation?) of having 
them leam math, I think that was, I would not give myself an A at all for that. More like a 
C. 
A: A C, huh? 
D: But I would like to, uh. 
A; If you give yourself a C, I'd tell you what the smdents would give other teachers! 
D: Oh, no, I mean, I'm talking about from a (?professional?) aspect. From the fun 
aspect, as I say, you've got to capture these students so that they want to come to class. 
And I failed some of them, but two, but for those that were really in it with C's B's and 
A's and really trying, the attendance was really good. For the most part. And they 
participated and they did it in a class setting where it was mostly lecture. I think probably 
you, Anne and Robin do a lot more just group work at their seats. I don't do that. I did 
that like once a week on the average. But I mostly, 
A; It was appreciated, by the way. 
D: Was it? 
A: A couple students pointed that out. They said, "I really liked it when he came and 
gave us one on one attention, once a week or so." 
D: Well, that's, that's good to know. 
A: Yeah, they did appreciate it. That's a comment you could be aware of. 
D: Yeah, well that's good to know. Because that's maybe something I should do more 
often. If you have some suggestions on how I might change things. 
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A: Oh, I didn't have anyone ask that you do more of it, but they appreciated what you did 
of it. 
D: Was there anything there that you could think of that might be helpful? 
A: One person, only one person that I remember from your smdents ~ and I have to go 
back and look to tell you for sure — but [ remember one of your students made one 
comment which that person wished you'd done differently. 
D: Mmhmm. 
A: The person said, "You know, I didn't even know the names of the people sitting next 
to me. We meet five days a week all the year long. I think we could have spent twenty 
minutes on the first day of class just saying our names." Which only one person said 
that. 
D: Well that's interesting. 
A: It is interesting. 
D: Because they do tend to sit in the very same seats. Even when there's no roll. 
A: That's right. 
D: Uh-huh. It says something about them for not trying to find out who's sitting next to 
them. 
A: Yes it does, doesn't it? (Both chuckle) They could go up after class and say, "Hi. 
My name is." But this person didn't. Oh, you have to go downstairs, so let me cut this 
off. 
D: Yeah, I do. But you're going to need 
A: I wanted to ask you —. Yes. But I wanted to ask you one more quick question. Now 
is there anything that I may have collected information on during the semester that you 
don't want me to include? [I give a disclaimer that I won't talk about the teachers in this 
department because these are they people they have to work with.] 
D: Uh, nothing comes to mind. 
A: All right, ok. If something comes up later. Of course, you're welcome to read 
everything that I write. [End] 

4. Anne 10/23 

[Note: Interviewer Amy is "I", Anne is "A" instead of Amy is "A". This is different 
from the usual notation.] 

I: I'm going to ask you some questions and I want to know, do you want to start with 
some factual things or some opinions things? 
A: Oh, it doesn't matter. 
I: Well, let's just stan with some facmal things. Can you tell me what your education 
and experience is for being a teacher? I mean, specifically teacher education. 
A: None. (Both chuckle.) 
I; None. How about experience, though? 
A: Ok, I've never taken a formal education class. I've read some articles and things, 
usually what people hand me. Like Butler knows I'm interested in group work, so he 
passes things along. Um, my only, I would say my only — how would you describe it — 
kind of an introduction to teaching was through math 105 which is now math 301. And I 
got involved in that, I had no idea, I mean I was a new TA just teaching calculus. You 
know, "Here, listen to me. Watch me do it. Isn't this easy. Here's the five steps" kind 
of thing. And my students were real successful. Then I got into this 105 class. 
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I: AsaTA? 
A: As a TA, mtnhmm. They had, um, it wasn't, it was a two semester course. And they 
for some budgeting reasons they had to have a faculty teaching it. a TA and then the rest 
were undergraduates. So, and we had roughly the setup that we have now, it was like a 
classroom. And so the guy who originally was the TA left. And just by chance I had a 
free class that needed to be filled that semester so I was asked to do it. And then I got 
involved with Geoff Zimmer and Dave Williams and Peter Tartoff. And it was just — 
then I found out that teaching was a lot more than being able to get people to follow MY 
steps. So then just by listening to people talk, going to colloquium, things like that, I 
realized there were different styles of learning, different styles of teaching. So I just kind 
of, really I would say it's just trial and error, common sense, just doing a lot of teaching. 
And just trying to take from other people things that I thought were good ideas. I've 
always wanted to take education courses, though. Some people say that's probably good 
and bad (chuckles). 
1: Uh-huh. 
A: What is it? Don't break it if it's not. or don't fix it if it's not broken. 
I: Ann Landers. That's a famous quote. 
A: Yeah. I've always wanted to. Not so much showing me how to do things in class, 
but to show me more about how people learn, that kind of thing. That's something I'd be 
more interested in. 
I: Ok. How about your experience teaching? How many years have you been doing it? 
A: When I was an undergrad at my other college we had very few grad students and we 
had large lectures with discussion sections. So they hired us as juniors and seniors to go 
in and lead a discussion section. That's how I got started. And then I came here in 82, 
January of 82 and I was a TA for four years, or three and a half years, and I actually was 
on the extreme side. I would only have to take two classes but I would teach three. 
Because they found I was fairly successful and they needed somebody in there that could 
do a decent job. 
I: Three classes? 
A: Each semester. 
I: Each semester you'd teach three classes? 
A; Yeah. They'd usually be calculus or algebra. And whenever they'd take a class and 
make it smaller sections, like we had our business calc class be 500 in an auditorium and 
then we went down to 150, 120,1 was always the one that was suggested to try those out 
as a pilot. And then I started entry level ma^ in 86 and I've been teaching here full time 
ever since. 
I: Full time, that's four classes. 
A: Yes, twelve units. It depends on what it is. 
I: Right, right. And how many times have you done this particular calculus? Calculus 
124, well, 124 or 125a? 
A: In the Harvard version or period? 
I; Well, answer each of those questions. 
A: Ok. In the Harvard version, that's when we first started it here, that would be 90? 
Whenever it was first started here, one semester I think Lomen and Lovelock each taught 
a section and that was it. Nobody knew about it. Nobody even heard that they were 
teaching it. And then the next semester, I think it was a fdl semester, there were maybe 
seven of us that piloted it. I'm not sure of the dates. But I want to say 90 or 91. 
I: Ok. 
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A: That'd be a good guess. As far as calculus, calc one in general, it was back in 84 that 
was the first time. 
I: And then you've been teaching it pretty much every semester? 
A: Almost every semester. There's very few semesters when I'm not teaching calc one 
and if I'm not I'm teaching calc two instead. I'd pretty much say there's maybe one 
semester when I didn't teach calculus. 
I: So you've got lots of experience teaching calculus and calc one in particular. 
A: Yeah, and out of different books. You know, and it does make a difference. 
I: Which books have you used? 
A: We've only worked with Anton and the Harvard book here. And, well, I didn't teach 
out of Wattenberg yet but I've used a lot of other textbooks that other schools use a 
reference. I've used Thomas-Finney, and Stein, and Larson. Larson we've used in the 
business calc class. 
I: And you were saying die text does or doesn't make a difference you were starting to 
say? You had started saying I think "the text makes a difference" or you started saying — 
A; Oh! What was I going to say? 
I; Sorry, I shouldn't have cut you off. 
A: No, I'm trying to think of what I was going to say. (Pause) I don't know what I was 
going to say. (Chuckle) 
I: Tdk about the text that you are using now. Tell me about your reaction to it. Do you 
like it? How does it influence what you are doing? 
A; Oh, um, when I took calculus I learned here are the steps, do them. And I never 
really quite understood why things worked the way they are but I was very good at 
getting answers without hardly any effort. And as a new TAI wanted to spread that 
knowledge. (Chuckle) And I was pretty successful. You know, I want to say the 
students all of a sudden are different now, they want to know why things work, but I 
think they were probably the same back then. I'm sure students technically haven't 
changed that much. But, I felt as a teacher a lot of gratification here's that problem that 
everybody dreads to do, but look how easy it is, look how it all falls into place. And I 
think I was more, I might have been more interested in the topper end students. You 
know, the mid to upper, oh yeah they can all follow me. And the lower ones I figured 
oh, they just weren't smart enough. 
I; Mmhmm. 
A: You know this was when I was back as a TA. But I always, as I was going through 
things for myself as a grad student — I got my masters here —I started realizing if I 
couldn't remember something I'd reason it out. So from my own experiences I got 
through an undergrad degree in math without understanding a lot. But when I got to grad 
school that wasn't cutting it anymore. And then I started realizing maybe I'm doing a 
disservice to the students by just telling them this is the way that it is, this is the way that 
you get your answers. And so I always felt that there was more of the need to do applied 
stuff, plus as an undergrad I took, I was almost a double major in ecology and math. So 
my interests were a lot spread out. And I always thought it was kind of neat when I could 
bring in a problem that I did in a biology class and show them how to do calculus on it. 
I: Uh-huh. 
A: I had experience with a lot of data. Not so much with the graphs without the 
equations, but a lot of the data. 
I: Like tables? 
A: Like tables. And I took a lot of stats courses where we fit curves to data and all that. 
So, when this book came along, and this was the first exposure I had of this rule of three 
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business, it just seemed like such a natural thing to do. And I never, you know, I never 
thought of doing it in Anton, or more likely it was this was something extra. When we 
start throwing something extra into the class smdents rebel. And I wanted my students to 
like me as a TA. I think that was a big thing. Cause then I got to teach more calculus, [t 
was a little vicious cycle. 
I: Uh-huh. Right. 
A: So, this book I think has a healthy balance in showing the rule of three, which I think 
is important in getting a better feeling for things. I do feel that it's very weak in making 
smdents really calculate things and do some things by hand. Which I feel is trivial to add 
into the course, so that's what I do. So for instance we're going to be starting chapter 4 
which is the rules for derivatives. Now up until now I feel that I've given the students a 
very strong command of what f prime of a is, of what a definite integral is, how you can 
look at it, how you can visualize it, how you connect everything together. And now I 
think they have this overall feeling of what calculus is, now I can hit them with heavy 
detail. All this crank thorough this, you know, chain rule and quotient rule and product 
mle all rolled into one to get an answer. Because I felt, now that I look back, that when 
students did that first they lost sight of what they were doing. And they were so wrapped 
up in the little calculations. 
I: You mean like in the Anton kind of courses? 
A: Yeah. So I kind of like, I like the way it staggers talking about the concept then doing 
the nitty gritty calculations later. I just don't think they're very heavy in that. You know, 
if a new teacher comes through this course and only teaches at the level of the book, with 
the same emphasis, that a student could probably come out of the class doing well, 
gradewise. but not able to calculate anything heavy duty. 
I: Mm-hmm. 
A: And since we have no idea where they're going I feel kind of funny about letting them 
get out that way. 
I: So that's a place where you're going to modify the text? 
A: That's where I modify. And it's mainly, it doesn't take much in terms of level of 
difficulty. It's just more practice. And I also do lots of quizzes to keep them up on the 
material. Just throw a couple of problems on the board and say compute f prime of x or 
something like that. And that is something that I kind of developed as the course went 
on. When we first started teaching it I pretty much did what the book did, at the same 
level of, degree of difficulty on the problems. And, I always had that past feeling of my 
gosh in Anton we'd give them a derivative that'd take the whole board, in this one they're 
just doing things in their head. This is not, you know, it's too light. And this is like the 
third version that I've used, in calc one. And so, little by little everyone came to that 
realization we need to beef it up a little bit. And so, I still think, I think some of the 
students enjoy being able to use their algebra skills in this class, and this is a good place 
to do it I think. 
I: Ok. 
A: I don't know if that's what you wanted. (Chuckle) 
I: It most certainly is. Actually I was considering whether I should ask a question, 
although I think you kind of answered it already. I'll ask it anyhow. I think you largely 
did answer it, just if you want to add to it. You've spoken about your reactions to the text 
and what you think about it. I was going to ask you how it influenced your teaching. I 
think you've already kind of answered that somewhat, but did you want to say any more 
about diat? 
A: Yeah, I think that— 
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I: That's why my eyes wandered off a little bit. 
A: I've, well this actually comes from that math 105 class where they really emphasized 
people doing work at their seat, working together and talking things out. And I think, in 
Anton I used to do a lot of that, as much as I could. But it was more or less here are three 
equations do the derivatives. It was more a matter of showing steps and all that. So this, 
what I've been evolving into, and I always have to pull myself back, is I ask myself what 
would I present to students to show them what's going on in the section and then I try to 
take some of that and put it into a worksheet format so that It's really guided. It's not 
like discovery where the student's like, "Oh! Wow!" you know. But I kind of lead them 
along. What I find is when the STUDENT thinks they are coming up with the ideas from 
step to step they realize, "Oh, this makes sense." And they start understanding it a little 
bit better than me just saying, "Ok does everyone understand this? Can we go through it? 
Oh. see what this does?" kind of drawing it out of them. 
I; Mmhmm. 
A; I tend to lose, I mean everybody's with me in class, but I tend to lose quite a few 
people once they walk out the door. And so this particular text, I think makes it easy to 
make up these worksheets. Because just the way that the wording of the questions are 
and what they're looking for. It's be really hard to make a worksheet that says compute 
these tlve derivatives and find absolute extrema. I mean, you can just put a problem on 
the board and do it. But here I think the concepts are more tangible to the students. In 
Anton we would give a theorem, most likely give some kind of proof which would be 
over the heads of some students and at the same time not give them any more insight to 
what's going on. Just one more hurdle to get past. And then, ok, now let's look at 
problems. And here they avoid heavy duty theorems, which is one of the complaints that 
people have, but it shows them more or less how the theorems can help a student solve a 
problem. So they don't really, like we were doing the fundamental theorem of calculus 
today and just showing them how this can help you find things in two different contexts 
from which function you had. To me they're getting more out of that theorem than any 
traditional student ever did. For the traditional student it was a theorem you memorized. 
I'd find people in calc two using the theorem and I'd say, "Well, what did you just do?" 
And they'd say, "Well, I just did f of b minus f of a." "Well, what is that?" " I have no 
idea." "Isn't that the fundamental theorem?" "I don't know? What's the fundamental 
theorem?" 
I: (chuckle) 
A: They're using things without knowing, you know. And here, I think if you asked a 
student in calc two they would understand what the theorem does for them. You know, 
which to me is more important at this level. 
I: Ok. 
A: But I think, the format of the book really lends itself to doing those kinds of things in 
class. 
I: Ok. Let me ask you another kind of set of questions. These are all sort of intertwined 
so I'll just ask them all at once and you can answer them however, whatever order makes 
sense to you. 
A: Mmhmm. 
I: What do you perceive or what do you think your role as the teacher is? And what do 
you think the role of the student is? And what do you think is the role in particular of 
classroom time in the overall learning process? These are three different questions and 
you can answer them ~ 
A: You'll have to keep reminding me 
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I; I'll remind you. 
A: I'm a bucket not a sponge. (Both chuckle) 
I: There you go! Bucket not sponge! 
A; My role as a teacher is a roie model, I think. I mean, that's something I've started to 
feel more strongly about as the years go on. That math is enjoyable, that math is doable 
isn't this interesting kind of thing. And try to, try to instill that in the smdents. Um, I do 
think, you know they always talk about the facilitator and all those kind of things. 
I: Right. 
A: I think a teacher is still, I think a teacher still has all the knowledge in a classroom. 
But they have to be, I don't know if clever is the right word, but clever enough so that 
when the students are absorbing that knowledge they feel iike they're doing it. Like these 
worksheets kind of thing. Um, I'm definitely there to answer any questions and go in 
any direction they want, you know, provided we're in the framework of the syllabus. 
But you know if I need to, if people are getting confiised I need to stop and be able to 
approach it from a different point of view. So, um, there's probably a word for all of 
that, I just can't think of. The students' role, I think they need to be active in class. Um, 
I think if they're active in the class they're thinking about the material, and not just letting 
it sit on their paper and say, "I'll think about it tomorrow." So that they're actually. I 
think, absorbing more at the time. Um, one thing I'm getting which may be because of 
the style of teaching that I've been developing is, um, now I get students with questions 
outside of class. But one thing I've noticed is that the students would come to me. they 
used to come to me in the past, they'd say "I have no idea how to do this." All right, I'd 
start asking questions, "I don't know. I don't understand. I can't do it." But now, 
when they come to me it's, "I have this basic idea of what's going on, but I just can't put 
it to this problem," or, you know. And I think that is coming out of the role in the 
classroom, that they're not just copying notes down and walking out. They must be 
absorbing something, because when they come to me they have an idea of what's going 
on. And most of the time —. Here's another role the teacher has: building confidence. 
You know, letting the students know that they are on the right track. That they can go for 
whatever they want to do. That they can try different techniques. You know give them 
more encouragement, stuff like that. I tend to do more of that when students come to me 
one on one, during office hours. You know, somebody comes and they're really 
frustrated, "I can't figure out the connection between what we just did here and what I'm 
going to do there. I know there is one." And you know, it's just giving them that 
confidence, "Keep going with your idea. Keep going." Or, you know, stating the 
obvious, like, "Well, flip over to your notes we did today and show me something." 
That type of thing. (?? Um, what were the questions again??). 
I: Well actually, let me ask you to follow up on a couple of the things you said here. You 
said you noticed a change, that your students now they more often come to you with at 
least some idea. 
A: Mmhmm. Yeah. 
I: Now when did this change happen? 
A: I think it's the textbook. 
I: Oh, the textbook? 
A: More, yeah. Cause there wasn't a whole lot, I mean you either got it or you didn't 
before. 
I: Mmhmm. 
A: And, the unfortunate thing is I think a lot of that depended on their algebra skills. It 
had nothing to with understanding calculus. And you know I used to always joke when 



358 

the student would come up before and said, "I can do calculus, I just can't do these 
problems." 
I: (Chuckle) 
A: (chuckle) And I could never see the distinction. You know, because I think I was too 
much into drill and practice kinds of things. Well, if you can't crank out these mles then 
you don't know calculus. And, the more I teach out of this book and the more I change 
my lecture, I change what I'm going to say or change a worksheet to a new point of view 
or whatever, maybe not back then, but now they are more right when they say "I really do 
understand the concepts but I'm just getting hung up on these last calculations" or 
something like that. So, I think part of it is experience. Being able to know what to give 
them, what to hold back, what to ask them for, and along with the textbook. I mean I still 
think that if I had to teach out of this, say, more than five years ago, it probably wouldn't 
have made that much of a difference back then. Because I still think I would have pulled 
out things that were more algorithm oriented back then. Because I just didn't have that 
strong understanding for my self. I think that's one of the things when I talk to, when I 
supervise new TA's, occasionally they're still at the level I was. So I see it. You know, 
where they are very algorithm based. 
I: Mnihmm. 
A: And. you know you see them through the semester all of a sudden stressing out over 
real analysis or something, because it's not algorithm based anymore. But, I can see 
them going back and then teaching that way. And I have a feeling that they're going to 
evolve, too, if they stick with it long enough. Or are motivated enough. Because, I 
think. I don't think there's any way around it. It sure is easier to teach it algorithm based. 
I: Easier on the teacher, you mean. 
A: OH! So much easier! Yeah, I mean you don't even need to write notes. You can just 
go up there from what you've done before in your life. But I don't think it's any more 
enlightening. Also, one thing. Now, in the sixth chapter when they do the derivative 
rules, I mean there are certain places where I think sheets and sheets of problems are 
valuable. You know where the students can pick and choose how much they want to do. 
But, I know in the Anton there would be thirty problems that all pretty much looked alike, 
and would assign, probably, fifteen of them. (Both chuckle.) Made sure they hit one of 
every type, you know. 
I: Uh-huh. 
A: And I wouldn't think anything of it. Because I could fly through those myself. And 
you know, here, four or five well chosen problems can illustrate everything I need. And 
I think that's a big development on my part. And this is definitely ongoing. What's 
important to assign for homework, what's important to test. That's, you know, even a 
couple of years ago, I look back on some of my tests from this book and I go, "Why did I 
ask this?" You know, and I go, I'm thinking, "Oh, yeah, we just kind of got off on a 
tangent there and we did a lot of that so that I put it on the test." Now, I think that wasn't 
important. There was probably something more important that I should have asked. So, 
every single semester it's almost like tossing the test again and saying, "What's 
important? What do I really want to know? If when I ask this question and the student 
gets it right do I really know that they know something? Or did they just follow my steps 
and got an answer or just memorized a homework problem on that?" And that to me is 
just as important as knowing what to do in the classroom, is being able to assess and find 
out are they really getting what you want, what you need. So that's actually a big part. 
This textbook actually makes it much harder to make up tests. 
I: Why? 



359 

A: Because of the length of the questions, the involvement of technology, that takes time. 
Fifty minute tests are much, much harder to make. And, if you get too much into 
applications, or too off the track, then again, all of a sudden you've started to defeat the 
purpose of the problem. So. it makes testing more difficult. You have to be more careful 
about it with this textbook. And then as Butler refers to it, "Anne's template problems" 
because we always say we're trying to get away from template problems. But when you 
look at people who've taught out of this for a while you start falling into that rut again. 
But I don't think it's as dangerous as it used to be. Because template in the sense of, we 
ask a table question because we've done tables, you know. Before it used to be the same 
equation with different numbers. So I think it's not quite as dangerous anymore. It has 
potential. (Chuckle) 
I: I guess that's probably true. At least I guess it's a little broader. 
A: Y^eah. 
I: Now the other thing I wanted to ask you to follow up on, you made a comment that the 
students need to be active in the classroom. What do you mean by that? What's an active 
student? 
A: Um, where I'm not talking, well, I talk too much. I find myself talking trying to give 
hints to people who are stuck. Um, somebody who is physically making a decision about 
what the next line should be on their paper, I think, to me is active. I mean there's more 
extremes than others. But, um, not just copying off the board, but, no one's there 
standing over their shoulder and saying, "That line's wrong. Write down the next line." 
You know, what the next step is. Active I think more in the sense, not physically, 
necessarily, but thinking. You know, they've got to make some decisions or some 
choices, when they write down an answer to something. Even if it's not a calculation, 
even if it's wording of something, that they've got to decide. "Should I use this word or 
that word?" Or after they write it, "Does this make sense?" To me, that's active. 
I: Ok. 
A: And I think a student has to do some of that in class. Not necessarily the whole 
period all the time. But I think if the teacher steps, you know there are some lectures 
where you really do, the teacher really has to guide the whole hour. Because there's just 
so much there. But I mean if you can kind of hold back every now and then and let the 
student complete the thought, complete the process, that's, I think, forcing the student to 
confront any problems that they're having, or questions. And if most of them are just 
looking at a blank piece of paper then that tells me something, as a teacher, and it tells 
them something as a student. That there's not a completion there of an idea, or you 
know, there's a gap somewhere. So I try to use that. I notice when I have worksheets 
and I walk around, this class is getting much better. There was a worksheet we did today 
where they had to do the first three questions and then I had to side track them a little and 
explain something so they could finish up the sheet. And it was so funny, because for 
most of the worksheets there's lots of talking. You know, and lots of confusion, "I'm 
not sure if that's the right answer" and all that. Well these first three questions were 
things that we've been doing for a while. You could hear a pin drop in the room. I said, 
"Anybody notice how quiet it is in here?" You know, and they all kind of looked up. 
"These must be easy questions because you're not asking each other questions about it." 
And they said, "Yeah, this is nice for a change." (Both chuckle.) 
I: Great! 
A: The questions were doable and I wish I had thought about it, again, to build 
confidence. Those were not easy questions a month ago. Those were hard questions that 
they struggled on, and now it's like a piece of cake. And I wished I had thought of 
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saying that. Just to make them feel better. You know with math. When I asked them 
what the answers were they all out loud responded what the answers were. And so they 
felt good. I think it was kind of like a little boost, you know. And they we moved into 
something a little bit new. And I think there's one thing that Lucy Watts has tried to get 
me to do. Not forcing or convincing or anything, but Just by the way she talks about 
things. Do you know Lucy Watts? 
I: Yeah, mmhmm. I know who she is. 
A; When she took my class I pretty much did what I did this semester. In chapter two 
and chapter three, the big ones, I would do a problem that would take several days to get 
through but then I could always refer back to it. And the students whenever I said, "the 
rocket problem," they'd know what I'm talking about. They'd have the perspective. 
They can always go back to that problem. And she said that was the one thing she 
learned when she took my class because every time I introduced a section I always had a 
problem that she could relate to after the section was over. You know, it was usually a 
blur or something like that. Then she started using it in her class, then she told me that, 
then I started doing it more. So it was like one of these litde back and forths. And, so 
that was definitely one thing that, you know, you actually get from the students. You 
know, when the students say, "Wow, that was really a good idea because it helped me." 
You know they start doing it. Um, there was something else that I got from her, 
ideawise. Let's see. the example, what were we talking about? 
I: We were talking about the students being active in the class? 
A; No. I can't remember what I was talking about. There was something else. 
Something that she said. You know the odier thing that helps me a lot is having co-ops in 
my class all the time. I can't remember the last time I haven't had a co-op sitting in my 
classroom. Although, some of them aren't real open, you know, and they never like to 
give suggestions. I think they feel like I know more than them, which is not true, 
educationwise. But, they'll usually say things like, "Oh! That is a really neat idea." You 
know, and then I think, "Well, if these people think it is a neat idea then it must be a neat 
idea," and I feel better about doing it. And it just kind of snowballs from there. That's 
something else that I think has made a difference in my teaching. 
I: Ok. I'm going to, I know that we have a deadline at some point today. Do we have a 
deadline? Do you need to ~? 
A; No. 
I: Oh, ok, then I won't rush things. So I'll keep asking, maybe in a kind of logical 
order. The other thing I was going to ask you about, was, um the role of classtime in 
students' learning processes. I mean, there's more that students do besides go to class. 
Where does classtime fit in the whole scheme of things? 
A: In the whole scheme of things? In one twenty four it's probably the major part. Only 
because, at least the way I feel because they're in there five days per week. I think we 
can accomplish, with the right guided lesson I think we can accomplish a lot in class. 
Um, I think if the students are working together outside of class that extends the 
environment. You know, they work together in class, they work together outside of 
class, and to them it's one big thing. As far as learning, I don't really. I'm sure this 
happens a lot, but I don't really expect it. That students will go out, read the section, 
have a tutor explain it to them, do everything on their own and come back into my class. 
I'm hoping that the student has a strong enough grasp of things so that they can continue 
on what they've done in class, not start from scratch. I've heard a lot of students say, "I 
go to class with this so and so teacher and when I get home, the notes don't help me, the 
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book doesn't help me, so I need to get help from somebody else." So to them, here's 
class, then they finally go home and they learn the material. 
I: Mmhmm. 
A: You know. And I try to make it so you leam the material in class and then you just 
extend your, well, extend is not the right word. You, you try to be more independent 
outside of class. Now it's your turn to apply these things to new problems. You know, 
when we're in class you have a lot of support. We're one big family, kind of thing. 
I: Mmhmm. 
A: But on your own can you still do it? You know, it's kind of like a test for them. Are 
they ready to be able to be by themselves? Have the confidence to do the problems? So I 
think of it more that way. I'm not quite sure if that's? 
I: No, I think that 
A: I mean you weren't interested in timewise. like, how many hours outside of class, that 
kind of thing? 
I: No, no. I mean the role. Different people think that different things are supposed to 
happen. 
A: Yeah. 
I; With regard to learning and classrooms and I wanted to know what your thoughts 
were. 
A: Yeah. I don't think there's a lot of learning going on outside the class for this one. 
Uh, except for a student who really didn't. I mean, like "Whew! Limits went by and I 
have no idea what she's doing." And then goes home and redoes the thing we did in 
class and then goes, "Aha." That kind of thing. I mean, that, I'm sure that happens. But 
I don't think, I don't think it happens that often. I think maybe they won't go "dia" in 
class but they go, "ah." (Both chuckle.) Kind of the "ah" of the "aha." 
I: So at least it's not your intent that's what should be happening anyhow. 
A: Yeah. I mean there's no way of me knowing, unless every student kept coming in 
and I asked them questions. Now I had, I've got quite a few students. I think three or 
four of them that are using a tutor that I suggested. Now this guy was an AP student that 
I taught a calc two class with all AP students. Just brand new freshmen jumping right 
into calc two in this book. And we were trying to see if that would work if the students 
hadn't seen this approach to doing calculus. And so. he did fine in the class. A very 
interested guy in the math. And I don't know, he's just a nice guy. And he went to our 
workshop for tutoring in this and I was really impressed by what he could do. By asking 
students questions, giving them suggested problems, "Here, try this problem," right on 
the spot. And he was good at trying to pin point where the problem was. And so I talked 
to him and I said, you know, well, I wouldn't give him just any lazy student who just 
didn't want to come to class and wants you to explain everything to them. You know, 
what I thought was lazy. And, um, so, that's fine. So I've got three or four, I'm almost 
positive it's four. And I would, in fact I think it's so weird that any of them are going to 
a tutor. I don't think any of them need a tutor. But, one girl was in my algebra class --
I: Knowing that names are not going to be named could you want to name them? Can 
you? Do you know who they are? 
A: Um, Catherine Shaw, George Dalton, Ronald Alan, and there's one more that I can't 
think of. That's why I wasn't quite sure if it was three or four. I'm not sure if he's 
going for it or not. Gerald Gloyd at first was going to do that, but I think he works with 
several other people in the class and they seem to work well together. They support each 
other. But, now. Ronald has weaknesses and we're still, he's coming in now to talk to 
me to try to figure out what those weaknesses are. Because I can't tell right now. I can't 
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tell. It doesn't seem like a past knowledge, like something specific, like he doesn't know 
how to factor or he doesn't know how to look at an equation or something like that. But, 
by him putting comments on his homework I'm trying to figure out what those 
weaknesses are. Something is holding him back, from grasping certain concepts and I'm 
trying to see if I can figure out what it is. 
I: Whose idea was it that he should put comments on his homework? Did you ask him to 
do that? 
A: Oh, mine. That's something that I, I don't know where I got this from. I think it's 
just something that I've just developed. But one thing that's seemed so obvious to me, a 
student will come up and say, "I've done all the homework problems and I still failed 
your test." And I will say, "but the tests are similar to some of the things we've been 
doing." "Well, I don't know what the problem is." And then when you start asking them 
real obvious questions, like, "When you first do the homework problem are you usually 
wrong?" "Well, yeah, but..." (Both chuckle.) You know, no but. So for some of 
these smdents what I'm having them do is. They almost all say that they make their first 
attempt at homework on their own. And I said, "Ok, when you're in class and you're 
asking questions, when you're working with someone else, when you're double 
checking your work, if you have to make any corrections mark that problem off on the 
side and in a sentence tell me what the initial problem was. You know, maybe you can't 
even tell. But tell me things like, 'I couldn't even get started' or 'I had the wrong 
equation in the calculator' or 'I was using the wrong formula'." I said, "Because maybe 
there is a trend, maybe you're always doing something that you shouldn't be doing, or 
jumping to conclusions or something. This may not help, may not pinpoint it. You may 
just be all over." But I might be able to see a trend more than they do. And I said, "The 
other thing is if you have a star next to every homework problem in a section, ok, you 
need a lot of work in that section, but maybe there's something else going on there. Or 
maybe if these three problems are not starred maybe there was something about those 
problems that made more sense to you than others." And so, actually I've got three, 
Ronald's one of them, two others said they were going to do it. I think Samantha Glenis 
was going to do it and Margo Frazier, they were going to do the same thing. Ronald 
already turned something in and it was real obvious, the two questions he got smck on. It 
was just he didn't know a formula to get started. That's all it was. 
I: Oh. 
A: And you know, and he said, well, he kind of thought that was the thing, but now that 
I tell him it really does look like you got stuck there. Because after we went over it, you 
know, he had no problems. And I think he felt better. And maybe he'll get it wrong on a 
test but maybe he'll have a better shot at it. That type of thing. That's another role I 
think, well, that's another role I think a teacher should have. 
I: I'll put that under the 'role' section. 
A: Yeah. Um, I think it's difficult to do but I think a teacher needs to work with students 
developing study skills and learning skills. Learning skills in the sense of what's 
important to do in class, you know. You still get the smdents that will copy everything 
down and they have to put it on their paper exactly the way it was on the board. Now 
that's good if that's the way for them to recall something, but if they're spending so much 
time trying to do that they're not paying attention or listening. Um, so anyway, I think 
that's, I think teachers should get involved in that. You can't just say, "Go ahead and 
study everything for the test." That, you know, is too vague. On the first test I try not to 
give a lot of hints, about how to change their study skills. On the first survey I always 
ask them "How did you study for math in the past? Was that any different than other 
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classes?" And it was almost always, "I would do all my homework problems. I would 
read the book. I'd do more problems." No surprise. But then I'd kind of let them 
flounder on the first test. Then the ones that felt comfortable with what they studied could 
stick with their technique, and anybody it just doesn't seem to be working, you know 
what they used to do in the past and what they need to do now, then when they'd come in 
I could offer suggestions. And actually, Catherine Shaw, who was in my algebra class, 
she's very math anxious. She is a very, very smart girl. Very good at math. She just 
needs somebody to sit with her, even if it's at the next table, for her to come by and say 
"Does this make sense to you?" or to just run things by you. Well, she, I got her started 
last year making notes to herself on her homework and class notes. Little comments 
about things. Reminders. Or ask her about, that kind of thing. And she really, I think 
she overdoes this, but she says this makes a big difference when she goes back nothing is 
left open. It's all there on paper. She doesn't have to say at home. "What was I going to 
ask her? What was I going to do?" She'll put in a lot of comments, and one thing I've 
noticed her doing is she'll make references to past things. She'll put down, "just like 
rocket problem part two" next to her problem or she'll say, "Look at homework 
question." You know, so she's starting to make connections and I think that's going to 
make a difference for her. 
I: That's neat. 
A: That's something she's been developing. She used to actually get stomachaches and 
headaches really bad in algebra. When she went to the test. 
I: Is she better now? Do you know? 
A: I think she is. She stresses out but she doesn't physically get sick like she used to. 
She got a perfect score on the multiple choice final exam in algebra in our class. 
I: Oh, wow. 
A: And she was a nervous wreck walking out of that test. 
I: That's amazing. I'm going to ask you another question. As we're sitting here, you're 
able to talk about individuals in your class. From my perspective as an observer in your 
classroom, I can't tell who is who! (Both chuckle) 
A: You want me to tell you my secret? 
I: Yes, I'd like that! 
A: I think if I weren't grading my own papers it would be a disaster. I tell some students 
if they ever ask, I usually leam faces to names a lot later than many people do. I try to do 
it by the first exam, but it doesn't always work. What I leam first are the names of the 
students, just the physical names. If somebody tells me a name I know that they are in 
my class. Faces, I'm much better at faces, because I'm always looking at the students. If 
somebody asks odd questions or something, or occasionally somebody comes in I'll 
recognize their face better. But. what I can do then, after I know all the names I can start 
relating to the faces, but I can't do it beforehand. I have such a hard time. What I tell 
some students is I can recognize handwriting and style faster than I'll know they're 
names. I mean, it's real easy to do. If I, it doesn't work all the time. Just their 
handwriting and by their format, how they like to put things on the page, I can tell 
physically who it is. And then the names will follow. And style, students laugh, "Well, I 
don't have a style." But students usually have a distinct style of how they like to write 
things and how they like to do their graphs and that. 
I: So you get to know them on paper first? 
A: Yeah. 
I: And then you know who they are. 
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A: Yeah. I have a, oh what was her name, Gail Luther. She was probably here before 
you got here. I observed her, and this was like a week into the semester and she was 
calling on people by name. And I thought, "Oh, this is so great." And she'd go, 
"Joseph, can you answer that?" and "Betty, no that's not quite right." But you know, 
that was her. That was her style. And you know, I thought, I'd have a hard time doing 
that. Now, you know, I can get to the point of, "Yes, Richard?" or something like that. 
But most often, I don't know if you've noticed. I'll just go "Yes?" I don't really call 
them by name. 
I: I do notice that. 
A: I don't know. Sometimes I have a hard time with names. Because then I've always 
had the feeling that, for somebody, if the teacher calls my name in class, then everybody 
always knows it's me. You know, and it's kind of like making it I'm in the spotlight 
now. But if just go, "Yes?" and somebody asks a quick question, you know the people 
around him know who asked it, but it's more in the crowd kind of thing. And I'm 
thinking that people are maybe more likely to ask questions when I didn't say, well that 
one guy , we always pick on him. "Richard what's your question?" and 
everybody turns around to see what Richard has to say, you know. Sometimes I think it 
makes it easier. But part of that has always been because I have a hard time with names. 
(Both chuckle) 
I: That's fantastic. Let's see, I was going to ask, in your class, this is something I've 
noticed, and this is something I am wondering if you also perceive or if I'm not 
perceiving it the same way that you do. I notice that you frequently have more than one 
student talking, very frequently. And sometimes they talk while you're talking. 
A; You mean answering? Or just amongst themselves? 
I: Both. Everything. 
A: Oh, ok. 
I: In your class there's just a lot of talking going on there. 
A: Yeah. 
I: Sometimes you're at the board and you're talking and some other students are talking 
to themselves, maybe about math. 
A; Yeah. 
I: Or you ask a question and six people answer it. Maybe the same answers or different 
answers. There's just a lot of talking. From my point of view, it's almost impossible to 
put this down in my log (both chuckle). But that's all right. But is that the kind of thing 
that you're noticing in your classroom too? 
A: I probably encourage the part about responding. I don't like, at the beginning of the 
semester it's ok if they raise their hand and answer. But I've found that being able to hear 
one particular person isn't as important as getting a lot of people to answer and open their 
mouths. And so I like when a lot of people answer. And I've gotten better at being able 
to hear a lot of the different things that are coming out. You know. Like, "five hundred," 
"four hundred," that kind of thing. But I think it gives the students the freedom to say 
things out loud and I kind of like that atmosphere. I don't know how the students take to 
that. One good thing, is I can have the students who like to answer all the time calm 
down and the rest they'll feel free to just say things out loud. As far as when I'm at the 
board, there aren't that many times when I'm doing something that everyone has to be 
completely quiet. And I think most of the time it does happen, that when I'm doing 
something really important, I know that Hailey, up in front, one of the coops, will quite 
often — she did this the other day — Lou who sits next to her feels very comfortable to 
say, "Hailey, what did she, how did she get that?" And Hailey will right away go over 
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and, "Well, this is what I think she did." And I can hear the whole conversation up there. 
But I notice that Hailey will raise her voice and she starts talking louder. And that I will 
have to say no. It's not so much because of the talking but because who she is. She's a 
teacher and I know she's probably explaining a lot to him and he might be better off just 
listening for a second. But I know there's a lot of groups that talk, like Gerald and 
Morris in the back comer there and Jim and Wayne, that whole group in that back comer 
by the window. They will quite often, I can see them even, all of a sudden for some 
reason, now Wayne's not doing amazingly well, but for some reason they feel he's 
almost always right when he's in class. 
I: How interesting. 
A: And so when something comes up you'll see them all lean over kind of like that Dean 
Webber commercial, they'll listen to what he says. E. F. Hutton. 
1: E. F. Hutton, that's right. 
A: And then there's Emest and Barbara who both went to University High together, so 
they sit together. In fact I know they probably most of the time are joking about," I 
remember when we did this," and that kind of thing. To me that's fine too. I've heard 
from so many people they'll set that students are socializing completely. And I know that 
my students. [TAPE IS FLIPPED HERE. MISSED A BIT OF CONVERSATION.] 
Fifty minutes of solid math without thinking of anything else, that's probably not healthy 
either. But you know I think that's fine. I haven't had too much trouble with people just 
reading the paper in the back, socializing, closing their books up ten minutes before class 
or anything. And I hear that all the time from people, "I just can't get so and so to do 
this." And you know "there's always somebody that never brings their calculator and 
never participates" and that. And I always say that I've been lucky. Because I really 
don't know if it has anything direcdy to do with me. I'm hoping that at the beginning of 
the semester I set the tone that this is a friendly atmosphere and you want to work while 
you're here and get the most out of things. But I haven't had a lot of problems. I mean I 
have in the past. I've had some classes, oh maybe, I'm thinking of this one algebra class 
where I dreaded walking into the room. I hated to walk into the room. 1 hated to be there. 
I hated to explain things to them. Because I hated a couple of people in the class. And 
they made life miserable. And I remember talking to Geoff Zimmer a long time ago. He 
came in, and we were setting up for a meeting or something, and he goes, I don't 
remember what he was teaching, and he goes, "I don't feel like I'm doing my job. I 
don't feel motivated. I don't feel like I'm giving them everything they should get out of 
an education." And I don't remember why, but my first question to him was, "Well, 
what's their attitude like?" And he said, "Pretty lousy." And I said, "Was it like that to 
begin with?" And he said, "Yeah, pretty much." And I said, "The way I see it is my 
students have to motivate me first." I mean, I never felt, well, the teacher is the motivator 
in the sense that I've got to take this person who hates to be here and make them all 
excited. I mean I don't think that's my big purpose in life. But if they're somewhat 
interested and they pick up on my interest that's great. And I tend to feed off them and 
they feed off me and it goes back and forth. And I was talking to Geoff about that and I 
said, "If they walk in somewhat excited, or if they have lots of homework questions but 
they really seem to want to know how to do it, I'm more excited and I'm more willing to 
help them." And he said, "Well, maybe that is a problem." The only bad thing is for me, 
that if they don't start it I have a hard time starting it. I mean, I'll give some effort, and 
that. But I really rely on them. That's why I say the first day is really a big thing. If they 
respond to me with a lot of bright eyes and nodding and smiles, and they're willing to 
come back, then I've made the semester. I mean, I'll be comfortable with it. And it only 
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takes one or two students to really ruin it. I mean, if I have someone in there that goes, "I 
can't believe I'm here and they're making me take this." I can live with that for a little 
while, but it can make life miserable. But I've noticed, one of the big problems 
instructors usually have with the course is people who have had it before. In terms of had 
calculus before, they're such a problem. I don't see them as a problem myself. Because 
I try not to give them trivial things to work on. so that they all are kind of like at the same 
level. I notice I've got a lot of people in there who have had calculus before, but they 
don't make it an issue. You know, they don't whine about it. They don't complain, 
"I've had this before! Why can't we do this? Why can't we do that?" That's what I've 
heard from a lot of instructors. "What do I do about these whiny students?" I don't have 
whiny students. I know they've had it before. I think it's just common sense. My 
choice of equations and questions and all that. When we have these 124 meetings they 
say, "You've got to start with something simple." Well, no you don't. I mean, you start 
with something complicated, they don't know it's complicated. (Chuckle) 
I; What do they have to judge by? 
A: It's just some ugly equations. The ones who know derivative rules don't want to 
differentiate that, and the one's that don't know what it means, it's all the same to them. 
It's just another equation. So. anyway, what was the question there? 
I: What this one started with, uh, 
A: Specific students? 
I: I was asking more about specific students. I was asking if in the classroom you could 
identify them. That's what I was asking you about. And it sounds like this point in the 
semester you can. You spoke about those little clusters of students here and there. And 
the way you got to identify them was through their classwork, seeing them in class or 
homework or in office hours. 
A: When I grade the homeworks I alphabetize the homeworks. And it usually takes me 
three or four times to really recognize the names and the courses, because they all start 
blending together. 
I: Yep. 
A: My very first thing is. depending on the distribution of students, if there are a lot of 
women or a lot of guys I have a hard time. Because they all kind of blend together. 
They're all wearing white shirts and baseball caps. 
I: That's right. 
A: If they're kind of half half I've got more to go by. But I basically, I know the names 
first. And the nice thing is when I'm alphabetizing I know if somebody is missing a 
homework. Cause, I know I sense, if there's not a B here. It gives me a sense of that. 
I: WTien do you start putting it to faces in the classroom? At what point in the semester. 
A: I'd say, probably at least half by the first test. I try to shoot for all. 
I: And how is it you make the association in the classroom? How do you say this face 
goes with this name. 
A: Sometimes I'm sneaky. I look to see who's turning in a homework. And it's easier 
for me to picture grades and a name than with a face. Because I'll think, diis person 
hardly ever loses any points, so I'll think, "Oh, that's the name that fits that." Or, gosh 
that person hardly ever turns in homework, "Oh, that's the name." So the more extremes 
I pick up real quick. And usually the front row, because I'm walking around looking at 
their papers. And I didn't do it this semester, but a lot of times I'll have "NAME" at the 
top of their worksheets. It's not like their going to turn them in, but as I'm walking 
around I'll kind of glance. But sometimes that doesn't work if I'm not ready to start 
memorizing yet. But when they mm in their exams I see some names and as they leave I 
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close my eyes and try to picture the face and try to picture the name. And this semester 
was bad. There were still a couple of people I was trying to place between the first and 
second test that I couldn't quite place. There were three or four people. [Pause the tape — 
my husband and daughter came to see if I was ready to leave yet.] 
1: Let me ask you some more questions. Just keep going, lliey're not in any rush. 
A: The students I don't think, I'm always real sensitive about that, the students just 
feeling they're another face in the crowd or something like that. But I've never gotten the 
impression that they feel bad about me not knowing their name. I think it's because when 
I walk up to them I talk to them as people. So it's as if I know their names, but I don't 
and I don't think they realize it. I don't think they notice it. 
I: Let me ask you also. The name issue aside. If any students in particular stand out to 
you. For any reason whatsoever. Like so and so is really good or really interested or 
really verbal. Just any one who is a standout. 
A: Well, for various reasons. Catherine, Catherine's the impressive one. Because she's, 
I mean, 
I: This is the person . 
A: Yeah, she usually sits next to Samuel near the window, the second row back from the 
front. Well, she was the one in my algebra class so I feel like I know her more. I've 
watched her evolve as a student. I have more interest in it. She's very bright. She needs 
to know how things work, why things work. She's very good at explaining herself. 
Once she understands something she holds on to it. Every now and then you'll see her 
make connections among things, and she just feels so good about her self. But she 
needs, not as much as before, but she needs that support. Somebody to say, "Yes. you 
are doing the right thing. You do know what you are talking about." She'll come in and 
she'll say, "I have no idea. I'm so lost. I'm so lost." And she'll come to office hours 
and every homework problem is correct but she just had, "Is that really right?" and that 
kind of thing. So, she stands out as an ideal student in the sense that this is all fascinating 
to her. She first started this because she had to for her major. Now she realizes it's really 
important to her, it's interesting and she's getting good at it. Urn. other standouts. I 
wouldn't say Samuel is a standout. He's very good at it, but it turns out he had the book 
before in high school. 
I: Oh? The consortium book? 
A: Yeah. A lot of the schools up in the Phoenix area were piloting it. And he went 
through it. And the only reason why he didn't take the AP is he had a personality conflict 
with the teacher, he told me. So he didn't do very well gradewise so he figured he'd go 
ahead and take it again. Um, let's see. Are you taking about academic standouts? Like 
good students? 
I: Whatever kind of person stands out to you for whatever reason. 
A: Oh ok. Um there's two buddies, that they show signs of promise, but they really do 
struggle a lot. It's Morris Harrison and Gerald Gloyd. They work together ail the time. 
They always have different places they get stuck on, but they seem to enjoy listening to 
each other's confusion. They kind of feed off of it. Then also Morris will say something 
to Gerald and Gerald will say, "That makes sense." Or Gerald will say, "Morris don't 
you remember?" Now I don't know if they knew each other before class, but they seem 
to really thrive. This would be a pair that I would like to see stay together through classes 
because they really complement each other. I wouldn't say that either one of them is 
really great on their own. Probably, probably Morris is a litde better skill-wise but he had 
a lot of gaps. And it's interesting. Morris got a 3 on his AP. And from what I'm seeing. 
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I can't imagine he would have gotten a 3 on that. I would imagine that maybe he got a 2 
or a I. 
I: Oh my. 
A: I'm really surprised that he got a 3. And that really supports my feeling that yes you 
can teach to the AP. Because he has got some questions, that these are the types of 
questions that would have come up on the AP, and he truly didn't understand those. I 
mean, he caught on real quick, but he strikes me as the kind that definitely learned in the 
past by just do, do, do, get it over with. And they never really understand it. Now. that 
he's working with Gerald they're constantly saying, "Why is that working? How do you 
know that's true?" And so, when he showed me the AP credit I was really surprised that 
he had gotten AP. you know I didn't think he would. I don't think Lou Bdes, the 
one who works with Hailey up in front, now he's in ROTC and he looks slightly older. 
He's got a wife and a child and all that. Now I don't know if he's coming back from 
being in the service for a short time or what, but Hailey even pointed this out, that 
sometimes I even just so surprised by how much he knows or how much he understands. 
I don't know why. I don't know if it's stereotype or what. At first in the semester he 
seemed very confused. He had a lot of questions like, "I don't know what you're talking 
about" or "How did you get that?" I could hear him talking to Hailey and Lisa in the 
front. And, the other day, Hailey said, "Lou's really sharp considering how long he's 
been out of math." And she said how long it's been. So he's been out of math for quite a 
few years. That impresses me more that he seems to be really picking up on the stuff. 
I: Even with a breaik. 
A: Even with a break. And sometimes, one thing about calculus, for an occasional 
student it's best to have a break. I think it gives them more perspective- And have a little 
rest. Even though we're reviewing a lot of things, now they feel, some students have 
told me that, they feel now there's a purpose for what they learned in the past. They 
might not have remembered it but now just from experiences, being in school and being 
out of school it gives them a little more perspective. He said himself that this makes so 
much more sense than math ever did before. And I'm convinced it's not me or the book, 
it's just that he's more ready for it now. That's why I have a gripe about pushing 
students into calculus in high school. Because I think that a lot of students aren't ready to 
apply everything they've learned. 
I: Do you think it's just time? Or is it life experience? 
A: It's probably a little of both. I think it would be perfect to take something like chapter 
one, and teach that over a semester or a year and have students go out in the field and 
collect data, analyze things, get speakers to come in. I mean, you could cover so much 
more math and understanding without getting into calculus, and you could hint at calculus 
if you want. But, I think a lot of students would get a lot more benefit out of that than 
just rushing through. Because I think there's a lot of pressure on them, this is calculus. 
You've got to do it. And parents say that you've got to take calculus before you get out 
of high school. And I don't think students have enough practice dealing with 
mathematical issues. I mean, I think their used to —. And I think this is another thing 
that's helped me a lot is being on these grants where I go out and observe high schools 
and middle schools, I'm kind of watching what's happening. I think when they test in 
high school they tend to test on small general pieces of information, so they're kind of 
like bites. This test was on completing the square and quadratic formula and that's it. 
The next test was on systems of equations and that's it. They never see, even though the 
teacher may try as hard as they can, they never tie everything together because they've got 
to go they've got to go. And the pacing's so fast, even though it's still a lot slower than 
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here. I think if they just kind of spread that out a little bit more just by putting in some 
other interesting things and then doing something else their senior year instead of 
calculus, you know, more math at a different level, they might be better off. So I think a 
lot of these students who have had calculus before in high school, some of them are ok, 
like for instance the two from university high, Ernest and Barbara, I think they were 
ready. Because just the way they understand things, the way they talk about things. I 
mean you can tell that they're ready for it. The rest of them, I don't think, gosh some of 
them were in calculus in high school, really should think about that. But anyway, I think 
Lou was now ready for it. I think, that's all that probably really stands out. I've only got 
one guy, an actually two students here, and this is pretty amazing, you can see that all 
these grades are filled up and you can see that everybody is doing well, overall. Christine 
has disappeared on us. She was in my algebra class with Catherine last year, and I 
remember she was gone for a week then. It turned out she was developing an ulcer, but 
she came back and got caught up. She's a smart girl I think, and she picks up on things, 
but she tends to get a little lazy. You know, where if she's not at class or she doesn't do 
her homework on time then she falls behind. And she likes to come in and say, "can you 
explain this to me?" I usually say, "Christine, don't do that. You explain it to me." Then 
she tells me what she knows and I finish it off. She's been gone now for almost a week 
and a half. 
I: Oh. 
A: And Catherine says she doesn't come to her chemistry class. So it's not like she's 
going to drop math and stick with everything else. So I'm thinking about giving her a 
call, finding her phone number and finding out what's happening to her. Um, so she's 
kind of dropped off the face of the earth. And she's kind of mid-B, low to mid-b. But 
Drew Carver is the one that's, he's my only disappointment this semester. He sits up. 
you know where Hailey and Lisa sit, the coops up in front? 
I: Uh-huh. 
A: He sits right behind them. I don't know if you know this, he talks quietly so I can 
never hear him. I'm always leaning over to listen to him. He was the one that always 
used to shout out answers at the beginning of the semester. Always wanted to be the first 
one. always had to say something and I thought, oh boy, he knows what he's doing and 
he's going to be a hard one to calm down. And he would turn in homeworks with only a 
couple problems done. And I said, "What is this?" And he said he's always had a hard 
time with two things, expressing himself ~ and I said, "You're going to be in trouble in 
this class." Because he said he's much better at just getting numbers. He can't explain 
things. But his more serious problem was, I thought, he said if he doesn't know how to 
do a problem at first glance he doesn't attempt it at all. And he's the only one right out 
failing the course. He never turns in homework. He's got the two lowest grades on the 
two tests. And I don't know enough, he doesn't give me enough to make a judgment 
about whether he understands what's going on or not. I mean, he's been really quiet. 
Usually when we're doing a worksheet he might only get a couple of lines done when 
everybody else is half way through the page. 
I: Hmm. 
A: And he's come in to talk to me about what to do and all that. And I said I'll go ahead 
and accept late homework and all that. Get as much as you can done. He said he'd try, 
and today nothing. He says it was a bad weekend. He's working lots of hours, he's 
taking 18 units. He's just not 
I: Overload. 
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A: Even veiy good students have a hard time with that. And when a student is like a C-B 
student possibly, or like a B student, they realize right away that they can't do it all. 
I: Mmhmm. 
A: He said he told me he can't drop. Financial aid. He'll be out. And there's nothing I 
can do about it. He's slipped too far. But those are the only two. Everybody else, I 
think is hanging in there. I've got some students with d scores on tests, but they're doing 
the homework so that's keeping them afloat. I take a personal interest in how students 
do. I'm kind of torn, in that my feeling is and always has been I've got to reach 
everybody. And dien as the years progress and I leam more about, there's some students 
that don't want to leam and there's some students —. I always say everyone can get a 
college degree, everyone can do it, except maybe not right now. Maybe not from high 
school, summer college. You know, they go right into college. Maybe they've got to 
think about what they want to do, or just take a break or do something. And I hate to 
stereotype anybody by saying you're not the type that should be in school yet, that kind 
of thing. But you have to realize that someone who doesn't come to class, they don't turn 
in homework, they fail every test, that I'm there and if it's reaching 35 other people 
maybe I'm doing something right. Maybe if they're not ready they don't want to do it. 
So I think that has helped, because I used to take it personally when someone was absent. 
I: You don't do that anymore. 
A; I must not be, well, some days I'm disappointed. Why didn't they come to class? 
Then this past Friday I had six people, well, Christine was one of them, five people 
missing which is surprising for that class. But it was family weekend, so a lot of them 
said they had gone off, their parents had come early or something. 
I: And their parents told them not to go to class!? 
A: "Oh mom, I don't have classes on Friday!" (both chuckle) 
I: Oh, that must be it. 
A: Actually, I bumped into one of them with his parents at Price Club and I was almost 
going to say, "We missed you on Friday." But I don't know if his parents knew he was 
not there. He's usually pretty good about attendance. I think the other thing is I take a 
personal interest in hoping that they'll succeed. I'll get a lot of students coming to me 
asking opinions about majors and should I go on. I've had C students, for other teachers 
I'm sure they couldn't care less about if their teacher thinks they should go on. But they 
ask me, "Do you think I should take this class over again?" C soident. You know they 
all think they're ready to go on, and all that. So I think they feel like I take a personal 
interest in their life here. So I think that's another reason I don't get a lot of gripes about 
masses of homework and long tests and that. They may complain, and I think they 
should complain. But I think they understand that I'm trying to do things in their best 
interest. That I'm trying. I think that helps a lot. 
I: That matters. Or at least I hope it does. 
A; Well, I've taken classes where the teacher was just in there and just doing their job. 
and I felt like it didn't matter if I was in there or not. I was there because I needed to take 
notes. But I never felt like I was part of the class. But these students, I think this 
semester and last fall, they feel like they're part of the class. You know. I think they like 
being there. I'll see it on the course evduations. Usually the students will say, "Calculus 
is still calculus, but I enjoyed being there, I looked forward to being there." And to me 
that's half the battle. If they look forward to being there I think they're going to get more 
out of the class because they're more interested and they want to listen a little bit more. I 
think one thing about teaching is that you can't, you can't really isolate different things. 
It's the big picture. Your personality, how you are, how the students are, the material 
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you're teaching, it's all one big package. You could throw me in a class I don't care 
about the subject, I don't care for the book, the students are lousy, it's going to be a 
miserable class. I mean, I'll get them through it, they'll do well on the exam scores and 
all that, but no one will feel good about the class. I've had a couple of those. 
I: Aww. That's unformnate. 
A: Not too often though. Not too recent. Like I say, I feel lucky. Last fall, I think that 
was one of the best calculus classes I had. I mean, they were friends outside of the class. 
I mean they would go places outside class. A lot of them followed me to calc two. They 
took classes together. And I said this before them, "This is the best calculus class I've 
ever had. It's only going to get worse." And so I walked in, the only thing I'm ever 
nervous about on the first day of class, is, I try not to compare them to anybody. But I 
always mention it to them. I mentioned it to this class, I think. "I had a really good class 
last fall." But they're, I'm enjoying them. I think they're doing a good job. 
I: Well let me close up by asking you a few factual things. Then there's a bunch more 
things, but I'll put them off until another time. I don't know about you. but I'm getting 
tired. 
A: Oh, ok. 
I: So I'll just ask you a couple of things, sort of factual. You said that you earned a 
masters degree here. In math? 
A: Mmhmm. 
I: Ok. Another one is, when I'm sitting there taking my log notes and I'm writing down 
what kind of activities are going on in your classroom, when you have out a worksheet 
and you ask students to work on it, you don't have them sitting in formal groups, so I 
don't want to classify it exacdy as small group work. 
A: Yeah. It's not. I think small group work has its place. I think in this class, actually 
in any class that I teach, I think I've evolved into —. I used to do formal groups. In the 
sense. "You three pull your desks together, you three." That type of thing was as formal 
as I ever got. But you know, they were only communicating with those three. And I 
didn't find them any more productive in terms of students understanding and all that. 
And I think this way smdents are more likely to interact with more than people in their 
group. They'll turn around, they'll look over. And I don't know. There's a big thing 
about cooperative learning and dl that, but this style works for me. And the students 
seem to be getting as much out of this as I could imagine. So I prefer this. In fact, 
unless, once in a great while I'll have something that two people have to work on. 
I: So it has to be pairs. 
A: Yeah. I didn't do it this semester, but there was an activity at the beginning of the 
semester that I used to always do. Like the pendulum problem where the three of them or 
the four of them had to work together to exchange data and do something. But I think it 
works quicker and smoother for me, for my style to just let them do what they need to do. 
And they develop their own groups. And I think sometimes that works better. 
I: You don't by any chance have a name or a classification you might want to give to this 
sort of work style or interaction. It's not individual work, because clearly people are 
talking to one another, 
A: Yeah. 
I: and we both agree that it's really not normal group work. 
A: No. It's not. 
I: Do you have a name for that, Anne? Can we call it semi-groups or something? 
A: I was talking to somebody about this. I'm trying to think who it was. I was talking 
to somebody about this. Their group activities over the years have evolved into the same 
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thing. Where they found that groups weren't working as well. That they would always 
have somebody not performing in the group or more socializing and that this type of 
thing. Maybe it was Donna Potter, I think Donna Potter and I were talking about this. 
Now this could be college level students that this works well for. Almost all my 
comparison of teaching styles and what we do well is with high school teachers. Because 
there's really no one here that I admire enough about what they do in the classroom or am 
able to see it. I've seen more of what's going on in the high schools and talked with 
them. But she says the same thing. That it seems to work better. Butler used to joke 
about this because, he was "Anne does a lot of group work." Eventually [ had to tell him. 
"It's going to break my heart to tell you that I don't do what you think of as 'group work' 
assigning groups and all that." And he says, "I know, they just work together." So I 
have a funny feeling that what group work means in high school and what group work 
means here are two different things. 
I: Maybe just calling it "working together"? 
A: Working together. Yes. 
I: That would be a good way to categorize it. 
A: Yeah. Donna always says. "Find a buddy." And I don't know, that's not my style. 
Some of the things I try to tell them, this is something that I'm somewhat torn about. 
They always say that when they give a group assignment that everyone should look at it 
individually first to get their mind set, to have some ideas of their own. Then you bring 
them together to work in their groups so they have some intelligent discussion. 
I: Who's the "they" the says this? 
A: Oh, when I go to these colloquiums and all that. 
I: Experts. 
A: Educators and all that. And I agree with that, that it makes more sense. If I'm going 
to sit there in a group and read it for the first time, I'm probably going to be more 
successful and I won't be so emburrassed if I can kind of read it first and then say, "let's 
talk about it." But that doesn't. In some ways that's kind of what happens. You'll 
notice that they don't immediately start talking. They you'll see that they're all reading, 
then after a few minutes the talking starts increasing and increasing. So, in some sense 
they're naturally doing it. They feel a little more independent, this is their work but they 
need the support of the people around them to feel comfortable. So I think working 
together is probably the best description of that. 
I: Sounds good to me. I could make a new coding category. 
A: Yeah, I don't know. But it's true that I had limited success with groups. And the 
same kinds of problems I've had I've heard other people having about that group is off 
track now, and in that group one person is always quiet, and they type of thing. And that 
group's always faster. At least now, you know if two people -- I've done this to Ernest 
and Barbara -- they're done, they're always done before everybody else. And I'll walk 
behind Ernest and I'll say, Leslie needs some help on that, or I'll go, "Barbara's got the 
answer." You know 
I: That should make her popular! 
A: They'll all feel comfortable about leaning over. I think if they were in their group they 
might feel funny going outside their group. They might not feel as easy. I think their 
grouped kind of like an amoeba. It kind of goes off. 
I: I've noticed that a lot of different people (?word?). The last one that I'm going to ask 
you then. In my final report, in my dissertation, when I write up who you are. I'll say 
Anne is -- I won't use your name, I'll use some other name. How does one make a 
description of you so that someone can have an image in their head of you. First we'll 
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start female, that we can probably get pretty basic there. But how would you describe 
yourself? 
A: Physically? Or my title? 
I: Anything. Anything you would use to describe yourself. 
A; Middle aged, no, not quite middle aged yet, but getting there. Let me think. I think 
I'm much more successful because I'm a woman. 
I: You think so? 
A: Oh, no doubt in my mind. Stuart and Billy and I have had discussions about this. 
And I could do things, I don't know if it's the mother image or what or just that I'm 
approachable. But I've always felt that there's a lot of us who would do, this is back 
when Harry Windsor was here and Herman DePlain, we would all say that we were 
going to go do the same things but I could pull it off and I could do things in the 
classroom that they couldn't pull off and I'm still convinced it was because I was a 
woman. Not because the students would humor me, or anything like that but I think 
there's a lot of things that I could say or do. Or I could encourage a student without 
sounding demeaning or something like that because I'm a woman. I really have always 
felt strongly about that. 
I: That's fortunate then. 
A: Yeah! I am a woman! That's really paid off. I think so when you say female to me. I 
think diat's a big issue, male and female. I would say that the more successful high 
school women that I admire, high school teachers, are all women. I mean, Kevin Feld is 
always in there. He's a very extreme case. But. um 
I; Extreme is a very good word for him. 
A: The men that I've observed are good, yet they still carry that distance factor. And 
that's probably my impression. Students probably don't even know it's that as much as I 
do. A woman, I think it seems students might be more likely to ask a question and not be 
embarrassed. And I don't know if it is that mother thing, I feel comfortable asking mom. 
I'm not saying that I'm a mother image in class, but I think there's something 
subconscious there. Anyway. So female is a big issue. Normal looking. 
I: Normal, ok. 
A: I mean I don't dress weird. I don't. I mean I've got weird habits. 
I: I haven't noticed any. 
A: Do you know Lois Ranger? 
I: No. I don't think so. 
A: Lois Ranger was a coop and she took my class with Lucy, right about the same time 
Lucy Watts did. And she said she, she's a junior high teacher, and a very good junior 
high teacher, but she said she didn't have enough math to feel really comfortable about 
what she did. So anyway, she said that I had this habit, and she said it was great. 
though, once she noticed it, that I would always go (clicks tongue) with my tongue. 
I: A tongue clicking thing. 
A: Yeah, and I don't know if I really do that. I'm really conscious of it now. 
I: I'm going to be looking for it now. 
A: But she said that was my indication that I was going to pause. And she said, boy she 
could predict from that when I was going to pause either for them to answer a question or 
to do something. I didn't realize I was that clear cut. 
I: You're giving off cues. 
A; So maybe I've got more, so I don't think. One thing that used to annoy me about 
teachers was how they smell and how they dress how they pace up and down the room 
real annoying. And those things are so distracting. So I would say that if you were 
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going to describe me as that, that I don't stand out as an oddball. And that's another 
thing. A lot of people still have this stereotype of the math nerd, and I don't strike them 
as that. I'm a human being. I know about things in the real world. That kind of thing I 
would call, sucks them in. (Both chuckle) I think that, I don't know if this is in the 
description part. I know a lot about a lot of things. In terms of how things work. And I 
think that really lends to my credibility. Like I i^ow how advising works here, 
administration, what courses to take, who's who, who to find, who to talk to, that type of 
thing. I know the system. And I think that any student who finds somebody that knows 
the system really hangs on to them. They really do. I get students junior and senior year 
asking about things, they come back to me because they know I know who to find or 
who to talk to. (Pause) What other kinds of tfiings to describe me. 
I: I can come up with some things if you don't. 
A: What would the description do? 
I; Just to help the person who's reading the report get a feel for the setting. You're part 
of the setting in some sense. You're the teacher. They kind of get this image in their 
head, you know, he's a male middle aged, balding. And he always wears button down 
shirts buttoned up to the collar. 
A: Oh, ok. 
I: I was just wondering if you had any input. 
A: My roommate in college described us like this. We're average beyond hope. Average 
colored hair, average height, average weight, average colored eyes. Could get lost in the 
crowd, that sort of thing. I'm not flashy. I don't talk funny I don't think. I don't use 
slang terms. I just, I don't stand out. That's what it is. And that's good and bad. I 
think for a teacher that's probably good. I'm just an average person. Because I think 
then they realize you don't have to be a nerd and you don't have to be weird to love the 
subject. That kind of thing. So I would probably say average in everything, really. 
I: Ok. I can live with that. 
A: Ok that will probably be a good description. 
I; I think that will pretty much do it. Although one other thing I was going to ask, I 
know you did mention in class a couple of times about your son. So probably I should 
put something in there that you're a mom and you have a son. 
A: And I have a life outside of class that I do not hesitate to talk to my students about. I 
mean they all know I go bowling in Wednesdays and on Thursdays they all ask how'd 
you do? What place is your team in? And I think that makes me more human. And I'm 
also interested in what ^ey do. Who's been to the game and all that. Or they start talking 
about the game. One day we spent five minutes talking about some game on TV or 
something like that. Yeah, I think that's important for them, plus it kind of brings ~. 
Like I said, doing fifty minutes of math is not conducive to learning math. You've got to 
take a break every now and then. And once in a while, it hardly ever happens when 
you're there, it almost always happens when you're not there. All of a sudden something 
will strike me as odd or I'll come in and, "You wouldn't believe this car cut me off." So 
they see I have feelings and emotions and all that, and so I think one thing, that's 
something, I don't hide my emotions in class. I think they know when I'm happy and 
when I'm not happy and when I'm feeling out of it. And I think, transparent is definitely 
not a good word to use, but I think that would be one description of me, that I'm very 
open. I remember last year I was in a bad mood, I was thinking of quitting, I just had a 
lot of things I decided I never wanted to be a teacher again. And it really had nothing to 
do with the students. There was just all this other garbage in the department. Stuart was 
told once and for all that he was gone. And everything, I was just so angry, and I walked 
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in, and I just loved the class, the students and all that. And I didn't think I was being that 
noticeable. I was out of it, which I tend to be until I kind of get fired up, and several 
students said, "You're really in a bad mood today." And I said, "You don't know the 
half of it." And somebody in the back said, "Well, tell us about it." And I kind of got off 
on the hiring firing issue and all that, and they're letting people go left and right. And 
then somebody would say, "that's unfair," and, "what can we do about it?" and all that. 
At the end of class at different times, people came up to me and said, "Would you like me 
to come over to your office so you could just talk about something?" And get it off your 
chest. And I though, my gosh, first of all I was thinking, did I look that bad in class? It 
wasn't until last semester that I realized how open I was about things. You know, this 
class knows when Richard has a good day at day care. Well, a lot of the time I'll tell 
them. "Richard had a great day!" And they'll all go, "Yay!" So I'd say that I'm very 
open with my feelings. 
I: Well I think this will do it for me for this time. Is there anything else that you want to 
add right now? 
A: Not that I can think of. 

5. Anne 12/21 

[Note: Interviewer Amy is "I", Anne is "A" instead of Amy is "A". This is different 
from the usual notation.] 

I: Do you want to comment about how the semester went? 
A: I think it went ok. I had a lot more E's than I thought I would. I had one person who 
completely dropped out after the second test. Said he couldn't take anything less than a 
C. Got an E instead. Another guy, after the third test said he was going to take the class 
over again. He stopped coming and he told me he was going to do this and just go ahead 
and give him an E. And then three more, well, two for sure, three of them legitimately 
hung in there the whole semester and tried their hardest and still got E's. 
I: How disappointing. 
A: Disappointing. On my final I had, 21 people got A's and B's. And the rest of the 
people pretty much failed it. I mean, it was that split. I had two Cs. So, my reaction to 
the semester I think there are quite a few people, even in the C-D range that I'm worried 
about going on. And it's not so much, there's two issues. One is they're not comfortable 
with the material. They understand it for the moment, but not for the long haul. And 
because they're switching out to three units, and possibly the instructor may not be 
sympathetic they may have problems. But that second part, that whole issue of three 
units I think is true every semester I teach, that has nothing to do with the particular class 
I have. I've got a couple of students that are going into the honors class, and I think 
they'll be fine, but Well, I think they'll be happy. But I think they'll be in for some 
surprises. They pretty much laid back all semester and, you know, they're going to have 
to work a little bit harder. They'll have a little bit of culture shock. There were some 
things I was disappointed with. They didn't seem to follow up from what we would do 
in class, even when they were at their seats. Versus what I've had in the past. But one 
thing about this particular class, was they were the best class in terms of getting them to 
do things at their seats right away and most of the people at the same level and the same 
speed in terms of doing the problems. I usually end up having, I'll have half the class on 
problem one and the rest of the class finished. You know, a real big split. In this class it 



376 

was a little bit more even and they were really determined to figure things out. Even my 
low end students came in a lot. One thing in one way that was disappointing and in 
another way good was [ had more students come into office hours than I ever had in the 
past. And sometimes it was they just weren't sure of themselves, they needed that little 
confidence boost. And sometimes they just had no idea what they were doing and there 
wasn't a lot of help I could give them. They were weak on everything, they were weak 
on concepts, they were weak on algebra skills when we hit chapter four. TTiey would 
come in and I could watch them doing a product rule, and then on the homework or on a 
test they would mess it up. And so. there was a lot going on in the class. Although it 
went pretty well. About as well as can be expected. I mean, I saw improvement during 
the semester. 
[: That's good. 
A: Yeah, and I didn't expect—. I had a lot of people in there that needed one semester, 
two semesters top. [ didn't have a lot of engineers that [ could tell. But [ had pre-med 
people and biology majors and stuff like that. So I think. I felt like I saw improvement in 
the students. In fact, any one of them I would be happy to have in 125b in the spring, 
even if they were very weak. I like their attitudes. At least out loud no one complained or 
was really unhappy or anything. I mean there was the occasional joke, but overdl I think 
the attitudes were pretty nice. 
I: You mentioned that you selected some students to go on to honors and some students 
that died this semester. Knowing that names don't get passed on can you tell me who 
went to honors and who died? 
A: Ernest went to honors and Samuel went to honors. The one thing I was really 
worried about towards the end is, I looked at the grades and from what I remember of 
people telling me they had calculus before [ looked for a coaelation. And on the finals I 
had a question that had four parts, find these derivatives. And they were definitely not 
strenuous derivatives. Nothing sneaky or anything like that. And it was pretty clear cut. 
The people who told me they had calculus before, they did pretty well on that. The one's 
who hadn't had calculus either did ok, you know, they made a couple of silly mistakes, 
or just really trashed those problems. And they were very similar questions to ones 
they'd had in the past. And that's when I started getting worried. Are the only people 
passing this the one's who had calculus before? And then I looked at it. For instance, 
Catherine, she'd never seen calculus before and she got a 185. And she's about the most 
nervous person I know of in a math class. But anyway, Samuel had this particular 
textbook in calculus in high school so he was very familiar with it. But he decided not to 
take the AP test since his teacher said, "Oh, they're going to make you take calculus again 
anyway." So. he very easily could have gone on to calc two. I think he's going to do 
very well and enjoy it. He had a lot of sarcastic comments about certain things. But he 
seems to enjoy this approach and all that. Ernest came from university high, and he gets 
angry at himself when he doesn't do something right or makes a mistake or something 
like that. He's kind of hard on himself. But he's a very good student. There were two 
more that had asked to go into the honors section. Now one of them I recommended 
more than the other, but I didn't feel that they should be split up. Howie Sisko and Nate 
Alderman sat in the middle. They, Nate got a B and Howie got an A, and I did think 
Howie was a little bit better ability-wise, but I think Nate was more the type that he did 
want to understand how things work and Howie was more like, "Let's get the answers 
and finish it." They wanted to stay together, and at the time they were asking I really 
hesitated recommending Nate. Because I didn't think he'd be happy in an honors section. 
I didn't think he'd like competitiveness quite as much. And Howie, I think is kind of 
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indifferent. And I can't remember if I gave them the sheets or not. Because I remember 
at one point they said, "Oh, yeah, let's try it," and then they changed their minds and all 
that. So I'm not quite sure if Howie decided to go with it or not. I don't know, I'd have 
to look. But actudly Samuel I solicited, I handed him a sheet. I thought he'd be good for 
this. Because he's been through this book. Ernest asked me. And I felt really 
uncomfortable, because Ernest and Barbara were best buddies. They'd both been to 
University High together and she'd gotten a B in the class. But I don't think she was a 
serious about it. He was very conscientious and she'd miss days and not complete a 
whole assignment and stuff like that. So I think she knew the material, but for whatever 
reason she wasn't putting her all in it. She could have easily been an A student. And I 
think it frustrated her that he was getting higher grades than her. I don't know what they 
were like in high school. Whether that was always true in high school or not. But I think 
she was kind of disappointed that he was getting better grades. She never asked to be 
recommended for honors. And I didn't think she'd feel comfortable moving to it. Now 
the ones that kind of bombed, disappointed me, there was one actually, disappointed me 
for the whole semester, two of them. Gerald Gloyd and Morris Harrison. They always 
struck me as students, and they always used to come together to office hours, diey always 
struck me as sOidents who knew a lot more than was showing in their grades. Like 
Gerald would get D's on tests and I don't think of him as a D smdent at all. But he often 
would come in with a question about something and when I would either reword it or 
Morris would say something all of a sudden he got it. It seemed like he needed a lot more 
prompting. Maybe that's why didn't perform well on the tests. Morris, Morris had had 
calculus before. He said that sometimes he just can't understand why he makes the 
mistakes he makes. And they weren't little mistakes. It's like on every test he'd make 
some major mistake that would really cost him points. Like he either didn't even do a 
problem or he'd be so way off track I would have absolutely no idea what he was doing. 
And then he'd come to me and he'd go over his test, always. And he would say, "Oh, 
this is where I lost all the points." And I would say, "What did you do there?" and he 
would say, "I have no idea." So, he didn't know either. And I think what happened, just 
to give you an idea, Gerald got a 132 on the final and Morris got 162. 
[Pause, interviewer's stomach was dying. Then Anne had to take a break and deal with an 
irate parent as part of her administrative duties.] 
I: You were talking for a minute about Gerald and Morris, and you were saying that they 
were... 
A; I personally think that they were a little bit better than their test scores show. They 
both have, you know, some struggles. I don't consider either one of them A students, 
but, um, you know, solid A students or anything like that, but I think they need —. A lot 
more exposure's probably not the best thing—. They work very well together when they 
work together, neither one of them I think does very well on their own. They need 
someone else either saying the wrong answer, or what I found them doing a lot because 
they would come together is Morris would say, "What'd you get for that answer?" and 
Gerald would say it, and Morris would say, "I don't have that." And they'd figure out 
their mistake together. But I have a fiinny feeling that when it came time for the test, that 
Gerald was probably the weaker of the two anyway, and since he was by himself, he was 
having trouble. Cayenne, for instance, Catherine Shaw, she was in my 121 class last 
fall, and she got a perfect score on her common final, which is very very rare. But she is 
very anxious. She starts studying a month in advance of everything, you know, and she, 
I mean, this girl, I think she's giving herself an ulcer. I mean she stresses, she gets 
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nervous. I mean for the final she came in every day. On the last day of class she was 
already studying for the final. 
I: Oh, good for her! 
A: Yeah she did very well, but she always does very well. But she just really stresses 
out, and she's the kind where she needs support. Support in, um, I don't know, what 
sense. Not mathematically, but she needs somebody to Just say things to, she likes to be 
verbal, she writes everything down that she says, though, but she'll say something out 
loud, and she'll say, "Does that make sense?" I'll say "yes", and then she'll write it 
down. You know, so she needs feedback. And she's one that I'm worried about going 
into 125B. I mean, she definitely has the skills and there's no doubt about it, I mean 
she's good at what she does. But if she gets an instructor who's cold, and never wants to 
give her feedback or anything like that, I think she'll have a bad experience. I think she'll 
pass, I mean she'll be fine gradewise. 
I: Have you counseled any of your students on which sections of 125B they should try to 
get into? 
A: I have, after they got into the sections. Yeah. I used to debate whether that was 
appropriate, so I actually didn't find out who was teaching what ~ and that's all changed 
now anyway — who was roughly teaching what until after they had registered. And dien 
I walked in and I said, "I just wanted to let you know." And I gave them a name, so they 
would have a name to associate. And I try to be very neutral about what I said about 
them, you know, I didn't say, "Well, I don't know anything about them because they 
were relatively new," or. "They were at the workshop at the beginning of the semester, 
they've taught this book twice." I was trying to keep it somewhat just informational, you 
know, like, I say "well, I know this person I know does worksheets, and this person 
does —" and I say, "this is all I'm giving you." And so I didn't really say this one's better 
than that one, and they try to get me to do that but I want to be cautious. But several of 
them did come up, and Catherine was one of diem, and the way I do that is I will say. I'm 
looking for a teacher that fits her a little bit better than some other teachers. So I'm not 
looking for what could be a good teacher, I mean for instance—. I don't know whether 
this should be on the record or not! 
I: If it's not appropriate we'll take it off. 
A: I'm just thinking about Humphries. Most students don't like him, because he's so 
tough. But there are some students who just love his style, love the problems and all that, 
and I can see myself recommending some people for him and some people to just stay 
away because it's not for you. So anyway, she was already in the section and the section 
she was in originally had Gene Jones and I thought, that would be perfect. I know Gene, 
I know roughly how he teaches, you know, he is sympathetic, and I thought, that would 
be a good match, and she was happy about that. And then they switched it, and put a 
person in there that I have a personal conflict with. Because of his attitude about how 
students should be able to register for anything they feel like at any level, and fail out the 
first test kind of thing, and I don't like that attitude. And I didn't want her to know that, 
because she'd freak out, you know, that she's in his class, but I got this dilemma now, 
and I know she's not going to get along with this guy in terms of his attimde about 
"students don't belong here if they can't cut it" kind of thing. But she's trying to move 
into another section anyway, for other reasons than that. So yeah, the way I see it is 
when I advise students on teachers that I try to match their way of asking questions and 
doing things. If somebody never asks questions in class but always comes to me outside 
of class, that's a different way, and they can deal with a person who doesn't ask for 
participation if they need to. They can handle that. But if I've got somebody who's got 
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to communicate in class constantly, well you don't want to send him to somebody who 
just lectures. So I try to match it that way if I can, and sometimes it doesn't work. Well, 
anyway. And two students, well one in particular asked me if he should take his Calc 
two at Pima. He only needs two semesters of Calc, and he says he just can't deal with 
this. He said he's going to take the Harvard version, though. But it's just too stressful 
for him. At the time he was getting like a D. And he had potential for pulling up to a C. 
He really bombed the final. Ronald Alan. Urn, there are two students that I kind of 
consider similar. George Dalton and Ronald Alan. Now they both have the same basic 
weak skills. Except George took a little bit more control of himself. He works with 
Catherine. They smdy together. They get a mutual tutor together. He is constantly 
working to improve himself. But he's got a lot of confusion. Like, he gets it in and then 
it's gone. Ronald is real similar except he hasn't gotten the extra help and he isn't 
catching on to the concepts. George is getting some of the concepts. He can talk about 
positive slopes if you prod him into it. Ronald a lot of the time really will say, "I really 
don't know. I don't understand. I'm so confused." He kept coming in and saying, "I 
have no idea why I'm doing so poorly. I don't know why I just can't get it." So. he had 
talked to me about taking the class over at Pima. And I said, well, since his major only 
required two semesters of calculus and he wasn't using it for his upper division courses. I 
said that might be your best bet. So I have a funny feeling he's going to say what should 
I do now, because he's got the E here. 
I: They won't let him enroll in calc two? 
A: Well. 
I: I guess that doesn't even matter. The E here probably doesn't count. 
A: Yeah, the problem though, is somewhere down the line he has to get calc I credit. If 
he goes and passes calc two at Pima that brings up all kinds of other problems. So the 
question is should he take calc I with them? Should he take it here to knock out the E? 
There's a lot of issues. So I'm sure he'll be coming in. I don't know if he realizes he got 
an E or not. 
I: You mentioned there was one student who after the third test dropped out essentially. 
A: Yeah, I had some strange cases. This was Jim Lutz. Now Jim actually wasn't, he 
got 66 and 67's on tests. I don't consider those disastrous by any means. He was doing 
all his homework. Then right just before the third test he said he realized he was not 
doing well and he was probably going to take it over again. And he asked about an 
incomplete and I told him what an incomplete meant and he realized it wasn't what he 
wanted. He wanted to start fresh. And this was all done through email. I said let me 
know what you want to do because you'll get an E if you stop coming. And he said 
thank you and that was the last I heard of him, so I assume he figured that was fine and 
he was going to go that route. 
I: Strange. 
A: Well, it seemed like he should have continued, at least seen the rest of the course. 
And he was stmggling at the beginning but he might have pulled a C. But he wanted to 
start over. The other one. Drew Carver, I'm not sure about him. I have a funny feeling 
he's going to drop out of college. He, I guess, did pretty well in high school, but he 
overcommitted himself this semester. He took a lot of classes and he's working tons of 
hours. And I personally don't think he has the skill level to handle all of that. Very few 
students do. And so I noticed he was the only one that wouldn't turn in homework very 
often. In the first group he missed two homeworks and then he stopped turning 
homework in. And I said "Well, what's the problem? At least turn in something." And 
he said, well, if he looks at his piece of paper and it doesn't come to his mind what to do 
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he just leaves it blank. And I said, "Well you've got a problem." He wants to be an 
engineer. I said, "Engineers do not just look at a problem or situation they can't analyze 
and just stop." And he said that's the way he's always been. And then on his first test he 
got 41, the lowest, and he was leaving everything blank on the test. And the way I saw it 
though was that he didn't have the time or interest to do it. And he came after the second 
test and he said, "I can't get these grades." And I said, "Drew, you don't give me 
anything to work with. You don't do any homework." And so he got a whole list of the 
homework problems and said, "I will turn these in." So he turned in two homework 
assignments and then he said, "I can't get a low grade in this class," and I never saw him 
again. Disappeared. Completely. 
I: Did he take the final? 
A: No. Never took the third test, fourth test. Never came back after that date. 
I: And he didn't drop either? 
A: Didn't drop. He had time to drop. Well, he told me he couldn't drop because of 
credits. But from what I understood he had a lot of credits, so. I didn't understand. The 
one I'm more personally worried about is Christine. She was with Catherine in my 
algebra class in the fall. And she was a high B student there and she had gotten mid B's 
on her first two tests. Turned in all her homework. Now, she had health problems last 
fall and for a week and a half she left school. I don't know if she had an ulcer, or what. 
Something physical/emotional. And she came back and I thought she was never going to 
be able to catch up. I thought, no way. We were in logarithms, that whole chapter. And 
she pulled herself up. And this was last fall. And so she gets into my calc class and she 
was all happy and everything was going fine, the second test mid B's. And she started 
losing it. She started not really paying attention in class, you know, she wasn't really all 
there. And then she just disappeared. I asked Catherine if she was in chemistry class. 
No. She's gone. Never got a word from her again. 
I: She didn't take the final either? 
A: She didn't take the third test. After that second test she just disappeared. Well, Drew 
I could see him just facing up to reality and saying I'm not going to salvage this. He 
should have dropped though. Christine, though, I actually expected the week of finals I 
would see one of those university withdrawal forms from her, that she was leaving the 
university or something like that. But she just disappeared. And I have a funny feeling 
that something personal just happened, whether it was health reasons. It definitely was 
not grades. She was not worried about dropping whatsoever. I mean she was earning a 
solid B. So anyway I had asked Catherine if she'd had any contact with her. And she 
said even somebody in the dorms who knows her said they haven't seen her. So she 
disappeared. 
I: So she's really gone. 
A: She's really gone. 
I: I hope she's ok. 
A: A long time ago as a TAI had a student do that. Parents'weekend. The parents came 
to class and the brother came to class. That was the last I saw him. About two weeks 
later I get a call from the dean of students saying when was the last time you saw so and 
so. Well, he ran away from home essentially. 
I: Gosh. 
A: Skipped town. Parents can't find him. He packed up and was gone. Kid seemed 
fine. I never could see anything like that. 
I: Undergrads are hard to explain sometimes. 
A: All that stress and pressure. 
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I: Any more comments you'd like to make about students, the semester, calculus in 
general, this study? 
A: Oh, one thing is, when you went out the last time, I was thinking there were several 
things that I didn't do, didn't get to cover that I wanted to. But to me they were just extra 
things, like, looking at related rates as its own topic. Or I like to do logarithmic 
differentiation just to extend. Those kind of things. I don't know. I think I could have 
pushed these students a little bit harder than I did. But there's always that trade off. If 
you go too far to the extreme —. Well, I don't know. I'm sure there's a lot of things I 
could have done to push them harder, but I don't know, until somebody finally sits down 
and says this is what these students have to know, it's kind of hard to decide it you're 
doing the right thing. And what I've found, especially when I look at the final questions, 
every semester I see the same thing. You feel like they're getting it, and you try and give 
them a problem they might not have seen before, and they don't get it. So I think the idea 
of reform calculus is a good idea. I don't think it's going to make students any better. I 
don't think there is any way of making students better. Because I think, we're asking too 
much in too short of a time in general. Talk to seniors and juniors and ask them, think 
back on calculus, back on your first two semesters or whenever, they have such a 
different picture of things. And they tend to be very bright students. They know what 
they're doing. But maybe they didn't see it that way at the beginning. As a grad student I 
always felt I had to be in the next class before I could figure out what was going on in the 
past one. Sometimes I think, when we do these things, it may seem on the surface, oh 
yeah, they understand it, they can generalize, they can do all this. But who knows what's 
going to happen down the line. It could go either way. And maybe some of these 
students that aren't doing real well now will finally put it all together somewhere down 
the line. I've always had the feeling that not everybody is ready to go to college right out 
of high school. Maybe sometimes going to a junior college, taking a couple of classes 
and thinking about it. You know, taking a part time look at it and then coming back. I 
don't know, I just think it's too much for some of these students. They go from taking 
full loads in high school, not much studying, getting decent grades and then they come to 
college and take 18 units and want to work and have a life on top of that. And I think 
that's probably one thing I think about more, is them as people, rather than just students 
in my class. I had a TA this semester and her averages on her tests this semester have 
been low. And I don't see anything wrong with the tests or anything like that. But her 
averages have been in the 50's and 60's. 
I: That's low. 
A: And then when she turned in her grades I said well, let's talk about your cutoffs. And 
she said, "Well, I went straight scale." And so she's got lot's of E's and I'm wondering 
are those really E students or are they maybe D students. So anyway she was looking at 
it from a very numbers point of view. This is it. Not thinking about what they really did 
during the semester and did these grades really make sense to what I saw in class, type of 
thing. The only problem about knowing the students a little bit better, and this I think is a 
drawback to doing more things in class is that I personally think you feel your students 
are a little bit better than they are by doing that. Because they're working together, 
they're getting help, you see the light bulbs go off in class and all that. They go home, 
they struggle on the homework, they get support, they do ok. So I think you kind of get 
the feeling they're better than they are. Then on the tests you're surprised. Which could 
be Gerald's case and Morris's case. Maybe they aren't as good as I think. But just 
from the interaction I think they're better. But now I'm at the point of, well maybe that is 
more important because in a job or an upper division course they are going to be doing 
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more interacting and maybe that's what's important. I don't know. I'm still not to the 
extreme of some teachers that are trying group tests. I'm still not into that. 
I: Actually I tiiink there's one teacher here who does group quizzes. One teacher that I'm 
aware of. 
A: Yeah. I'm still not real convinced. But I think it went ok. Personally I can't judge 
what these students can do until they go on. A lot of times what I do next semester is I 
look them up. Just like last fall, or no, last spring. I didn't get to look up too many but 
there were a few I was curious about how they'd do next semester and that. So I looked 
up a few of those. Just for my sake to see if they were making it or how they were 
surviving in math. So. 
I: I just wanted to ask you was there any information that I may have collected that you 
don't want me to include in the study for any reason? 
A: Well, I'm still not sure how you're going to include it. It wouldn't make sense to 
include names or anything. 
I: Let me tell you what I told the other teachers. 
A: You're not going to tell me who the students were, then. 
I; No. There's no chance of that. 
A: Ahh. I'm curious 
I: Dave kept pushing me. "Now that I've handed in grades you can tell me their name, 
right?" And I said no. He kept pushing me and I said no, no. no. 
A: Are you going to treat them as individuals or as a composite? 
I: (tape ends, I explained that when I wrote up the pilot study I did individuals but the 
numbers here may preclude that, no other major discussions) 

6. Robin 10/20 

A: (intro stuff, then) Do you want me to start with the simple factual questions or the 
opinion questions? Where should we start? 
R: We might as well start with the factual questions, that's fine with me. 
A: Ok. I was going to ask you about your teaching experience and your education for 
being a teacher. 
R: Ok. I was an undergraduate at U Mass, Boston. And got a degree in math, applied 
math, with a minor in secondary education, with the thought I might want to teach high 
school level. At least I wanted to keep that option open. I don't have any education 
beyond that in mathematics. My other education has just been casual whatever I've been 
interested in education, but not any formal degree. 
A: Not a degree, just classes. 
R: Mmhmm. Just a B A. 
A: Now, for your undergraduate thing did you acmally get certified as a teacher? 
R: Mmhmm. I'm certified to teach at the high school level. 
A: Oh, ok. 
R: Actually, I tried it out during my smdent teaching. I saw there was no way I wanted 
to teach at the high school level. So I'll never pursue that, probably. But, maybe. It's 
hard to say. I really like older students. I mean, my personality seems to work better 
with older students. And then, my teaching experience started when I was in college. I 
got a TA position for extension school classes. That's evening school classes at Harvard. 
A: Mmhmm. 
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R; And I was at first just holding review sessions and doing grading for the regular 
instructor and then after a year I got my own class. So Deb Hughes Hallett was my boss, 
actually, at Harvard. She hired me. 
A: Oh! Oh, ok. 
R: So I worked for her, for eight years I believe, at Harvard. Straight through, just 
teaching. 
A: That was including after you graduated? 
R; Including after I graduated, yes. So, I taught algebra, first and second semester 
algebra, and pre-calculus, and a course called quantitative reasoning, and TA'd for 
calculus there. [ never actually taught my own class of calculus at Harvard. I taught my 
own class of calculus for the first time here at the U of A. 
A: Oh. And when did you come here? 
R: This is my second year teaching here. 
A: I should know. 
R: I started here in fall 94. 
A: And that fall you taught calculus'? 
R: Mmhmm. That was the first time. 
A: With the consortium text? 
R: Mmhmm. 
A: Ok. And you're still teaching with the consortium text. 
R: Right. So this is my third time I've taught it. 
A: Third? 
R: Fall and spring and fall again. This is the third time I've taught calculus. 
A: First semester calc? 
R: Mmhmm. 
A: Were the other semesters first semester each time? 
R: Yes. But in the spring I also taught second semester calculus. 
A: So you've been through the book one whole time and this is your third time in the first 
half. 
R: Yes. 
A: Ok. 
R: Teaching. I've also been through it a couple of times as aTA, where I was holding 
review sessions and doing the grading. So, I've been through it in that way. 
A: That was back at Harvard. 
R: Yeah. 
A: Ok. Ok. Oh, my. So you're very familiar with the book, then. That's good. 
R: Well, and I helped edit problems and edit text and stuff when it was being written 
several years back. Because I was around when they started writing it and all that stuff. 
So I'm real familiar with it, yeah. 
A: Tell me what you think about it. 
R: Um, overall I think it's a very good book. Um, I think it's, it could be supplemented 
— for most students I think it should be supplemented, when they're studying at home, 
with just a, your traditional type of calculus book. For more, maybe, examples and just 
kind of straightforward sort of problems, for your student who needs some more 
practice. 
A: Do most students need that? 
R: And I think most students do. I really do. So, I think it's a good book that can be 
used successfully by almost every student, just as much as any textbook can. I think, 
though, that they need guidance in knowing how to use that book. I think other 
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textbooks, they're so familiar with the format of your typical textbook that they pick it up 
they know how to use it. This one you don't pick it up and instantly know how to use 
this textbook. The authors have helped by putting notes in the preface, in the beginning, 
but also some guidance on the teacher's part is necessary. 
A: What kind of guidance? 
R: I think I don't give enough. 
A: Oh, no no no. 
R: But at the beginning of the semester I warned them about, you know, kind of gave a 
summary of the approach of the book, the philosophy of the book. So, I go over that for 
one thing. Whereas I'd never in any other class would talk about the philosophy of the 
textbook. Like in Algebra where we use the ~ whatever book that is, I've forgotten the 
authors all of a sudden. I don't say something about the philosophy the authors took 
while writing this book. I just, it would never occur to me to have to discuss that. Or. 
get any benefit from discussing that. Now. I don't know if that's true, but it hasn't 
occurred to me to think about that with algebra classes. Whereas this calculus book, 
partly because I'm so familiar with the people who wrote it, and so familiar with the 
philosophy and think it's such an important part of a person's learning experience that I 
think it's worth some time in class talking about the philosophy. Also, I warn the 
students that the examples may not look anything like a lot of the problems in the section, 
but they should work through examples very carefully, with pen and pencil, with pen and 
paper there. Read them thoughtfully, carefully. Not just read over them and say, "Oh, 
yeah, that made sense." But to really work carefully dirough the examples. Now, I tell 
my algebra students that actually, because that would apply to any class. 
A: Mmhmm. 
R: But I really emphasize it in the calculus class. 
A; Do you think, uh, oh, excuse me, keep talking. 
R: No, that's all right. That's actually pretty much all I do as far as preparing them as 
how to use the book. Now, I assign readings. As part of the homework assignment, I 
might say, "read section 3.1 for tomorrow.' Before we acmally cover it. Hoping that at 
least they'll just open the book and minimum will look over it and see what topic's being 
discussed. I figure if at least they do that that's better than not even having opened the 
book before class. But I do that in hopes that they'll actually read through the material 
and so one thing, class will make a lot more sense to them. Another thing, to help show 
that I have a positive attitude toward the book and I, I'm familiar with the book, I know 
what it's saying. Enough so that I know what to assign them for reading. And so, I 
think it helps them knowing that the instructor is supportive of the textbook that's being 
used, no matter what class, of course, but particularly this one because there's so much, 
you know, it has so much controversy over it. And I think what works against my 
students actually, is when my students have tutors who say, "Oh, yeah, this is a lousy 
textbook. Here's how you want to do the problem." I get that so many times from 
students. The comment, "Oh, my teacher hates this textbook, and he showed me how to 
do it this way. She said the examples in this book aren't any good." And sure that's 
fine. Plenty of people have that opinion, and it can be a valid opinion in some ways. 
You can support the opinion why you wouldn't think that's a good textbook. But, I 
don't think they need to tell the students that. I don't think it's helpful to tell the students 
that you think it's a lousy book. 
A: Something that the teachers ought to keep amongst themselves and the people who are 
deciding which textbook, perhaps. 
R: Yeah. 
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A: How do you think, um, you've spoken about how the textbooks and the students 
relate. How about teachers and the textbook. From your perspective as a teacher how is 
that textbook influencing you? 
R: Um. it, hmm. 
A; That's a hard one. 
R: Yeah, that's a big one. It's influenced me hugely, because, again, I've taught with the 
people who wrote it. A lot of the people who wrote it, not everyone. And, it's 
influenced what types of questions I ask in class. And what types of questions I ask on 
the exams and what types of homework problems I give the class. And the approach I 
take to presentations. That multi sort of faceted approach of graphs, equations, whatever. 
Um, so it's definitely influenced how I present topics and examples. Because I, left on 
my own I probably wouldn't choose to present them in so many different ways. So 
many different ways of thinking about a problem. I would kind of stick to one way that 
seems the clearest to me. 
A: Mmhmm. 
R: And as students come to me in office hours and have trouble. I would say, "Well, 
there's also this way you can look at it. We never did say that in class." That's kind of 
what I'll tend to do with algebra classes. I'll kind of stick with the one way that seems to 
be accepted most easily by most students and if there is another approach to a problem 
sometimes I'll let that slide, especially if we're running short with time. 
A: Mmhmm. 
R: In calculus I'll almost always hit it from every direction I can. Just soak it for all it's 
worth. 
A: Interesting. 
R: Which can be good and bad for students, of course. Too many approaches can get 
them confused sometimes and they end up understanding none because they've just heard 
so many things, now. They don't get one kind of bottom line sort of, "Here's the 
conclusion about this example." Sometimes I think they can miss that. I try to point that 
out. 
A; Mmhmm. 
R: But, yeah, it's influenced how many different ways I present a topic, for one thing. 
And the types of questions I ask and how I phrase my questions. Um, those are the main 
things. Because every time I read the book or read the instructor notes it reminds me that 
I'm trying to get the students to be more self sufficient in their thinking. It constantly 
reminds me of that. Everything about that book reminds me of that, for some reason. 
Um, and I try to keep telling myself that, you know I keep reminding myself that. I feel 
that we have to cover too much material in the courses in general in college. 
A: I'm going to hit the pause button [a previous student of Robin's knocked on the door 
to her office — where we are conducting the interview — so I paused the tape then 
resumed it when we continued] you were talking about the students being made self 
sufficient. That it's your job to help them get there. 
R: That's one of my kind of goals in teaching, of course, to empower them. That's 
ultimately the good I think we can do in educating people. So, yeah, I ask questions that 
make them think about WHY this is this way, WHY this is that way. Just because I want 
them to hear the questions enough that they start thinking of the questions themselves. I 
hope that they get so used to the questions I ask that they start thinking of them. 
(?Actually start thinking about why they should think this way.?) They kind of start 
being — smdents don't have a good idea about what questions to ask themselves while 
studying. That's a real hard thing for students. When you don't know the material then 
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there's no way that you can know what questions you should be asking yourself. 
Unless, you have these models. Questions that get bombarded, that you get bombarded 
with in class ail the time. 
A: Talk to me about in the classroom itself. What do you think your role is and the 
students' role. Now, you were starting to say that one of your roles is you ask the 
questions so that the smdents kind of, start getting acculturated into learning what kind of 
questions are supposed to be asked. 
R: Or are helpful to ask. 
A: Did I say that right? Or helpful to ask. Did I phrase that roughly what you were 
thinking? 
R: Ye^. that's what I was saying. Yeah, mmhmm. 
A: Yeah? What's the role of the teacher and the role of the student in a really productive 
classroom? Which we're hoping that any classroom that we're the teachers is, of course. 
R; Yeah. Ok. Well, I think the role of the teacher at one level, one aspect of it is just to 
deliver some facts. They need to know the symbolism associated with expressing 
calculus, for example. And factual things that they can't deduce on their own. They just 
have to know what some definitions are. So to deliver that information. To, um. um 
(?pause, phrase ~ 'there's so many' or something to that effect??). 
A: Go ahead and list diem all. I've got time. (Both chuckle) 
R: Uh, to help them explore, um. conclusions that can come out of knowing a few facts. 
If you know that the slope is defined to be one thing and that it can vary, then what can 
you say about the slope function if you see it varying then? What do you know about the 
original function if you know the slope function? Just it gives them a few facts, then start 
posing problems to them to help them practice using a little information and making lots 
of deductions from it. That's what I see my role as. And those problems, of course. I 
don't write them. I take examples that are in the book. But posing problems so they get 
practice using a few facts to come to other conclusions. Which I think, I mean that's all 
of life anyway. Use a little bit that you know. 
A; Uh-huh. 
R: And you sure have to get a lot of information out of a little bit. (Both chuckle) 
A: Yep. 
R: So I like that about math. That you can get a lot of information having known just a 
few little things. Um, helping them get better at general math skills, algebra skills, 
exponents. That sort of skills. Your basic math skills. So that when they go on in 
engineering or other sciences classes and whatnot they can do the math involved in those 
classes. That's part of my role. I mean, that's very closely related to just delivering the 
facts. 
A: Mmhmm. 
R: Um. part of my role is helping them learn more about how they learn. Like, in how a 
person can successfully leam new things. And that gets related to the empowerment issue 
I was talking about. TTiat if you leam how to question yourself and leam how to explore 
a problem, different aspects you can look at, then you're learning how to leam. How to 
find out information for yourself, without someone having to ask you a specific question. 
You leam how to ask your own questions. And you leam how to find sources to get the 
answers to those questions. So I think that's an important role for me as an educator. 
A: Teaching them how to be a learner. 
R: How to be a learner. How to find out the information you need. How to discover the 
answers you're looking for. Knowing how to find something at the end of the string you 
can just grab on to it. You don't know where it's going to lead you. But just getting the 



387 

confidence and the sidlls it takes to find that, to know how to make that first step, to start 
some sort of solution that might work. And also I hope to give them enough confidence 
to know that if you try something that doesn't work out, that's fine, you try something 
else. 
A: Mmhmm. 
R: Confidence that you can fail at something and you just go right back and try it again. 
Just reevaluate what you know that might be related to the issue. 
A: Mmhmm. 
R: That's what comes to mind right off the top of my head. I might think of other things 
and I'll throw them in later. 
A: Oh yeah, that's fine. 
R: But the role of the student, I think, is to, to be at class, to do the assignments and the 
basic things. 
A: These are basics. These are good. yes. 
R: Yes. 
A: But they need to be said. 
R: Yeah. To, I think to be as interested as they can be even if they don't like math. To 
try to think about the questions being asked, why they're being asked, what good it does 
to try to answer this question. Whether it is a simple what is the derivative of the function 
at two, or if it's more complicated, sort of testing a whole idea thing, (?word?) more 
sophisticated. I think it's their responsibility to not only think about the material itself, 
but think about WHY do we ask the questions. To think about HOW their learning 
processes the exercise in calculus relates to learning processes they exercise in any other 
aspect of their lives. I think it's their responsibility to think about that as a student. And 
that's kind of a sort of a sophisticated level of being a student. But I believe that over the 
years in college most, a lot of the students probably start thinking about that. Thinking, 
"How is this going to help me out, my logic skills I've developed in calculus going to 
help me?" So I've tried to throw in comments often enough, "This is a great logic 
problem right here. This is really helping develop your logic although you might not 
realize it." Because that's a subtle thing. 
A: Mmhmm. 
R; For students to realize. But I do think it's their responsibility to be consciously 
engaged with the work, not just passive. And I, for me, that's where the students let me 
down a lot. 
A: Oh yeah? 
R: They're not consciously engaged if they're not trying to make the material part of 
them. It's a removed body of knowledge that they just have to kind of learn for a while 
just to get through the semester and then they move on to a new body of knowledge that 
they'll learn for a while. And they'll probably interact with for a while. But. I believe it's 
more, that it's their responsibility to try to make the body of knowledge in some way part 
of them, and who they are. What they know but also how they learn things. 
A: And this is their responsibility. Is there any way that you can — 
R: Oh, I help with that. I kind of help with that. It might not be too clear. It relates to 
how I was saying that it's my responsibility to help them learn how to learn. 
A: Mmhmm. 
R: So, that's my responsibility matching up with their end. Thinking how they're 
making the material their own. Well, if you can see how those two are linked to each 
other. I can't articulate it very well, but that's what I'm getting at. 
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A: I can. I can see that. I can very much. Urn, what role do you think that, in the 
overall learning process, do you think the time in the classroom? Let me see if I can put 
that in a sentence with a subject and an object here. In the overall learning process for the 
student, what's the role the time in the classroom plays? I think that was English, sort of. 
R: It's real closely related to just the roles I play. So. Cause that's where they interact 
with me. I think it's a fraction of the whole role the course plays in their life. 
A: Uh-huh. 
R: Um. it should be for one thing, helping them learn how to work with other people, 
not just with me but with classmates in problem solving. 
A: Mmhmm. 
R: And, communication skills. I want it to play, the classroom should play that role for 
them. At least in my class I want it to. I wouldn't say that would be in a big lecture, 
chemistry lecture class. You don't, I don't think part of that role there is to, social skills. 
Communication skills and working — 
A: That would probably be hard in a big class, yeah. 
R: Yes. But it should be part, I want that to be part of my classroom experience. That 
you learn how to work with each other. Um, the classroom also is to convey some 
information to them. Just conveying information, well, (?a lot of the responsibility is 
that.?). Getting some practice at problem solving. 
A; Mmhmm. 
R: Like the problems I do on the homework. Practice at thinking about questions. I like 
to ask a question pause for a while and let them think about it. Um, (pause) it's a place 
where they learn how to use their calculator. (? ... practical... ? (sentence)) 
(??Something comes to mind now). Also I hope it's generally a place where they have a 
positive experience related to the course. A lot of them go home at night and try to do the 
homework problems and it's mostly a negative experience. 
A: Oh, yeah. 
R: Yeah, they run up against a wall with every problem they try. So I'd like for them to 
come into the classroom and it be a positive time for them. 
A: Mnihmm. 
R: I want it to be a time that maybe they don't say they enjoy calculus class, but at least I 
hope they think that it's not painful. They sit there and they're understanding what I'm 
saying. And they're seeing some interesting problems, that sort of thing. So it should be 
a positive outlook on each day. I think that's part of the classroom role. For any class I 
ever teach I want that to be part of the role of the classtime. It's just some positive time 
when it wasn't a drag. Except on exam day. (Both chuckle) 
A; It could be a drag then. 
J: Yeah. 
A: Ok. Now one thing that you just touched on is learning to use the calculator. Do you 
want to talk just a little bit about technology and what's the role of it in your class, what 
should the role be in mathematics. Just your opinion. Anything you want to say about 
technology. 
R: I'm still forming all my opinions on this issue. I think that they should be used, like a 
saw is used in construction. When you can't cut the tree down by yourself you need, 
then you have to go get another tool. You just need the aid of another tool. I think I like 
calculators used at that level. And that's pretty low level use in my opinion. Um, in 
calculus and algebra and math courses at that undergraduate level. I think if graduate 
students are doing numerical analysis or something or are heavily into computer use, I'm 
not familiar with the topics that much, that's a different issue to me. 
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A: Mmhmm. 
R; But. at this level of calculus I'd like for calculators to be used as just a tool to help us 
gain some insight when it would just take a HUGE amount of time to do the same thing 
without a calculator. Now the only reason that makes a difference to me is that I would 
rather take the huge amount of time to do something by hand. To come up with lots of 
numbers by hand. Now I have to admit I wouldn't want to derive the square root of two 
by hand every time I needed the number, or something like that. But, complicated 
graphs, I would rather do them by hand. It might take an hour ~ 
A: Really? 
R: Yes. It believe there is a lot of value in doing things by hand. 
A: You mean you would rather spend the time doing it by hand or in class you'd rather 
do it by hand? 
R; In class, both. 
A; Oh! Ok. 
R: Yep. I think speed is such an influencing factor in this society. It just permeates 
everything. We have to cover so much material, we have to go through it so quickly. It's 
not a value to sit there and come up with a table of values to graph sin of x squared when 

It takes the tediousness out of the course. You don't have to sit there and come up 
with a table of values to graph sin of x squared. You can just graph it on your calculator. 
So, I value tediousness. 
A: You value tediousness? 
R: Yes. 
A: (?Sentence?) 
R: I don't use the word tediousness. Um I think it has a definite place in learning, and a 
lot of lifetime activities involve some tediousness. It's kind of tedious to sit there and fold 
your clothes. 
A: That's very true. 
R: It's kind of tedious, but if you think about it there's another point. You could say 
you're folding your clothes, you could be listening to music at the same time or you could 
be, you could have them next to the window and you could be watching something 
outside at the same time as you're folding your clothes. It could be just a time that you're 
sitting there letting your mind roam. Why does it have to be a time that's tedious and try 
to get it done real fast — I wish I had somebody to just fold my clothes for me? (both 
chuckle) 
A: Oh dear. 
R: Well, this is just for a different approach. I'm just saying you could look at it a 
different way. But I, I don't see some of this tediousness, some of what's considered 
tediousness as negative. I think we should value doing things laboriously, so to speak, 
by hand. And that jobs can be shared. 
A: Uh-huh. 

R: You know, students could share the work that needs to be done. It's gonna take a 
long time to come up with a graph. The amount of time that you would be able to do four 
other examples, just because you had to come up with this one graph, you can't do the 
four other examples, fine. Share the work among students and cover less material in a 
semester so you have time to sit and do these things at this handmade level. 
A: Mmhmm. 
R: That way snidents feel that they know that they're having a hand in their leaming, 
when they have to physically have a hand in their leaming. 
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A: So you think that some of the tediousness will really make the students interact with 
the material a little more? 
R: Makes them interact. Some of them will get bored with it. That's why if you split it I 
think it can be handled. If you split it up among the students, then. You have to watch it. 
You can't go overboard on the tediousness, that's for sure. It would be real easy. Easy, 
easy. To go overboard on that. I don't mean to be that extreme on that. 
A: Mmhnun. 
R: But. I think you have to be kind of carefiil so they don't get bored. Because you 
have some smdents in there who just don't like math anyway. You're sitting there 
making them graph something by hand when they know there are calculators out there for 
ten dollars that will do it for them in a split second, they will be very resentful of you. 
A: Uh-huh. 
R: So, I think I'd be careful to explain the value in it. I'd want students to see that I'm 
not having them do manual work just to be mean or just because I'm anti-technology or 
something. I see a value in it. I'd really explain that to them. Because students, 
especially younger people, most younger people I believe based on my experience haven't 
thought about where v^ues are in life, you know, what things you can see value in. I 
mean a lot them just get it handed to them from TV and stuff. 
A: Mmhmm. 
R: But they may have never stopped to think. "What is the value in just sitting, folding 
clothes?" 
A: (chuckles) Yup. Now I'm going to have to go think about that too. 
R: I mean, I pretty strongly am — I'm not anti-technology — I think its appropriate in 
certain places. And I don't think it just across the board can be appropriate. Sure, you 
can use it anywhere. But I don't think that just because you can you should. Just 
because I can FAX something over across the street doesn't to me doesn't mean I should. 
I would walk across the street and deliver it. 
A: Uh-huh. 
R; We don't have to do everything we can do. You know, that was the big argument 
with the nuclear H-bomb. 
A: Oh yeah, that's true. 
R: Just because we can invent it — I mean we've got, humans have the capability to do 
almost anything, it seems like. Does that mean we should? I get to that level with 
calculators, 
A: Yeah. 
R: I really do. Sure, I could use that calculator everyday, a lot, in class. I don't think 
that we should. And I could successfully. I think there are other successful ways 
without it. And I think, I think it's a good message to people to know they've got 
everything within themselves that they need. They really don't need all these little 
machines they carry around, they really don't. But, we in this society are kind of 
convinced that you really do need your own beeper. You really do need your own car 
because you've got to get around. 
A: Of the classes I've visited, yours is the only one I haven't heard a phone ring in class. 
R: Oh, yeah. I had a phone ring last spring in the final exam. 
A: Oh gosh! 
R: The phone rings, and the guy answers the phone and everybody, the class, just 
cracked up right in the middle. I tell you that was funny. Right in the middle of the 
exam. 
A: There's a lot of technology out there. 
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R: But you know, I want people That's a good message. People don't need to be 
dependent on anything else but themselves and each other. I think the each other 
component is very important. 
A: Mmhmm. 
R: So, I've got a strong opinion on that. I get real upset about machines. 
A: I'm glad to hear that opinion, too, actually. 
R: And it's more extreme than most people do. 
A: I want to ask you a couple other things. Um, how about the physical layout of the 
classroom. Do you have any opinions on physical layouts of classrooms? 
R: Oh, boy! All right, I love our classroom. I love a classroom where we're all close to 
each other. 
A: Uh-huh. 
R: For one thing, it's thirty five, thirty two, thirty five students and the room holds pretty 
much that many, so it's full. And it's rectangular lengthwise. It's not like a tunnel back 
away from you. 
A: Mmhmm. 
R: It's more spread out on each side. And I like that. Some people on the edges have a 
hard time seeing the board, though, that's a disadvantage. They're looking at such a long 
angle. Um, but I like that cause we're all real kind of close to each other. And I can take 
about three steps and I'm at the back of the room, right there with the people in the back 
row. So if I want to just kind of roam around and watch what people are doing I do it 
very quickly. Take a few steps I'm looking at the person who's farthest away from me, 
I'm looking at their paper already. So, I like that. The desks are movable so diey're able 
to get into groups, easily. Um, yeah that's really important I think. I'm in a classroom 
that's more like a theater. It has this incline, the desl« are stepped up, like a lecture hall 
or a movie theater or something. People who are sitting in a movie heater are up like 
that, I guess. And it's taken me a long time to get a good atmosphere developed in that 
class. 
A: And that's for your algebra class? 
R: For the 121 algebra class. The smdents in the back are just seem to be WAY up there. 
just so far away. When in fact they're not that far away. But it's just people are all 
spread out. People at the back are way, they're UP at the back, they're not just back. 
So, um, I think that has a huge influence on the feel of the class. 
A: I notice one thing you'd do, at least at the beginning of the semester, when you'd 
walk into class you'd move the overhead projector out of the classroom. 
R: Yeah. I keep doing that. 
A: Out of curiosity, 
R: Just to get it out of the way. 
A: Oh, just cause it's a thing in the way. 
R: Yeah, some of the smdents diat sit ^nd of behind it would have to kind of look 
around it every now and then to see the board. So I just get it out of the way. 
A; Just wondering why you did that. 
R: Yeah. 
A: Now I know. Let's cross that one off my list, too. Ok. Um, let's see. Now I want 
to ask you another thing about, that's particular to something you do. I notice that right 
from the very beginning you've used smdents names. And you use their names when 
you talk to them. 
R: Yeah. 
A: Do you want to say anything about that? 
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R: I think that's essential. 
A: Uh-huh. 
R; To, well, for the human contact part of it. I don't like students coming to class at, I 
don't know how big the U of A is, forty thousand maybe, something huge, bigger than 
my hometown in Minnesota. 
A: Oh, wow. 
R: But, I don't want them to feel like they're just coming to a class as a number. And 
they're just sitting in and nobody would ever know if they were there or not. I want them 
to know that they're part of my life for that semester. I'm there for them. As a person, 
not just a student who paid their money to go to the U of A and I get my paycheck. So. I 
think it's real important that they know that somebody cares about how they're doing in 
that class. And learning their names is just the first step. Obviously the first step, to me. 
knowing that. 
A: Mmhmm. 
R: And of course, I call on students in class to answer questions, because I don't like the 
same five people always answering the questions. So that's, I have to be careful with it 
though, because I know that as soon as a student hears that it wasn't their name, whew! 
They get to rest and quit thinking about it for a while. So that's hard to avoid. I try to 
remember to pose the question, wait a few minutes and then call on somebody. 
A: Mmhmm. 
R; So that everybody has stopped to think about it. Cause, you know, they're under, 
they're sitting there with that horror, "Oh. God. she's going to call me this time." But. 
At least they have to think about it. 
A; How do you decide who to call on? 
R: I just try to make sure I'm alternating throughout the whole time. If I remember I 
didn't, if I remember I called on John yesterday then I'm not going to call on him today, 
probably. 
A: Do you think John's figured that out? 
R: Oh, yeah, they figure that out. They notice that I don't keep calling on them time after 
time after time, day after day. So, yeah they figure it out. 
A; They're off the hook if they've just answered one. 
R: Yeah, pretty much that's the case. So there is that sood thing. 
A: Ok. 
R; And I try to alternate. Definitely watch out and make sure that I don't call on more 
women than men. and that I don't pick on one person too much. And I tend to not call on 
the ones who answer themselves anyway. I don't call on them, too often. 
A: Mmhmm. 
R: Because I know that they're going to be, they're always engaged. I try to call on —. I 
also want to know names so that, well, the calling on people issue is what it is, not even 
the name issue, but. I learn pretty quickly which students are the weakest. Not only 
because they might just not care, they're not trying, they're not showing up half the time, 
they're not doing the homework. That's one reason they might be weak. Instead, I look 
at the people who are weak and are really trying. And I try to make sure I ask them a 
question in class that I know they can answer. 
A: Mmhmm. 
R: Sometimes it backfires because I'll ask a real simple question and they don't know it -
- dam, I thought they'd know that one. But I'm trying to help them build up their 
confidence and stay positive about their efforts. And say, ok we are learning something, 
I was able to answer a question in class today. Which is a big deal for a smdent. 



393 

A: Mmhmm. 
R; So I make sure that I, that I call by name on some questions that are pretty simple. I 
keep track of that in my head, of who needs to be called on for self confidence. 
A: That's pretty neat. That's a good thing to do. Um, I'm going to ask you also, and 
just keep in mind that this is, this whole study stays very anonymous. Your name your 
student's names gets disguised in the end. Um, I'm going to ask you about some 
individual students. I'm not going to name anybody, but I'm going to ask you to name 
some people. Does anyone in your class, do they stand out for any reason? Any student 
who like, wow, is a really good student or this one's really verbal or this one's really 
trying. Any students just stand out to you in your class? 
R: llie first ones that stand out, are the ones that just know the math really well. 
A: Could you name some names, too? That would be good. 
R: Mmhmm. Ken Mickens and Joe Fernandez. (? (A few words)... last name?) And 
Natalie Kaplan. They not only can do the work well. Esther ~ what's her last name? All 
of a sudden I'm forgetting last names. Esther Foley. 
A: She's kind of older? 
R: Yeah, older, blonde hair, mmhmm, pretty. And David Saddler. Those. I believe I've 
named five now. Larry Valles is pretty good, too. They not only can do the stuff but 
they think about it carefully. They really think about it at a deep level. 
A: Mmhmm. 
R: And they can explain, sometimes in class. Usually in class all five of them can 
verbalize it very well, too. But on the homework great, great explanations for why things 
are. That's real impressive to see. 
A: And those are the ones that stand out the most to you. 
R: Mmhmm. Right now. There are a few others who Oh! Todd Hetcher can do 
very well articulating, nicely articulated, very nicely articulated explanations as well. 
A: Mmhmm. 
R: And, uh, some of the weaker ones who try but just don't get it are Julie Haas. She'll 
work and work and then on an exam I think she gets really nervous about things. She 
just will not be able to do some things on exams that she had just explained to me the day 
before in office hours. I think she'll get it for the time being but it's just tentative ~ if 
that's the word — shaky enough that it doesn't really stick with her. But I believe toward 
the end of the semester after she's seen it enough she'll be better at some of the material. 
And I think that's what happens with a lot of student who are trying and trying hard right 
now and it just doesn't seem to be showing. I believe toward the end a lot will fall 
together for them. Some, will probably have like a letter grade better on the final than 
they've had on some of their exams. Anyway. Um, Anu Suryanarayan is, she's trying, 
and she has real low self confidence. So I've been trying to be very sensitive to that and 
help her out as much as I can. But now, we've run into an obstacle, she and I. It's 
unspoken but the other day she turned in some homework where she'd exactly copied the 
solutions from the student, from the student solutions manual. 
A: Oh. 
R: Exactly, word for word. And this was for a graded homework. And I knew, I knew 
I'd given a problem with the answer in there. And I do this purposely in one assignment 
in about eight or ten because I want them to get some guaranteed few points anyway. If 
they just put the effort in to 07 it themselves and check their answers in the student 
solutions manual so they get four out of the twenty points. No, it wouldn't be that high a 
percentage. Four out of the forty points, maybe. So, what I'm giving four points kind 
of. But at least they should, I want them to do that. 



394 

A: Right. 
R: But, she's copied down r. couple of solutions straight out of the manual. And I told 
her, I said, I could give you a zero. I wrote it on her thing. I could give you a zero for 
this assignment because you exactly copied someone else's work essentidly. Plagiarism, 
that's it. Please don't do this in the future. What's more helpful — this is all a note I 
wrote to her ~ I said, it's more helpful if you try the problem on your own, don't 
understand it, go ahead and read the solution then, then try the problem again, maybe the 
next day and try to put it in your own words. Even if you're remembering the books 
solution. Try to see if you can come up with your own way of expressing that answer, 
that idea. 
A: Ok. 
R: But I think that kind of crushed her. That I had come down saying I could give you a 
zero on this. Because she hasn't been coming to office hours in a week now. and she 
was coming at least once a week. 
A: Oh, she took it really hard. 
R: Yeah. So, I'm going to work on that. I'm going to patch that up with her and get her 
back into things because she might be feeling, at least she's just feeling super guilty. And 
she should. I think she should feel guilty because she should know she can't just copy 
things. 
A: Mmhmm. 
R: But, I want her to know that I'm not thinking of that and going to give her a D in the 
class or something. I think some students think. "Oh, God, now she's, now she's going 
to remember that when it comes time for my grade. I'm in trouble" sort of thing. But it's 
not like that at all. I think I need to convince her that it doesn't matter that she's done that 
with me. I just wanted to warn her. Yep. That's her. But, I've got this one guy Todd, 
uh. Bob. First day of class introduced himself, you were there, he listed off that he's an 
amateur body builder, and he reads poetry and he does this. He listed about forty things. 
A: Oh! Right, uh-huh! 
R: And I had to keep from looking at the rest of the class, cause I knew we would all just 
roll our eyes at each other and kind of just start laughing, so I 
A: Ambitious person. 
R: Yes, uh-huh. 
A: I don't know if that's the right word. 
R: Overachiever 
A: Overachiever, there you go, that's it. 
R: That stereotype is him. And he's funny. Cause he comes in and he's just, knows the 
answers, can answer any question. And he's got this cocky sort of peacock posture 
about him. I mean, he's really, he's funny. He's entertainment for the class, because 
he's so sure of himself. (Chuckle) And he's all right. He's not a great student, but he 
really tries and he's interested in it. His enthusiasm acmally is good for the class. And 
everybody thinks he's kind of funny, cause he's arrogant, sort of self confident. But 
he's got this positive enthusiasm that's really nice and he really does like the stuff. 
A: That's nice. It must affect the students around him. 
R: It does, uh-huh. 
A: That's nice. That's nice. 
R: But there's a (?word?) of positive energy in that class actually. Those other students 
I've already named and a few others. Yep, Gerald Pearce who doesn't come much, who 
could probably teach the class if he wanted to. He's good. He's just good. He just 
knows it. But he comes maybe once or twice a week. 
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A: Oh my. 
R: He'll come in one morning, "Robin I'm sorry I couldn't come to class yesterday, but I 
was up all night for a good reason." I'll say, "Well, let's hear it." "Well, my roommate 
was drunk ail night and he kept me awake." "Well, that's your GOOD reason!" (both 
laugh) And he's serious! 
A: That's really interesting! 
R: "And he got so drunk. He was so drunk, you wouldn't believe how much he was 
throwing up." (Both are still laughing). 
A: Yeah, so ... 
R: Every week it's another story from Gerald. 
A: He saved his roommate's life. 
R: It's always related to drinking it seems. Oh, yeah. But, 
A: That's great. It's fiinny. 
R: But Gerald is a super student, though. When he sits down to do his calculus he's 
good. A good base of math skills. 
A: Is he going to make it in your class? Even though he's so absent? 
R: Um, yeah, the attendance doesn't bother me so much. He sits at home and he does 
that work. I know he's doing it by himself. He, if he just shows up at the final and gets 
an A, uh, he wouldn't get an A in the class probably if his homework wasn't turned in. 
Sometimes it isn't. Or his weekly quizzes. He usually shows up on Friday to take the 
quizzes, but he didn't show up today for the exam and this was a big exam. He didn't 
show up. I haven't had a call from him or anything. 
A: That's disturbing. 
R; So, that now I'm going to be faced with the dilemma should I let him make it up. I 
mean. I know he's a good student. It's one of those tough things. When you know 
you've got an A student on your hands here whose not being as responsible as he should 
be. But I tend to let 'em slide. I mean I uy to get across to them during the semester. "I 
can't put up with this stuff." But in the end when it comes down to grades, if I think they 
deserve and A, they know the material, I tend to lean toward giving them the A. That 
way, even if they were irresponsible in the class. I think in the big picture, what's it 
going to (?word?)? Why should I stick by my policy requiring so many assignments 
being named in if they obviously know all the material. And when talking to him, he 
could teach that so well. Why should he get a C if he could get an A? Like he got an A 
on the fmal but he didn't turn in some assignments. (Chuckles) So. 
A: It's a dilemma. 
R: It is. Yes. It depends on the situation. But, it'd depend on how severe the rest of the 
coursework was. Because, also in some of the assignments I'm grading throughout the 
semester are including material that's not being included on the exams. So I can't just 
ignore all of a semester's worth of material. And just let it rest on a final or the fmal and a 
couple of exams. Because there's all the other stuff that was supposed to have happened 
that he didn't do. And some of those learning processes that I've been talking about 
probably didn't take place if he's just cramming stuff in the night before to get it done. 
A; Yeah. 
R: So, I don't completely ignore the performance and what he's done in the rest of the 
semester. He' one example that I know, I can already anticipate that he's going to be a 
big dilemma again. He's probably going to be on the border between an A and a B. 
A: Uh-huh. 
R: Anyway. 
A: (?words?) about that one. 
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R: That's the students that stand out mostly. 
A: All right. Urn, and just real briefly, what kind of personality should, I mean, what 
sort of student personality gets the most out of your class? Does that question make 
sense? 
R: Yep. Somebody who, um, one, is willing to work. Willing to think. Even and 
doesn't have to have a reason for everything from me. They have some reasons of their 
own that are enough to get them there in that class and try to do some work in that class. 
That's all that's the main person I'll reach. 
A: And during classtime itself, what sort of demeanor (?word?) 
R: Oh, maybe I didn't understand. 
A: Well, no, actually this is a two part kind of thing. That was kind of one part, 
R: Oh, ok. 
A: And there's like generally what sort of student, and what do you want them to do 
during class. What kind of things. 
R: Yeah. The personality that works best with my sort of class mainly is the absence of a 
few things. That's what works best. 
A; Mmhmm. 
R: If it's someone that's not disrespectful so that they want to talk with other people and 
just be a nuisance. And someone who's not negative, like the type of person, "You 
didn't say we were going to have to know that for the exam!" They're just vocally 
negative. 
A: Uh-huh. 
R: Then, I'd rather not have that. Other than that, lots of personalities work just fine. 
They can be quiet, they can be really vocal. Because, when you get — 
A: Who gets die MOST out of your class? Rather than just, you know, working. 
R; Oh! 
A: Like it'll be ok. But who gets the MOST. 
R: Oh, ok. Who gets the most? 
A: Yeah. 
R: Yeah. Someone who's motivated. Who loves learning about new things, just to learn 
about things. 
A: Mmhmm. 
R: That's who'll get the most out of my class. 
A: Ok. And I'll ask you one final question for now anyhow. I'll probably ask you for 
another interview later, at the very end or just after the semester. 
R: Mmhmm. 
A: Um, when I write up my study and I say, "Robin Marshall," well, not your name, 
we'll give you a good pseudonym there. Um. I want to give a description of you. 
What's a description of you. 
R: Physical description? 
A: Physical description, you know, briefly tell someone who you are so they can get 
kind of a picaire in their head of what, you know, maybe what you kind of look like and 
what kind of a person you are. You're going, "Oh, man." 
R: Self description. Can I leave that up to you? 
A: Well, you could, but I'd love to hear some of your input on this too. 
R: She's, well. 
A: Female. We could start from there. 
R: Female. This kind of tall young lady, who ~. Well, I could just give my ideal! 
A: (both laugh) There you go! Just m^e yourself great! Look like a movie star. 
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R: This Nobel prize winning movie star. 
A: That's right! 
R: Basically would sum it up, yes. (Both laughing) 
A: Ok. 
R: I think it makes a difference that I'm tall and I'd say somewhat attractive. Because 
that makes a difference. I think girls like seeing this kind of independent seemingly 
attractive math teacher here who's a woman. 
A: Mmhmm. 
R: And being tall makes me come across as being a little more authoritative, kind of. 
That helps a litde in the authoritative sense. 
A: Mmhmm. 
R: I just don't seem like a vulnerable fragile sort of person. But it's not so much height, 
it's just demeanor. Yeah, demeanor's the word I'm looking for. So there's that. That's 
the physical part of it. And then, um. I think a person who seems to enjoy teaching. 
Say, "Robin enjoys teaching and it shows." I'm mainly thinking a lot of comments I've 
heard from people more so than looking at me myself. 
A: Mmhmm. 
R: And, a southern accent should be included cause a lot of people ('.'words'?). 
A: Uh-huh. 
R: You've picked up some of the phrases I've said. Um. (Pause) And, that I think one 
of the biggest things about me as a teacher, kind of my trademark, is that I so obviously 
much care about the smdents and am willing to help them. That's it. 
A: Ok. I think that's fantastic. Anything that you wanted to add right now"? Just on the 
record right now'? 
R: Anything [side of tape runs out. Tape is flipped.] That as for the first month or so I 
was thinking, "Man my teaching is just the best this semester that it's been probably in 
my life." 
A; Uh-huh. 
R: I just feel like I'm really really teaching well these days. But then. 
A: It clicked. 
R: Yeah, everything's been going really well. And I've been consciously putting in a 
good effort on thinking about how to teach. But then the past couple of weeks I'm kind 
of slipping or something. It doesn't feel as right. So. 
A: Mid-semester doldrums? 
R: Maybe so. 
A; Or do you think you're doing something different? 
R: I don't know. I'm really busy in my life. 
A: Ah. 
R: So it's just kind of starting to wear on me I think. 
A: Mmhmm. 
R: But, uh, I just feel like, uh, in general your being in this class and my having to go to 
lots of meetings for these classes, which overall I don't enjoy that much. But, they really 
do keep me thinking about how to be a better teacher. So, so it's helping me a lot. I feel 
like I'm actively always thinking about my teaching. And I've discovered — 
A; More this semester than usud? 
R: Yeah. For some reason. It's not just you being in the class, though. There's some 
other reason. I don't know what it is. I'm just become I think because I know that 
for a couple of years there I kind of let it slide. Once you get to a certain level, I think 
I've got the presentations down like I want ±em and they work well. I like that. So you 
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can just kind of quit thinking about it, sure you already thought about it once and got it 
how you want it. 
A: Mmhmm, 
R: Now I'm thinking, "No, when you see people like Anne," Cooper is her name? 
A: Cooper, yep. 
R: You think,'Oh boy I ['ve got a long way to go. I need to keep thinking about this." 
So, as I'm around other teachers, and just lately, and part of my own personal growth in 
general, I'm always trying to become better. Um, I'm seeing that I still have lots of ways 
I could be a more effective teacher. Plus, I see my students just not learning as much, 
getting as much out of the course as what my ideds would like them to get. So, I just, I 
need to keep trying. See if I have realistic ideals and goals. And see if I'm trying to go 
about getting them in an effective way. That's kind of the main, that's been on my mind a 
lot this semester. All those issues. That's just it. That's all I have to say. 
A: All right, well, good. 
R: That's all for now. 
A; Well, thank you [recorder is turned off]. 

7. Robin 12/19 

After classes have ended. Day after her final exam. 

(More audio label.) 
A: I wanted to ask you about the two interviews 
[Non-transcribed lengthy section about how her smdents would have answered the 
questions in their interviews. This part is only being viewed/listened to with bits selected 
for transcription later.] 
A: Now I'm going to ask you some questions here. One thing you started mentioning 
before was a^ut the common finals. Tell me your opinion on that. 
R: Common finals as an idea in general is a fine idea. If, the whole given is that—. Well, 
let me organize these thoughts. 
A: All right. 
R: If you're in a college system where it's expected that certain topics are to be learned in 
certain courses, and a whole network depends on that happening. 
A: Mmhmm. 
R; Chemistry classes, blah, blah, blah, businesses that hire you later. Just there's this 
whole network that expects this certain body of material to be learned in calculus 124, 
then a common final is good to help ensure that that's happening. No problems there. 
Yeah, I don't have any problems with a common final. 
A: You did start to mention something about, you wanted, you had one more semester to 
teach the way you wanted before the common final gets instituted? 
R: (both chuckle) Yeah. My problem is with the system and the expectations. It's not 
with, with the common final. My problem is with the amount of material we're expected 
to teach students, they're expected to leam. That it's much too large. 
A: For one semester? 
R: For one semester, yeah. And, and being taught in classrooms, I think, is just not the 
way to do it. 
A: How should they do it, then? 
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R: (?words?) large students. I should be small groups. A lot done outside in 
businesses, and farms. Just on site ideas of how rates of growth come up. You know, 
just lots of experimental sort —, I'm a very applications oriented sort of person. 
A; Uh-huh. 
R: Um, um. 
A: What's an ideal class size. 
R: To me it would be maybe five to ten students. 
A: So a really small seminar type format. 
R: Maybe not five to ten. Six to twelve. (Both chuckle) Big difference. 
A: Big difference. A twenty percent difference there. 
R: Yeah. But I come from the philosophy of a sort of a tribal sort of approach to life. 
People teach their own and pass down information to each other in smiill groups, and 
stuff. So I can't even approach this idea of teaching mass quantities like this. Which is 
why I'm leaving the university system. 
A: You are?! 
R: Yeah. 
A; Wait a minute, I want to get this on record, too. When and why? 
R: I vow to never teach in a big huge system like this again. Just for all these reasons. I 
don't think it's the right structure for learning. The real, meaningful learning. 
A: So this spring is going to be your last one here? 
R; Mmhmm. 
A: Do you know where you're going? 
R: I'm not going anywhere. (Both chuckle) 
A: Ok. 
R: I just, um, wherever I live I'm going to teach the community of people around me. 
That's who I'm going to teach. And people who are doing home schooling with their 
children. I want to meet with them and with other adults and teenagers and children 
around them, and older people. Just get in on the, you know, like the tribals sort of do it. 
That's my ideal, anyway. It's just an ideal. 
A: Have you been actudly able to take steps in that direction? 
R: I am as much as I can right now. But my problem is right now a big issue has come 
up back with my family in Tennessee and I can't decide whether I want to move back 
there or somewhere else. 
A: Mmhmm. 
R: So that's a big deal right now. A decision I have to make. But wherever I want to 
live I want to have learning take place on kind of a smaller scale, a more real intimate 
scale. My favorite part of working here at the U of A is tutoring in the algebra mtoring 
lab. You're one on one and I love that. That's the ideal learning situation. You get to 
just sit and just listen to how a person's thinking about it. Listen to how they're talking 
about the problem and go with that. And, oh! It's just wonderful. I love just working 
with one person at a time or a couple of people or something. But, um. 
A: Are you going to teach math when you leave? 
R: Yeah, I hope to. I love the subject of math. It's just beautiful. It's just in itself it's 
beautiful that it describes life. As physics does and chemistry does. It's just the ultimate 
human endeavor, I think, is being able to describe all we see. So, um, I'm not against 
pure math in that respect. It's just that I happened, since I happened to learn with some 
applications, something I can get my hands on, that's how I teach best. So if, I would 
certainly encourage to my ability, to the very limited extent of my ability a child I saw 
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that's really interested in really the pure mathematics aspects. But I would find somebody 
else to help them. 
A: Oh, I see. 
R; I'd say, "Oh, sorry, I can't help you too well, so let me go get somebody who can." I 
sure wouldn't try to steer people away from a more pure approach. I don't have anything 
against that. But, you know, we get into meetings and the pure oriented people get upset 
about this calculus book, you know, because it's so applications oriented. It's this pansy 
approach to math, and on and on. 
A: Yeah. 
R: It's the approach that more people can learn successfully by. You have to go with 
hitting for the most effective sort of thing. And for that, we've got this huge, huge 
system. With wildly different types of people. Greatly varying learning styles all into 
one little rectangular room for one hour a day. You, know, you've just got to go with 
what works the best most of the time. So, it's pretty limiting. And I want to get away 
from that set up. 
A: Now have you been thinking about this for a long time or is this recent? 
R: Mmm. 
{Non-transcribed part about Robin's decision to leave. Grounded in some ideas she's 
had and written about even in college courses, such as anthropology. Here are some of 
her comments about why she felt that teaching was the right career choice for her} 
A: How did you get to this point? I mean, you've gotten to the point where you are 
teaching in a tiny little room with thirty-something students. 
R: That's what was there. Ten years ago, nine years ago when I started teaching. 
A: Why did you start teaching? 
R: Cause I love to teach. It just seems, seems to come naturally to me. When I hear 
some people, a student will ask a question, "Robin I didn't understand how you 
calculated that derivative." And then I hear a teacher answer it in a way that shows that 
they didn't even understand what the question was. Oh! That just bugs the dickens out 
of me. And I think, "Well, I understood what they asked." Not even when I was a 
student, but also in a teacher position. I feel like I've always been able to understand 
where the question's coming from. Really well. That's just kind of an inherent talent. I 
don't know how I got that skill. 
A: Kind of like an empathy almost. 
R: Mmhmm. An empathy, plus an understanding of where the confusion is too. When 
there's a confusion. [Robin snuffles, apparently holding back tears.] So, I thought. 
"Oh, I can explain that really well." Plus I seem to just have a knack for explaining, 
getting to the clearest way to explaining things. [Robin seems to regain her composure. 
Amy chuckles] There was a couple of things that had come up this semester that I asked 
(a fellow teacher) about and she was, "Well, just say this." And I was, "Oh! Of course!" 
[both chuckle] So, you know, sometimes I miss it. But I don't know, I seem to be able 
to get to the clearest way of explaining something. But that's not the only thing, that's 
not the best thing about teaching. I think the best thing about, the ideal teacher leaves the 
door open for the student to go on through and explore. Then they haven't limited 
student ideas or built up a body of ideas and facts and stuff that are just too limited. 
Richard Feynmann said it best of anybody, and I can't remember how he quoted it, but 
something like, "You educate young people best if you just leave them —" Oh, I can't 
remember. Like, uh, kind of that idea of, um, knowing that there are lots of possibilities 
to explore. If you teach them how to explore and question. That's the main thing. And I 
don't think that's what our system tries to do. It seems like our system just tries to 
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deliver knowledge. Just kind of hands it over to them, and then expects them to give it 
back to the final. And then they're gone. And I think the system's getting better about 
integrating different disciplines. I don't think that's so bad anymore as a lot of people 
I've heard outside of the system talk about. You know, William Berry writes essays. 
A: Oh. 
R: He's (?phrase'?). But I've heard of him because he writes about a lot of environmental 
type stuff. He criticizes university systems for not integrating other fields, the 
interdisciplinary, just being too isolated. 
A: Mmhiran 
R: I think he's thinking more about the graduate level, but that's the definition of the 
graduate level that you get specialized. 
A: Yeah, that's true. N^at else do you do at the graduate level? 
R: But anyway. I mean, that is specialization. That's what specialization is. How can 
you criticize it for what it's trying to be. 
A: That's what I'm trying to do. Get specialized right now. 
R: Yeah, (?you're becoming a specialist, too?) So. But, I think we're getting more 
interdisciplinary in how things are being taught. My experience is limited. Um so. back 
on track. 
A: A fine track as far as I'm concerned. 
R: I just like to keep life (?integraied?). In my classroom trust is not separate from math. 
You know, helping each other in this community, working as a community is not separate 
from my math class. And to me, I just, I like to keep [Robin is weeping now, her words 
are very hard to understand.] (?all that in front?). I redly think I'm getting really 
emotional because of that. This is the deepest stuff to me. 
A: Oh, Robin. 
R: [Robin is very choked up. Her words come out in halting gasps.] I guess I just don't 
feel that I've been that effective. Well, the funny thing is, now I'm in a transition period. 
I'm in a transition period where I don't feel like this was a very successful semester, after 
all, mathwise. But I'm thinking, "You know, I feel like I'm getting more successful at 
teaching students to trust and start working with each other." [Amy (?reaches to turn off 
the recorder, hand Robin a tissue?)] Oh, that's all right. I'll be ok. 
A: All right. 
R: It's just, well, I get upset with society. For not helping each other more. For people 
not coming together more. For getting more separate. And, uh, you know, I think all 
these meetings I've sat through this semester. I've heard conversation after conversation, 
"I have two kids that are cheating with their calculator" blah blah blah. And I think, I 
think of my smdents, and there was this —. Maybe this is an idealistic opinion, but they 
know that I trust them. That I think they're able to not cheat because it's like, "She's 
trusting me. I mean, I can't cheat. She's trusting me." And I'm sure that's not true one 
hundred percent of the time. But, it's like, I don't know. I just think of how my parents 
didn't trust me so I acted in a way that they shouldn't trust me. It's like they aren't 
trusting me anyway, I might as well get the benefits of that. [Both chuckle. Robin is still 
weeping, but less choked up.] You know. 
A: I can understand that. 
R: It was a self fulfilling prophecy. If they had trusted me then, man, I would have been 
a great kid. But, no, they didn't already so I might as well go ahead and do what they 
were expecting me to do. They're expecting I'm going to do it anyway. So I feel that 
way with my students and with people. You know, if you expect someone is going to lie 
to you then they're probably going to. So, um, those sorts of ideas I think are very 
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important in all our human relations. And that's right in the classroom with me. That's 
not a non-human job for me. 
A: (?phrase?) in your teaching. 
R: Yeah, yeah. And, um, I just don't feel that I can stay at that level in our university 
system. At least no one that's this big. Maybe there's a small private college that has a 
different orientation, like Prescott college or something. Where that's a more real human 
experience. Not a more kind of factory. (?Words?) industry sort of thing. Just low tech. 
A; Did you. in your other teaching — you were teaching at Harvard for a while, you were 
teaching at U Mass for a while? 
R: Uh, tutored there. I didn't actually teach as a teacher, as an instructor of a class. I 
just tutored as a volunteer in the tutoring room. Much like the algebra lab. 
A: Those were also, I imagine, big factory like experiences, I suspect. 
R: [Robin has regained her composure.] Um, pretty much, except that U Mass was 
unique in that the average age of the students was twenty six there. 
A: Oh! 
R: It's a commuter college. 
A: I didn't know about that. 
R: Yeah. It's not a residential college. It's all commuters. And it's the only affordable 
place around there. Unless you get scholarships or unless you're really wealthy, in 
Boston it's about the only affordable place. 
A; Yes, it's not a cheap place to go to school. 
R: No, it's not. 
A: No. 
R: Which is exactly why I was going to U Mass, is because I could afford it. It turned 
out I liked it, a lot. The average age being a lot older was great for me because I was 
twenty four when I started school. 
A: Oh, wow. 
R: And I was serious. I went to school because I wanted to be there. 
A: That's the best way to go. 
R: Yeah. And I was really serious about my classes. I loved my classes. And most of 
the kids were there just because you go to college after high school sort of thing. Helps 
you get a job. All those (?word?) reasons. And, so it was a nice experience at U Mass. I 
like it. And it was more, just exploring human life. Because I really got into these essays 
I wrote. I wouldn't get a paper done because it was due. I'd get it done on time because 
it was due, but I'd get it done because I was interested in thinking about it. These issues 
that we were reading about and studying. 
A: What a great experience. I wish that all students could have that experience. 
R: Yeah. But you don't meet too many and when you meet 'em you remember 'em. 
A: Yeah. Those are my favorite students. And I haven't met too many. 
R: No. And I think, "\^y is that that we don't meet that many?" Part of it is the 
system. Of course, part of it is (?words?) long before they ever got to school. Coming 
from our society. Well, we've got to start changing it somewhere. I don't like 
pretending that all this stuff is inevitable. And once I'm inside a system like this, that's, 
that's the way that the (?tide?) goes. Because so many people think, "Ah, it's inevitable 
that everybody's going to be using calculators. It's inevitable that every student will have 
their own computers one of these days." To heck it's inevitable. If it is it shouldn't be. 
A: Uh-huh. 
R: I'm not going to perpetuate it. So, if it's, what I want to say is, "Dang it! I don't 
think we need to be using calculators in algebra. That's all there is to it. They're just not 
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needed." No question about it. They're not needed, period. [ mean, when you think 
about what the human mind can do, it's laughable that we need calculators. In a way, at 
the most basic level, it's laughable to think that we need machines. But, (?phrase?) 
A; It's clear that you really have a strong belief in the power of people and the 
connections between people. 
R: Yeah. That's what it all comes down to. Yeah. Mmhmm. 
A: Well I think that's a nice thing. Do you want to talk a little bit more about how the 
semester went? You were saying that mathematically it wasn't all that you hoped for but -

R: No, it seemed to me. You know, I look at something like the finals especially, and 
say, "Dang, they don't know a constant function when they see one." But then I think of 
when in my fourth year of college I took a final exam. Didn't recognize a constant 
function. I was so embarrassed, oh my goodness, so embarrassed to think my teacher 
was grading my exam. But there's this one rate I quoted, it was a constant rate in this 
problem and maybe three people out of thirty wrote the right function to describe that rate. 
R: Everybody wanted to multiply by t for time. 
A: Oh. 
R: It wasn't. It was independent of time. Here are like thirty students, "Where's the 
variable? Isn't time supposed to be in here or something?" Because they kind of realized 
it wasn't and they were kind of thinking that it has to be. So. and you think, something 
basic like that. I'm just not having them do enough work themselves. I'm trying to do 
too much for them. They don't recognize (?words?). And the units diing. Just as much 
as I asked them to give me die units, asked them to say it or write it down, not enough. 
[Robin is getting choked up again.] And the units are just, kind of basic and helpful, and 
it's just not getting there. And I don't know. I just don't feel like that I, I don't feel like I 
was able to pull up the lower smdents. To get them interested. And have them just 
become more empowered. Doing the work better on their own and thinking better on 
their own. I feel, this feels like the students (?words?) someplace (?words?) this semester 
to begin. Maybe not. 
A: Some of them are. Some of them ones I've spoke to are. And that's clear. 
R: There's actually Phoebe Rosenblatt, to mention names, is that all right? 
A: That's all right. Go ahead and mention names. All the names are completely deleted. 
R: Ok. She's a little success story in life. 
A: I'm glad there's a highlight. I was getting worried. From your perspective, that is. 
R: Yeah. I'm trying to be optimistic about it. I just kind of (?phrase?). But she, uh, this 
is more of the human level, not just math. But she's —, oh, especially not math. Because 
her comment to me the other day was, "Boy, when I was in high school I used to like 
math so much. I used to always get A's, and now, I really don't like it." 
A: Oh no! 
R: I thought, "Ahh! That's the worst thing." But, it's because, that was all right after I 
got to be thinking about it. You always like to hear somebody say, "Oh, I used to hate 
math, now I'm a math major." That happened to me personally. 
A: Isn't that (?wonderful?)? 
R: Yeah, that's great. But, it's all right that Phoebe said that, because she just seems 
more outgoing now, she, she's more confident, actually, in a way, with her math than 
she was before. And it's funny, the way she acts, what she does, says that she's, she's 
had a good experience in the class. (?Sentence?) When she said she doesn't like math as 
much, it seems to contradict it. But, it's all right, just because it's tough. I think more 
that she wasn't asked tough questions I high school. 
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A: That's probably true. 
R: Yeah, and questions like your questions here. These are some tough questions that 
we never, never even approach that level when we ask in high school. So, that's all 
right, that's all right. She doesn't like math as much but I don't think she sees the whole 
semester as a negative experience. I think she sees it as just a hard class. 
A: Any other highlight for the semester? 
R: No. Well, let's see. As far as that class is concerned, I liked it overall. Yeah. I 
really liked the course. It's always a great course to teach it everyday. Makes a 
difference, you get to know the people pretty well. 
A: Mmhmm. 
R: Um, not anything really comes to mind. A lot of good experiences in there. Overall, 
(?words?) (?But Phoebe,?) I have kind of a soft spot for her, as a person. (?Words?) 
kind of sticks with me. 
A: I think I also followed Phoebe coming out over the course of the semester. I do 
remember at the beginning she kind of, you know, just like died when on the tlrst day she 
was the first name. 
R: Oh, that's right! She was! 
A: Yeah! And I think she was just like going, "Oh, I'm going to die." And I mean, I 
just saw her shrinking down! 
R: Yes! It turned out she's probably one of the shyest people in the class and she had to 
be the first one to introduce herself. And, that, it probably started right there. I forgot 
that she was the first one. 
A: I think she was. 
R; She sure was. She definitely was. 
A: I do remember at the end she was. during the contest, she volunteered, didn't she? 
R: She may have once. 
A: Or half way volunteering, or something. 
R: She probably did. 
A: Well, if she volunteered I know I wrote it down. So I'll go look and see. 
R: Not many women volunteered, you probably noticed. 
A: Um. 
R: VERY few women. 
A: I'll have to go look at my notes again. I'm not sure if I reached that conclusion but I'll 
have to go check. 
R: Esther probably did once. 
A: I bet she did, yeah. I bet she did, too, yeah. 
R: Ken did. 
A: Ken volunteered several times. We all noticed that. He's a character. 
R: He's a real sweetheart. 
A: Yeah. 
R: He's funny. I mean, that competition was (?word?) when I said, "antiderivative of 
zero." He just wrote down, "C"! Before I could even get "antiderivative of zero" out of 
my mouth, he wrote down "C". That was quite impressive. But lots of students, more 
students got that than I even thought they would, too. 
A: The antiderivative of zero. 
R: Yeah. 
A: That's something to think about. Because actually when you said that, I was thinking 
to myself, "OK it would be x. No, no. Wait a minute, that's not right." 
R: Maybe seventeen? 
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A: I was thinking, "Where's the x in that? Where's the x in that?" I was thinking, 'Oh, 
duh! That's right. Good thing Robin didn't ask me." (Amy chuckles) 
R: (?Those things sneak up on you.?) 
A: Yeah, they do. 
R: Yeah. Anyway, I felt like there were just a couple of people that, I don't know, I just 
wanted to inspire people. Kind of feel like, hey, Norman Lemke. (?word?) talented guy. 
But I think, he just didn't like the class for some reason. I'd really like to know the truth 
behind some of these, sometimes. Like, "How did you get (?word?) through it?" or 
something. Or just do all we could. Some people I just wonder what's going on with 
them. Of course there's so many things going on with their lives that have nothing to do 
with calculus, or a classroom or a book, the material. That's ninety-nine percent of why 
is this other stuff. 
A: Isn't that amazing. 
R: That's really to think that it matters this much. But, I don't know. Life is everyday, 
these dates. You know, that is life. It's made up of all these little days that are put 
together, little hours of classes all added together. I'd just like it to be a positive 
experience. It seems to me like it's more an indifferent experience for all these people. 
A; (?Like everything ?) 
R: Yeah. Mmhmm. 
A: Any other major success stories? 
R: Um. 
A; Or any other smdents who stand out now that the end of the semester is here? You 
said Phoebe as kind of a social, uh, confidence kind of experience. 
R: Yeah. 
A: Norman Lemke stands out to you as a mystery. As to why he was —. 
R: Yeah, mmhmm. Ken, Ken Mickens. Um, he's probably going to go into the honors 
section. Or at least he has the option. And I think that's good, that's good for him to 
know he's brilliant. High level of seriousness. And that's good because I think he's felt 
bad about having to give up football. Something is kind of missing, so it's good to have 
something to replace a loss. He can feel good about it. Um, hmm. (?Sentence?) I think 
maybe Julie Haas knows that she can't get away with cheating, now. 
A: Uh-oh. 
R: So maybe she'll quit trying. Cause Esther and I told her (?words?) So. I think 
maybe (?phrase?) 
A: (?phrase?) 
R: I think she's getting the notion pretty quickly that she should have more integrity. 
(?Sentences? something about "good grades" "working hard"?) 
A: (?question? Maybe something like "Would you consider this an average class with 
regard to effort, preparation and such?") 
R: Yeah, well. That's a little hard to say. On average maybe not actually. Maybe it's 
probably pretty much an average class. So to speak. Statistically kind of knowledgewise 
(?words?). Part of it is that my memory of the spring semester is skewing this a little. 
Because they were a strong class. They must have had eight or ten A's out of thirty 
students and that's a lot. 
A: Oh! That is a lot. 
R: They were just a strong class overall. I mean even the, and the rest of the class there 
wasn't just a strong drop off, like a big lack of B's or something. It was an A B C class. 
A: That's great. 
R: Yeah. 
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A: That's nice when that happens. 
R: This was a strong class. This one in comparison to that one was a bit weaker. But 
probably not weak on the average. Probably not. 
A: All right. 
R: You know, that basic algebra skills weakness that so many of them (?word?). When 
it comes to the serious algebra they'-'e lost. Even some of the best students. Although, 
there were one or two students in there, like I think Larry Valles maybe a couple of 
others, whose algebra was just amazingly good. Wow! They are good at algebra. Like 
Phoebe for example, I think her algebra was pretty good. I believe she really liked 
algebra in school, too. Every now and then you hit on a student whose algebra is pretty 
good. For most of them, however, it's just. One over x times the square root of x, 
A; Uh-huh. 
R: One over x times the square root of x, which is one over x to the three halves power, 
which is X to the negative three halves. No problem taking antiderivatives of that, really. 
But almost everybody is missing that on the final because they're not comfortable with 
writing one over x times the square root of x as x to a power. And that's an algebra 
thing. And pretty basic. Almost nobody did that. 
A: Would you find it comforting to know that in the interviews — I don't remember what 
the question was, but one of these early ones here — they almost all wrote this as two 
times X to the minus one. 
R: Oh, that's good. 
A: A lot of them said. "Well, well I'm doing that because I wouldn't want to do the 
quotient rule." 
R: Yeah. That sounds like it maybe. 
A: So. Yeah. 
R; As I was answering some of the questions I was thinking, "(?words?) how the 
students answered" because I look at things the same way all the time. Always avoid the 
quotient rule when you can. Which I think is a pretty good policy. Anyway. 
A: If you can, always avoid the hard way of doing things. In general. 
R; It's just that the final exam time for me is just that time when you see your ideals and 
what's actually happened. There's still that big gap and [Robin pounds the table, 
chuckles]. 
A: You wish that you could have them back. 
R: Yeah. 
A: You just think, "All right, listen this time." 
R: Yeah, I just wish I could think of a way to have them doing more of the work. As 
much as I want, I don't have them doing that much of the work. I only have them 
working in groups, maybe, thirty percent as much as I would like to have them working 
in groups this semester. And I think now, why is that? Why was I taking up so much of 
the class time? I don't like that at all. But it always (?word?) that way. I keep saying I 
didn't like that, keep going that way. Why is that? 
A: I'm interested to know what kind of things you're going to do different next semester? 
(?Words?) just about the coverage of topics? 
R: Yeah. I don't know. I'm kind of working more problems that require (?word?) of 
the nitty gritty algebra. That means other things get left out. The problem is there are so 
many good problems in that book. 
A; Yes, there are. 
R: There're just hundreds of excellent problems that they could work on. And there's 
only so much time. 
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A: If you head off and start teaching math to small groups of people do you think you'll 
probably use the consortium book and the consortium style? 
R: I probably would. It's just so rich. Yeah, the style. Mmhmm. But also I'm going to 
try to encourage students to figure out how they want to leam. Which is a hard thing. 
They're just students, (?kids or older people?). But, just, I'd give them, I'd try to come 
up with some projects that don't have much definition. I think, you know, we'd like to 
see, um, I don't know, the rate at which the river is draining, or something. I don't 
know. How are we going to find that out? We'd like to see — a lot of the things I'm 
thinking of are patterns over time, too. 
A: Mr^mm. You need long term kinds of things just to find patterns anyhow. 
R: Mmhmm. So. I mean, a lot of reinventing the wheel I don't think is a waste of time. 
I think it's an understanding. (?Sentence?) Let students see how long it takes for the 
crescent of the moon to appear again. I mean, if I get them young enough they won't 
know it's about twenty eight days. 
A: Oh, you can find that out in college that a lot of students don't know that. My 
husband teaches astronomy and that's one of the things he does in his astronomy lab. He 
says, "Every night you have to go out and draw a picture of the moon. Every night this 
semester. Tell me the patterns you find." 
R: Very good! Very good, yeah. I'm always in tune with where the moon is during the 
day. I'll say, my housemate will come in, I'd say, "Did you see the moon?" He'll go. 
"No, where is it?" He'll go outside and start looking around. I'll say, "Obviously right 
there. Because this is like the twentieth day." But it's one of those things. It's kind of 
nice to be in tune with it. It's like an old companion that comes up all the time anyway. 
So. Yeah, I think that's a great thing to do. I didn't know he's in astronomy. 
A: Yeah, he is. 
R: That's great. 
A: (?Sentence?) From time to time he's taught lab, astronomy lab. And they do things 
like that. 
R: Yes. 
A: And for almost all the smdents the answer comes as a surprise. Wait a minute, the 
moon isn't always full, up in the sky? You know, oh. 
R: Well, I think, you know, the first thirty years of my life I never realized that whenever 
you see the crescent moon you're always going to see it at a certain time of day at a certain 
location. There's a reason for that. I never even noticed that it is always at a certain place 
in the sky. 
A: Neither did the undergrads. It's just a surprise. It's not a surprise to me now, being 
married to an astronomer. Is there anything else you can thing of that I ought to know 
about for the end of the comment record? Or just anything for the record? That's a big 
question. Anything else you want to put on the record here? 
R: Hmm. I think overall probably because of this course and the way it's taught students 
tend to realize that there are different ways they can think about problems. I think that is 
an accomplishment of the class to different degrees of course with each student. But I 
think that's definitely would be a measurable accomplishment. Somewhere an 
accomplishment that some way or another that's probably measurable. But, I believe at 
least the smdents get the idea that there's not A correct way to do the problem. Most of 
the time. I mean, take the derivative, find the critical points, that's pretty much a laid out 
path. But almost everything else we do in the class is not systematic as that procedure, 
say find the max or something. And I think that's good. And I think that's what this 
calculus consortium approach has achieved over the traditional approach. I believe. It's 
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that there are different ways to go about thinking of the problem. It's frustrating for the 
students, of course, lots of times to not have more direction. But, I think it's good 
because that's a transferable skill to other, to everything else in life. 
A: Mmhmm. 
R: And I feel good about that happening. (?Sentence?) I can't say for sure that Jim, 
Debbie and Sue all show that quality. But I think it's inevitable when you teach the three 
different approaches or more. 
A: That's something to carefully look for in the student interviews. 
R: Yeah, maybe if you can. Because I would (?words?). 
A: Now is there anything that you don't want on the record? Anything that I may have 
observed or taped or something that you'd rather I don't ever talk about. Now I'll also 
clarify some things for you, just so you never know what's going to happen with all this. 
If I ever give a talk in this department about this project I'm going to focus on students, 
and not going to mention which teacher the students come from — teacher one. teacher 
two and teacher three. I'm going to not talk about teachers since these are your colleagues 
and you have to work with them. [More reassurances that I plan to be careful with 
disguising identities especially around the people they work with. Robin says diat no one 
is perfect and the best teachers are the ones interested in hearing how they can do better, 
so I shouldn't worry.) 
R: Well. I'll tell you one thing now. but it's something that you're going to have to edit 
from the tape. 
A: All right. 
R: I don't advertise this because I might get in trouble for it. [Robin says the off the 
record thing. I do not believe it is of major consequence on way or the other for this 
study. We also discuss who Robin has invited to be in the honors section (Ken Mickens, 
Joe Fernandez, Natalie Kaplan and David Saddler). ] 
R: I guess that's the four. I can't imagine that I asked somebody else. Esther I almost 
thought of, but naah. She, she really should be in a regular section. She'll get A's in it, 
but I think it's more comfortable to her. Plus (?she'd chose to be here.?) It might have 
been a compliment just for her to offer tier the honors. But. well, she struggles a bit. I 
don't know. 
A: That's probably (?word?). 
[Back to the off the record topic briefly. Some of the following is slightly 
reworded/condensed to avoid changing meanings without referring to the off the record 
topic.] 
R: A lot of things kind fall together when they're taking the final. One student told me, 
and he's really good, if he only just come to class he would have been the best student, 
super in math, but he was doing a problem on the final and he goes, [Robin bangs the 
table] "I realized on the final that you could do this a certain way. It's so much easier than 
I ever realized before and I'd done the problem so many times before." And I said, 
"Good! You know it occurred to me after I was doing the problem for the fifteenth time 
that there was an easier way." And that reconfirmed to me the importance of the final. 
Because these neat little things can happen. 
[Back to the off the record topic. Then end interview.] 
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APPENDIX F: SAMPLE LOG PAGE 

Observer Log for Teaching Activities 

Teacher (Name) Date:, 

Topic/Section being covered: 

8:56-8:59 

9:00-9:03 

9:04-9:07 

9:08-9:11 

9:12-9:15 

Notes: Topic/Notes/Individuals 
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