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ABSTRACT 

This dissertation describes the development and pilot-testing of a new 

science curriculum called THE MANDUCA PROJECT for Middle School. The 

curriculum was developed in accordance with The National Science Education 

Standards through the cooperative efforts of a diverse group of people; three 

middle school science teachers, two undergraduate biochemistry majors, a multi

cultural curriculum specialist, and an entomologist with a minor in Teaching and 

Teacher Education. This group worked during a foiu- week summer workshop, 

producing the framework for an inquiry-driven science ciuriculum built around 

investigations of Manduca sexta, or the tobacco homworm. 

In the school year following the development of THE MANDUCA 

PROJECT for Middle School, the curriculum was pilot-tested in seven sixth grade 

classroom at two different middle schools. The smdy objectives were diree-fold; 

first, to determine if the curriculum had any effect of students' science attitude, 

second, to determine if the curriculum had any effect on students' science process 

skills acquisition, and third to determine if the curriculum had any effect on 

students' science process skills acquisition. 

Results of the smdy indicated no measurable post-treatment effect on 

science attitude, a small post-treatment improvement in science concept 

acquisition, and dramatic post-treatment improvements in science concept 

acquisition. 
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CHAPTER 1: THE PROBLEM 

Introduction 

"In a world filled with the products of scientific inquiry, scientific 

literacy has become a necessity for everyone. Everyone needs to use 

scientific information to make choices that arise every day. Everyone 

needs to be able to engage intelligently in public discourse and debate about 

important issues that involve science and technology. And everyone 

deserves to share in the excitement and personal fulfillment that can come 

from understanding and learning about the natural world" (NRC, 1996). 

Thus begins the introduction to the National Science Education Standards 

(NSES) published by the National Research CouncO. in 1996. This 

document provides what is intended as a framework for the development 

and implementation of the "next generation" of science education. 

Specifically, it calls for students at all levels to have the opportunity to 

experience science in a way that emphasizes, among other things, 

understanding scientific concepts and developing abilities of inquiry over 

simply knowing scientific facts and information, activities that investigate 

and analyze science questions instead of those which demonstrate and verify 

science content, and using evidence and strategies for developing or 
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revising an explanation as opposed to being solely concerned with "getting 

the answer'. In short, the goal for science education programs is to give 

students the chance to operate more like professional scientists; to be able 

to ask their own questions, and consider the answers that they develop. 

In theory the ideas about classroom scientific inquiry presented in 

the NSES are exciting, and to the scientist and educator alike, make a lot of 

sense. From the perspective of the classroom teacher, however, inquiry-

based science activities can present a challenge. From a classroom 

management standpoint, inquiry-based science has the possibility of 

creating a more chaotic classroom than many teachers are comfortable 

with. Additionally, the fact that smdents are asking their own questions 

makes it extremely difficult for the teacher to "know the answers" before 

the smdents do, a simation that many teachers find intimidating. 

One of the most basic challenges for classroom teachers however, is 

the question of how to go about the development of inquiry-based activities 

that can be used in their classrooms. True inquiry-based science lessons 

are a fairly new concept; most teachers did not experience them when they 

were students, nor have many had the opportunity to do scientific research 

in a laboratory setting, experiencing inquiry in the pure science arena. The 

bottom line is that many teachers do not have enough experience with 
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inquiry. Though they may be eager to try inquiry in their classrooms, they 

do not feel comfortable developing and implementing inquiry-based 

activities on their own (Cluff, 1998). 

The University as a Resource 

The university can serve as a valuable resource in helping classroom 

teachers develop and implement inquiry-based science programs. Scientists 

engage in inquiry every day, and are more than familiar with the process. 

However, having university scientists create inquiry-based activities for 

teachers to use is not the answer either. For one thing, scientists are often 

largely unaware of the limitations and needs of working in a primary or 

secondary classroom. Additionally, it is unreasonable to expect teachers to 

implement new and sometimes difficult science lessons based solely on the 

recommendations of a group of university scientists. By combining the 

scientists' expertise in scientific methods and inquiry, with teachers' 

expertise in classroom management and pedagogy however, we can create 

an ideal combination for producing exciting and useful inquiry-based 

science activities. 
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THE MANDUCA PROJECT and the Beginning of an Idea 

In trying to determine the best way of going about creating such an 

environment as described above, I was immediately drawn to THE 

MANDUCA PROJECT, a program that had been in progress at the 

University of Arizona since 1991. This pilot science outreach program for 

grades K-3 was initiated through the joint efforts of the University of 

Arizona's Department of Biochemistry and the Tucson Unified School 

District (TUSD). Teachers participating in the program received young 

tobacco homworm (Manduca sexto) caterpillars, laboratory diet, basic 

instructions for rearing the insects in their classrooms, and help with 

plaiming a simple, one-week long activity around the insects. It quickly 

became apparent however, that that this "one-week" activity was being 

expanded and developed by the teachers and their students into lessons 

involving a variety of disciplines over weeks and even months. 

It was obvious that the framework for the development of more 

intensive inquiry-based science activities was already firmly in place, and 

after meeting with several teachers and resource specialists in TUSD, we 

decided that bringing THE MANDUCA PROJECT to the middle school 

level would best accomplish our goal. Moving into the middle school was a 

good plan for two reasons; first, to date more than 10,000 students in 
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TUSD. have experienced THE MANDUCA PROJECT at the elementary 

level. Introducing the program in the middle schools would allow those 

students a sense of continuity, allowing them to build on previous 

experiences and explore science inquiry in a more advanced way. Second, 

the need for programs specifically directed towards the middle school is 

very great in our area. Middle school teachers are often faced with the 

unenviable task of either attempting to adapt materials "up" from the 

elementary level or "down" from the high school level (Rankin, 1994). 

There was not a single program especially for middle school teachers 

offered in the U of A course catalog, and we decided that ours would be 

the first. 

With this goal in mind we put together a curriculum development 

team drawing on resources from both TUSD and the U of A. The group 

that undertook the development of THE MANDUCA PROJECT for Middle 

School consisted of three TUSD middle school teachers, two undergraduate 

science majors, and a multiculmral curriculum development consultant 

from the University's Department of Anthropology. I was the final 

member and coordinator of the group, a Ph.D. candidate in the 

University's Interdisciplinary Program in Insect Science with a double 

major in Entomology and Teaching and Teacher Education. Supervised by 
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University faculty members in Biochemistry, Entomology, Mathematics, 

and Teaching and Teacher Education, our team worked for four weeks 

during the summer to develop the pilot version of THE MANDUC A 

PROJECT for Middle School. 

The Two-Fold Nature of the Project 

Our task was two-fold however, and did not end with the 

development of the pilot program. We were interested in determining 

whether or not the model of collaborative effort between university 

scientists and classroom teachers was an good one for the development of 

effective, useful inquiry-based science activities. In order to accomplish 

this we needed to evaluate the materials that we developed in the classroom 

setting. Thus, this document not only describes the process of developing 

THE MANDUCA PROJECT for Middle School (see Appendix 1 for the 

Teachers' Guide), but also details the study that was used in its evaluation. 
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Objectives of the Pilot Study 

We were interested in evaluating three primary aspects of effect of 

THE MANDUCA PROJECT for Middle School on students in the pilot 

study: 

1) Does participating in THE MANDUCA PROJECT for Middle School 

have a significant effect on students' attimdes about science as a discipline? 

In particular, we were interested in determining if the experience of 

raising and conducting experiments with live insects will positively 

influence students' feelings about science. 

2) Does participating in THE MANDUCA PROJECT for Middle School 

have a significant positive effect on students' acquisition of science 

concepts? In particular we were interested in looking at students' 

organization skiUs with respect to concepts Unked to the project, and the 

relationships that they perceived between those concepts. 

3) Does participating in THE MANDUCA PROJECT for Middle School 

have a significant positive effect on students' science process skills 

acquisition? For example, will students have a clearer understanding of the 
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steps which go into designing an experiment after completing THE 

MANDUCA PROJECT for Middle School? 

Limitations of the Study 

This study was limited by the fact that we were forced to use a quasi-

experimental approach without a control group. Instead a pre- post-test 

format using intact classrooms was employed, looking at individual changes 

over time. With this method each student essentially served as their own 

control. Because we used this method conclusions cannot be drawn as to 

the merit of THE MANDUCA PROJECT for Middle School relative to any 

other curriculum. Additionally, subject maturation or history as sources 

for any observed score improvements cannot be ruled out. 
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Organization of the Remaining Chapters 

Chapter 2 presents an overview of the pertinent hterature focusing 

initially on support for inquiry-based, hands-on science, then moving on to 

a discussion of the study objectives and evaluation techniques employed to 

study those objectives. Chapter 3 to describes the research procedures used 

in the study, beginning with a description of the summer workshop 

experience in which THE MANDUCA PROJECT for Middle School was 

created, and going on to describe its classroom implementation, evaluation 

procedures, and scoring techniques for the evaluation instruments. Chapter 

4 presents the results of the data analysis for all classroom evaluations. 

Chapter 5 summarizes the study, discusses the implications for both 

classroom educators and research scientists, and offers suggestions for 

future research. 



CHAPTER 2: REVIEW OF THE LITERATURE 

Introduction 

This project had two distinct phases; the development of THE 

MANDUCA PROJECT for Middle School, and its pilot testing and 

evaluation in the classroom. As a consequence, the review of the literature 

is also divided into two sections; first, I will discuss the supporting 

evidence behind the decision to develop THE MANDUCA PROJECT for 

Middle School as an inquiry-based activity. In the second part of the 

literature review I will go on to discuss the specific objectives of the pilot 

study and provide supporting evidence for the methodologies used in the 

program evaluation. 

THE MANDUCA PROJECT as an Inquiry-Based Activity 

The NSES call for a move in science education reform towards 

scientific literacy. Scientific literacy is defined as, "the knowledge and 

understanding of scientific concepts and processes required for personal 

decision making, participation in civic and cultural affairs, and economic 

productivity" (NRC 1996, pp. 22). 
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Cited by the NSES as a key component of scientific literacy is the 

concept of scientific inquiry, which is defined as, "a set of interrelated 

processes by which scientists and students pose questions about the natural 

world and investigate phenomena" (NRC 1996, pp. 214). Simply put 

scientific inquiry is a habit of mind which involves critical thinking and 

skepticism; smdents engaged in scientific inquiry "think like scientists", 

designing investigations, examining evidence, and drawing and assessing 

conclusions. According to the NSES, classes structured with scientific 

inquiry at the heart will allow students to "leam science in a way that 

reflects how science actually works" and "acquire knowledge, and develop 

a rich understanding of concepts principles, models, and theories" (NRC 

1996, pp. 214). 

Although the NSES has recently brought scientific inquiry in the 

classroom setting to the forefront, the idea that inquiry could be an 

effective method for science teaching has been around for a while. 

Klinckmann (1970) stated that "Teaching science merely as authoritative 

facts and dogma has had an extremely bad effect on American attitudes 

toward science and scientists. Such methods of teaching science divorce the 

conclusions of the science from the data and the conceptual frames that give 

conclusions their meaning" (pp. 130). As a solution to these problems. 
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Klinckmann (1970) proposed die "need to teach science as enquiry" (pp. 

131). She went on to explain that "to teach science as enquiry means, first, 

to show students how knowledge arises from the interpretation of data. It 

means, second, to show students that the interpretation of data - indeed, 

even the search for data - proceeds on the basis of concepts and 

assumptions that change as our knowledge grows. It means, third, to show 

students that because these principals and concepts change, knowledge 

changes too. It means, fourth, to show students that, though knowledge 

changes, it changes for a good reason - because we know better and know 

more than we did before" (pp. 131). 

The focus of inquiry in the classroom subsequently shifted somewhat 

from Klinckmann's interpretation; later authors de-emphasized the 

teacher's role in "showing" the student the characteristics of science and 

inquiry, recommending instead that teachers aid their students in 

discovering these ideas for themselves. In Science for All Americans 

(1990), Rutherford and Ahlgren emphasized the path to scientific 

knowledge as a key component in the inquiry process, widi observation 

skills and abilities in data collection ranking among the most important. 

They go on to state that "Science, mathematics and technology are defined 

as much by what they do and how they do it as they are by the results they 
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achieve. To understand them as ways of thinking and doing, as well as 

bodies of knowledge, requires that students have some experience with the 

kinds of thought and action that are typical of those fields" (pp. 188). 

These authors recommended that "students need to have many and varied 

opportunities for collecting, sorting and cataloging; observing, note-taking, 

and sketching; interviewing, polling, and surveying; and using hand-lenses, 

microscopes, thermometers, cameras, and other common instruments. 

They should dissect; measure, count, graph, and compute; explore the 

chemical properties of common substances; plant and cultivate; and 

systematically observe the social behavior of humans and other animals" 

(pp. 188). 

In more recent years, authors advocating the science inquiry 

approach to science education have become more prevalent. Layman 

(1996) stated that "understanding for aU means focusing on inquiry as the 

mode of learning in a teaching setting in which smdents are actively 

involved and aware of the special character of science. The inquiry mode 

is an empirically verifiable, productive way to cultivate understanding" 

(pp. 21). In addressing the teacher's role in such a setting. Layman (1996) 

recommended that teachers "create situations that catch the attention of 
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students and raise questions that draw them into the world of scientific 

investigation" (pp. 21). 

This idea of student-generated questions is central to the currently 

held beliefs about inquiry-driven science activities. The NSES state that 

"inquiry into authentic questions generated from student experiences is the 

central strategy for teaching science". Deal and Sterling (1997) expand on 

this idea when they write, "By allowing students to generate questions and 

explore and interpret what they see, we can stimulate their appetite for 

explanation as they experience the thrill of scientific discovery". In his 

interpretation. Wheeler (1996) linked the idea of student questions back to 

the definition of science when he wrote that "Science is the process of 

'talking to the material world'. Scientists understand their world by 

figuring out how to pose their questions to the phenomena at hand. My 

goal is to place my students in simations where they can practice this 

dialogue". 

Theory Into Practice 

It is apparent that current thought holds inquiry as a highly desirable 

approach to science education. This theory is well supported by evidence 

from a study by Aldridge, Lawrenz, and Huffman (1997). This study 
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tracked the success of the trial implementation of the Scope, Sequence, and 

Coordination (SS&C) project, a high school science program designed to 

help teachers create a more inquiry-oriented learning environment. By 

comparing SS&C smdents with non-SS&C smdents in nine different 

evaluation areas, it was shown that SS&C smdents were significantly more 

likely to do open-ended lab and hands-on activities, did more experiments 

in groups, read from the textbook less often, read more science articles, 

did more oral and written reports, and shared results from experiments 

more often than the comparison groups. 

These aspects of the SS&C classrooms also seemed to have some 

significant effects on the outcome of participating students' "science class 

experience". The smdy found that SS&C students scored higher than 

comparison students in two of the five lab stations with respect to a hands-

on lab skills test (the other three lab stations had scores that were not 

significandy different from the comparison smdents). In multiple choice 

science literacy tests, SS&C smdents performed equally as well as the 

comparison groups. Perhaps the most exciting finding however, is the fact 

that SS&C students found their science class more motivating than did 

comparison classes. Motivation may well be the key to keeping children 

interested in science and helping them to achieve tme scientific literacy. 
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Methodologies Used in the Pilot Study 

Study Objectives 

Having established that an inquiry-approach was the desired format 

for the development of THE MANDUCA PROJECT for Middle School, 

the next task was to determine what parameters to examine in the pilot-test 

evaluation of the project. Modeling on the study by Aldridge, Lawrenz, 

and Huffman (1997), three categories of study were chosen: 1) student 

motivation in the form of science attimde, 2) science content, and 3) 

process skills with a particular emphasis on abilities of experimental 

design. 

Science Attitude 

Why Study Science Attitude? 

For the purposes of this study, attimde is defined as, "A learned 

tendency to respond in a consistently favorable or unfavorable manner with 

respect to a given attimde object" (Fishbein and Ajzen, 1975). Science 

attitude is therefore defined as a "category of attitude statements in which 

there is a distinct attimde object to which the respondent is asked to 

respond favorably or unfavorably; e.g., interest in science, attitudes toward 
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science, or attitudes toward the social responsibility of scientists" 

(Gardener, 1975). 

Studying science attitude in the evaluation of THE MANDUCA 

PROJECT for Middle School was determined to be important for two 

related reasons; first, since attitudes predispose behavior (Novodovorsky, 

1993), students who develop good attitudes about science will be more 

inclined to stay involved with science, potentially pursuing science majors 

in college and going on to careers in science. Perhaps more critical than 

the creation of new scientists however, is the fact that students with good 

science attitudes are probably more likely to realize the ultimate goal of 

science education, as eloquently stated by Sears and Kessen, (1964): " The 

first task and central purpose of science education is to awaken in the child, 

whether or not he will become a professional scientist, a sense of joy, the 

excitement, and the intellectual power of science". It stands to reason that 

students thus awakened are more likely than others "to take from their 

science courses knowledge and an interest in learning" (Novodovorsky, 

1993) that will help them to achieve true scientific literacy. 
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Method for Studying Science Attitude 

A science attitude instrument using a Likert-scale developed by 

Novodovorsky (1993) was selected for use in this study, largely because of 

the inadequacy of other available instruments. This instrument was shown 

to be both valid and reliable (Novodovorsky, 1993) and had the advantage 

of having two forms which made it ideal for the pre- post-test design that 

was employed in this study. An additional advantage to Novodovorsky's 

instrument was the fact that it made clear distinctions between items to 

determine attitudes about biological and physical science (in contrast to 

other available instruments). Since THE MANDUCA PROJECT for 

Middle School is primarily a biology curriculum, this distinction allowed 

us to focus on the items which were most pertinent to our curriculum. 

Science Content 

Why Study Science Content? 

For the purpose of this study science content is defined as the 

knowledge and understandings taught in science class. Science content may 

consist of facts, theories, and the ideas that link all these things together; it 
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is the subject matter which makes up the backbone of the curriculum.* 

Content is a major focus in the NSES, which has established science 

content standards. These standards "outline what students should know, 

understand, and be able to do in the natural sciences over the course of K-

12 education" (NRC 1996, pp. 6). Since THE MANDUCA PROJECT for 

Middle School was developed with these science content standards in mind, 

it was logical that at least one of the pilot test evaluation areas should be 

concerned with science content. 

Method for Studying Science Content 

In this smdy we were interested in looking at change over time in 

smdents' conceptions of knowledge related to THE MANDUCA PROJECT 

for Middle School. To examine this information we decided to use pre-

and post-treatment concept mapping as an instrument to measure 

conceptual change. 

*Most definitions of science content include the skills and abilities learned 
by students during the course of their work. In this study however, that 
category of knowledge is referred to under the heading "science process 
skills" (see below). 
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Concept mapping may be defined as "An assessment technique based 

on clustering that is used to determine how well students understand 

concepts and relationships between concepts" (Hart, 1994). The concept 

mapping technique was developed by Novak and Gowin (1984) as a method 

for engaging students in reflective thinking to facilitate meaningful 

learning. More recently however, concept maps have been recognized as 

valuable tools for assessment; they provide a rich source of information 

about a variety of parameters including hierarchical thinking, and 

creativity (Novak and Gowin, 1984) and are generally considered to be 

much more authentic than multiple choice tests that might be used to 

evaluate similar content (Hart, 1994). Studies of concept mapping 

specifically as an evaluation method indicate that concept maps are a valid, 

theoretically powerful, and psychometrically sound tool for assessing 

conceptual change in experimental and classroom settings (Wallace and 

Mintzes, 1990, and Markham, Mintzes, and Jones, 1994). 
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Process Skills 

Why Study Process Skills? 

The final area of focus for assessment in our study was on science 

process skills, specifically those associated with experimental design. 

Process skills may be considered ways of thinking in science. "When 

scientists and students do science they are using such thinking skills as 

inferring, classifying, hypothesizing, and experimenting. The science 

process skills, along with the knowledge these skills produce, and the 

scientific values and habits of mind define the nature of science" (Rezba, 

Sprague, Fiel, and Funk, 1995). Without a good working knowledge of 

science process skills, the student is reduced to knowing only the facts and 

figures acquired through rote memorization. True scientific literacy may 

only be achieved through knowledge hand in hand with abilities of science 

process. 

Method for Studying Science Process Skills 

A series of open-response questions was chosen to study science 

process skills. The smdents were asked to write out experimental designs 

for two different scenarios (pre- and post-treatment) after which the 

designs were analyzed for content. This approach was chosen for two 
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reasons; first, due to the large sample size, behavioral data would have 

been extremely difficult to collect in the time allowed, and more 

importantly, we wished to collect more authentic data than would have 

been available through the use of multiple choice or fiU-in-the-blank tests. 

The experimental designs were scored using a rubric specifically 

developed for the study. A rubric may be defined as "An established set of 

criteria for scoring or rating students' tests, portfolios, or performances" 

(Hart, 1994). They are constructs or matrixes that define exactly what is 

expected in a learning simation (Luft, 1997). Used correctly they can 

"make assessment more meaningful, clarify expectations, and yield better 

feedback" (ASCD, 1994). Additionally, the process of employing rubrics 

to score student products is considered highly authentic (Hart, 1994) thus 

fitting with the standards for assessment offered m die NSES. 
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CHAPTER 3: RESEARCH PROCEDURES 

Introduction 

This study focused on the pilot test of a new curriculum for middle 

school level science. In particular, we were interested if participating in 

this curriculum, THE MANDUCA PROJECT for Middle School, would 

have any positive effect on students' acquisition of science concepts, 

improve students' science process skiUs, particularly with respect to 

abilities of experimental design, and positively affect students' attitude 

about science. 

This chapter begins with a description of the workshop experience in 

which THE MANDUCA PROJECT for Middle School was created. 

Following this, a description of the classroom implementation procedure is 

presented, including details regarding the administration of pre- and post-

tests for evaluation purposes. In the final section of this chapter, the 

scoring techniques for each evaluation instrument is described, as well as 

the statistical methods used to analyze the resulting data. 
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Part 1: The Development of THE MANDUCA PROJECT 

for Middle School 

The Development Team 

In assembling tMs development team I was interested in gathering 

talent and expertise from participants with a variety of backgrounds. The 

core of the team consisted of Susan Brudos, Jude Glass and Mary Lou Van 

Liere, three experienced middle school teachers. Although each of these 

teachers taught in TUSD, they were working at different middle schools; 

schools which represented the low (Lark Middle School), middle (Alice 

Vail Middle School), and high (Baker Middle School) socioeconomic 

levels. 

The next member of the development team was Diane Riskedahl, a 

graduate student in the University of Arizona's Department of 

Anthropology. Diane had a background in multicultural curriculum 

development, and we planned to use her expertise in this area in the 

development of the curriculum. 

Kristi Stiffler and Deepa Wadhwani joined the team from the 

biochemistry department at the University of Arizona. Both were 
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undergraduate biochemistry majors with experience in scientific research 

and experimentation. Neither had any formal background in education. 

[ was the final member and coordinator of the development team, 

bringing a range of experience in entomology and general biology to the 

group. Additionally, I had several years worth of both formal and 

informal teaching experience, and had completed the coursework associated 

with a concentration in Teaching and Teacher Education. 

The Developmental Workshop Structure 

The developmental team worked together for four weeks over the 

course of the summer in 1996. We occupied a science laboratory room, 

with access to any glassware, reagents, etc. that we chose to use. Two 

dissecting microscope stations were set up at all times, as were four 

networked computer stations with printers. Workshop participants were 

encouraged to make frequent use of all available equipment. 

Coordinating the efforts of such a diverse group of individuals was 

challenging, and the first week began with each group member instructing 

the rest of the group in her area of expertise. In this manner, we discussed 

basic classroom management techniques, the perceived goals of an effective 

classroom learning experience, steps of experimental design, and the 
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possible limitations of the use of such activities in the middle school 

classroom. 

This was also the time that I introduced the rest of the team to the 

tobacco homworm (Manduca sexta). In an attempt to model a possible 

approach to introducing the middle school students to this insect, team 

members experienced several hours worth of hands-on, "free exploration" 

time with the homworms during the first week of work, observing all life 

stages and watching growth and behavior. Additionally, I conducted two 

"information sessions" during the first week in which the group received 

instructions for raising homworms in the classroom as well as some basic 

homworm biology and life cycle information. 

During our team meeting at the end of the first week, I asked the 

group to choose some areas of homworm life that they would be interested 

in exploring through experimentation. Although initially reluctant because 

they felt that they "didn't know enough yet to ask a good question", (Van 

Liere, 1996) the team members eventually surprised themselves with their 

sheer number of possible study areas. The team consolidated their efforts 

using the graphical representation shown in Figure 1. Study areas which 

they felt were closely related were grouped by proximity, while perceived 

interrelationships between study areas were indicated by connecting lines. 
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Figure 1: Graphical Representation of the Teachers' Research Ideas 
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During the second week of the workshop, team members began their 

first experiments. The work load was divided as follows: the three middle 

school teachers chose smdy areas and formulated initial experimental 

procedures, which were refined through discussion with me (as team 

leader) and the two undergraduate biochemistry majors. Diane, our 

"multicultural curriculum consultant", participated in discussions about 

experimental procedures, and then spent the majority of her time 

developing cross-discipline (primarily social-studies) links from the 

experimental topics (See Appendix 1, pp. 152). 

The remaining weeks of the workshop continued in a similar manner 

as described above. The team came together regularly to discuss additional 

experimental approaches and results and/or problems encountered in 

ongoing experiments (For a list of experiments/activities undertaken during 

the workshop, see Table 1). Additionally, we began to develop a strategy 

for introducing THE MANDUCA PROJECT for Middle School to smdents 

in the classroom. 
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Table 1: List of experiments and activities explored during the 

developmental workshop 

Measurement of growth over time in larvae on artificial diet 

Measurement of growth over time in larvae fed oa either artificial diet or tomato plants 

Feeding behavior in larvae offered a choice between artificial diet and a solenaceous plant 

Feeding behavior in larvae offered a choice between several different solenaceous plants 

Feeding behavior in larvae offered a choice between a solenaceous plant and a non-

solenaceous plant 

Observations of moth mating and egg-laying behavior 

Egg-laying behavior in moths given a choice between a solenaceous plant and a non-

solenaceous plant 

Egg-laying behavior in moths given a choice between several different solenaceous plants 

Egg-laying behavior in moths given a choice between solenaceous plants and non-

solenaceous plants with varying levels of plant quality 

Egg-laying behavior experiments with extracts of solenaceous plants painted onto non-

solenaceous plants and vice-versa 

Observations of the effect of colored artificial diet on frass production 

Measurement of growth over time in larvae fed different colors of artificial diet 

Effects of non-lethal pesticides on larval growth and development 

The development of dose-response curves in larvae treated with different lethal pesticides 

The collection of scanning electron microscope images of M. sexta for use in image 

processing activities 
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Part 2: Implementing THE MANDUCA PROJECT for 

Middle School in the Classroom 

Study Subjects 

The pilot test group for this study consisted of the intact 6th grade 

classrooms of Ann Davis (Lark Middle School) and Beth Clark (Baker 

Middle School). At Ann's school two complete classes participated in the 

study for a total of 48 students. Each class at Lark lasted for two hours. 

At Beth's school, five complete classes participated in the study for a total 

of 128 students. At Baker, class periods lasted 50 minutes. 

Implementation Strategy 

Day I Activities: 

1) Science Attitude Pre-test 

2) Distribution of "Personal Larvae" 

3) Class Discussion: "What do you know? What do you want to 

know?" 
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Science Attitude Pre-test 

It was important to collect data with respect to students' attitude 

about science before any intervention with the new curriculum occurred. 

With this in mind, the first step undertaken at the beginning of this study 

was the administration of Form A of the attitude instrument (Appendix 2). 

The method for the administration of the instrument was as follows: Copies 

of the complete instrument was passed out to each student. The students 

were instructed to read along silently as each item was read aloud by the 

teacher at the front of the class. Students were also instructed to ask for 

clarification if any items were unclear to them, and to be as honest as 

possible when answering each question. The forms were collected after 

each student had completed them. 

Distribution of "Personal Larvae" 

At the conclusion of the developmental workshop, the team had 

decided that the best possible approach for introducing the students to this 

curriculum was to have them begin with a more structured activity and 

then move on to the inquiry-directed section in which the students would 

choose their areas of interest and design experiments to answer their own 

questions. As a result of this decision, the pilot test of THE MANDUCA 



44 

PROJECT for Middle School began with students, either individually or in 

pairs, receiving their own larvae to take care of and observe. All of the 

students were instructed in the basic care and feeding of their larvae, and 

were assigned the structured task of taking daily weight and length 

measurements of their larvae. The idea behind this assigned activity was 

that it would allow the students to become accustomed to working with the 

insects, show them how rapidly the larvae grow, and perhaps most 

importantly, give them experience with the process of recording daily 

quantitative data. 

Class Discussion: "What do you know? What do you want to 

know?" 

The fmal activity of the first day of the study was designed to 

encourage the smdents to begin thinking about possible ideas for 

experiments. We began by passing around examples of M. sexta eggs, 

larvae, pupae, and adults and encouraging the students to look, touch, and 

ask questions. This "free exploration" was allowed to continue for 

approximately 15 minutes, at which point the focus of the class was drawn 

to a group discussion. 
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First, the students were asked, "What do you know?"; in other 

words, the students were given an opportunity to consider the things that 

they knew about M. sexta. The students were encouraged to think about 

knowledge that they had prior to the day's activities as well as knowledge 

gained during the exploration/question and answer period. Student 

responses were recorded by the teacher on the blackboard. An example of 

the responses to "What do you know?" from one of the classes is shown in 

Table 2. 

Table 2: Examples of responses to the question, "What do you know?" 

We know: 

Moths have 6 spots 
They are green to blend in 
They have spiracles 
Larvae eat a lot 
Larvae have hooks on their feet 
There are 4 life stages: 

egg 
larva 
pupa 
adult 

They have 2 antennae 
They have 6 legs 
They have 3 body parts: 

head 
thorax 
abdomen 
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After having had approximately 15 minutes to respond to the 

question, "What do you know?", the students where then asked to think 

about the question, "What do you want to know?". In considering this 

question, the students were instructed to think about any questions that 

occurred to them about M. sexta. Once again the responses were recorded 

on the blackboard. An example of the responses to "What do you want 

know?" from one of the classes is shown in Table 3. 

Table 3: Examples of responses to the question, "What do you want to 

know?" 

We want to know: 

What is the spike for? 
Why do they have hooks on their feet? 
How do we tell what sex? 
Do they change color depending on what they eat? 
What do they eat? 
Where do caterpillars come from? 
How many eggs do they lay? 
How long do they stay a larva? 
How does a femeile lay eggs? 
Does a male grow larger than a female? 
What predators do they have? 
How big is the heart? 
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The first day of the study ended with a homework assignment: 

students were asked to think about the questions they had, and to consider 

the ways that they thought they could go about answering those questions. 

Day 2 Activities: 

1) Student Observations and Measurements Continue 

2) Class Discussion of the Difference Between "Observations" and 

"Experiments" 

3) Preliminary Discussion of Experimental Question With Small 

Groups 

Student Observations and Measurements Continue 

Each day of the study following the first began the same way; 

students would make observations and take weight and length 

measurements about their "personal larvae". The students recorded these 

observations and measurements in personal logs, continuing until the point 

that the larvae reached the pupal stage. 



48 

Class Discussion of the Difference Between "Observations" and 

"Experiments" 

In this study one of the primary objectives was to study students' 

abilities in experiment design. Since many of the initial questions proposed 

by the students were those that would lend themselves more to an 

observational approach as opposed to an experimental one (see Fig. 3), a 

discussion of the differences between observations and experiments seemed 

appropriate. As a group, it was decided that perhaps the most important 

difference between the two is that in an experiment, one set of events is 

being compared to another set of events (i.e. control vs. treatment groups). 

Observations, on the other hand, do not involve comparisons between 

groups. In concluding this discussion, students were asked to think again 

about their initial questions, re-stating them in a way that would be possible 

to explore using an experiment. 

Preliminary Discussion of Experimental Question With Small 

Groups 

During the final part of Day 2, the classroom teachers placed the 

students into small groups (3 to 6 students per group) and asked them to 

come to some consensus within the group as to what type of experiment 
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they would like to explore as a group. During this process, the teacher met 

with each group of students, offering suggestions and making sure that each 

group was working on a question that was at least marginally "answerable" 

with the resources at hand (For example, the student who wished to test the 

effects of electroshock therapy on larval growth was encouraged to decide 

on a different course of action). 

Day 3 Activities 

1) Student Observations and Measurements Continue 

2) Smdents Write Proposed Experimental Design (Science Process 

Pre-test) 

3) Concept Map Construction (Science Concepts Pre-test) 

Student Observations and Measurements Continue 

See description pp. 47. 

Students Write Proposed Experimental Design (Science Process Pre-test) 

During this class period, students were asked to write down and hand 

in their experimental designs. These designs served as the science process 
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(experimental design) pre-test. Prior to beginning this exercise, there was 

a brief class discussion as to the "parts" of an experimental design, with a 

review of the meanings of the terms Purpose, Hypothesis, Materials, and 

Procedures. Students were instructed that a "good" experimental design 

would contain all of the information that anyone would need in order to 

carry out the experiment. 

After the students handed in their experimental designs, copies were 

made and stored as the process sldlls pre-test. The originals were returned 

to the students on the following day. 

Concept Map Construction (Science Concepts Pre-test) 

To test for science concept acquisition, a basehne needed to be 

established for each smdent. To this end, students were asked to create 

concept maps or "word webs" starting with the concept "larva" or 

''Manduca". Prior to beginning the exercise, the smdents received the 

following instructions on concept map construction: they were assured that 

concept maps cannot be "wrong" , but are simply a representation of how 

each of them perceives the subject being mapped. Additionally, concepts 

must be clearly written, and the lines connecting each concept must have 

text explaining the link. Following the conclusion of this exercise, the 
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concept maps were collected and retained as the pre-test for science 

concepts. 

Day 4 Activities: 

1) Student Observations and Measurements Continue 

2) Class Discussion of the Concepts of "Controls" and "Replicates" 

3) Return of Original Experimental Designs and Group Discussions 

Student Observations and Measurements Continue 

See description pp. 47. 

Class Discussion of the Concepts of "Controls" and "Replicates" 

In the preliminary analysis of the students' original experimental 

designs, it was determined that a large number of the students lacked any 

sort of understanding of the concepts of "controls" or "replicates". In light 

of this fact, it seemed wise to have a general discussion of these ideas with 

the whole class before proceeding to working with the individual groups. 

To explain the concept of "controls", the students were reminded of 

the discussion of the differences between observations and experiments, and 

the fact that as a class they decided that an experiment had to involve 
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comparisons. The students were told that a "control" serves as something 

that you compare a "treatment" to. 

To explain the concept of "replicate", the smdents were asked to 

consider individual members of their class, and whether or not those 

members by themselves represented the characteristics of the whole class. 

The students concluded that one would get a more accurate picture of the 

characteristics of the class if they chose several class members (or 

replicates) instead of a single class member. 

Return of Original Experimental Designs and Group Discussions 

After the discussion described above, the students' original 

experimental designs were returned and the smdents reformed their 

assigned groups. The groups were then met with individually and assisted 

in refining their experimental designs. By the end of this class period, each 

group had begun to add replicates and controls (if lacking originally) and 

worked to streamline their experiments to make them more manageable. 
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Day 5 Activities 

1) Student Observations and Measurements Continue 

2) Continued Refinement of Experimental Design and Final 

Determination of Materials Needed for Experiments 

Student Observations and Measurements Continue 

See description pp. 47. 

Continued Refinement of Experimental Design and Final 

Determination of Materials Needed for Experiments 

The smdents were once again given the opportunity to meet in their 

groups and finalize their experimental designs. After each group's design 

was checked, the students were asked to hand in a complete list of materials 

needed to carry out their experiments. The materials on these Usts were 

obtained for the students over the weekend so that the experiments could be 

begun on the following Monday. 

Week 2 Activities 

1) Student Observations and Measurements Continue 

2) Student Groups Work on Experiments 
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3) Post-tests for All Instruments 

Student Observations and Measurements Continue 

By the second week of the study, most of the students' personal 

larvae began to pupate. The students continued their observations and 

measurements up to the point that pupation occurred, at which time they 

devoted themselves to their experiments full-time. 

Student Groups Work on Experiments 

During the second week of the smdy, the students were all involved 

with conducting the group experiments. Examples of some of these group 

projects are shown in Table 4. 
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Table 4: Examples of Student Experiments 

If offered a choice between artificial diet or tomato leaves, which will 
larvae choose? 
Do larvae grow better on artificial diet, tomato leaves, or lettuce? 
If offered a choice between artificial diet colored red, green, or blue, 
which one will larvae choose? 
Do larvae with salt added to their diets grow any differently than those 
without salt added? 
Do larvae which are fed caffeine behave any differently than those who 
eat normal diets? 
Is frass production affected by diet changes? 
Do larvae grow better if kept in the light or in the dark? 
ff given a choice, will wanderers choose to pupate in warm soQ or cold 
son? 
Does a change in diet affect larval body color? 
ff given a choice between several different types of plants, where will 
moths prefer to lay eggs? 

While the students were occupied with the experiments, we met in 

groups to discuss ongoing findings and problem-solving strategies. 

Post-test Administration for All Instruments 

Science Attitude Instrument 

At the end of the second week. Form B of the science attitude 

instrument (Appendix 3) was given to each student. The method of 

administering this version was identical to that used for Form A. The 

forms were collected after each student had completed them. 
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Science Concepts (Concept Map Construction) 

The post-test for science concepts consisted of each student 

producing a second concept map. Students first received a quick review of 

the instructions for drawing concept maps, and were once again instructed 

to begin with the concept "larva" or "'Manduca". After each student 

completed their concept map, they were labeled "post-test" and collected. 

Science Process Skills (Experimental Design) 

To test for improvements in experimental design skills, a 

h5^othetical situation, or prompt unrelated to the students' Manduca 

experiments was proposed and the students were asked to develop an 

experimental design based on it. The h3^othetical situation was the same 

for all classes and is presented as it was to the students in Box 1: 
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Box 1: Experimental Design Post-Test Prompt 
I would Like you to pretend that you are grown up, have finished 

medical school, and now work in medical drug research; basically, you 
work on the development of new medicines for people. 

You are on a trip in the jungles of Peru, exploring uncharted 
territory and meeting with primitive tribes of people in remote regions. In 
the course of your travels, one day you happen upon a new tribe and are 
immediately struck by the unusually high number of very healthy elderly 
tribe members. It seems to you that this tribe is not nearly so susceptible to 
the ravages of time and aging as are the other tribes in the area. Since you 
are lucky enough to speak the local language, you begin asking the tribe 
members about their amazing levels of health and are sent to talk to the 
tribal medicine man. 

The medicine man tells you that the reason his tribe members live so 
long and stay so healthy is that every day after the day that each tribe 
member turns 40, he or she takes a life-giving medicine that he, the 
medicine man makes up. The ingredients of this medicine are: a certain 
type of leaf, a certain type of berry, and a local species of ant. You are 
very, very excited. Lf what this medicine man says is true, you have just 
discovered one of the most amazing medicines of all time! You ask for and 
receive a huge supply of the medicine's ingredients, then head to your 
state-of-the-art laboratory* to begin your study. Your question is: "Which 
if any of the three ingredients is responsible for the improvements in 
health?" Assume that you can have any materials and/or equipment that 
you need, and design an experiment to answer your question. 

Before the students began working on these experimental design, the 

basic parts of a design were reviewed as they were prior to the pre-test for 

experimental design. The students were allowed to ask for clarifications of 

the story or the directions for the exercise, but were not led by the teacher 

in the production of their designs. The designs were collected from each 

student upon their completion. 
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Instrument Scoring 

General 

All of the completed instruments were sorted by pre- and post-test. 

Any pre-test which did not have a matching post-test (and vice versa) 

because of student absence or failure to hand in a paper, were discarded. 

Remaining papers (combined attitude instrument N=173, combined 

experimental design N=146, combined concept map N=111) were scored 

without looking at the students' names. After each group of instruments 

was scored, scores were entered into an EXCEL"^^' spreadsheet in 

preparation for statistical analysis in SPSS™. 

Science Attitude Instrument 

The science attitude instrument was scored as described in 

Novodovorsky (1996). To summarize, this instrument utilized a Likert-

scale in which the five choices for each item were: SA (strongly agree), A 

(agree), N (neither agree nor disagree), D (disagree), and SD (strongly 

disagree). The point values assigned for each negatively worded item 

were; SD=5, D=4, N=3, A=2, and SA=l. The point values assigned for 

each positively worded item were: SA=5, A=4, N=3, D=2, and SD=1. 

Student scores on each item were recorded separately so that is was 
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possible to examine scores on each of three instrument factors as well as 

total scores. These factors were: 1) Interest in science classes and activities 

in science classes, 2) Confidence in ability to do science, and 3) Internal 

motivation to study science. 

Science Concepts 

Concept mapping was used as an instrument to measure changes in 

students' science concepts. The criteria for scoring these concept maps was 

adapted from Novak and Gowin (1984) and is described here: 

There were five different areas that were scored; concepts, 

relationships, examples, hierarchy, and crosslinks. "Concepts" are the 

terms that make up a concept map; these were the words which the students 

clustered as the maps' frameworks. Students received one point for each 

concept written. Wrong concepts were counted separately and subtracted 

from the total concept score during total score computation. 

"Relationships" connect concepts; they were the words and/or 

phrases that the smdents wrote on the lines between the concepts. Students 

received one point for each valid relationship written. No points were 

given for either incorrect relationships or lines connecting concepts that 

had nothing written on them. 
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"Examples" are specific events or objects that are valid instances of 

the concept from which they extend. Students were given one point for 

each valid example written. No points were given for nonsensical 

examples. 

A concept map shows a "hierarchy" when each subordinate concept 

is more specific than the concept above it in the context of the material 

being mapped. Students received five points for each valid level of 

hierarchy. The key concept, i.e. that concept with which each student 

began their concept map (in our cases, usually ""Manduca" or "Larva") was 

not counted as a level of hierarchy. Examples were also not counted as 

separate levels. 

"Crosslinks" can be indicators of creative ability and occur when a 

student shows meaningful links between one segment or "branch" of 

concept hierarchy and another. Students received ten points for each valid 

crosslink. 

All of the concept maps used in the study were scored for one 

criterion at a time. In other words, after all of the maps had been scored 

for "concepts" they were then all scored for "relationships" and so on. 

Scores for each criterion were written on each map then totaled after all 
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criteria had been scored. Score for pre- and post-tests for each student 

were entered into the spreadsheet separately. 

Science Process Skills (Experimental Design) 

Science process skills were scored using a developed rubric to 

analyze the students' written experimental designs. This rubric is shown 

in Figure 2. 

The maximum score that the smdents could attain with this rubric 

was 5, with a bonus of 0.5 points (bringing the total to 5.5) if they 

included both positive and negative control treatments in their experimental 

designs. The minimum score was 0. 



(S <3 

Indicator Full Points Partial.Points Lowest Points 
1) Student indicates the need for 
replicates in the experimental design 

1 - -

2) Student presents a scheme for the 
collection of data 

I - -

3) Student identifies both treatment and 
control groups (See also 6) 

1 - -

4) Student develops a clear description 
of steps in the proposed experiment 

1 (if not, see 
4a) 

- -

4a) Student develops a somewhat clear 
description of steps in the proposed 
experiment 

.5 (if not, see 
4b) 

4b) Student lists no steps or lists very 
unclear steps in the proposed 
experiment 

.25 

5) Steps in the experimental design 
address the experimental question 

1 (if not, see 
5a) 

- -

5a) Steps in experimental design are 
related to the experiment 

- .5 (if not, see 
5b) 

-

5b) Obvious lack of understanding of 
the experimental question demonstrated 

- - 0 

6) BONUS: Student calls for both 
positive and negative control groups 

.5 - -

Figure 2: Scoring Rubric for Experimental Design Instrument 
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Description of the Indicators 

Replicates 

Students did not have to specifically mention replicates by name to 

receive points for this category, but they had to at least state that they 

would be including more than one trial in each treatment, including the 

control. 

Scheme for Data Collection 

In this category students were required to indicate that something 

was to be measured as an outcome during the trials of their experiments in 

order to receive points. This measurement could be very specific (e.g. 

stress test measurements) or more general (e.g. number of years living). 

Control and Treatment Groups 

In this category, like in the category for "replicates", the students 

were not required to use the terms "control" or "treatment" to receive 

points. They did however, have to provide a description indicating that 

one group in the experiment was to have "nothing done to it" while the 

other group or groups received some sort of treatment or procedure. The 

students also needed to indicate that there would be some comparison 
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between the groups for points to be awarded. Bonus points were awarded 

to students who included both a positive and a negative control in their 

experimental designs. 

Clear Description of Steps 

In order to receive fiill points in this category, students had to write 

out the steps of their experiment in such a way that another person could 

use those steps to repeat the same experiment with reasonable accuracy. 

Half points were awarded for steps that at least gave the general idea of 

what the student proposed to do. Quarter points were awarded if the 

student included no steps at all in the experimental design, or steps so 

confusing and/or incomplete as to be considered useless. 

Steps Address Question 

In order to receive full points in this category, the procedural steps 

that the students wrote had to be capable of answering the research question 

that the students were initially asking. Half points were awarded for 

procedural steps that were at least related to the initial research question, 

and if it was clear that the student had no understanding of the research 

question they were awarded no points. 
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Additional Non-Quantitative Data 

In addition to the quantitative data collected via the instruments 

described above, the participating smdents were also informally observed 

and engaged in conversation over the course of the two week study. Daily 

notes were written with respect to these observations and discussions, and 

selected excerpts from the notes are described in Chapter 5. 

Statistical Analyses 

Descriptive Statistics 

Descriptive statistics (mean, variance, standard deviation, maximum 

score and minimum score) were computed for the pre- and post-test 

instruments in each of the three topical areas (Science Attitude, Science 

Process Skills, and Science Concepts). The concept maps used as 

instruments for Science Concepts were analyzed by total score as well as by 

the subcategories of "concepts", "wrong concepts", "relationships", 

"examples", "hierarchy", and "crosslinks". Descriptive statistics were 

compiled for the combined scores from both schools as well as for scores 

from each school separately. 
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Gain Scores 

Average percent gain scores were computed for tlie instruments in 

each of the three topical areas (Science Attimde, Science Process Skills, and 

Science Concepts) using the data combined from both schools. The concept 

maps used as instruments for Science Concepts were analyzed by total score 

as well as by the subcategories of "concepts", "wrong concepts", 

"relationships", "examples", "hierarchy", and "crosslinks". 

T-tests for Paired Samples 

T-tests for paired samples were performed on the combined school 

data for pre- and post-test instruments in each of the three topical areas 

(Science Attitude, Science Process Skills, and Science Concepts). The 

concept maps used as instruments for Science Concepts were analyzed by 

total score as well as by the subcategories of "concepts", "wrong concepts", 

"relationships", "examples", "hierarchy", and "crosslinks". 
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CHAPTER 4: RESULTS 

Introductioa 

This chapter presents the results of the pilot study of THE 

MANDUCA PROJECT for Middle School. First, descriptive statistics for 

all three instruments used (Attitude instrument. Experimental Design 

instrument, and Concept Maps) will be presented. Following the 

descriptive statistics, the average percent gain post-treatment for all 

instruments will be shown. Finally, the results of paired samples t-tests 

comparing pre- and post-tests for all three instruments will be presented. 

Descriptive Statistics - Combined School Scores 

The descriptive statistics for combined attitude instrument scores 

from both Baker and Lark Middle Schools are shown in Table 5. No post-

treatment effect was observed. 

Table 5: Descriptive Statistics for Combined Attitude Instrument Scores 

Mean Variance Std.Dev. Min. Max. N 
Pretest 64.92 196.40 14.01 25 98 173 
Posttest 64.92 183.51 13.55 24 96 173 
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The descriptive statistics for combined experimental design scores 

from both Baker and Lark Middles Schools are shown in Table 6. An 

increase in mean score was shown post-treatment. 

Table 6; Descriptive Statistics for Combined Experimental Design Scores 

Mean Variance Std.Dev. Min. Max. N 
Pretest 2.03 2.31 1.52 .25 5.0 146 
Posttest 2.77 2.23 1.49 .25 5.5 146 

The descriptive statistics for combined concept maps scores from 

both Baker and Lark Middle Schools are shown in Table 7. The pre- and 

post-test scores for 7 categories are included: "Concepts", "Wrong" 

(indicating nonsensical concepts), "Relationships", "Examples", 

"Hierarchy", "Crosslinks", and "Total" (indicating the complete score for 

each concept map). Post-treatment gains were demonstrated in the 

categories of "Concepts", "Relationships", "Crosslinks", and "Total", with a 

decrease post-treatment in "Wrong" concepts. Post-treatment losses were 

demonstrated in the categories of "Examples" and "Hierarchy". 
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Table 7: Descriptive Statistics for Combined Concept Map Scores 

Mean Variance Std.Dev. Min. Max. N 

Wrong I 

Wrons 2 

Examples I 

Examples 2 

Crosshnks I 

Crosslinks 2 

* The number "1" denotes the score for "pretest" in all categories 
** The number "2" denotes the score for "posttest" in all categories 
t "Wrong" denotes nonsensical concepts 
tt "Total" denotes the concept map score composed of all five 

subcategories 

Descriptive Statistics - Individual Schools 

The descriptive statistics for attitude instrument scores from Baker 

and Lark Middle Schools are shown in Table 8 and Table 9, respectively. 

Students from Baker demonstrated a small post-treatment drop in attitude 

score, while those at Lark showed a slightiy larger post-treatment gain. In 

both pre- and post-tests. Lark students demonstrated higher science attitude 

scores than students from Baker. 
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Table 8: Descriptive Statistics for Attitude Instrument Scores from Baker 
Middle School 

Mean Variance Std.Dev. Min. Max. N 
Pretest 63.77 203.07 14.25 25 98 128 
Posttest 63.70 181.06 13.46 24 96 128 

Table 9: Descriptive Statistics for Attitude Instrument Scores from Lark 
Middle School 

Mean Variance Std.Dev. Min. Max. N 
Pretest 68.18 166.92 12.92 40 96 45 
Posttest 68.40 177.97 13.34 36 96 45 

The descriptive statistics for experimental design scores from Baker 

and Lark Middle Schools are shown in Table 10 and Table 11, respectively. 

An increase in mean score was shown post-treatment for both schools. 

Both pre- and post-test scores at Lark were higher than those at Baker. 

Table 10: Descriptive Statistics for Experimental Design Scores from 
Baker Middle School 

Mean Variance Std.Dev. Min. Max. N 
Pretest 1.75 2.14 1.46 .25 5.0 98 
Posttest 2.63 2.54 1.59 .25 5.5 98 



71 

Table 11: Descriptive Statistics for Experimental Design Scores from Lark 
Middle School 

Mean Variance Std.Dev. Min. Max. N 
Pretest 2.62 2.20 1.48 .25 4.5 48 
Posttest 3.06 1.51 1.23 .25 5.0 48 

The descriptive statistics for concept maps scores from Baker and 

Lark Middle Schools are shown in Table 12 and Table 13, respectively. 

The pre- and post-test scores for 7 categories are included: "Concepts", 

"Wrong" (indicating nonsensical concepts), "Relationships", "Examples", 

"Hierarchy", "Crosslinks", and "Total" (indicating the complete score for 

each concept map). Post-treatment gains were demonstrated in the 

categories of "Concepts", "Relationships", "Crosslinks", and "Total", with a 

decrease post-treatment in "Wrong" concepts. Post-treatment losses were 

demonstrated in the categories of "Examples" and "Hierarchy". 
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Table 12: Descriptive Statistics for Concept Map Scores from Baker 
Middle School 

Mean Variance Std.Dev. Min. Max. 

sncee 
Wroag I 

Wrong 2 

Examples I 

Examples 2 

Crosslinks I 

Crosslinks 2 

* The number "1" denotes the score for "pretest" in all categories 
** The number "2" denotes the score for "posttest" in all categories 
t "Wrong" denotes nonsensical concepts 
tt "Total" denotes the concept map score composed of all five 

subcategories 
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Table 13; Descriptive Statistics for Concept Map Scores from Lark Middle 
School 

Mean Variance Std.Dev. Min. Max. AT 

Wrong^ I 

Wrong 2 
.03 .03 
.24 .24 

.53 0 

.49 0 
1 37 
2 37 

Examples I 

Examples 2 
.19 .49 .70 0 3 37 
.19 .66 .81 0 4 37 

Crosslinks I 

Crosslinks 2 
0 - - - - 37 
0 - - - - 37 

* The number "1" denotes the score for "pretest" in all categories 
** The number "2" denotes the score for "posttest" in all categories 
t "Wrong" denotes nonsensical concepts 
tt "Total" denotes the concept map score composed of all five 

subcategories 

Average Percent Gain Scores 

The average percent gain scores for attitude instruments, concept 

maps, and experimental designs using the combined scores from Baker and 

Lark Middle Schools are shown in Table 14. Concept maps scores are 

presented two ways; as the total score (composed of aU subcategories), and 

as the "CRE" score (composed of the scores for "Concepts", 
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"Relationships", and "Examples", those subcategories that make up the 

primary structure of each concept map). 

Table 14: Percent Gain Scores for Combined Instruments 

Instrument Average % Gain 
Attitude Instrument 1.54% 
Concept Maps: Total* 12.43% 
Concept Maps: CRE** 25.76% 
Experimental Design 289.05% 

* "Total" denotes the concept map score composed of all five subcategories 
** "CRE" denotes concept map score of combined subcategories 

"Concepts", "Relationships" and "Examples" 

T-tests 

The results of the t-test for the combined attitude instrument scores 

in both Baker and Lark Middle Schools are shown in Table 15. No 

significant difference between means was demonstrated. 

Table 15: Combined Attitude Instrument T-test for Paired Samples 

Paired Differences 
N Mean Std.Dev. 

Pretest 
Posttest 

173 
173 

64.92 
64.92 

14.01 
13.55 
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The results of the t-test for the combined experimental design scores 

in both Baker and Lark Middle Schools are shown in Table 16. These 

results indicate significant post-treatment increases in experimental design 

score. 

Table 16: Combined Experimental Design T-test for Paired Samples 

Paired Differences 
M Mean Std.Dev. 

Pretest 
Posttest 

146 
146 

2.03 
2.77 

1.52 
1.49 

The results of the t-test for the combined concept map scores in both 

Baker and Lark Middle Schools are shown in Table 17. The pre- and post-

test scores were compared for 7 categories including: "Concepts", "Wrong" 

(indicating nonsensical concepts), "Relationships", "Examples", 

"Hierarchy", "Crosslinks", and "Total" (indicating the complete score for 

each concept map). Significant post-test gains were demonstrated only in 

the "Concepts" category. All other categories failed to show significant 

differences between pre- and post-test score means. 



76 

Table 17: Combined Concept Map T-test for Paired Samples 

Paired Differences 
Mean Std.Dev. t-value df 2-tail Sig 

110 .540 Wrong I 

wrong 2 

110 .899 Examples I 

Examples 2 

Crosslinks I 

Crosslinks 2 

110 .703 

* The number "1" denotes the score for "pretest" in all categories 
** The number "2" denotes the score for "posttest" in all categories 
t "Wrong" denotes nonsensical concepts 
tt "Total" denotes the concept map score composed of all five 

subcategories 
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CHAPTER 5: DISCUSSION AND CONCLUSIONS 

Introduction 

In this chapter I will begin with a discussion of some of the results 

presented in Chapter 4, beginning with the attitude assessment, and 

continuing through the assessments of experimental design and concept 

maps. Following this I will address some of the issues associated with the 

cooperative nature of the development of THE MANDUCA PROJECT for 

Middle School.. Finally, I WLQ discuss some implications for classroom 

practice, and offer suggestions for additional research. 

Attitude Assessment 

Two main ideas in the results of the attitude assessment warrant 

discussion. The first is the fact that students at Lark had much higher 

attitude scores (both pre- and post-test) than did those at Baker (Lark pre

test mean: 68.18, Baker pre-test mean: 63.77, Lark post-test mean: 68.40, 

Baker post-test mean: 63.70). Since smdents in both schools verbally 

expressed a high degree of satisfaction with THE MANDUCA PROJECT, 

it would seem that the differences in scores are most likely caused by 

factors outside of the activity. 
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Among those potential factors is the vast difference between the two 

schools in classroom strucmre. At Baker, the structure was fairly rigid; 

desks were arranged in traditional rows, students were expected to enter 

class silently and immediately begin work on daily science trivia questions 

that were written on the board while the teacher took attendance and made 

announcements. Only after the daily questions were completed were the 

students permitted to investigate their ongoing Manduca experiments; any 

students who tried to look at their larvae upon entering the classroom were 

reprimanded. 

In contrast, at Lark students sat at large tables in groups of 6 with 

the students facing each other. The groups were rotated periodically 

throughout the year so that the students got used to working well with 

different members of the class. The Lark students were permitted to check 

on their experiments as soon as they entered class; most entered the 

classroom at a run and rushed to see what had happened overnight before 

reporting those findings to their teacher and to their friends. 

Just as these contrasts in classroom strucmre may have contributed to 

the Lark and Baker students' differing attitude scores, so might also the 

students' apparent relationships with their respective teachers. At Baker, 

diere was a lot of hostility directed towards the teacher; smdents made fun 
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of her when they believed themselves to be unobserved and were at many 

times openly defiant. At Lark, on the other hand, most of the students 

seemed to be genuinely fond of their teacher; they appeared to strive 

harder with the goal of pleasing her. 

The second major point with respect to attimde in this study is that 

although there was a large difference in attitude between the students at 

Baker and Lark, there was no significant change in students' attitude scores 

in either school from the pre- to the post-test. Is this surprising? No, it 

really isn't. Although technically it would be possible for THE 

MANDUCA PROJECT to have excited some students to the point that it 

changed their whole outlook on science as a subject, the fact that the project 

lasted for only two weeks makes it fairly unlikely. Science attimde is very 

closely related to "belief; students believe science to have certain 

characteristics and those perceived characteristics in turn shape a student's 

attitude about the subject. In order to change a student's attitude about 

science, that student's beliefs about science must shift as well. All of the 

available research on changing beliefs indicates a two-week intervention 

does not even begin to be enough time to change a belief system. Changing 

beliefs takes constant reinforcement over long time periods. 
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Since the instrument used to measure science attitude in this study 

was a measure of general science attitude it is probably not surprising that 

the results showed no significant change in attitude from pre- to post-

treatment. If an instrument had been employed which measured changes in 

attitude with respect to specific activities however, it is likely that the 

results would have been quite different. Over the course of the study I had 

the opportunity to both talk with and observe the smdents as they worked. 

With the exception of the two students who never quite got over a fear of 

the insects, all of the students in the study wholeheartedly enjoyed THE 

MANDUCA PROJECT. Many students stated (especially at Baker) that 

THE MANDUCA PROJECT was unlike any sort of activity they'd 

experienced in science class before, particularly with respect to its "hands-

on" nature. "Hands-on" was the single most frequently used phrase that the 

students used when asked to describe what they liked about the project. 

Many students revealed that they believed they "learned better" with a 

hands-on activity, "because actually doing something is a lot different and 

better than reading about it in a book or having the teacher tell you about 

it". 

Another aspect of THE MANDUCA PROJECT that nearly all of the 

students found particularly appealing was the fact that they had the 
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opportunity to design and implement ttieir own experiments. This was 

somewhat surprising to me; I had expected that at least some of the students 

would have preferred the "safety" of having the teacher give complete step-

by-step instructions. Instead, with the exception of a single student at 

Baker, approval was unanimous for the self-directed nature of the activity. 

The students did acknowledge that "sometimes it's harder this way" ("this 

way" referring to self-direction), but seemed to appreciate the fact that 

although they received as much help as they asked for, there was no one 

"telling them what to do". 

In observing the students it was easy to see the enthusiasm that they 

had for the project. From the very beginning of the study the students 

named their larvae and began every class by rushing in and immediately 

wanting to check on them (even at Baker where they weren't supposed to). 

The students were very excited about the day to day growth of their larvae, 

and eagerly reported growth data to each other and their teachers. 

Students who had larvae that initially grew more slowly than those of their 

peers worried visibly, then just as visibly cheered when their larvae began 

eating more and growing faster. 

The motivation that the majority of students had for THE 

MANDUCA PROJECT was obvious. Students enthusiastically shared their 
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experimental progress with each other, and in most cases got to work on 

their daily data collections without any prompting from the teacher. The 

special education teacher that was on hand for part of each day at Lark was 

particularly struck by the motivating effect that the project had on one 

learning disabled student, "Look at 'A.'I," she said, "Usually he has to have 

help even putting his name on his paper; now he is over there weighing and 

measuring his caterpillar all on his own!". Perhaps the most telling 

complimentary comment also came from a student at Lark, although it was 

echoed in spirit by many of the participating students, "I would like science 

class more if we did more stuff like this all the time". 

Experimental Design 

The students in this study demonstrated significant post-treatment 

gains in the scores of their experimental design instruments. This 

instrument, scored using a rubric developed specifically for this study, 

asked students to create two experimental designs; an experiment to answer 

a question of their own about M. sexta as a pre-test, and a second 

experiment to answer a posed question about a hypothetical situation 

unrelated to M. sexta as a post-test. Because these tests were very 

authentic in that students were actually performing the skills that were 
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being tested for (e.g. experimental design), it can be stated with confidence 

that the significant gain in post-test score is indicative of a significant gain 

in students' abilities to design scientific experiments following participation 

in THE MANDUCA PROJECT for Middle School. 

These results are encouraging because they add weight to ideas that 

are currently held about the potential benefits of inquiry-based science 

educadon. The students in this study had never had the opportunity to 

think through an experimental design on their own; instead, what hands-on 

activities they experienced in class had consisted of being given a complete 

set of instructions for the purpose of carrying out a "canned experiment". 

During THE MANDUCA PROJECT, students had the opportunity to work 

their way through the investigative thought process, applying the abstract 

concepts of "controls and treatments", "replicates", "taking data", and 

"measurement" to procedures used to answer questions of their own 

making. Smdents performed procedural steps because they were necessary 

to their questions, not because a book or an instructor told them that they 

"had to". 

Once again, as with the attitude scores, experimental design scores 

(pre- and post-test) at Lark were higher than those at Baker. The fact that 

Lark students demonstrated higher science attitude scores than did students 
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at Baker may be in part responsible for tJiis difference. Better attitudes 

about science indicate a higher level of enthusiasm for the subject which 

may in turn cause the students to try harder and spend more time 

discussing activities with their peers, resulting in the production of more 

complete experimental designs. 

Another possible explanation for this difference between the scores 

in the two schools is the fact that at Lark, class periods lasted for two 

hours, while at Baker, class periods were fifty minutes. As a consequence. 

Lark students had the opportunity to more thoroughly explore the scientific 

method over the course of their experiments and to consider each aspect of 

their experimental designs without the time pressure encountered at Baker. 

It is interesting to note that although significant gains were made in 

experimental design post-treatment, the concept of "replicates" continued to 

pose problems for many of the smdents in both schools who wrote 

otherwise perfect experimental designs. During their Manduca 

experiments, the students appeared to accept the need to perform trials 

more than once or twice; each group was issued several larvae and ran 

trials with all of them, averaging results at the end of their experiments. In 

the post-test however, it was apparent that the idea of replicates did not 
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transfer to the new situation, with most students designing experiments 

with one control trial and one of each treatment trial. 

It is unclear why the concept of replicates appears to be such a 

difficult one for the smdents to grasp, although one possible explanation 

suggests that the sixth-graders in this study were not yet developmentally 

advanced enough to truly comprehend the concrete operational nature of 

the concept. 

The concept of rephcates notwithstanding, it seems that THE 

MANDUCA PROJECT has a dramatic positive effect on smdents' abilities 

at experimental design. This is very exciting because the ability to think 

through a problem and solve it scientifically is vital for achieving scientific 

literacy. Students who have skill at designing experiments of their own 

will also be better able to look critically at the work of others and draw 

appropriate conclusions. In short, they will develop the ability to become 

informed "consumers of research". 

Concept Maps 

The results of the concept map analysis demonstrated significant 

improvement in the category of "concepts", but although there was post-

treatment improvement in "wrong concepts", "relationships", and "total", it 
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was not substantial enough to be considered significant. The post-treatment 

losses in the categories of "examples", "hierarchy", and "crosslinks" (also 

non-significant) were most likely a direct result of the increase in concepts; 

most students appeared to concentrate on writing as many concepts as they 

could, but failed to develop those concepts by adding examples, crosslinks, 

or levels of hierarchy. Since there were on average fewer concepts written 

on the pre-test, students developed those few concepts more completely. 

What does a significant increase in "concepts" indicate? Increased 

concepts means that over the course of THE MANDUCA PROJECT 

students acquired new ideas about M. sexta, and the new vocabulary that 

accompanies those ideas. They were able to work that vocabulary into 

their cognitive maps, demonstrating the beginning of a more complete 

understanding of the science concepts associated with the subject. 

It was surprising that "concepts" was the only area in which 

significant improvement post-treatment was demonstrated; I expected that 

students would show improvement if not ui all areas, then at least in 

"concept" AND "relationships", two categories are somewhat dependent on 

each other. 

There are many possible reasons that the students failed to 

demonstrate the expected post-treatment improvements. To begin with, the 
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students participating in the study were very unfamiliar with the idea of 

concept maps; only a few students had ever done them before. This 

inexperience may have accounted for a significant portion of the 

difficulties. Many students seemed very uncomfortable with the open-

ended nature of concept mapping; they repeatedly asked questions like, 

"Am I done?" and "Is this good?" during the concept mapping exercises, 

and were very unsatisfied with the teachers' response of "What do you 

think? Can you add anything more?". Several students, upon realizing that 

they alone were responsible for making the decision as to their "doneness", 

immediately stopped working, deciding that their concept maps were "good 

enough". 

Another area of difficulty was the fact that although the smdents 

received instructions on the construction of concept maps prior to both the 

pre- and post-tests, many failed to follow those directions. One area in 

which this was particularly evident was that of the "relationships" category. 

Although the instructions emphasized otherwise, many students failed to 

write words or statements on the connecting lines between concepts. Since 

points for "relationships" could only be assigned to those connecting lines 

with explanations, many students lost all or part of their "relationships" 

points in this way. 
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A possible confounding factor for both students' inexperience and 

failure to follow directions was time constraint, particularly for students at 

Baker (who once again demonstrated lower average scores in most 

categories than students at Lark). Concept maps require significant 

amounts of time to develop, especially if the student is unfamiliar with the 

process. During the concept mapping exercises, class length was a factor as 

well the some of the students' relatively brief attention spans. Motivating 

the students to do their best with this instrument was extremely difficult, 

indicating that perhaps a different method of assessing science concepts 

acquisition should have been considered. 

Project Development and Implementation Issues 

There are two main areas with respect to project development and 

implementation that warrant discussion; the first concerns the product of 

the developmental workshop, that is the project itself in the form of the 

teachers' guide (see Appendix 1). This guide contains a wide variety of 

information, some of which may have been very different if the 

developmental group had been composed of different individuals. Each 

participant in the workshop brought her own unique perspective, as well as 

unique desires and prejudices. 
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An example illustrating this may be found in a description of the 

activities that the undergraduate science majors and I engaged in the few 

weeks before the developmental workshop. In an effort to provide the 

participating teachers with some (we thought) exciting experimental ideas 

right at the beginning of the workshop, Deepa, BCristi, and I spent several 

weeks developing the technology for a study of Mandiica blood. Manduca 

blood changes color depending on whether or not the larva has had the 

opportunity to consume carotinoid pigments in its diet. The blood in turn 

helps to determine the color of the larva itself, with the color ranging from 

bright green (in larvae that have consumed carotinoids) to a pale bluish-

green (in larvae that have not consumed carotinoids). In the lab, prior to 

the workshop, we worked to develop several possible "low-tech" 

chromatographic techniques to separate the larval blood into various 

colored fractions, showing that the blood of the green larvae (carotinoid 

fed) had a blue fraction and a yellow fraction whereas the blood of the blue 

larvae (non-carotinoid fed) contained only the blue fraction. 

We were feeling quite proud of ourselves when we had the 

opportunity to share our work with the teachers during the first week of 

the workshop. Imagine our surprise when the teachers not only didn't 

seem interested in our "discoveries" but actually expressed horror! For the 
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teachers is this particular group, the idea of any sorts of "invasive" 

experiments with the insects were repugnant, and they preferred to limit 

their studies to topics that would not harm their study subjects in any way. 

The section on "Ideas for Experiments" in the teachers' guide 

reflects this preference, with most of the ideas presented revolving around 

benign growth and behavior experiments. A different group of teachers 

may have felt very differendy about this subject; experimental ideas in that 

case may have contained experiments involving blood, dissections, and/or 

other invasive procedures. 

The message here with respect to project development issues is the 

importance of listening to needs and desires of the participants in a 

developmental setting. A project facilitator who attempt to force his or her 

own preconceived notions upon members of the cooperative team will most 

likely fail. If we expect teachers to use new curricula in their classrooms, 

it is not enough that the teachers merely participated in the developmental 

process. They must be completely comfortable with the activities involved, 

and excited, not disturbed or confused by the results of the developmental 

team's work. 

The second main project development issue involves the classroom 

format for the pilot-test. The data in this study showed a large disparity 
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between scores from each of the two middle schools (see discussions 

above). Although it is possible that these score differences were due to 

irmate differences in the students at each study site, it is somewhat unlikely. 

A more reasonable explanation for the observed differences lies in the 

differing styles of teaching as demonstrated by the two teachers 

participating in the study. If this is true, then it becomes of vital 

importance for future studies of this nature to include "teacher effects" as a 

key component in determining the effectiveness of such inquiry-based 

curricula. In some classrooms, inquiry-based activities may not work well, 

not because the students are un-interested, but rather because the activities 

are incompatible with a given teacher's classroom management style. If 

this is the case, it would be wise to pre-screen teachers to determine 

whether or not their classes are likely to benefit from the new curriculum 

prior to developmental workshops and extensive classroom intervention. 

Implications for Classroom Practice and Suggestions for Additional 

Research 

Implications for classroom practice and suggestions for additional 

classroom research are presented here in the same section because they are 

in many ways related; both are intimately involved with questions of 
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assessment, and even those areas that do not direcdy involve classroom 

practice may be significant for the "teacher as researcher". Classroom 

practice and research should be closely linked. 

For future studies of THE MANDUCA PROJECT for Middle 

School, or for its effective use in the classroom, those interested in 

assessing the activity's effect on student attitude would be wise to develop 

an instrument that specifically addresses the content of the activity. 

Questionnaires, either using a Likert-scale or a short answer format would 

be easy to score and relatively easy to design. Another possibility would be 

having students write essays about their experiences with THE MANDUCA 

PROJECT; the essays could serve as valuable writing exercises as well as 

potentially rich sources of both content and attitude data. 

An additional point to consider with respect to changing students' 

attitudes about science is the possibility of a much longer intervention. 

Instead of spending two weeks working continuously with THE 

MANDUCA PROJECT, classes could do periodic work with the project 

throughout the year, interweaving it with other lessons, and using the 

insects as models to demonstrate aspects of whatever science topic was 

current. In this way, students would have the opportunity to engage in 

hands-on, exploratory science on a regular basis over a long period of 
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time, potentially with a much greater impact on beliefs and attitudes about 

science. 

With respect to the assessment of experimental design, although the 

analysis of students' written designs proved effective, further work should 

not limit itself only to this method. A particularly interesting activity 

would be the design and presentation of experiments by students (either 

orally or through written projects) to their peers. This would allow the 

teacher/researcher to not only assess the presenting students' experimental 

designs, but by requiring feedback, also the thinking skills of the students 

hearing (or reading) the presentation. Students given the opportunity to 

critique (either verbally, or on paper) their peers' work would develop 

their abilities to read research critically as well as leam to offer and 

receive constructive comments. Students working cooperatively in this 

manner to help each other improve has proven to be an effective classroom 

technique in a variety of studies. 

Assessing science concept acquisition in this study proved 

problematic, and offers ample area for refinement. Although concept 

maps have the potential for being a powerful assessment tool, it is clear that 

in order for them to be effective, some modifications in the concept 

mapping activities must occur. One possibility that involves a general 
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change in classroom practice would be the use of concept mapping on a 

regular basis; as group activities and study aids, as well as for assessment. 

Students that were more familiar with concept mapping, having had 

experience designing concept maps as well as receiving feedback on them 

would probably not make as many procedural errors as did the students in 

this study. They would be able to concentrate of the subject matter of the 

concept map instead of being distracted by the unfamiliar process of 

constructing one. 

Another possibility that might facilitate the use of concept maps as an 

assessment tool would be to add more structure the activity by providing 

each smdent with a list of potential concepts to be used in their maps. 

Students would be able to choose which of the listed concepts they wished 

to use; smdents with more advanced understanding of the subject would 

most likely use more of the listed concepts than those with a more 

rudimentary understanding. Students would receive bonus points for any 

concepts that they used which we added on their own (concepts not on the 

distributed list). Having a concept list would facilitate concept map 

construction in several ways; first, "concept understanding" as opposed to 

"concept memory" could be more easUy assessed. Second, because students 

would be less concerned with remembering concepts, they could devote 
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more time to the relationships between the concepts, hierarchies, 

crosslinks, etc. Third, a finite list of concepts would remove some of the 

ambiguity for those students troubled by the "open-endedness" of the 

concept mapping activity as originally presented; it would be obvious to 

those students that the more concepts from the list that they were able to 

incorporate, the "better" their maps would be. 

In addition to concept mapping, other methods for assessing science 

concept acquisition should be explored. Possibilities include, but are not 

limited to, paper and pencil tests developed with specific science content in 

mind, and student essays scored using a developed rubric to assess content. 

Authentic assessment for science concept acquisition is a difficult task; 

perhaps the best assessment will include a combination of a variety of 

instruments and techniques. 

From this initial pilot smdy, it appears that THE MANDUCA 

PROJECT for Middle School has the potential to be a beneficial addition to 

the middle school classroom, especially in the area of helping students leam 

more about designing and carrying out scientific experiments. Therefore, 

it would also appear that the model of cooperation between teachers and 

university scientists for the purpose of creating new science curricula is 

also a potentially beneficial one. Further study needs to be done however. 
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before the program can be recommended to a wider audience. A crucial 

study is one in which the performance of smdents participating in THE 

MANDUCA PROJECT is compared to a control group of students with a 

different classroom experience. Examining each group's improvement (or 

lack thereof) in a number of pre-determined areas would help to determine 

the merit of THE MANDUCA PROJECT relative to other possible 

classroom activities. 

Another research area which could prove interesting would be to 

look at the effect of participation in THE MANDUCA PROJECT on 

students of very different ability levels. The very high variance in most of 

the instrument scores in this smdy would seem to indicate that different 

students reacted very differently to the project. Further study may indicate 

that THE MANDUCA PROJECT is most suitable as a curriculum for 

gifted smdents or for smdents with learning disabilities. 

What's next for THE MANDUCA PROJECT? 

THE MANDUCA PROJECT for Middle School is still in its infancy, 

and as a result, continues to evolve. Pilot-testing of the project has just 

begun in Denver, CO, and thus far the participating teachers and smdents 

are as enthusiastic about it as those in Tucson, AZ. We will continue to 
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make refinements witJi respect to content and assessment, and each new 

group of teachers and students who participate in the project will add their 

own unique perspectives, ideas, and activities. 

The next planned phase in THE MANDUCA PROJECT for Middle 

School involves a move to the information superhighway; all participants, 

regardless of where they are geographically, wiU be able to share ideas, 

experimental results, problems, and solutions by linking with each other 

through the forthcoming MANDUCA PROJECT Web Site. This site, in 

addition to providing the framework for communication between teachers, 

students, and university scientists, wiU provide M. sexta rearing 

information, up-to-the-minute news of ongoing M. sexta scientific 

research, and support and ideas for teachers as we work together to 

develop new approaches to THE MANDUCA PROJECT in the classroom. 
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Introduction 

Scientific Literacy 

Scientific literacy for all students is the goal at the heart of current 
efforts in science education reform, but what exactly does this mean and 
how do we achieve it? Sunply stated, a scientifically literate person is one 
who can function comfortably in a world in which science and technology 
are increasingly becoming a part of everyday life. Scientifically hterate 
people understand issues surrounding decision-making with respect towards 
environmental issues and policy, can intelligently discuss choices for health 
care with their doctors, and experience the excitement that comes from 
understanding the workings of the namral world. Scientific literacy is also 
becoming increasingly more important in the workplace, with employers 
seeking people who are skilled at learning, reasoning, thinking creatively, 
solving problems and making decisions. The understanding of science and 
science process fostered by a scientific literacy approach to education can 
contribute dramatically to the development of these skills. 

The question remains, how can we as educators help our smdents to 
become scientifically literate? An excellent starting point is the National 
Science Education Standards (NSES), a document published in 1996 by the 
National Academy of Sciences. Created by an extensive team of scientists, 
educators, administrators, parents, curriculum developers, and government 
officials, the NSES provides a "road map" for the achievement of scientific 
literacy. It calls for more than a "science as process" approach to teaching, 
and requires that smdents engage in inquiry-based learning. In an inquiry-
based classroom format, smdents have the freedom to ask their own ques
tions, describe events and objects, construct explanations, compare those 
explanations with current scientific knowledge, and communicate their 
findings to others. An mquiry-based approach discourages "cookbook labo
ratories", but instead encourages students to identify their own assumptions, 
use critical and logical thinking, and consider alternative explanations. The 
result is a science program which combines scientific knowledge with a 
major emphasis on reasoning and thinking skills. 

The NSES does not require the use of specific curricula, but rather 
presents sets of more generalized content standards under a variety of sub
topics (See Appendix 1). The content presented in the NSES may be orga
nized with different emphases and perspectives in many different curricula. 
THE MANDUCA PROJECT for Middle School is one such curriculum. 
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THE MANDUCA PROJECT: History and Background 

In 1991, a pilot science outreach program for grades K-3 called THE 
MANDUCA PROJECT was initiated through the joint efforts of the Univer
sity of Arizona's Department of Biochemistry and the Tucson Unified 
School District (TUSD). The plans for this project began simply; teachers 
would receive young tobacco homworm (Manduca sexta) caterpillars, labo
ratory diet, basic instructions for rearing the insects in their classrooms, and 
help with planning a one-week long activity around the insects. It soon 
became apparent however, that this "one-week" activity was being expanded 
and developed by the teachers and their students into lessons involving a 
variety of disciplines over weeks and even months! Since that time, elemen
tary teachers have used Manduca sexta to teach smdents the elements of 
observation, having the students keep detailed logs, and graphing, by plot
ting the growth of the insects. They have constructed simple balances in 
their classrooms for recording changes in weight, and have measured 
changes in length using everything from rulers to macaroni or bits of string. 
Many teachers have taken a multidisciplinary approach, using insect growth 
and development as the basis for writing projects, songs, and art projects. In 
aU classes, each student have had their own insect to observe and care for, 
instilling a real sense of responsibility in the students, as well as heightening 
their observation skiUs. 

In 1994, we decided that the time had come to expand THE 
MANDUCA PROJECT to make it more appropriate for use at the middle 
school level, making the science content more challenging, allowing for 
inquiry-based experimentation, and tailoring it for use with the National 
Science Education Standards. The group that undertook the development of 
THE MANDUCA PROJECT for Middle School consisted of three TUSD 
middle school teachers, two undergraduate science majors, and a 
multicultural curriculum development consultant from the University's 
Department of Anthropology. TTie final member and coordinator of the 
group was a Ph.D. candidate in the University's Interdisciplinary Program in 
Insect Science with a double major in Entomology and Teaching and 
Teacher Education. 

THE^ TEAM.: : 
SUSAN &RUP06 
JUPE. GLASS 

MANSFELP NAIPPUE SCHOOU 
VAIU IVAIPPUE SCHOOL 

MARY LOU VAN LIERE MAGEE MIPPLE SCHOOL 

KRISTI STIFFLER 
PEEPA- WAPHWANl 

U. OF f\ UNPERC3RAP 
U OF A UNPERC5RAP 

PIANE RlSKEPAHL U OF f\ DEPARMENT OF 
ANTHROPOUOSy 

JENNIFER NASS: U OF Ai INTERPlSCIPLlNARy 
PROGRA/Vl IN. INSECT SCIENCE 
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Supervised by University faculty members in Biochemistry, Entomology, 
Mathematics, and Teaching and Teacher Education, this team worked for 
four weeks during the summer to develop the pilot version of THE 
MANDUCA PROJECT for Middle School described here. 

Purpose of the Teachers' Guide 

The spirit of both the elementary and the middle school versions of 
THE MANDUCA PROJECT is one of collaboration and cooperation, with 
scientists and educators working hand in hand to provide the best possible 
science education for our children. Because of this, the project is in a con
stant state of change as scientists, teachers, and their students develop new 
ideas for experiments and activities, and novel approaches to learning. 

With this in mind, it should be understood that this teachers' guide is 
intended as a starting point only. It includes an introduction to the study of 
insects, basic Manduca sexta biology and life cycle information for teachers 
interested in developing aManduca Knowledge Base" prior to introducing 
the insect to their classes, and detailed instructions for the successful rearing 
of Manduca sexta in the school environment. In addition, the guide provides 
ideas for experiments to try, as well suggestions for teachers interested in a 
multidisciplinary approach to teaching, and bibliographic references for 
those teachers or students interested in more detailed and extensive explora
tions. 

It is our hope that as more classrooms begin to utilize this curriculum, 
we will be able to add more ideas and information to the Teachers' Guide. 
Please keep in touch about progress with your MANDUCA PROJECT! 

Good luck and happy Manduca-ingl!!!! 
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Chapter 1: The World of Insects 
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Imagine for a moment, a world without insects... "Wonderful!!", you 
say, "Finally I can explore the great outdoors unbothered by all those nasty 
creepy-crawlies! Picnics without ants! Apples without worms! Camping 
without mosquito bites! Paradise! Where do I sign up?" 

Before you get too excited, however, consider this. Without insects 
our world would be a very different place. If insects didn't play their roles 
as pollinators and as food sources for other animals, the food available for 
human consumption would be drastically reduced. As a result, you might 
have a littie trouble putting together the meal for that "ant-free picnic" you 
were so looking forward to. Likewise, a pleasant camping spot might be a 
bit difficult to come by in a world full of the dead wood, dead animals, and 
manure which would exist without the aid of insects to help break them 
down. 

While it is true that some insects, like those blood-sucking mosquitoes 
or plant eating pests, do harm to humans directly, the vast majority do not. 
Rather, they are all a vital part of this planet's ecology, providing food 
sources, recycling natural materials, helping an enormous variety of plants to 
reproduce, and creating a huge number of different products, many of which, 
such as siUc and honey, we humans find very useful. On a scientific level, 
insects aUow us to explore possibilities for medical breakthroughs, and can 
provide systems to model our own body processes. Insects help us to better 
understand ourselves and the world around us. 

At the purely aesthetic level, insects provide our world with beauty, 
drama, and wonder. They have, it seems, limitless variety of colors and 
shapes, behaviors and habits. Look through a hand lens at an insect, and you 
enter a world more bizarre and outrageous than any science fiction author 
could dream up. They can be fascinating, entertaining, beautiful, or ugly. 
They are insects, and they are everywhere. 

^ ^ ^ # 
So many insects... 

In terms of both number of species and number of individuals, insects 
are the dominant form of life on earth. There are somewhere between 
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800,000 and 1,000,000 insect species known - that's more than all other 
animals combined! What's more, scientists estimate that with those insect 
species yet to be discovered, there are between 80 and 100 million species of 
insects sharing the planet with us. The 
sheer number of individual insects is even 
more staggering than the species count. It 
is estimated that at any given time, there 
are a biUion billion insects alive - if you 
consider that there are about a billion hu
mans in the world, this means that for 
every single human there are a billion 

insects. To 

Ann... lovely 
weather we're 

having, hmm? 

break that down even further, consider a single 
group of insects: If you were to weigh all of the 
termites in Africa, their combined weight 
would be more than that of all of the elephants 
in Africa! Certainly, problems of poaching and 
habitat destruction have taken their toll on the 
numbers of elephants, but even the idea of 
enough termites to equal the weight of one 
elephant is mind-boggling! 

Not only are insects incredibly numerous, they 
successfully occupy nearly every conceivable 

environment, and are constantly adapting to new ones. Habitats range from 
the Arctic tundra and glaciers, where you can find types of insects diat are so 
cold-adapted they wUl acmally die of the heat if you hold them in your 
hand,to the most arid and scorching deserts. There are species which have 
adapted to life in crude petroleum pools in California, others that occupy the 
Great Salt Lake in Utah, where the salt content is six times that of salt water, 
and still others that can be totally desiccated for months at a time, only to 
"come back to life" with the addition of water. Insects thrive in cities and 
rural areas, on land, in water, and in the air. If you can imagine a habitat, 
chances are that there will be at least one type of insect making use of it. 
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So why are insects so very successful? No one really knows for sure, 
although there are many theories. One involves insects' ability to fly. Any
one who has watched a house fly land on the ceiling, or been mesmerized by 
the acrobatics of a dragonfly skimming over the surface of a pond, is quite 
aware that many insects possess the power of flight. On a practical note, the 
ability to fly allows insects to escape from predators, and move away from 
their brothers/sisters/distant cousins to take advantage of widely spaced 
food supplies. In short, flight ability is a remarkable adaptation which many 
scientists believe is at least partly responsible for the success of insects as a 
group. 

"But wait!", you say, "If all it takes to be successful are wings, how 
come we're not overrun with birds and bats?". It's true, insect flight by 
itself probably cannot explain all of insect success and diversity. Another 
theory gives credit to the fact that insects are in general pretty small, and 
thus have many habitat areas to potentially take advantage of. Still another 
theory cites the hard, waterproof, outer shell or exoskeleton of insects as the 
major contributor to insect success. The reality of the situation is that we 
will probably never know for sure why there are so many insects. Putting 
that question aside for the moment however, we can leam something about 
the multitude of insects who share our world. 

The Insect "Family Tree" 

With so many insects to account for, it's probably not surprising that 
the "Family tree" or phylogeny can get pretty comphcated. To begin with, 
aU. insects are Arthropods; a large group which includes such animals as 
lobsters, spiders, scorpions, centipedes, and millipedes, in addition to in
sects. Arthropods all have hardened exoskeletons (skeletons on the outside) 
and jointed legs, traits which distinguish them from other animals. 

No one is precisely sure how all of the Arthropods relate to each other, 
but the relationships between the major groups or orders of insects is fairly 
well established (although like many other subjects of scientific research, 
there is still some heated debate about the placement of some of the groups). 
Shown on the following page is a widely accepted phylogeny of some of the 
major orders of insects: 

Looking at a phylogeny is a lot like looking at a family tree; those 



I l l  

groups of insects that are on branches close to each other are more closely 
related to each other than those on branches farther away. On this phylog-
eny, the groups nearer to the top (e.g. Springtails, Silverfish, etc.) are consid
ered to be more "primitive"; in other words, they've been around for a very 
long time and are relatively "simple". On the other hand, those groups 
towards the bottom of the phylogeny (e.g. Beedes, E^es, Moths, etc.) are 
considered to be more "advanced" and have evolved more complexity than 
the so-called "primitive insects" 

By the way, you're not imagining things. There is indeed a group on 
this phylogeny that is labeled 'True Bugs". This is a large group of insects 
which really are correcdy called "Bugs"! Examples of insects found in this 
group are the Backswimmer, the Cicada, and the Aphid (See below). 

Backs wimmer Cicada Aphid 
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Phylogeny of Major Insect Orders 
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So, what makes an insect an insect? 

So far you've learned a little bit about Arthropods and seen how all of 
the major groups of insects are related to each other. By now you may be 
wondering, "Just what is an insect anyway?". In spite of the enormous 
amount of variation within insects, there are two traits which link them all 
together. First, insects have three, and only three pairs of legs. Second, 
insects have three major body sections; the head, thorax, and abdomen. 
These two distinctions separate insects from all other Arthropod groups; all 
other Arthropods have more than three pairs of legs, and have either more or 
less than three body sections. 

Insect Anatomy 

Insects seem to be put together inside-out and upside-down. Their 
skeletons are on the outside of their bodies, their heart runs in a thin line 
down their backs, and their nerve cords are found along their bellies. Some 
even have more than one "brain"! 

Although the particulars for the design of insect internal anatomy 
varies somewhat with the type of insect, some characteristics remain con
stant throughout the insect world. For instance, aU insects have what is 
called an open circulatory system, which basically means that the blood or 
hemolymph just sort of sloshes around inside of them, unconfmed by blood 
vessels like ours. The only real blood vessel that insects have is the dorsal 
heart (Fig. I) which runs from their head region down their backs. This 
vessel has a pumping function, and keeps the blood moving around, albeit in 
a disorganized manner. Ostia 

Dorsal Vessel or "Heart' 

Fig. I Insect circulatory system: Arrows indicate 
direction of blood flow. 
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This disorganized blood flow of insect seems at 
first glance to be a recipe for disaster. After all, our 
blood has to be pumped efficiendy to bring oxygen 
to all of our organs - how can insects possibly 
survive with randomly sloshing blood? The an
swer is that insects do not use blood to carry oxy
gen to their cells, but rather have a respira
tory system consisting of branching tubes called 
tracheae. The tracheal system (Fig. 2 ) runs 
throughout the insect body branching into ever 
smaller tubes called tracheoles which bring oxy-

It should be noted that insects do not have 
lungs for pumping air into and out of their bodies. 
Most air flow happens through passive diffusion, 
although some insects can be observed pumping 
their abdomens to increase air flow. 

Insect digestive systems vary greatly de
pending on what food each insect species con

sumes. You can imagine that it would take very different sorts of "equip
ment" to digest blood like a 
mosquito, sap like an aphid, Malpighian Tubules 
leaves Uke a grasshopper, or 
wood like a termite! One 
thing that does remain fairly 
constant in the insect world 
however, is the way insects 
process their nitrogen-
containing wastes. Instead 
of kidneys like we have, 
insects have what are called Malpighian tubules (Fig. 3). Depending on 
insect species, there may be between two and several hundred of these tubes 
waving around in the blood of the insect, collecting metabolic wastes and 
dumping them into the digestive system. 

Fig. 2 Insect Tracheal System 
(Adapted from Evans. 1984) 

Fig. 3 Example of an insect digestive system 

with Malpighian mbules labeled. 
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External insect anatomy is only slightly less bizarre than internal 
anatomy. Moving from front to back there is the head, with eyes and anten
nae for sensing the environment, and an assortment of mouthparts for con
suming food. Next comes the thorax, a three-segmented section which is the 
center for locomotion. Insect legs and wings (for those insects that have 
wings) are attached to the thorax. Finally, at the tail-end of the insect is the 
abdomen. This many-segmented section is the center for digestion and 
reproduction. Breathing holes, or spiracles are found in a line along the 
sides of the thorax and abdomen. These lead to the tracheal system and are 
the sites where air flows in and out. 

Figure 4 shows the external anatomy of a "generalized" insect, or one 
with very few modifications to the general insect body plan: 

Thorax 
Head Wing 

Compound eye 

Antenna 
Legs Abdomen 

Fig. 4 Generalized insect diagram 

In terms of diversity of form, one of the most interesting areas to 
examine in insect anatomy is insect mouthparts. The most basic form is the 
simple "chewing type" shown in Figure 5 on the next page. 

Even this "simple" mouthpart type has what first appears to be a 
mind-boggling assortment of parts. To begin with, there is the labrum, a 
flap-like structure which acts more or less like an upper lip. Directly be
neath the labrum are the mandibles, or functional "jaws". Unlike our jaws, 
insect mandibles work side-to-side as opposed to up-and-down. Behind the 
mandibles are the maxillae; multi-segmented structures which are partially 
responsible for sensing and manipulating food (palps), and partly for chew
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ing it. Finally, attached behind all of the other mouthparts is the labium, 
which serves as a combination lower lip and, by way of the attached palps, 
as a sensory structure. 

It should be noted that not all insects have all of these mouthparts. In 
many groups, especially the more "advanced" ones, various parts may be 
reduced or even absent, lending those insects' mouthparts a very different 
look from the ones pictured here. Like the digestive system structure, 
mouthpart type is highly indicative of food and life-style choices; insects 
wiU have mouthparts that best suit the habitats in which they live. 
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Simple eyes 

Compound eye 

Antenna (cut) 

Maxilla Maxilla 

Labium / 

Mandible Mandible 

Palp 

Fig. 5 Insect mouthparts (chewing type) 
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Insects in the Classroom 

What has been presented here is a very 
brief introduction to the wonders of the insect 
world. Insects are amazing creatures, and 
even from this quick tour it should be obvi
ous that the possibilities for exploration and 
learning at any level are virtually endless. 

Exploratory activities using insects and JusUn weigh their 
lend themselves paracularly well to use in the caterpillar. 
classroom; insects are easy to find almost 
anywhere, and there are many which are actually very simple to raise in the 
classroom. Live insects in the classroom allow students to get real hands-on 
experience observing and designing experiments with live animals, experi

ence that cannot be duplicated through the use of 
books and models. Perhaps more importantiy, 
students of all ages are fascinated by insects. They 
capture smdents' attentions and open their minds; 
crucial steps in the learning process. When the 
mind is open, anything can happen! 

Giovy gets a close look at 
her caterpillar 



Chapter 2: THE MANDUCA PROJECT and 
Manduca sexta 
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The world of insects offers an almost unlimited pool from which to 

draw ideas for activities. It would be impossible however, to try to address 

everything there is to know about insects all at once. With this in mind, 

THE MANDUCA PROJECT 

focuses on the group of moths and butterflies, a group whose scientific name 

is Lepidoptera. Lepidoptera literally means "scale-wing" and a close ex

amination of the wings of any butterfly or m.oth will show that the distin

guishing characteristic of this group is that the wings are covered with tiny 

scales. These scales are responsible for the colors and patterns on the wings 

of moths and butterflies and are commonly recognized as the "powder" 

which comes off of the wings when they are touched. 

Although there are many kinds of Lepidoptera, Manduca sexta is the 

species at the heart of THE MANDUCA PROJECT. This large moth has 

been the subject of years of scientific research ranging from behavioral 

studies, to investigations of 

biochemical and genetic processes, to even helping model how muscles and 

hormones may be effected by space travel. Manduca sexta is an invaluable 

tool for scientific research (See Appendix 2 for a review of Manduca sexta 

research). Over the years since the development of THE MANDUCA 

PROJECT we have learned that this insect can be an invaluable tool in the 

classroom as well. 
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The Life Cycle of Manduca sexta 

Adult moth 

1st instar larva 

in 2nd instar larva 

5th instar larva 

3rd instar larva 

4th instar larva^ 
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Life Cycle 

Manduca sexta is conunonly called a Sphinx moth. Hawk moth, or 

Hummingbird moth. This moth, like the other advanced insects, has a life 

cycle showing complete metamorphosis. Complete metamorphosis is a 

pattern of growth and change characterized by four predictable, very dif fer-

ent life stages, the egg, larva, pupa, and adult. 

The Larval Stage 

Larvae, also known as caterpillars, hatch from their tiny, pale green 

eggs three to five days after the eggs are laid. These "newborn" or first 

instar larvae are only a few millimeters long and very pale green, but that 

changes quickly. As the larvae get older and larger they become bright green 

with seven pairs of lateral white stripes bordered with black. At the hind end 

of the body is a horn or spine-like process which is most often red or red

dish-brown. This horn is characteristic of most species in this family of 

moths, and serves as the basis of another common name: the tobacco 

hornworm. It is not clear what purpose the horn serves, although there is 

speculation that it may be usefiil in protective camouflage or mimicry. 

One thing it does not do however, is house a sting, although it is a common 

myth that it does. 
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Thorax 
Abdomen 

Leg 

Chewing mouthparts Proleg Spiracle 

The name Manduca means "glutton", and looking at the larvae it's 

easy to see the source of this name. The larvae have mouthparts adapted for 

chewing, and these 

are put to good use eating everything in sight, [n the wild, they feed vora

ciously on such plants as tobacco, tomato, potato, pepper, and nightshade 

(Family: Solanaceae). Gardeners familiar with this insect know that a ma

ture (5th instar) larva can consume an entire tomato or chili plant in a single 

night! 

It is important to note however, that the larvae do not eat all of the 

time. Right before each larval molt, the larvae stop eating and void their gut 

contents so that they are empty for the actual molt. Also during this phase, 

(which can last 48 hours or more) the old hard head capsule slips forward to 

make room for the developing new one. The larvae appear "bubble-headed" 

at this point and are informally referred to as "head-caps". Eventually, the 

old skin (exoskeleton) is shed and usually eaten by the larva in a terrific 

example of "recycling". 
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The molting process repeats itself four times, with each successive 

molt yielding a larger larva. At the end of the end of the fifth and final larval 

instar however, something different happens. The huge larva climbs down 

from its host plant and begins vigorous walking or wandering. During this 

period, gut contents are once again voided, body moisture is lost, and a dark 

line or (the dorsal heart) becomes visible along the larva's back. At this 

point the larva seeks out soil or leaf litter and buries itself. After a few day, 

the buried larva molts one last time to form a light green pupa. 

The Pupal Stage 

The pupal stage of insects is frequently referred to as a "resting 

stage". WhUe this is certainly true inasmuch as the insect is no longer walk

ing around and feeding, metabolically, amazing changes are being made. 

Over the first few hours, chemical reactions cause the pale green skin or 

cuticle of the new pupa to become dark brown and much harder. A close 

look at this cuticle will reveal the location of the future wings, eyes, anten

nae, and proboscis or mouthparts of the adult moth. 

Thorax 
Abdomen 

He; 

Compound eye Anterma 
Spiracle 

Proboscis 
Wing 
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It should be noted that although the pupa looses the ability to walk, it still 

has some ability to move, and in fact, the end of the abdomen may thrash 

violently if the pupa is disturbed. This response is purely defensive, and 

may startle a potential predator into dropping the pupa and seeking a less 

lively meal. The thrashing is also effective against very small predators, and 

may actually decapitate ants attacking by way of the spiracles! 

The Adult Stage 

Pupal development is completed in 19 to 23 days and the adult 

Mandiica sexta emerges. The adult is a large, gray moth with a wingspan of 

up to 100 millimeters (4 inches). It is characterized by dense wing scaling, 

banded hindwings, and six orange-yellow spots along each side of the abdo

men (hence die scientific name sexto'''). The proboscis, which first ap

peared as a conspicuous "jug-like handle" in the pupa, becomes a tightly 

coiled functional siphon or proboscis in the adult. 

Abdomeii 

Antenna 

Proboscis 

Compound eye 

Thorax 
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Unlike the chewing mouthparts of the larvae, this proboscis may be uncoiled 

and used much like a soda straw to sip the nectar which is the adults' only 

food. 

Adults are strong flyers, active at dawn and dusk, and may often be 

seen hovering hummingbird-like from flower to flower. Within two days 

after emerging from the pupa, adults begin mating, and females lay their 

eggs on the same sorts of host plants their larvae preferentially feed upon. 

After an average life span of only a single week, the adults die, leaving the 

garden to the next generation of hungry caterpillars. 
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Rearing Manduca sexta in the Classroom 

You need: a supply of artificial diet (see pg.) or plants* 
a larva box (see pg.) 
a Manduca rearing box (see pgs.) 
small plastic cups with ventilated lids 
a supply of Manduca eggs 

How to: 
1) In the larva box, place a thin wafer of artificial diet on top of the hardware 
cloth, and the eggs on the paper towel under it. It is important to remem
ber not to put the eggs directly on the diet, as sometimes this can lead to a 
problem with egg death due to mold. The eggs will hatch within six days. 

2) After the eggs hatch, add more diet to the box. Make sure to clean out the 
accumulated droppings, and replace the diet daily. 

3) The larvae can be raised in their original box for a few days, but soon, 
their rapid growth will cause the box to become overcrowded (overcrowded 
conditions can cause poor growth and even cannibalism!). When the larvae 
are about an inch long, they should be moved into individual plastic cups 
with ventilated lids (i.e. with punched holes). Another option is to have 
multiple larva boxes, and separate the one inch larvae into small groups in 
each. 

4) Change the diet, wipe off excess moisture from the container, and remove 
droppings daily, otherwise mold and bacteria will grow which may be fatal 
to the larvae. 

5) Important: Just prior to each larval molt, each larva will stop eating 
for a brief time. This is normal behavior, and does not signify a health 
problem!!! After a few hours, the larvae will shed and resume eating. 
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6) During the fall and spring, temperature shouldn't be a problem: If you are 
comfortable, the larvae will be comfortable. Periods of cold weather, when 
buildings are not heated well at night and on weekends, can slow growth or 
even kiU the larvae! If it looks like temperature wiU be a problem in your 
classroom, you may want to think about providing an additional heat source. 

7) Depending on the temperature, the larvae should take about 2 weeks to 
develop to the "wandering stage". You should expect some variation in the 
time to reach this stage. Remember: These animals will reflect the natural 
variation that one sees in nature. Some will develop slowly; others will 
complete their life cycle sooner. 

8) You can recognize wanderers in several ways: 1) The skin toughens and 
the dorsal heart becomes visible as a dark line along the back; 2) the insect 
stops eating and voids its gut contents; 3) the insect begins to walk continu
ously, trampling its food and droppings into mush. 

9) Wanderers must be washed and dried, and placed in darkness. Wrapping 
each insect loosely in tissue or paper towels, and placing them in plastic 
cups in a cupboard or closet works very well. Do not allow the developing 
pupae to sit out, as dry air will desiccate them and few will survive to adult
hood. 

10) Nineteen to twenty days after wandering, the pupae should be placed in 
the cage with a tomato plant and a 14 hour light/10 hour dark Lighting cycle. 

11) After the moths emerge, they will mate and the females will lay eggs on 
the tomato plant leaves and sides of the box (sugar-water made available to 
the moths wiU increase egg production). These eggs may be collected, and 
the entire rearing process begun again. 

* Rearing the insects on plants has advantages and disadvantages. The benefits are that 
you needn't be concerned with supplying food or cleaning "the cage". The problems are 
that you need plenty of light and warmth to support plant growth, and you'll need plenty 
of plant growth: a large larva can eat an entire plant in one day! If you choose to rear 
your Manduca on plants, you'll need to surround your plants with netting to keep the 
larvae contained when they start to wander. After wandering begins, treat the larvae as 
described for those reared on artificial diet. 



129 

Building the Larva Box 

You will need: 
One plastic, rectangular, covered storage box 
One piece of hardv^^are cloth (wire mesh) 
Paper towels 
Wood burning tool 
Wire cutters or strong scissors 

Complete Larva Box 

Air holes Diet cube 
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Hardware cloth 
Eggs on paper towel (cut away view) 

How to: 
1) Use the wood burning tool to make several holes around the upper 
edge of the plastic box. These will serve as air holes to provide oxy
gen to the growing larvae, and keep the humidity level in the box from 

rising too high. 

2) Cut the hardware cloth so diat it is just slightly less in lengdi than 
the plastic box, and approximately 4 inches wider. Folding width-
wise, bend these "long ends" into "legs", each about 2 inches long. 
You should now have a "table" of hardware cloth that will fit inside of 

the plastic box. 
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3) To use your larva box, line the bottom with paper towels and place 
the eggs on top of them. Then place the prepared hardware cloth in 
the box so that the eggs are "under the table". Finally, a cube (or 
cubes) of artificial diet may be placed on top of the hardware cloth for 
the soon-to-hatch larvae, and the box can be covered. Keeping the 
eggs separate from the diet this way cuts down on the possibility of 
the eggs molding, and makes clean-up easy - larvae (of all ages) will 
cling to the food and hardware cloth, while their droppings will fall 
through the mesh to the paper towels. To clean the box, simply lift 
out the hardware cloth and its "passengers" and remove the soiled 
paper towels, making sure to check for any larvae that may have 
fallen off the hardware cloth before throwing the paper towels away. 
Finally, replace the soiled paper towels with fresh ones, and reas 
semble the box. 



131 

Building the Manduca Rearing Box 

You will need: 
One box approximately 18"x 18"x 24" (available from moving com

panies) 
One plug-in 24 hour timer 
One night light fixture with bulb 
One 6 ft extension cord 
One 25 watt round light bulb 
One 18" plug/socket 
Two sheets of clear overhead (tranparency) film 
One 12 '/2"x 20" sheet of black plastic (polyfilm) 
Clear box seal tape 
Box-cutter or sharp scissors 
Black enamel paint and small paint brushes 
One small plastic cup with lid 
Strong thread or fishing line 
Hole punch 
Sugar water (2 Tbs. sugar/cup of water) 
Potted tomato plant or plant stalk in bottle of water 
Pen or pencil for marking 

Optional: 
Liner paper (e.g. paper towel, construction paper, etc.) 

How to: 
1) Paint the night Ught bulb with a light coat of black enamel paint -
The amount of light that gets through the coating should simulate 
dawn or dusk. Set painted bulb out to dry. 

2) Use box seal tape to close and reinforce box. 
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3) Stand the box on the 18"x 18" end and mark a "door" on one of the 18"x 
24" sides. The door should be approximately IT'x 17". Cut the door using 
the box-cutter or scissors - REMEMBER: leave one side uncut to serve as 
the hinge!!!!! 
4) Using the box seal tape, tape the two sheets of overhead film together 
with as little overlap between the sheets as possible. This will be your rear
ing box's "window" panel. 

5) Using the window panel to measure, mark an outline for a window frame 
on one of the remaining 3 walls of the box. REMEMBER; the outline 
needs to be slightly smaller than the area of the plastic window panel!!! 
Use the box-cutter to completely cut out the window outline. 

6) Use the box seal tape to attach the window panel to the window outline. 
This usually works best if you tape it across the outside of the hole. Make 
sure the panel is secure and there are no holes to permit escape! 

7) Attach the sheet of black polyfilm with box seal tape across the top of 
your new window, leaving the other 3 sides unattached. This flap serves to 
keep the light out when the insects are not being observed, but can be lifted 
up for viewing. 

8) Direct your attention to the 24 hour timer. Plug it into one of the sockets 
of the 6 foot extension cord. Remove and discard the light shield from the 
night light fixture, and screw in the painted black bulb (it should be dry by 
now). Now, plug the night light fixture with bulb into another socket on the 

extension cord (see Fig. 1 and Note on pg. 136). 
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Timer 

—Extension cord 

Nigiit light fixture 
Figure I 

9) Ultimately, the 24 hour timer will be attached to the top of the rearing box 
with the black bulb extending inside the box through a hole in the side. To 
make sure you cut the hole in the right place, put the timer section of the 
apparams from step 8 on top of the rearing box and mark how far down the 
side of the box the tip of the black bulb goes (see Fig. 2). 

Figure 2 
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Cut a hole at this mark that is just big enough to fit the black bulb through, 
insert the black bulb end of the apparatus into the box, and tape the timer 
securely to the top of the box. Be careful not to put tape over the working 
parts of the timer!! 

10) Plug the 18" plug/socket into the socket on the side of the 24 hour timer, 
then cut a hole just large enough for the socket end of the plug/socket to fit 
through on top of the box. Insert the socket end into the box and working 
from the inside of the box, screw in the 25 watt round bulb. Secure the cord 
of the plug/socket with tape on the top of the box so that the bulb is sus
pended very near the ceiling (see Fig. 3 for complete electrical set-up). 

J. •~J 

Electrical set-up 
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11) Use the hole punch to put 3 or 4 holes in the plastic cup lid - these will 
serve as openings for your adult moths to "sip" through. Then make 3 small 
holes around the sides of the cup. Tie lengths of thread or fishing line through 
these holes, (see Fig 4) 

Thread 

Cup 

Figure 4 

then tie the 3 free ends together into a hanging line so that the cup may be sus
pended from the ceiling of the rearing box (see Fig. 5). 

Figure 5 
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12) Cut a tiny hole in the ceiling of the rearing box, feed the hanging 
line through this hole from the inside of the box to the outside, and 
secure with tape. Sugar water may be added to this feeder just before 
the adult moths emerge. 

13) Optional: The emerging adult moths void the wastes (meconium) 
that were accumulated during pupation. Although these wastes do not 
smell, they are messy. You may want to line your rearing box with 
liner paper to make clean-up a little easier. 

14) Set the timer for about 14 hours on (light) and 10 hours off (dark
ness). Note: the black night light remains on all of the time, the 25 
watt round bulb turns on and off. Plug in the extension cord, add your 
plant, and you are ready to go!!! (see Fig 6). 

Note: If the night light fixture used is one in which one prong of the plug is 
larger than the other, the configuration of the completed apparatus from step 
8 will be by necessity different from the diagram (i.e. the light bulb will be 
facing in the opposite direction from that pictured). This works just as well, 
though the apparatus may be somewhat more difficult to attach to the rear
ing box. You may find it easiest to use the piece of cardboard left over from 
cutting out the "window" to construct a shallow shelf on the side of the 
rearing box, then attach the apparatus to that. 

Figure 6 
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Why use 
artificial 

. diet? . 

One of the major hurdles in biological research is being able to raise 
the research organism in the classroom. Many organisms are incredibly 
expensive to maintain in terms of both time and labor. For instance, many 
insects including the African migratory locust, Colorado potato beetle, and 
all species of aphid, require live plants for food. This means that rearing 
facility space and personel must be available not only for the insect itself, 
but also for its host plant(s). 

One of the things which makes Manduca sexta such a valuable re
search animal is the fact that there is an established formula for making an 
excellent artificial (non-live plant) diet from easily available ingredients. 
This diet can be made in advance and stored in the refrigerator for one to 
two weeks. All you need to do to keep your larvae growing strong is give 
them fresh food from your supply every day. 



138 

'50,  what 's  ^  
in the artificial 
diet, anyway*^ 

One of the first questions ±at students invariably come up with during THE 
MANDUCA PROJECT in the classroom is, "What's in this diet?" Some 
students think it looks like cheese, others think it's some sort of bread, but 
they all want to know what it is! To help you answer this question (not to 
mention satisfy your own curiosity) we've included an ingredient list for the 
artificial diet (Table 1). 

Table 1: Diet Ingredients 

Major Ingredients 
wheat germ 
casein (i.e. milk protein) 
Wesson's salt mix 
Vanderzant vitamin mix 
agar 
water 

IVlinor Ingredients 
ascorbic acid 
sorbic acid 
methyl paraben (anti-fungus) 
vitamin A acetate 
formaldehyde 
antibiotics 
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Making Artificial Diet in the Classroom 

If possible, it is probably best to get your artificial diet already pre
pared from the University. Preparation of this diet involves mixing boiling 
water and formaldehyde - a potentially hazardous combination! If this is 
either not possible or you are feeling particularly adventerous however, we 
will provide you with a prepackaged diet "mix" that can be produced with
out the formaldehyde and antibiotics. This diet will serve the larvae just as 
well as die "fiill" version, but should not be stored in the refrigerator longer 
than a few days. 

You will need: 
1 3/4 cups boiling water 
Pre-measured agar 
Packaged diet mix 
A good blender 
A small aluminum pan 
A spatula 
A thick towel 

How to: 
1) Pour the boiling water into the blender and add the pre-measured 
agar. Put the lid on the blender and hold it with the towel while you 
blend thoroughly for 30 seconds. 

2) Add the packaged diet mix, re-cover, and blend for 30 more sec
onds. 

3) Scrape down the sides of the container with the spamla and stir the 
mixture. Repeat the blending/scraping/stirring until the mixture has a 
smooth, uniform consistency. 

4) Allow the mixture to cool slightly, then pour it into the aluminum 
foil pan. Once the diet has solidified and cooled to room temperature, 
unmold it onto some damp paper towels, wrap it in aluminum foil, 
and store it in the refrigerator. 
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Male or Female? How do you tell? 

Telling the difference between male and female Manduca sexta is 
pretty easy once you know how. During the pupal stage, signs of the devel
oping reproductive system are visible externally. 

How to: 
1) Take the pupa and look closely at the posterior underside (that's the 
same side of the pupa as the developing proboscis, but at the opposite 
end). 

2) Close to the tip of the abdomen (for both sexes) you will see a 
distinct "slot" - this is the anus (Figs. 1 and 2). 

3) Now, look anterior to the anus (moving towards the head-end). If 
you see fairly distincdve bumps (these are the genital aperture) close 
to the anus (on segment 9), you have a male (Fig. I). 

4) If, on the other hand, you see subde bumps (genital aperture again) 
further from the anus (on segment 8), you have a female. 

Genital aperture 

-Anus 

Figure 1: Male Figure 2: Female 
Note: Sexing 5th instar larvae is possible, but extremely difficult. To sex 
the adult moths, look at their antennae; males have somewhat broader anten
nae than do females. 
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Jump Start to Rearing Manduca sexta 

1) Two weeks before you want to start THE 
MANDUCA PROJECT, call to request your eggs. 

2) Build at least one larva box (pg. 129) and at least 
one rearing box (pg. 131) 

3) When the eggs arrive, put then in the larva box. As soon 
as hatching begins, add pieces of artificial diet. 

4) CLEAN OUT OLD FOOD AND DROPPINGS EVERY 
DAY!!!!!!!! 

5) As larvae grow, separate them into additional containers 
to avoid crowding. 

6) When the larvae start to wander (approximately 15 to 
17 days after hatching), remove all food, wash each wan
derer, wrap loosely in tissue or paper towels, and place in 
the dark so that they will pupate. 

7) 18 days after pupation, place pupae in the rearing box so 
that they will have room to emerge as moths. 

8) If desired, collect eggs from the plant in the rearing box 
and begin cycle again. 
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Chapter 3: Using THE MANDUCA PROJECT with the NSES 
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The NSES provide educators with a framework on which to base the 
development of new curricula and materials. They are flexible enough to 
allow teachers the freedom to create innovative activities for their students, 
while remaining clear enough to provide useful and meaningful guidelines. 

THE MANDUCA PROJECT for Middle School is designed to be 
easily integrated with the NSES. In this section we include some examples 
of ways in which THE MANDUCA PROJECT can help both teachers and 
students approach the NSES content standards. 
These preliminary ideas should be enough to 
get you started - we are sure that you will 
come up with many more ways to integrate 
THE MANDUCA PROJECT and the NSES as 
you go along! 

Content Standard: SYSTEMS, ORDER, AND 
ORGANIZATION 

I) Students observe changes in 
Manduca body systems and organiza
tion during metamorphosis. 

2) Students explore the body systems of Manduca and discuss respira
tion, circulation, digestion, and the five senses. 

Content Standard: CHANGE, CONSTANCY, AND MEASUREMENT 

M .1 M 

LLLLLLUx 

1) Students design experiments to explore meta
morphosis 

2) Students collect and organize data over time 
with respect to Manduca weight, length, etc. 
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Content Standard: FORM AND FUNCTION 

1) Students examine Manduca mouthparts; How are the larva's 
mouthparts suited to its lifestyle? How about the moth's mouthparts? 

2) Students try to figure out why it's good for a Manduca larva to be 
green, and for the moth to be gray. 

Content Standard: SCIENCE AS INQUIRY 
1) Students ask questions about Manduca, design and execute experi
ments to answer those questions, discuss their results, and present 
their conclusions to their classmates for more discussion. 

Content Standard: POPULATIONS AND ECOSYSTEMS 

I) Students look at where Manduca may be found in 
the wUd; what other organisms does Manduca have 
an impact on? What other organisms have an impact 
on Manducal 

Content Standard: DIVERSITY AND ADAPTATIONS OF ORGANISMS 

1) Students observe and try to explain differences in growth rate, 
color, speed, etc. of Manduca larvae. 

2) Smdents leam about the enormous diversity of insect life and look 
at the adaptations of different species (including Manduca) which 
make them well-suited for the ecological niches that they occupy. 
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Content Standard: ABILITIES OF TECHNOLOGICAL DESIGN 

1) Students program a spreadsheet computer appli
cation to effectively process and graph the 
data they collect over the course of their 
Manduca experiment. 

Content Standard: POPULATIONS, flESOURCES, AND ENVIRON
MENTS 

1) Students leam about the effects of pesticides 
used in the control of Manduca (and other 
insect pests) on natural resources. 

Content Standards: RISKS AND BENEFITS 

1) Students weigh the risks to the enviroment 
from pesticide use against the per
ceived benefits of "pest-free" crops. 



Content Standard: SCffiNCE AS A HUMAN ENDEAVOR 

I) Students leam about scientists doing cutting edge research 
Manduca, and correspond with them via emaU. 
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A word about mathematics and THE MANDUCA PROJECT 

In many ways, THE MANDUCA 
PROJECT as a curriculum for science is ideally 
suited for integration with math lessons. At the 
most basic level, most of the experiments that the 
students carry out will probably involve some 
form or weighing and/or measuring. Students 
will learn early on the importance of quantifying data. 

Using mathematics in the communication of their data will most likely 
be the next logical step for students participating in the project. They will 
take data collected over time and leam how to organize it into tables, then 
present this tabular data in graph form. 

Perhaps the final step for these students will be a preliminary intro
duction to statistics. They will come to understand how to organize and 
describe data that they have collected, and become more knowledgeable 
"consumers" of the data presented by others. 



148 

THE MANDUCA PROJECT and Multiple Intelligences 

In addition to integrating with the NSES and mathematics, THE 
MANDUCA PROJECT offers a terrific opportunity for teachers to help 
students explore their "multiple intelligences". Because of the inquiry-
driven nature of this project, students are able to go about solving problems 
in a way that makes sense to them, using the "intelligences" with which they 
are most comfortable. 

Included here is a brief summary of some of the basic tenants of Mul
tiple Intelligence Theory: 

Key Points in MI Theory 

1) Each person possesses all seven intelligences. 
Intelligences work together in ways unique to each individual. 
Most of us are highly developed in some, modestly developed in 
others, and relatively underdeveloped in others. 

2) Most people can develop each intelligence to an adequate level of compe
tency. 
This requires encouragement, enrichment, and instruction. 

3) Intelligences usually work together in complex ways. 
No intelligence exists by itself in life (except in pathology). 
Intelligences are always interacting with each other. 
Intelligences have been taken out of context for examining and learn
ing how to use them effectively. 

4) There are ways to be intelligent within each category. 
There are no standard set of attributes that are necessary to be intelli
gent in a specific area. There is a diversity of ways individuals show 
gifts within intelligences and between intelligences. 

From: Multiple Intelligences in the Classroom. Thomas Armstrong, pp. 11-
12. 
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Part 2: THE MANDUCA PROJECT in the 
Classroom 
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Chapter 4: Classroom Management During THE MANDUCA 
PROJECT 
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This section of the manual will give you an idea of the way in which 
the teachers involved so far in THE MANDUCA PROJECT managed the 
project in their classrooms. It is intended only to provide you with some 
ideas and things to think about as you develop ways that work for your 
classroom, with your smdents. 

General class structure 
Because THE MANDUCA PROJECT is an inquiry-directed set of 

lessons and activities, it presents some unique challenges to the day to day 
functioning of the science classroom. Unlike other pre-planned group activi
ties, all students are not pursuing the same set of goals at any given time, but 
rather working at their own paces on sometimes very different problems. 
For some teachers, the resulting classroom environment can resemble com
plete chaos a bit too much for comfort! The following management tech
niques have been found to be useful in controlling the chaos, and helping 
everyone (students and teachers!) work efficiently: 

1) Students work in small groups of 4 to 5. 
These can be either teacher- or student-selected groups depending on 
the teacher's personal 
preference. All smdents in 
the group work together on 
the design and execution of 
a common experiment. 
This works especially well 
if the classroom is set up so 
that groups may sit to
gether at tables or perma
nent groupings of desks. 
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2) One student from each group is assigned as a "materials monitor". 
The "materials monitor" is responsible for collecting and putting away 
any equipment or materials needed each day. Having one student from 
each group doing this cuts down on the milling of smdents around the 
classroom, and makes it easier and quicker for the teacher to distribute 
equipment and/or materials to the class. Students can rotate through 
performing this task. 

3) Permanent station for microscopes is set up in the classroom. 
This cuts down on smdents having to move microscopes around, and 
also gets the microscopes out of the way of any ongoing experiments. 
Students instead can go to the microscope station at their leisure. 
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THE MANDUCA PROJECT Day by Day 

This section shows the "schedule of events" which was used during 
the pilot-testing of THE MANDUCA PROJECT: 

Day 
1) Introduce students to Manduca sexta - pass 
around eggs, larvae, pupae, and adults (in 
containers). Allow the students time to look, 
touch, and investigate. 

2) "What do you know?" - Begin by asking 
students what they know. Encourage them to 
look at the specimens in front of them. Ask 
questions to help students develop what they know. Write all re
sponses on die board. 

3) "What do you want to 
know?" - . Ask what the 
students want to know - this 
is where the students begin 
to think about possible 
directions for experiments. 
Ask them to think about 
how they could answer 
some of their questions. 
This is a good place to 
begin a discussion of the 
cperiments". Write all 

4) Homework (optional) - Have students think about their "What do you 
want to know" list and narrow their choices to a few questions they'd 
be interested in designing experiments about. 

What do you know? 

What do you want 
to know? 

difference between "observations" and "ej 
responses on the board. 
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2: 

I) Pass out individual larvae to each student. Explain that these larvae 
are the students' responsibility and go over "The Rules for Being a 
Good Caterpillar Parent": 

a) Clean all old food and droppings out of the cup EVERY 
DAY. Put in new food. 
b) Handle larvae gently, and don't put them on your clothing, as 
the hooks on their feet can stick to cloth and be very difficult to 
remove. 
c) Make sure cup lids are on tight. 

2) Have students begin daily observa
tion logs on their larvae. Have them write 
down observations concerning behavior, 
size, color, etc. and draw pictures if they 
wish. 

3) Pass out rulers and scales and intro
duce students to the idea of collecting 
data daily. Students should construct a 
rough data table in which to enter weight 
and length data. These data can be used 
later in a computer spreadsheet or statis
tics activity if desired. 

Data Table 

Weight (g) Dcr 

1M 

3.0 

4) Remind students to think about experiments they'd like to do. 
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Day 3: 
1) Students clean out larva cups and give fresh food. 

2) Students write in their daily observations log and collect daily 
weight and length data. 

3) Put students in groups (This can either be done by grouping stu
dents with similar experiment ideas or by placing the students in ran
dom groups and having the groups decide amongst themselves about 
what experiments they wish to pursue). 

4) Teacher leads discussion of the parts of an experimental design: 
a) Question or Purpose - "What are you trying to 
figure out?" 
b) Hypothesis - "What do you think is going to 
happen AND WHY?" 
c) Materials - "What are you going to need to do 
your experiment? Be complete and include quan
tities for EVERYTHING!" 
d) Methods or Procedures - "What exactly are 
you going to do in this experiment? Procedures 
should be listed as step-by-step instructions that 
anyone could follow." 

Day 4: 
1) Smdents clean out larva cups and 
give fresh food. 

2) Students write in their daily observa
tions log and collect daily weight and 
length data. 

3) Groups begin discussion of experi
mental design while teacher moves from group to group facilitating. 

experimental Design 
I) Purpose: The purpose of this 

experiment is to... 

4) Groups write out rough draft of experimental design and hand in for 
teachers to look at over night. 
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Day 5: 
1) Students clean out larva cups and give fresh food. Give extra food 
for the weekend. 

2) Students write in their daily observations log and collect daily 
weight and length data. 

3) Teacher hands back rough drafts of experimental design, then en
gages students is discussion of the concepts of "controls"* and "repli
cates"**. 

4) Teacher meets individually with groups to help them develop final 
drafts of their experimental designs. 

*Controls - those trials in an experiment to which the experimental trails are 
compared. For instance, if you wanted to see how well larvae grew 
while eating spinach, you would need to compare the growth of the 
spinach-eating individuals to the growth of larvae eating something 
that you know they grow well on (e.g. laboratory diet). The larvae 
eating the laboratory diet would be your "controls". 

**RepUcates - trials done with multiple individuals. Scientists use replicates 
so that they can make sure that results that they are seeing are not due 
to something special or different about one particular organism. In 
science, everything is done multiple times and then results are aver
aged. NOTE: Students seem to have a lot of trouble with this concept. 

Over the weekend: 
1) Teacher gathers together the materials needed for each group's 
experiments. It is a good idea to talk with each group about what they 
need and see if the students can provide any of the materials from 
home. 
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Day 6: 
1) Students clean out larva cups and 
give fresh food. If any larvae are 
wandering yet, food should be re
moved and the wanderers should be 
washed and dried and placed in their 
cups with some paper towels. 

2) Students write in their daily obser
vations log and collect daily weight 
and length data. Keep weighing and 
measuring even after the larvae 
wander - larvae will begin to lose weight after they begin to wander 
and it makes for an interesting discussion with the students. 

3) Pass out materials to each group. 

4) Groups begin experiment while teacher moves from group to 
group. 

Subsequent days: 
From this point, the students continue to care for their original larvae 
up untn the time that they pupate, and conduct their experiments. 
Some experiments move along faster than others, and it is up to the 
individual teacher to decide whether those groups who finish with 
their experiments should conduct second ones, or move on to discus
sion and analysis of results. 
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Results and Conclusions: 
All sUidents should have the opportunity to analyze their results, 
(perhaps using the computer?) discuss and try to explain their findings 
within their groups, compare their findings with established scientific 
theory, and present their conclusions to the rest of the class. There are 
many ways that these activities can be accomplished - we are limited 
only by our own imaginations! 
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A few words about assessment.,. 

The issue of assessment is a very complicated one, with what is ex
pected often varying from district to district. The NSES call for several 
changing emphases of student assessment in new programs: 

LESS EMPHASIS ON MORE EMPFIASIS ON 
Assessing what is easily measured Assessing what is most highly 

valued 

Assessing discrete knowledge 

Assessing scientific knowledge 

Assessing to learn what the stu
dents do not know 

Assessing only achievement 

End of term assessments by teach
ers 

Assessing rich, well-structured 
knowledge 

Assessing sciendfic understanding 
and reasoning 

Assessing to learn what students do 
understand 

Assessing achievement and oppor
tunity to learn 

Students engaged in ongoing as
sessment of their work and that of 
others 

Development of external assess
ments by measurement experts 

Teachers involved in the develop
ment of extemal assessments 
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The variety of assessment strategies that can be employed in THE 
MANDUCA PROJECT are virmally limitless. Described here are only a 
few examples of the sorts of assessments that participating teachers have 
found useful: 

1) Concept mapping - employed as a pre- post-test to investigate 
post-project changes (See Appendix 3 for more detail about using and 
scoring concept maps). 

2) Scoring of experimental design - also employed as a pre- post-test 
with the pre-test being the students' draft of their Manduca experi
ments, and the post-test composed of their working up another ex
perimental design to investigate a posed hypothetical question. 

3) Grading of materials generated over the course of students' 
carrying out experiments - teachers develop rubrics for scoring such 
things as daily observations logs, data tables and graphs, results and 
conclusions write-ups, etc. 

4) Grading of "thought questions" assigned as homework. 

5) Assessment of behaviors during class or group discussions - this 
is often accompUshed using a behavioral checklist. 

6) Assessment of presentations of experiments to the whole class. 
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Chapter 5: Some Ideas for Experiments 
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Although the focus of THE MANDUCA PROJECT is one of encour
aging inquiry in the students, sometimes is it helpful (for both the smdents 
and their teachers) for the teachers to be able to guide students' inquiry by 
offering some preliminary ideas or directions for experiments. With this in 
mind, we have included ideas for experiments in this chapter. Many of these 
experiments are ones which smdents have developed as part of the project, 
others are ideas which teachers participating in project workshops have 
conducted. 

It is not our intention that the experiments described here be taken 
whole-cloth and presented to smdents to be used as a set of directions. 
Rather, these descriptions are intended to aid teachers in conducting guided 
inquiry; to supply some ideas and help them determine the sorts of things to 
expect. One thing we know for sure, in every class at least one student will 
come up with an ideas for an experiment that we have never heard before; 
something that has never even occurred to us! The experiments collected 
here are simply approaches to common questions that students often have, 
and are not intended to replace innovative and new ideas. 
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Feeding Preferences and Behavior 

What Manduca larvae probably do best is eat - as a result, experi
ments based around feeding tend to work very well. 

Experiments 

1) There are several varieties of food preference experiments that students 
have chosen to do, but all are typically designed one of two ways: 

a) Students set up an arena with diet choices arranged around the perimeter 
(Fig. 1, facing page). Individual larvae are placed in the center (Fig. 2, pg. 
58) and timed while allowed select their "favorite" food. Students make 
decisions about length of trials, and about how long a larva must feed before 
it is considered a "choice" (i.e. does 30 seconds worth of feeding at one food 
before moving on count as a "choice" or is it a "taste/rejection"?). Multiple 
larvae are tested on multiple trials with the diet choices rotated in between 
trials (Fig. 3, pg. 59) to control for "directional preferences" in the larvae 
(i.e. some larvae always go for the diet choice to their right, regardless of 
what it is). As an additional control, one of the food choices should be 
something that you know the larvae will eat (e.g. laboratory diet). 
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Diet Choice 1 

Fig. 1 Set-up for diet choice experiment. 
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Diet Choice 

Fig. 2 Arena witti larva in starting position. 
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Diet Choice I 

choice 

Tnal 1 

Diet Choice 2 Diet Choice 3 

Diet choice I Diet Choice 3 Diet Choice I let choice 2 

Trial 3 Trial 2 

Fig. 3 Arenas showing rotation of diet choices bewteen trials. 
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b) Students use large containers for their larvae, and confine the larvae over
night with several different food choices (Fig. 4). The food is weighed be
fore placing it in with the larvae (all food choices should be available in the 
same amounts) and then again the next day. Students subtract to figure out 
which diet choice was the most heavily eaten. 

Diet #3 Diet #l 
Diet #2 

Fig. 4 Larva confined with 3 different diet choices: Diet choices may be 
different artificial diets, (e.g. different colors, with different additives, etc.) 
artificial diet and different plant materials, etc. One choice must be something 
that you know the larva will eat to serve as a control. 

Students should set up multiple replicates of this design, with all diet 
choices the same in each replicate (Fig. 5, facing page). The control should 
be something you know the larvae wiU eat (e.g. laboratory diet). 
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#I 1 #I 
#2 #2 

#I 

- \ 

• 
#I 

#2 #2 

Repiicace I 

#3 

F 

#1 #1 
#2 #2 

Replicate 2 

Fig. 5 Experimental set-up for larvae confined with diet choices showing replicates. 

Replicate 3 

Possible varieties of the above experiments are: 

To test whether larvae will choose... 
...laboratory diet or natural diet (tobacco, tomato 
plant, chili plant, etc.). 

...natural diet or "other diet" (lettuce, spinach, 
apple, bread, etc.). 

...plain laboratory diet or colored laboratory diet 
(Students use food coloring to dye diet various 
colors. This experiment tests for the possibility 
of color-vision in Manduca larvae). 
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Growth 
.Lt 

As a natural course of eating a lot, Manduca larvae grow very quickly. 
This rapid growth can lead to some very good ideas for experiments to dis
cover the effects of different variables on growth. 

Experiments 

I) Students confine larvae with particular diet choices and monitor growth 
with respect to weight and length over time. There should be multiple repli
cates for each diet choice, and the control should be something you know the 
larvae will eat (i.e. laboratory diet, tobacco, etc.) (Fig. 6). 

Control 

Control Replicate 

Test Diet 

Treatment Replicate 1 

Control 
Test Diet 

Control Replicate: Treatment Replicate 2 

Rg. 6 Experimental set-up for larvae confined with single diet choice showing controls, 
treatments, and replicates. 
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Possible varieties of this experiment are: 
To test whether the larvae grow better on... 

...laboratory diet or natural diet (tobacco, tomato plant, chili 
plant, etc.). 

...natural diet or "other diet" (lettuce, spinach, apple, bread, 
etc.). 

3 

2) Students confine aU experimental larvae with the same type of food (usu
ally laboratory diet) then subject them to different environmental conditions. 
The larvae are weighed, and measured daily to look for effects of environ
mental conditions on growth. 

Possible varieties of this experiment are: 
To test whether the larvae grow better in... 

...warmer temperatures, cooler temperatures, 
or room temperatures. 

...fiiU dark or fuU light 
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FOOD 
Other food experiments 

Students and teachers in the past have come up with a variety of other 
types of experiments involving food. Some of those are described below: 

Experiments: 

I) The Food Additive Experiment - Students added other substances to the 
laboratory diet (e.g. caffeine solutions made by dissolving caffeine tablets in 
water, salt, sugar, etc.) and tested the effect on larval growth and/or behavior. 
The control here was larvae fed on laboratory diet with nothing extra added. 

A hint for studying behaviorr. 

Many teachers are interested in. having their students take quantitative 
data, that is, iofbrmation that can be counted; or measured.. Because behav
ioral smdies- usuaEy mvolve having the smdents simply write down a de
scription of what the animal they are studying is doing, sometimes it can be 
difficult to think; of a way tO; take quantitative dkta.- Withi the experiment 
diescribed above,, ̂ dents have Md some luck: tracing '^orm ttacks". What 
studients do is follo>^ closely behind the tail end of a larva withi a pencil oc 
marker; tracing the path^ that the larva travels (Fig. 7)u If the smdents do this 
for a specific time fbreach l^aiiLtheirstudy they cm measure the paths^^ 
and have a record for each larva's relative amount of movement. Then 
students can check if the: la^ae with, any particuliarfood additive move 
around any more than the others; 
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START 

Fig. 7 Following the "Worm Tracks". 

2) The Color Change Experiment - It is a known fact that Manduca larvae 
change color depending on what their diets consist of - larvae raised on 
laboratory diet lack the nutrient carotene in their diets and are thus a bluish-
green color, while those fed on tobacco or tomato leaves (which contain 
carotene) are a bright green. Several students have investigated this phe
nomenon, looking at the affects of different plant types and laboratory diet 
on larval color. Students confined larvae with single food sources (larvae 
feeding on laboratory diet serve as the color controls) and monitored such 
things as degree and speed of color change. 
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Food •Frass 

3) Frass Experiments - As we already mentioned, Manduca larvae eat a lot 
- a natural by-product of this activity is the fact that these larvae also pro
duce a lot of droppings, or frass. Students have incorporated frass-produc-
tion into a variety of experiments: 

How do different foods affect the amount of frass production? - Stu
dents confined individual larvae with different diets (the control is 
laboratory diet) and counted frass pellets produced daily. 

How do different foods affect frass attributes? - Students confine 
individual larvae with different diets (the control was laboratory diet) 
and record observations on frass shape, texture, color, etc. 

Is growth rate related to frass production? - Students recorded daily 
data on both the amount of frass produced and the length/weight of 
the larvae and looked for possible correlations. 
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Experiments on Stages Other Than Larvae 

Although most students choose to develop experiments around the 
larval stage of Manduca sexta, some will likely be interested in exploring 
other life stages. Several possibilities for explorations of this type are de
scribed here. 

Experiments: 

1) Wanderer behavior - Students design an experiment to determine if 
wanderers prefer some types of environments over others to pupate in. 

Varieties of this experiment include: 

Do wanderers prefer to pupate in (or spend more time in)... 

...cool environments or warm ones? 

...dark environments or hght ones? 

2) Egg-laying behavior - Students design experiments in which female 
moths are given choices about what sorts of surfaces they would prefer to 
lay their eggs on (inside of a rearing box). Eggs laid on all possible choices 
are counted daily. 
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Varieties of this experiment include: 

Will female moths prefer to lay their eggs on... 

...namral plant leaves (e.g. tobacco, tomato, etc.) or "other" 
leaves (e.g. mint, spinach, etc.)? 

...artificial leaves (plastic, silk, etc.) or "other" leaves? 

...healthy or unhealthy natural plant leaves? 

...healthy "other" leaves or unhealthy natural plant leaves? 

Do female moths have a preference for one type of namral plant 
leaves over another (e.g. tobacco over chili pepper)? 

Can female moths be induced to lay eggs on otherwise less acceptable 
surfaces (e.g. plastic plants, "other" plant leaves) by smearing those 
leaves with juice from tomato or tobacco leaves? 
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Some Other (More Involved) Ideas 

Some students have ideas that take them well beyond the "common" 
experiments and into more involved, complicated ones. These experiments 
are more challenging and may require more work than the example experi
ments described in previous sections, but can be very fulfilling experiences 
for motivated smdents. 

1) The Pesticide Experiment - smdents study the affects of pesticides on 
Manduca larvae. 

Varieties of this experiment include: 

Developing a dose/response curve for different 
pesticides (Fig. 8). In this study, smdents apply differ
ent pesticides at different rates (e.g. 1 pump from spray 
bottle, 2 pumps from spray bottle, etc.) and record 
observations (e.g. time to larval death, change in daily 
growth, etc.). 

c/^ 
c 
(U 

3 

z 

% Mortality 

Fig. 8 Dose/Response Curve Example: You may see a curve something 
like this in a pesticide use experiment. 



Study the affect of the above amounts of pesticides on other systems 
(e.g. aquaria with water plants and animals, etc.). 

2) Parasitism of Manduca - Manduca larvae can be parasitized by several 
varieties of other insects (parasitic wasps, mostly). Some students are inter
ested in exploring this aspect of Manduca life. 

Varieties of this experiment include: 

How does being parasitized affect larval growth (It is necessary to 
find a source of parasitic wasps so that Manduca larvae may be reli
ably parasitized during the experiment.)? 

Does being in certain locations in the wild cause Manduca larvae to 
be parasitized more than in other locations? In this smdy, students 
confine larvae in particular locations on plants in a natural setting (e.g. 
in sun/in shade, on the tops of leaves/on the bottoms of leaves, etc. -
larvae can be confined using "corrals" of sticky material or netting 
that is too small gauge for the larvae to get through, but big enough 
for the wasps to enter). Larvae should be moni
tored every day to make sure they are still there, and after several 
days, the student should collect the larvae and hold them individually 
in containers to see if any parasites emerge later on. 

Are blue-green larvae (those raised on laboratory diet) more likely to 
be parasitized in a natural setting than green larvae (those raised on 
leaves)? In this smdy, students can place several blue-green larvae 
and several green larvae on a large plant, cover the whole plant with 
very fine gauge mesh, and release a few parasitic wasps inside the 
mesh. After several days, students remove the mesh and collect the 
larvae, holding them in individual containers to see if parasites emerge 
later on. Emerging parasites are counted for each larva (This 
particular study can also be conducted outside, much like experiment 
b) described above). 
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Chapter 6: Links from THE MANDUCA PROJECT to 
Other DiscipUnes 
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It is relatively easy to see how THE MANDUCA PROJECT fits 
within the scientific disciplines; with a little thought, students and teachers 

can use the project to explore topics 
in biology, ecology, chemistry, and 
even physics or even other less "ob
vious sciences". What many people 
don't realize however, is that THE 
MANDUCA PROJECT can be used 
as a base from which to create 
bridges to studies in other subject 
areas. 

The interdisciplinary approach 
to the use of THE MANDUCA 
PROJECT typically occurs at the 
middle school level in one of two 
ways: 1) each teacher teaches more 
than one discipline, so that the same 
teacher is able to work with THE 
MANDUCA PROJECT in say, sci
ence and social studies class, or 2) 
teachers work in closely coordinated 

teams, sharing ideas and facilitating thematic units integrated across sub
jects. 

This chapter includes some ideas for possible cross-disciplinary 
projects in mathematics and social studies. Like the activities in the rest of 
this handbook, they should serve as a starting point - please feel free to take 
your students in any direction you (or they) want to go! 
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Mathematics 

Math is probably the most obvious choice for a cross-subject approach 
to THE MANDUCA PROJECT, since the scientific process which the stu
dents are pursuing in their experiments encourages the collection of numeric 
data. After these data are collected, students use them to investigate a vari
ety of topics in mathematics. For example: 

1) Class data on caterpillar 
growth may be grouped, 
and students may learn 
how to find the mean, 
median, and mode. 

2) Students investigate the 
validity of the mean, me
dian, and mode. Are there 
situations where one mea
sure is more useful than 
another? 

3) Students investigate how changes in groupings of data (e.g. full 
class vs. half class) may affect mean, median, and mode. 

4) The concept of "outliers" (data points drastically different from the 
average scores) can be introduced. 

5) Students leam to look for pattems in data sets. What do some of 
these pattems mean? 

Scores 
Example of a bell curve with the mean score shown. 
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6) Students look at different ways of representing numerical data. Are some 
types of tables clearer than others? Are some types of graphs easier to inter
pret or better to use in some simations? 
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Social Studies and History 

There is an enormous variety of possible links between THE 
MANDUCA PROJECT and social studies and/or history. What we have 
done here is divided ideas into broad topic areas, each of which is associated 
with particular experiments from the "science section". 

Topic 1: Insect Control 
Science link: Any pesticide or 

natural enemy experiments 

1) Look at the history of chemical pesti
cide development, e.g. DDT. How has 
the technology changed over time? Do 
we have different ideas about the suitabil
ity of chemical pesticide now than we did 
at the time of the development of DDT? 

; ( 

TOWN /MEETING TOPIC: 
To spray or not to spray? 

Pros: Cons: 

2) "Town Meeting" activity with smdents tak
ing roles of different town members (e.g. 
farmer, environmental activist, parks commis
sioner, business owner, parent, etc.) to debate 
issues of pesticide use. 

3) Look at methods of insect control in other cultures, especially technologi
cal societies vs. developing societies. How does the way we live and view 
the world affect science and technology? 
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4) What priorities does our culture have that shape goals for research in 
insect control? For example, allow students to debate issues involved in 
such topics as the genetic engineering of crops to provide insect resistance. 
Look at the different priorities between cultures or within subsets in the 
same culture. 

Topic 2: Values and Perceptions of Invertebrates 
Science Link: Any science experiment or link to Insect Control topics. 

1) Explore benefits and influences of invertebrates 
for people in a variety of cultures. 

y 

r 
"N J' 

K 

2) Student develop public sentiment-opinion 
poll/survey on insects and other invertebrates. 
Students evaluate and present results. 

"Public Opinion Poll 
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3) Discuss ideas about urbanization leading to alienation from the natural 
world (including insects). Include examples of the influence of the natural 
world on world view in other culmres more reliant on the environment. 

Urban 

Suburban fain 

Rural 

Topic 3: Diet and Growth 
Science Link: Any experiment involving growth, food choices, and/or 

food additives 

1) Look at food additive use over history. Does the use of additives pose 
any health risks? Add any health benefits? 

2) Investigate methods of preserving food in different cultures. 

3) Look at the relationship of food choices to the environment. Tie food 
preference to environmental conditions and biological needs. For example, 
look at Inuit (Eskimo) diets vs. that of desert Indian cultures. Also, compare 
human adaptations to environments with those of animals. 
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4) Talk about the alienation of much of the U.S. 
from the environment - What's in our food? 
What about the fast food craze? Look at the 
relationship between what a culture eats and how 
healthy it is. For example, compare American 
diet and health with Japanese. 

5) "You are what you eat" - look at the affect of 
food choices on health. For example, look at 
how a change in the traditional diet of the Papago Indians (Arizona) has lead 
to sweeping problems with diabetes. 

6) Look at "American foods" originating in other culmres (e.g. chocolate 
and chewing gum). 

7) Explore insect eating in other cultures, e.g. locust festivals in Arab coun
tries, termites in Africa, "Witchity Grubs" in Australia. 

ri;W« UlLW«WUUi 
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Topic 4: Development of Characteristics and their Relationship to 
the Environment 

Science Link: Any science activities which look at different Manduca 
characteristics at different life stages, responses to environmental 
needs, camouflage, anatomy, sex differences, and the connection 
between form and function 

1) Locomotion: Discuss biological locomotion - e.g. the move 
from quadrapedal to bipedal. Look at how different body 
plans influence locomotion 

2) Locomotion: Discuss cultural locomotion - how has advances in the tech
nology of locomotion changed the way different groups live. 

mil! 

3) Differences between the sexes - Look at sexual 
dimorphism in different groups of organisms, then 
look at differences in gender roles in different cul
tures. Are there any patterns? 
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4) Brainstonn biological adaptations and cultural adaptations - How do they 
compare? 

5) Discussion topic - Culture has allowed us to use a wider variety of envi
ronments, not just for survival, but for expansion too, allowing us to live all 
over the world, sometimes in very harsh environments. Discuss Global eco-
regions and compare various human adaptations. 

Topic 5: Defense and Survival 
Science Link: Any activities that investigate Manduca camouflage, 
pupal defense behavior, larval fighting in overcrowded conditions, 
moth leg spikes, and wing scales. 
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1) Compare the ways in which animals defend themselves to the ways hu
mans defend themselves. How do these things relate to Darwin's "Survival 
of the Fittest"? 

2) Look at different culmres' response to crowded conditions. For example, 
contrast urban U.S. gangs, etc. to more structured societies (e.g. Japan). 
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Glossary 



190 

abdomen - the most posterior of an insect's 3 major body sections. The 
abdomen is the center for digestion and reproduction. 

adult - a fiill grown, sexually mature insect. 

anteima(e) - the paired, segmented sensory organs, borne one on each side 
of the head, commonly termed "horns" or "feelers". 

arthropod - animals belonging to the phylum Arthropoda. All members of 
this group have a hardened exoskeleton, jointed legs, and a multi-
segmented body. Some examples of arthropods are: crabs, shrimp, 
spiders, scorpions, centipedes, millipedes, and insects. 

butterfly - an adult, typically day-active member of the insect group Lepi-
doptera. Butterflies are often brighdy colored and have antennae with 
knobs on the ends. 

caterpillar - an immature butterfly or moth. Also known as a larva. 

complete metamorphosis - the pattern of growth and change seen in the 
higher insects. It is characterized by the appearance of 4 distinct life 
stages: the egg, larva, pupa, and adult. 

cuticle - the hardened outer "skin" of insects. It is shed during molting. 

dorsal heart - the major pumping vessel of the insect circulatory system. In 
Manduca sexta it is visible as a dark dorsal line in late 5th instar (wan
dering) larvae. 

egg - first stage of an insect 

endoskeleton - supporting structure (e.g. bones) on the inside of the body. 
Fish, amphibians, reptiles, birds, and mammals have endoskeletons. 

exoskeleton - supporting structure on the outside of the body. All 
arthropods have exoskeletons. 



191 

hawk moth - one common name for moths in the same family as Manduca 
sexta (Sphingidae). 

head - most anterior of an insect's 3 main body section. The head is the 
center for sensory structures (e.g. eyes and antennae) and feeding. 

head-cap - informal term for a Manduca larva just before molting. Larvae 
at this stage have a "bubble-headed" appearance. 

head capsule - the hard exoskeleton covering the head of an insect. In 
Manduca larvae, this is one of the only truly hard sections of the body. 

hemolymph - insect blood, it is a combination of blood cells and lymph 
fluid. 

hindwing - one of either of the 2 most posterior wings of an insect. 

host plant - the variety of plant on which an insect has its preferred eating/ 
living place. For Manduca sexta, host plants are plants in the Night
shade family (Solanaceae). 

hummingbird moth - one common name for moths in the same family as 
Manduca sexta (Sphingidae). The name comes from the habit of these 
moths to hover at flowers like hummingbirds. 

insect - one of the classes in the phylum Arthropoda. Insects are character
ized by having 6 legs and 3 major body sections. 

instar - the period or stage between molts in the larva. The first instar is the 
stage between the egg and the first molt, the second instar is the stage 
between the first and second molts, etc. Manduca sexta has 5 larval 
instars. 

labium - the lower hp; a compound structure which forms the floor of the 
mouth. 
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labnim - the upper lip, which covers the base of the mandibles and forms 
the roof of the mouth. 

larva - an immature insect. Butterfly and moth larvae are also called cater
pillars. 

Lepidoptera - the formal classification group (order) of butterflies and 
moths. 

Malpighian tubules - the insect organs of excretion. These tiny tubes attach 
to the insect gut with the ends free-floating in the body cavity. 

mandible(s) - the first pair of jaws in insects. 

maxilla(e) - the second pair of jaws in insects. Maxillae also have a sensory 
function. 

meconium - the wastes of an insect, stored in the body throughout the pupal 
period, then voided as the adult emerges from the pupal skin. 

mimicry - the act of looking/acting like somethiag else as a method of pro
tection. Insects using mimicry can either mimic their surroundings so 
that they are less conspicuous, or deter predators by looking like 
something dangerous and/or distasteful. 

molt - the process of shedding the exoskeleton. 

moth - an adult, typically dusk or evening active member of the insect group 
Lepidoptera. Moths are usually less brightly colored than butterflies. 

open circulatory system - a system containing blood in which there are no 
blood vessels. Instead, blood moves freely within the body cavity. 

order - one category in the hierarchy of classification. This classification 
hierarchy is as follows: Kingdom, Phylum, Class, Order, Family, 
Genus, species. 
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palp - a mouth "feeler". 

passive diffusion - the natural process by which molecules move passively 
from a region of high concentration to one of lower concentration. 

phylogeny - a "family tree" of organisms. Phylogenies show the relatedness 
of organisms to each other. They can be generated using many differ
ent kinds of data including DNA sequences, and morphological char
acteristics. 

proboscis - the mouthpart of an adult moth or butterfly. The proboscis 
works as a functional siphon, enabling the insect to sip nectar from 
flowers. 

protective camouflage - the act of blending into one's surroundings to hide 
from potential predators. 

pupa - one of the life stages in complete metamorphosis. This stage is often 
referred to as a "resting" stage since the insect is not walking around 
or eating, but nevertheless, complex metabolic changes are taking 
place throughout the pupal stage. 

sphinx moth - one common name for moths in the same family as Mandiica 
sexta (Sphingidae). The name comes from the "Sphinx-like" posture 
many of the larvae will assume if disturbed. 

spiracle - one of the "breathing holes" which run down the sides of an 
insect's thorax and abdomen. Spiracles are the external openings of 
aU insects' respiratory systems. 

thorax - the middle section of an insect's body. The legs and wings attach to 
the thorax, making it the center for locomotion. 



194 

tobacco hornworn - the common name of Manduca sexta. The name 
comes from the spine-like horn on the posterior end of the larvae the 
fact that the larvae feed on tobacco. 

tracheae - the small tubes which transmit air from outside of the insect 
internally. 

tracheal system - the network of tracheae. 

tracheoles - the finest branchings of the tracheae. Tracheoles are intimately 
associated with individual cells and are the sites of gas (oxygen and 
carbon dioxide) transfer. 

wandering - the walking behavior that late 5 th instar Manduca larvae en
gage in just before pupation. 
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Appendix 1: Content Standards from the NSES 

For those teachers who either are not familiar with the National Sci
ence Education Standards, or who would just like a quick refresher, we have 
included here a sketch of the Content Standards for grades 5-8. These 
standards include concepts and abilities which students should understand or 
achieve during ±eir middle school years. 

UNIFYING CONCEPTS AND EARTH AND SPACE SCIENCE 
PROCESSES 
Systems, order, and organization 
Evidence, models, and explanation 
Change, constancy, and measurement 
Evolution and Equilibrium 
Form and Function 

SCIENCE AS INQUIRY 
Abilities necessary to do scientific 
inquiry 
Understandings about scientific 
inquiry 

PHYSICAL SCIENCE 
Properties and changes of properties 
in matter 
Motions and forces 
Transfer of energy 

Structure of the earth system 
Earth's history 
Earth in the solar system 

SCIENCE AND TECHNOLOGY 
Abilities of technological design 
Understandings about science and 
technology 

SCIENCE IN PERSONAL AND 
SOCIAL PERSPECTIVES 
Personal health 
Populations, resources, and environ
ments 
Namral hazards 
Risks and benefits 
Science and technology in society 

LIFE SCIENCE 
Strucmre and function in living 
systems 
Reproduction and heredity 
Regulation and behavior 
Populations and ecosystems 
Diversity and adaptations of 
organisms 

HISTORY AND NATURE OF 
SCIENCE 
Science as a human endeavor 
Nature of science 
History of science 
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The NSES are intended to promote change in the educational system. 
The science content standards encompass the following changes in empha
ses: 

LESS EMPHASIS ON... 
Knowing scientific facts and infor
mation 

Studying subject matter disciplines 
(physical, life, earth sciences) for 
their own sake 

Separating science knowledge and 
science process 

Covering many science topics 

Implementing inquiry as a set of 
processes 

MORE EMPHASIS ON... 
Understanding scientific concepts 
and developing abilities of inquiry 

Learning subject matter disciplines 
in the context of inquiry, technology, 
science in personal and social per
spectives, and history and nature of 
science 

Integrating all aspects of science 
content 

Studying a few fundamental science 
concepts 

Implementing inquiry as instruc
tional strategies, abilities, and ideas 
to be learned. 
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A major focus of the NSES is tiie promotion of an inquiry approach to class
room investigation. Changing emphases to promote inquiry include: 

LESS EMPHASIS ON... 
Activities that demonstrate and 
verify science content 

Investigations confined to one class 
period 

Process skills out of context 

Emphasis on individual process 
skills such as observation or infer
ence 

Getting an answer 

Science as exploration and experi
ment 

Providing answers to questions about 
science content 

Individuals and groups of students 
analyzing and synthesizing data 
without defending a conclusion 

Doing few investigations in order to 
leave time to cover large amounts of 
content 

MORE EMPHASIS ON... 
Activities that investigate and ana
lyze science questions 

Investigations over extended periods 
of time 

Process skiUs in context 

Using multiple process skills - ma
nipulation, cognitive, procedurzil 

Using evidence and strategies for 
developing or revising an explana
tion 

Science as argument and explanation 

Communicating science explanations 

Groups of students often analyzing 
and synthesizing data after defending 
conclusions 

Doing more investigations in order to 
develop understanding, ability, val
ues of inquiry, and knowledge of 
science content 
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LESS EMPHASIS ON... 

Concluding inquiries with the result 
of the experiment 

Management of materials and equip
ment 

Private communication of student 
ideas and conclusions to teacher 

MORE EMPHASIS ON... 

Applying the results of experiments 
to scientific arguments and explana
tions 

Management of ideas and informa
tion 

PubUc communication of student 
ideas and work to classmates. 
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Appendix 2: Scientific Research Using Manduca sexta 

For many years Manduca sexta has served as one of the "white lab 
rats" in the world of scientific research. There are several reasons for this. 
First of all, these insects are very easy to raise in the large numbers neces
sary for most research projects. Additionally, being insects means that the 
time that must be waited between the production of successive generations 
of Manduca sexta is minimal. Unlike many other insect species however, 
Manduca sexta is very large and consequently it is much easier to work on 
than smaller species. 

You may be thinking, "Why do research on insects anyway? What 
can we possibly learn from them that will make any difference in my life?". 
Well, the fact is that even though insects are very different from us, many of 
their body systems or biochemistry are similar enough that they can serve as 
models for mammalian systems. Insects can provide scientists with the raw 
material for developing techniques which may be used in other research 
projects, and are especially useful in this area because research using inver
tebrates is much less stricdy regulated than that performed on vertebrates. 

Another area where insects are extremely useful is as subjects of 
research on insect control. In these sorts of research projects, Manduca 
sexta serves as a "model insect", allowing scientists to explore subjects 
including pesticide and biological control agent development, as well as the 
genetic engineering of crop plants. 

This appendix provides a brief list of some of the research that is 
ongoing with Manduca sexta. It is divided into four major categories: 1) 
Basic Research, or research which does not necessarily serve to highlight 
model systems, but rather exists for it's own sake, 2) Models, or research 
where the results may point to advancements in the field of vertebrate re
search, 3) Techniques, or research in which techniques are developed that 
may be useful in a variety of other research projects, and 4) Insect Control 
Research, where Manduca sexta serves as a model for illuminating advance
ments in insect control strategies. 
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1) Basic Research 

1._ArTese E, Rojas-Rivas B, Wells M, 1991. Purification and properties of glycogen 
phosphorylase from the fat body of Manduca sexta. Insect Biochemistry and Molecular 
Biology 25: 209-216. 

2._ConsouIas C, Anezaki M, Levine R, 1997. Development of adult thoracic leg muscles 
during metamorphosis of the hawk moth Manduca sexta. Cell and Tissue Research 287: 
393-412. 

3._Ellington C, Van Den Berg C, Willmott A, Thomas A, 1996. Hawkmoths, robots, and 
Concorde: How insects fly. Annual Meeting of the Society for Integrative and Compara
tive Biology. Albuquerque, New Mexico. 

4._Hewes R, Truman J, 1991. The roles of central and peripheral eclosion hormone 
release in the control of ecdysis behavior in Manduca sexta. Journal of Comparative 
Physiology 168: 697-708. 

5._Kanost M, Prasad S, Huang Y, Willott E, 1995. Regulation of serpin gene-I in 
Manduca sexta. Insect Biochemistry and Molecular Biology 25: 285-291. 

6._Unni B, Bhaskaran G, Dahm K, Hayes T, 1991. Stimulation of juvenile hormone 
biosynthesis by analogues of a Manduca sexta allatotropin in-vitro studies. Archives of 
Insect Biochemistry 17: 129-142. 

7._White R, Stevenson R, Bennett R, Cutler D, Haber W, 1994. Wavelength discrimina
tion and the role of ultraviolet vision in the feeding behavior of hawkmoths. Biotropica 
26: 427-435. 

As you can see, basic research runs the gamut from figuring out the 
process of insect flight (3), to uncovering some of the secrets behind gene 
regulation (5), to learning about the mechanisms behind Manduca sexta 
behavior (4, 7) and biochemistry (1). Many scientists doing basic research 
dedicate their lives to exploring and explaining the world around us. 
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2) Models 

L_Aucoin R, Fields P, Lewis M, Philogene B, Amason J, 1990. The Protective effect of 
antioxidants to a phototoxin-sensitive insect herbivore Manduca sexta. Journal of Chemi
cal Ecology 16: 2913-2924. 

2._Dai J, Gilbert L, 1997. Programmed cell death of the prothoracic glands of Manduca 
sexta during pupal-adult metamorphosis. Insect Biochemistry and Molecular Biology 27'. 
69-78. 

3._Smith W, Koundinya M, McallisterT, Brown A, 1997. Insulin receptor-like tyrosine 
kinase in the tobacco homworm, Manduca sexta. Archives of Insect Biochemistry and 
Physiology 35: 99-110. 

4._Warren J, Gilbert L, 1996. Metabolism in vitro of cholesterol and 25-
hydroxycholesterol by the larval prothoracic glands of Manduca sexta. Insect Biochemis
try and Molecular Biology 26: 917-929. 

5._Wieczorek H, Putzenlechner M, Zeiske W, BQein U, 1991. A vacuolar-type proton 
pump energizes potassium proton antiport in an animal plasma membrane. Journal of 
Biological Chemistry 266: 15340-15347. 

6._ZiegIer R, 1991. Changes in lipid and carbohydrate metabolism during starvation in 
adult Manduca sexta. Journal of Comparative Physiology 161: 125-132. 

Manduca sexta obviously serves as a model in a wide variety of re
search projects. Some scientists (1) study how the consumption of anti
oxidants like beta-carotene help to protect tissue from the harmful effects of 
the sun by using this insect. Others study things like insulin receptors, (3) 
the metabolism of cholesterol, (4) fats, and carbohydrates (6), or the proper
ties of cell membranes (5). Still others, of which study (2) is an example, 
study cell death, research which may ultimately lead us to a better under
standing of the aging process. Based even on this small set of research 
papers, it is easy to see that Manduca sexta has a lot to teach us about our
selves! 
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3) Techniques 

1._Arrese E, Rojas Rivas B, Wells M, 1996. The use of decapitated insects to study lipid 
mobilization in adult Manduca sexta: Effects of adipokinetic hormone and trehalose on 
fat body lipase activity. Insect Biochemistry and Molecular Biology 26: 775-782. 

2._Gotliilf S, Hanson F, 1994. A techniques for electrophysiologically recording from 
chemosensory organs of intact caterpillars. Entomologia Experimentalis et Applicata 72\ 
305-310. 

3._Mccutchen B, Szekacs A, Huang T, Shiotsuki T, Hammock B, 1995. Characterization 
of a spectrophotometric assay for juvenile hormone esterase. Insect Biochemistry and 
Molecular Biology 25: 119-126. 

4._Sun X, Tolbert L, Hildebrand J, 1995. Using laser scanning confocal microscopy as a 
guide for electron microscopic smdy: A simple method for correlation of light and elec
tron microscopy. Journal of Histochemistry and Cytochemistry 43: 329-335. 

5._Tolbert L, Sun X, Hildebrand J, 1996. Combining laser scanning confocal microscopy 
in studies of the insect nervous system. Journal fo Neuroscience Methods 69: 25-32. 

Before scientists can forge ahead with new discoveries, the tectiniques 
that they use to make such discoveries must be developed. Manduca sexta 
once again serves as a valuable research tool in this area, helping scientists 
develop techniques ranging from complicated in vitro biochemical tests to 
new ways of using microscopes. Once developed, these new techniques can 
be used in a wide variety of research projects. 
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4) Insect Control Research 

1._AJleyne M, Beckage N, 1997. Parasitism-induced effects on host growth and meta
bolic efficiency in tobacco horaworm larvae parasitized by Cotesia congregata. Jomal of 
Insect Physiology 43: 407-424. 

2._Frohlich D, Wells M, 1991. Peptide amphipathy: A new strategy in design of potential 
insecticides. International Journal of Peptide and Protein Research 37: 2-6. 

3._Krischik V, Goth R, Barbosa P, 1991. Generalized plant defense effects on multiple 
species. Oecologia 85: 562-571. 

4._Liang X, Zhu Y, Mi J, Chen Z, 1994. Production of virus resistant and insect tolerant 
transgenic tobacco plants. Plant Cell Reports 14: 141-144. 

5._St. Leger R, Goettel M, Roberts D, Staples R, 1991. Prepenetration events during 
infection of host cuticle by Metarhizum-Anisopliae. Journal of Invertebrate Pathology 
58: 168-179. 

6._Vadlamudi R, Weber E, Ji I, Ji T, Bulla LJ, 1995. Cloning and expression of a receptor 
for an insecticidal toxin of Bacillus thuringiensis. Journal of Biological Chemistry 270: 
5490-5494. 

7._Van Der Salm T, Bosch D, Honee G, Feng L, Munsterman E, Bakker P, Stiekema W, 
Visser B, 1994. Insect resistance of transgenic plants that express modified Bacillus 
thuringiensis crvIAfb) and crylC genes: A resistance management strategy. Plant Molecu
lar Biology 26: 51-59. 

Insect control strategies take on many forms, and Manduca sexta is 
used in the research on many of them. Scientists work on projects which 
include research on new pesticides, (2) bacteria that are toxic to insects, (6, 
7) insect-attacking fungi, (5) genetically engineering plants so that they are 
toxic to insects, (3, 4) and using beneficial insects to attack pest species (1). 
The papers listed here are only a brief introduction to the research going on 
in this area. Every littie bit we leam brings us another victory in our ongo
ing war against insect pests. 
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A few words about the language of scientific research papers-

Even by reading dirough the titles of the examples of research papers 
listed here, it is easy to become baffled by the scientific jargon. Sometimes 
it can seem as if you are trying to read an entirely different language! The 
fact is that articles from scientific journals are typically written with other 
research scientists in mind and can be a litde overwhelming for anyone who 
isn't an expert in the author's particular area of research. This can definitely 
present a problem for teachers that are interested in looking at "real re
search" in their classrooms through the use of current journal articles. 

For teachers faced with this problem, we have a few pieces of advice: 

1) Spend some time in the library looking at different scientific journals. 
Some journals are less "jargon-y" than odiers and may not be quite so over
whelming. 

2) Choose your topics carefully. Typically papers that deal with complex 
chemistry or genetics are tougher to decipher than many of the behavioral 
science papers. 

3) Work backwards to the primary scientific articles by first finding topics 
that interest you m publications like Discover magazine or Scientific Ameri
can. Since the intended audience for these publications is the general public 
instead of the scientific community, they tend to be written in somewhat 
simpler language. If you find a topic in these types of publications that 
interests you, you can then look for the original research paper to discover 
all of the intricate details. 

4) Give your students small pieces of the research paper to study at a time, 
like the abstract or the methods section, then read through it as a class. Dis
cuss what the author is trying to say together. Some teachers have even had 
luck "translating" sections of scientific papers into more grade appropriate 
language before giving it to their class. 
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Appendix 3: Using Concept Maps For Evaluation 

Concept mapping is as assessment technique based on the clustering 
of concepts that students use to express their understanding of those con
cepts and the relationship between them. Although not as easy to grade as a 
multiple choice or true/false test, concept maps can provide a rich source of 
information on smdent understanding and should be considered as a very 
viable option for assessment. 

This appendix contains a brief introduction to the "How to" of scoring 
concept maps, and some ideas for their use in the classroom. 

Scoring Criteria (adapted from Novak and Go win, 1984): 

1) Concepts: Concepts are what make up the basic framework of the concept 
map; the words which smdents cluster. Students should receive one point 
for each valid concept written. 

2) Relationships: Relationships connect concepts; they are the words and/or 
phrases written on the lines between the concepts. Students should receive 
one point for each valid relationship written. No points are given for either 
incorrect relationships, or lines connecting concepts that have nothing writ
ten on them. 

3) Examples: Examples are specific events or objects that are valid instances 
of the concept from which they extend. Students should be given one point 
for each valid example. 

4) Hierarchy: A concept map shows hierarchy when each subordinate con
cept is more specific and less general than the concept above it in the context 
of the material being mapped. Students should receive 5 points for every 
valid level of hierarchy. 

5) Crosslinks: Crosslinks occur when a student shows meaningful links 
between one segment of the concept hierarchy and another. Crosslinks can 
indicate creative ability. Students should receive ten points for each valid 
crosslink. 
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The scoring criteria don't make much sense on their own; we really 
need to look at an example for you to really get the idea of how to score a 
concept map. On the next few pages, we will take you on a step-by-step tour 
of scoring an example map. 
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Birds Ladybug and Firefly 

Criterioa 1: Concepts 
Score: 1 point per concept 

Concepts in the above example are shown in gray ovals. 

This concept map has: 19 valid concepts 

Note: It is up to the grader to decide whether or not clustered concepts like 
"Head, Thorax, and Abdomen" should be scored all together as one concept, 
or separately as (in this case) three concepts. In this example, they are given 
a score of 1. 
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Manduca sexta 

Tobacco Homworm 
4 Life stages 

Egg 

Tiny 

toneiss 

Larva Pupa Adult 
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Birds Ladybug and Firefly 

Criterion 2: Relationships 
Score: 1 point per relationship 

Relationships in the above example are shown in gray ovals. 

This concept map has: 19 valid relationships 
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is also called 
Manduca sexta 

Tobacco Homworm has 

Paa 

IS 

Tiny 

4 Life stages 

is a type of 

Insect 
one is^-^ 

one is 
one IS one IS 

Larva Pupa Adult 

IS is IS a 

have 

3 Body sections 

which are 

Green Brown Moth other examples are Head, Thorax, 
and Abdomen 

which helps it 

Blend in 

to aviod 

Predators 

Beedes 
^Parasmc Wasps Grasshoppers 

such as 
like the 

such as 

Criterion 3: Examples 
Score: 1 point per example 

Examples in the above example are shown in gray ovals. 

This concept map has: 3 valid examples 

Note: In this example it would be equally valid to score "Parasitic wasps" as 
an example. Since it already was scored as a concept however, we will not 
score it twice here. 
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Hierarchy 

Key Concept 

Level 1 

Level 2 

Level 3 

Level 4 

Level 5 

is also called 
Manduca sexta 

Tobacco Homwonn has 

one IS 

one IS 

4 Life stages 
one IS 

is a type of 

Insect 

Egg 

Tiny 

one IS 

Larva Pupa Adult 

have 

3 Body sections 

which are 

Green Brown Moth other examples are Head. Thorax. 
and Abdomen 

which helps it 

Blend in 

to aviod 

Predators 

.. Beetles 
^Parasmc Wasps Grasshoppers 

such as 

like the 

such as 

Birds Ladybug and Firefly 

Criterion 4: Hierarchy 
Score: 5 points per level of hierarchy 

This concept map has: 5 valid levels of hierarchy 

Note: Examples do not count as levels of hierarchy; neither does the key 
concept, in this case, ""Manduca sexta". Hierarchies can be difficult to deter
mine and the grader must be careful not to be fooled by where concepts are 
on the page. For instance, looking quickly it would appear that the concepts 
"Parasitic wasps", "Beetles", and "Grasshoppers" are in Level 4 however, if 
you count levels back to the key concept, you wiU find that these terms 
actually lie in Level 2. If you are unsure at any time, counting levels back to 
the key concept always works. 
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is also called 
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Larva Pupa Adult 
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and Abdomen 
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Blend in 
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such as 

Birds 
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Grasshoppers 

like Che 

Ladybug and Firefly 

CriterioQ 5: Crosslinks 
Score: 10 points per crosslink 

The crosslink in the above example is shown with an arrow in a gray oval. 

This concept map has: 1 valid crosslink 
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Grand Total Score for this Example: 

Concepts: 
Relationships: 
Examples: 
H i e r a r c h y :  5 x 5  =  
Crosslinks: 10 x 1 = 
TOTAL: 

19 
19 
3 

25 
10 
76 

Ideas for the use of Concept Maps in the Classroom 

1) As a final assessment: The teacher sets scores that must be achieved for 
students to receive particular letter grades, or adds the points received on the 
concept map to each student's cumulative score. 

2) As part of the ongoing assessment process: Students produce concept 
maps several time during a unit and the teacher uses them to track student 
progress and understanding. 

3) As a pre- post-test: Similar to 2) above, students produce concept maps at 
the beginning and the end of a unit and the teacher looks at change in under
standing over time. The teacher may set some predetermined amount in 
which a student must improve to receive a particular letter grade if desired. 
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Printed Resources 

Insect Resources 
Bardwell J, Evans D, Roche R, 1996. Arthropodantics: Living Science in the 

Classroom and th Schoolyard. Tucson, AZ: University of Arizona. 

1971. Mosquitoes: A Resource Book for the Classroom. New York: 
McGraw-Hill. 

Creager JG, 1976. Why Entomology? The American Biology Teacher 38: 
203. 

Gullan PJ, Cranston PS, 1994. The Insects: An Outline of Entomology. Lon
don, England: Chapman & Hall. 

Imes R, 1997. Incredible Bugs - The Ultimate Guide to the World of Insects. 
London, England: Barnes and Noble, Inc. 

Kneidel SS, 1993. Creepy Crawlies and the Scientific Method - Over 100 
Hands-On Science Experiments for Children. Golden, CO: Fulcrum 
PubUshing. 

Matthews RW, Flage LR, Matthews JR, 1997. Insects as teaching tools in 
primary and secondary education. Annual Review of Entomology 42: 
269-89. 

Nass JJ, 1996. THE MANDUCA PROJECT - Teacher's Manual. Tucson, 
AZ: University of Arizona, 134. 

Spray F, 1995. Mosquitoes in the Classroom: Teacher Resource Guide and 
Classroom Curriculum: Kendall/Hunt Publishing Company. 
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Educational Resources 
AAAS, 1993. Benchmarks for Science Literacy: Project 2061. New York, 

NY: Oxford University Press. 

Bonwell CC, Eison JA, 1991. Active Learning: Creating Excitement in the 
Classroom. Washington, D.C.: The George Washington University. 

Doris E, 1991. Doing What Scientists Do. Portsmouth, NH: Heinemann 
Publishing. 

Hart D, 1994. Authentic Assessment. United States; Addison-Wesley Pub
lishing Company. 

NRC, 1996. National Science Education Standards. Washington, DC: Na
tional Academy Press. 
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Electronic Resources 

If you search the Internet for insect-related resources, you will dis
cover a wide variety of interesting and potential useful information. To get 
you started we have included the Internet "addresses" of some of our favor
ite sites on the World Wide Web. 

Entomologv Index of Internet Resources: List and gateway to many of the 
entomology resources on the Internet 
http://www.ent.iastate.edu/List/K-12_Educator_Resources.html 

Entomologv on the WWW: List and gateway to many of the entomology 
resources on the Internet 
http ://www.Colostate.edu/Depts/Entomology/www_sites .html 

Lepidoptera Electronic Resources: Links to other sites with information and 
resources on moths and butterflies 
http://www.chebucto.ns.ca/Environment/NHR/lepidoptera.html 

Teacher Resources from the Entomological Societv of America: Links to 
insect-related teacher resources 
http://www.ents0c.0rg/educate.htm#TEACHERS 

Book of Insect Records: Detailed facts on insect feats and records 
http://gnv.ifas.ufl.edu/~tjw/recbk.htm 

Cultural Entomologv Digest: Articles on insects in human culmre 
http ://ww w.insects .org/ 

Insects as Food: Recipes for edible insects 
http://www.ent.iastate.edu/Misc/InsectsAsFood.html 

Minibeast World of Insects and Spiders: Lots of information on insects and 
spiders including fact sheets, resources, reference library, shopping mall, and 
much more 
http://www.tesser.com/minibeast/ 

Amazing Insect Project: Lesson plans, teacher resources, and a cooperative 
Internet project for students across the country 
http://www.minnetonka.kl2.mn.us/groveland/insect.proj/insects.html 
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Ant Wars: A social insects laboratory exercise 
http://pubpages.unh.edu/%7Epcj/antwars.htnil 

Cockroach World: A wide range of information on cockroaches 
http://www.nj .com/yucky/roaches/ 

Popular Classics in Entomology: Bibliography of insect books 
http://www.colostate.edu/Depts/Entomology/readings.htnil 

BUGNET: A mailing list for submitting questions to entomologists 
Send questions to: bugnet@listproc.wsu.edu 

Linnaean Games: Questions and answers on insects 
http://www.msstate.edu/Entomology/Game.html 

Youth Facts: Information and activities for youth entomology and entomol
ogy sites on the World Wide Web 
http://www.uky.edu/agriculture/Entomology/ythfacts/entyouth.htm 

Using Insects in the Classroom: A Teacher's Guide to Six-Legged Science: 
Teacher's guide for using insects in the classroom 
http://www.uky.edu/agriculture/Entomology/ythfacts/4h/teacher/ 
teacherl.htm 

CD-ROM List: A list of available insect CD-ROMs 
http://www.ent.iastate.edu/List/CD-ROM.html 

Software List: A list of available insect software 
http://www.ent.iastate.edu/List/software.html 
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APPENDIX 2: ATTITUDE INSTRUMENT PRE-TEST 

Attitude Instrumeiit--Form A (Novodovorsky, 1993) 

This survey is designed to gather information about your attitude toward science. 
Some of the statements in the survey refer to "science." You should think about any science 
classes you have taken when you respond to those statements. Some statements refer to 
"biology." You should think about any biology classes you have taken or any parts of 
science classes in which you leamed about living diings. Some statements refer to 
"physical science." You should think about classes such as chemistry, physics, geology, or 
earth science, or any parts of science classes in which you leamed about chemicals, the 
earth, machines, or similar topics. If you have not yet had a class in biology or in any 
physical science, respond to the statements on the basis of what you know or have heard 
about those classes. 

Please read the statements and decide how much you agree with each. Using the 
following list, circle the choice that matches how you feel about each statement. 

SA: strongly agree 
A: agree 
N: neither agree nor disagree 
D: disagree 
SD: strongly disagree 

I. [ do not want to take any more science classes than I have to take. 
SA A N D SD 

2. I eniov the challenge of science classes. 
SA A N D SD 

3. I would or do belong to a science-related club. 
SA A N D SD 

4. Studying physical science is boring. 
SA A N D SD 

5. I like to share what I've leamed in science class with my friends or 
family. 

SA A N D SD 

6. I am interested in learning more about topics in biology. 
SA A N D SD 

7. I doubt I will ever grasp biology. 
SA A N D SD 

8. I do not think about the things I learn in science class outside of 
school. 

SA A N D SD 

9. I enioy reading books about science. 
SA A N D SD 

10. I have a talent for physical science. 
SA A N D SD 

11. Science classes are interesting. 
SA A N D SD 

12. I would not try to learn about science on my own. 
SA A N D SD 

13. Science classes are too difficult for me. 
SA A N D SD 

14. Studying biology is boring. 
SA A N D SD 

15. Biology makes no sense to me. 
SA A N D SD 
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16. I do not enioy watching TV shows that deal with science. 
SA A. N D SD 

17. I doubt I will ever grasp physical science. 
SA A N D SD 

18. I enjoy reading about science in the newspaper or magazines. 
SA A N D SD 

19. [ am interested in learning more about topics in physical science. 
SA A N D SD 

20. I do not enjoy talking about science with my friends. 
SA A N D SD 
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APPENDIX 3: ATTITUDE INSTRUMENT POST-TEST 

Attitude Instriiment~Form B (Novodovorsky, 1993) 

This survey is designed to gather information about your attitude toward science. 
Some of the statements in the survey refer to "science." You should think about any science 
classes you have taken when you respond to those statements. Some statements refer to 
"biology." You should think about any biology classes you have taken or any parts of 
science classes in which you learned about living things. Some statements refer to 
"physical science." You should think about classes such as chemistry, physics, geology, or 
earth science, or any parts of science classes in which you learned about chemicals, the 
earth, machines, or similar topics. If you have not yet had a class in biology or in any 
physical science, respond to the statements on the basis of what you know or have heard 
about those classes. 

Please read the statements and decide how much you agree with each. Using the 
following list, circle the choice that matches how you feel about each statement. 

SA: strongly agree 
A: agree 
N: neither agree nor disagree 
D: disagree 
SD: strongly disagree 

1. I do not want to study any more science. SA A N D SD 

2. I feel overwhelmed in science class. SA A N D SD 

3. I would or do belons to a science-related club. SA A N D SD 

4. [ do not enjoy doing labs in physical science classes. SA A N D SD 
5. I like to share what I've learned in science class with my friends or 

family. 
SA A N D SD 

6. Biology seems to be "over my head." SA A N D SD 

7. I enjoy science classes. SA A N D SD 
8. I do not think about the things I leam in science class outside of 

school. 
SA A N D SD 

9. I enjoy reading books about science. SA A N D SD 

10. Physical science seems to be "over my head." SA A N D SD 

11. I do not enjoy participating in hands-on activities in biology 
classes. 

SA A N D SD 

12. I would not try to leam about science on my own. SA A N D SD 

13. I have the ability to be successful in science classes. SA A N D SD 

14. I like going to biology classes because I team interesting things. SA A N D SD 

15. Leaming things in physical science is easy for me. SA A N D SD 
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16. I do not enioy watching TV shows that deal with science. SA A N D SD 

17. I am able to easily understand topics in biology. SA A N D SD 

18. I enjoy reading about science in the newspaper or magazines. SA A N D SD 
19. I like going to physical science classes because I leam interesting 

things. 
SA A N D SD 

20. I do not eniov talking about science with my friends. SA A N D SD 
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APPENDIX 4: SAMPLES OF SCORED STUDENTS' 

EXPERIMENTAL DESIGNS AND CONCEPT MAPS 

Experimental Designs 

Included here are the pre- and post- treatment experimental designs 

for two students in the study. The designs are exactly as they were turned 

in by the students, including all spelling and grammatical errors. Scores 

and score descriptions for each design are shown following the students' 

writings. 

Pre-test, Student 1 

Statement of purpose: 
The purpose is to see what kind of food it likes. 

Hypothesis; 
It will like big leaves. 

Materials used: 
different leaves 

Procedure: 
to feed it different kind of leaves. 

Score: .25 
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Score Description: 

This student included no mention of controls, replicates, or scheme for 

collection of data, therefore no points were awarded in any of these 

categories. Only one somewhat unclear procedural step is listed, gaining 

the student a score of .25. 

Post-test, Student 1 

Purpose: 
Test which if any of the ingredient give good health 

Hypothesis: 
I think the leaf will give good health. 

Materials: 
Berry, Leaf, Ant 

Procedure: 
Step 1: We try the berry and give it to them and see if it works 
Step 2: Then we try the leaf and see if it gives you good health. 
Step 3: Then we use the ant and try if it works. 
Step 4: Then we try all three of them and see if they would work. 

Score: 2.5 

Score Description 

This student received one point for including a positive control (see Step 

4), one point for the fact that the steps included addressed the proposed 

question, and .5 points for the procedural steps being somewhat clear. 
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Since no replicates or scheme for data collection were included, no points 

were awarded in either of these categories. 

Pre-test, Student 2 

Statement of purpose: 
The purpose of our project is to see if the color of the food will effect the 
color of Fred (Author's Note: "Fred" refers to the "personal larva" of this 
smdent). 

Hypothesis: 
Our hypothesis is that the color of the food will give Fred tints of that 
color. 

Materials Needed: 
We will need: food coloring, the artificial diet food especially Fred! 

Procedure: 
First we will die the food w/ the die. We will monitor Fred every day and 
see if there is any color change. We will record the info. 

Score: 3 

Score Description: 

This student received one point for the data collection scheme (the student 

discussed checking for color change daily and recording observations), one 

point for clear procedural steps, and one point for the fact that the 

procedural steps included clearly addressed the research question. Since 

this student did not include replicates or a control, no points were awarded 

in either of these categories. 
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Post-test, Student 2 

Purpose: 
Test which ingredient is helping, if any? Berry, Leaf, Ant = Medicine 

Hypothesis: 
I'm guessing these ingredants R helping the people live longer but it isn't 
the only thing. 

Materials: 
I will need the berrys, the leaf, and the ants. I will also need 4 older 
people (same age) without any diseases or sicknesses. I will need a tredmill 
also. 

Procedure: 
First I would take the berry, leaf and the ant and feed them to 2 of the 
people on a monitered diet. The just keep the other 2 on a diet without the 
berry leaf and ant and see what people have the most energy at the end of 
the last meal 

Score: 4.5 

Score Description: 

This student received one pouit for including replicates (2 people in each 

treatment), one point for including a control group (the 2 people not taking 

the "medicine"), one point for a scheme for data collection (measuring 

energy levels), one point for a clear description of the procedural steps, 

and .5 points for the fact that those steps are related to the question posed. 

.5 points are lost because the procedural steps to not precisely address the 

proposed question (This experimental design would answer the question of 
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whether of not the "medicine" works to give people more energy, not 

which ingredient is actually the beneficial one). 
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Concept Maps 

Included here are the pre- and post- treatment concept maps for two 

students in the study. The designs are exactly as they were turned in by the 

students, including all spelling and grammatical errors. Scores for each 

concept map are shown following the students' writings. 

Pre-test, Student 3 

Camouflage 

Fruit 
Little 

Green 

is when th€ 
change siz 
and color 

is when its 

Larva Pupa 

it hardly moves 
around and 
around 

Moth 
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Score: 

Concepts: 7 

Wrong Concepts: 1 ("Fruit" - these animals do not eat fruit, they eat 

leaves) 

Relationships: 2 (The 2 valid relationships are "it is" between "larva" and 

"green" and "it is a moth" between "adult" and "moth" - all other 

relationships written are either nonsensical or too unclear to count) 

Examples: 0 

Crosslinks: 0 

Hierarchy: 1 (Circular maps such as this one were assigned 1 level of 

hierarchy) 
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Post-test, Student 3 

give them energy 

\hav6to 
Food [s^what they eat \ 

:Mand 
may Hiave to 
do wih 

'have 

Dots 

iL ^ Spots 
have 1® do with / 

h^ to do with 

Pattern 

endslat the 

Horn 
have 

Coloi 

jca larva 

have a little 

green 

may do with the Camoflage may be i/sed to scare 

has protecte 
from 

Predators 

Score: 

Concepts: 10 

Wrong Concepts: 0 

Relationships: 13 
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Examples: 0 

Crosslinks: 6 (The crosslinks are: "give them the energy to", "may have to 

do with", "may do with the", "has protected from", "may be use to 

scare", and "ends at the") 

Hierarchy: 2 

Pre-test, Student 4 

Adult 

Larva 
Green 

so they goes to 
turns them 

Gaterpltlars 
Blend in 

eat 

to hice from 
Tobacco 

Predators 

Score: 

Concepts: 9 

Wrong Concepts: 0 

Relationships: 5 

Examples: 0 



230 

Crosslinks: 1 ("turns them") 

Hierarchy: 2 

Post-test, Student 4 

adutt 

^pupa 

.1 head 
^1 thorax 

Cabbage 

egg 
*Manduca 

eats.^ 

2 simple eyes 

6 legs 

other name 
•Tobacco Hornworm 

Plants 
Spiracles 

are on 

Leaves Mulberry leaves Abdomen 

Tobacco 

Score: 

Concepts: 13 

Wrong Concepts: 0 

Relationships: 4 

Examples: 4 ("Cabbage", "Leaves", "Tobacco", "Mulberry leaves") 

Crosslinks: 0 

Hierarchy: 2 



231 

WORKS CITED 

Aldridge, B., Lawrenz, F., & Huffman, D. (1997) The Science Teacher 64, 
21-25. 

ASCD. (1994) A5CD Update 26, 1-4. 

Cluff, D. (1998) Personal Communication. 

Deal, D., & Sterling, D. (1997) Educational Leadership 54, 61-63. 

Fishbein, M., & Ajzen, I. (1975) Belief, attitude, intention and behavior: 
An introduction to theory and research, Addison-Wesley, Reading, MA. 

Gardner, P. L. (1975) Studies in Science Education 2, 1-41. 

Hart, D. (1994) Authentic Assessment, Addison-Wesley Publishing 
Company, United States. 

BQinckmann, E. (1970) Biology Teachers' Handbook, 2 ed., John Wiley 
and Sons, Inc., New York, NY. 

Layman, J. (1996) Inquiry and Learning: Realizing Science Standards in 
the Classroom, The College Board, New York, NY. 

Luft, J. (1997) Science Scope 20, 25-27. 



232 

Markham, K., Mintzes, J., & Jones, M. (1994) Journal of Research in 
Science Teaching 31, 91-101. 

Novak, J. D., & Gowin, D. B. (1984) Learning How to Leam, Cambridge 
University Press, Cambridge. 

Novodvorsky, I. (1993) in Teaching and Teacher Education pp 138, 
University of Arizona, Tucson, AZ. 

NRC (1996) National Science Education Standards, National Academy 
Press, Washington, DC. 

Rankin, M. (1994) Personal Conmiunication. 

Rezba, R., Sprague, C., Fiel, R., & Funk, H. (1995) Learning and 
Assessing Science Process Skills, 3 ed., Kendall/Hunt Publishing Company, 
Dubuque, lA. 

Rutherford, F., & Ahlgren, A. (1990) Science For All Americans, 1 ed., 
Oxford University Press, New York, NY. 

Sears, P., Sc Kessen, W. (1964) Journal of Research in Science Teaching 2, 
3-6. 

Wallace, J., & Mintzes, J. (1990) Journal of Research in Science Teaching 
27, 1033-1052. 

Wheeler, G. (1996) Science and Children 34, 6-7. 



IMAGE EVALUATION 
TEST TARGET (QA-3) 

150mm 

IIVMGE. Inc 
1653 East Main Street 
Rochester. NY 14609 USA 
Phone: 716/482-0300 
Fax: 716/288-5989 

01993. Applied Image. Ina. All Rights Reseived 


