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"Science is built of facts 
the way a house is built of bricks, 
but an accumulation of facts is no more science 
than a pile of bricks is a house." 

-Henri Poinca, theroetical scientist (1854 - 1912) 
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ABSTRACT 

The purpose of this study was to explore the course conditions that support the 

development of meaningful student learning in an introductory undergraduate human 

anatomy and physiology course. The study was conducted during an 8-week summer-

session at a small mid-westem university. Classroom observations and taped recordings 

of class sessions were used to determine content episodes within the instructional unit, 

opportunities for learning created by the instructor, demonstrations of information 

processing by the students, and the ways in which the instructor used the Personal 

Response System (PRS). Student interviews were used to determine students' level of 

understanding of pre-test and post-test items. Student interviews and a questionnaire 

were used to determine students' perceptions of the PRS as a learning tool. Findings 

reveal that the instructor had different expectations of students when posing verbal 

questions in-class than he had when posing PRS questions. The use of verbal questions 

did not permit demonstrations of student understanding; however, the use of the PRS did 

result in demonstrations of student understanding. Questions posed via the use of the 

PRS were categorized according to cognitive level. The cognitive level of the questions 

increased with time over the instructional unit and within the content episodes. Students 

demonstrated deeper understanding of the topics after instruction than they did before 

instruction. Students reported more in-class thinking about the content, more discussion 

of the content with their neighbors, more regular class attendance, more opportunities for 
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deeper learning, and a general preference for the PRS over traditional lectures. Findings 

of the study indicate that the instructional decisions about the use of questions influences 

the opportunities for students to process information and demonstrate their understanding 

of the content and that students valued these opportunities. A better understanding of the 

conditions that promote meaningful student learning may help us make decisions that 

result in improved student learning in our own classes. 
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INTRODUCTION 

Opportunities for student learning consist of periods of time in which students are 

actively engaged in processing content information in order to develop an understanding 

of the content. Often times this processing of content information occurs when students 

are preparing to complete a task such as: answering a question posed in class by the 

instructor or another student, participation in a discussion, or preparing for an end of unit 

assessment. Depending upon the nature of the task, opportunities for student learning 

may occur inside or outside of the classroom as students think about the content of the 

course. In this study, I refer to the process of thinking that leads to conceptual 

understanding as meaningful student learning. 

Thinking deeply is an important process in students' meaning-making of the 

content in a course. Thinking deeply is an active learning process that requires students 

to make connections among of the content that has been presented in lectures, the content 

students read in texts, and the knowledge students have at the start of a course. However, 

thinking deeply is not necessarily a regular occurrence inside the college science 

classroom. Rather, students' thinking deeply about content, when it occurs at all, seems 

to be an activity that occurs outside of the classroom, usually in preparation for exams. 

Traditional introductory science courses have often been passive learning 

environments where large numbers of students sit quietly and listen to experts who told 

them about their field. In this scenario, typical of large introductory science courses, 

meaningful learning often does not occur. Brisk content coverage leaves little time for 
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question asking or answering (NRC 1997). Large class enrollments make instructor-

student interaction intimidating for many students. The content rich focus allows 

instructors to reduce the information to manageable content units that students are 

expected to learn outside of class time. Ends of unit exams are the predominant, rather 

than one of many, tools that instructors used to assess student learning. As student 

moved on to upper division courses, they fail to identify larger conceptual ideas within 

the discipline, connections between concepts, and practical understanding of those 

relationships (NRC 1997). Yet, instructors expect their students to leave their courses 

with a deeper conceptual understanding of the relationships even though the topics are 

covered in a piecemeal fashion during lectures (Pearsall 1992). In sum, the teaching and 

learning conditions that often accompany large introductory science courses do little to 

promote meaningful student learning during class sessions. 

Some education researchers have raised doubts about whether meaningful student 

learning can result at all in the traditional university introductory science course. For 

instance, McDemiott and Shaffer (1992) and McDermott et al. (1994) found that 

traditional physics lectures did little to help most students understand electricity or 

mechanics. In chemistry, Birk and Foster (1993) suggested that student grades in large 

lecture courses did not correlate with lecturing skill or experience of the instructor. Large 

introductory science courses in these studies were places where few linkages existed 

between instructional design, instructor competence, and student learning. Yet, 

universities and colleges offer many science courses as large lectures and will likely 
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continue to do so for many years to come. 

However, educational researchers have identified characteristics shared by 

effective teachers whose students demonstrate learning (Angelo and Cross 1993, Davis 

1993). One of the characteristics common to effective teaching is frequent assessment 

and feedback on student understanding. Angelo and Cross (1993), Cross and Steadman 

(1996), Davis (1993), and Rowe (1974) provide suggestions for instructors to determine 

whether students are learning what one is teaching. For example, they suggest posing a 

question on the board, giving students time to formulate answers, and then responding to 

student answers. Assessing student understanding at frequent intervals is another strategy 

that helps students learn science (McDermott et al. 1994, Mazur 1996). 

The need to know more about course conditions that promote the development of 

meaningful student learning drove this study. Course conditions are described by 

observable actions of the instructor or students that likely influence the potential for 

student learning. Observable actions may include such activities as questions asked by 

the instructor, questions asked by students, the instructor's choice of topics, and time 

allowed for individual topics. Since meaningful student learning is difficult to observe, 

theory for information processing (IP) is used to analyze student and instructor data 

collected in the study. 

This study was conducted to explore the opportunities for meaningful student 

learning that occurred during classroom instruction in an introductory undergraduate 

human anatomy and physiology course. In particular, I was interested in the levels of IP 
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used by students during class to develop conceptual understanding of the content 

presented in lectures. Furthermore, I wanted to describe what students attributed as 

important to their development of conceptual understanding in the course. The research 

questions developed to guide the study are: 

Research Questions 

1. What opportunities for a high degree of information processing, as perceived 

by a knowledgeable observer, does the instructor of the class create? 

2. What instances, if any, of information processing do students in the class 

demonstrate? 

3. Do the instructor-created opportunities for deep information processing 

contribute to meaningful student learning? 

A. If yes, under what conditions does this occur? 

B. If no, to what do students attribute their development of understanding? 

Three weeks of preliminary observations revealed that the course instructor did 

not teach a typical introductory science course. The instructor was a continual questioner 

who provided considerable classroom time for students to think about the content and 

discuss it with each other during class sessions. A relatively new technology, the 

Personal Response System (PRS) was one method used by the instructor to question 

students. While using the PRS, the students were expected to think, discuss, and respond 



to the instructor's questions. The expectation of in-class thinking was a regular practice 

in this course while the PRS was in use. Therefore, a second set of questions was 

developed to address the instructional use of the PRS. 

4. How does the Human Anatomy and Physiology instructor use the PRS? 

5. Do undergraduate students value the use of the PRS in introductory Human 

Anatomy and Physiology? 

A. If so, in what ways? 

B. If not, why not? 

6. What do undergraduate students perceive as the learning differences associated 

with the use of the PRS versus more traditional teaching methods? 
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LITERATURE REVIEW 

Lectures are the method of choice for presenting information, especially to large 

numbers of students in introductory science courses such as those in Human Anatomy 

and Physiology. Lectures have been used in university classes for over a century. Yet, 

there has been little change in their structure (Costin 1972, Bowles 1982, Nance and 

Nance 1990). Bligh (2000), using 93 studies of lectures distinct from other teaching 

methods, concluded that lectures are as effective as other methods (discussions, readings, 

group work) for transmitting knowledge to students; however, other methods are 

preferable if the goal is to inspire interest, teach behavior skills, or change attitudes. 

Furthermore, Bligh asserts that lectures can provide information for university students to 

think about once they leave the classroom, provided the information is not presented in 

the traditional expository manner. For example, the instructor may pose a conceptual 

problem utilizing information that has been presented from a series of lectures. 

Student thinking processes are influenced by what teachers do in the classroom. 

Wittrock (1986) suggests that teaching impacts students' cognitive processes, which in 

turn influence their learning, ultimately leading to their understanding. Students do not 

think conceptually if their work consists of memorizing facts or applying formula without 

attention to why or when to use that information (Ausubel 1968, Lampert 1990). 

Methods that include teacher or student questioning can be used to promote students' 

engagement and students' thinking in the classroom (Hamilton 1985, Osman and 
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Hannafin 1994, Pressley et al. 1990). Such classroom questioning is often referred to as 

formative assessment. 

Formative Assessment 

Summative and formative assessment are two major categories of assessments 

used in classrooms at all educational levels. Summative assessments are final measures 

of student learning that usually occur at the end of units after instruction is complete. 

Examples of these assessments, often associated with grades, include instructor written 

exams or standardized achievement tests (NRC 2000, Taras 2002). Summative 

assessments are measures of performance that can be referenced either to predetermined 

criteria or norms established by peer performance levels (Bell and Cowie 2001). These 

types of assessments are the most commonly used form in university science courses. 

Formative assessments occur during classroom instruction to provide feedback 

that leads to improved student learning and teaching (Biggs 1999, NRC 2000). Asking 

questions, providing verbal feedback on students' answers, and using group discussion 

problems are examples of tools used by instructors to formatively assess student learning. 

Black (1993) described assessment as formative only if the assessment results cause 

action by the teacher and students resulting in enhanced student learning. Bell and Cowie 

(2001) further describe formative assessment by distinguishing it as one of two types: 

planned or interactive. Planned formative assessment involves early decisions about what 

to assess and how to assess it. Interactive formative assessment occurs more 
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spontaneously as instructors proceed with instruction. In sum, formative assessment, 

whether planned or spontaneous, involves the monitoring of student learning to provide 

feedback to the instructors and the students. 

It has been known for some time that student learning is also enhanced by regular 

feedback (see Thomdike 1913). However, only recently has research in the learning 

sciences produced results supporting the early claims about the importance of feedback 

in enhancing student learning (NRC 2000). Feedback given to develop students' 

conceptual understanding is different from feedback necessary to enhance memorization 

(Chi et al. 1994). Feedback that enhances students' conceptual understanding usually 

involves scaffolding ideas so that students experience when, where, and how information 

can be appropriately applied to new situations (NRC 2000). Scaffolding refers to the 

process of providing the learner information to help guide them to the next level of 

understanding. Biggs (1999) asserts that students must not be recipients of passive 

learning, but rather must be active makers of their own learning through classroom 

activities. Effective learning involves "deliberate practice" which involves monitoring of 

the learning process (Ericsson et al. 1993). Biggs (1999) argues for teaching methods, 

assessment procedures, and curricula to lead to higher order cognitive thinking. Biggs 

goes on to say that foniiative assessment is an essential component of the process leading 

to higher order thinking as it provides feedback for students and the assessor. As reported 

by Higgins et al. (2002), Black and Wiliam's (1998) meta-analysis of 250 formative 

assessment studies concluded "formative assessment does make a positive difference to 
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student learning." The recent work on feedback and deliberate practice suggests that 

learning is an active building process that can be enabled by helping students understand 

what they need to know and how new learning links to what they already know. 

Formative assessment engages students in active learning because feedback on 

thinking associated with the subject matter is immediate and conducted in the classroom 

between instructor and students. Nuthall (1999) identifies three levels of student 

involvement in active learning according to the context in which it occurs: formal public 

participation, semi-private participation such as neighbor or small group talk, and private 

involvement, which involves internal cognitive processes. Active learning has also been 

described as activities that engage students in doing something other than listening and 

taking notes in class (Johnson et al. 1998). Johnson et al. (1998) describe individual 

student reflection, student talking and listening to one another, and interacting with the 

instructor as essential components of active learning. Davis (1993) and Rowe (1974) 

both suggest that active learning can involve instructors posing questions on the board, 

giving students time to formulate answers, and then responding to students' answers. 

Assessing student understanding continuously and frequently is another course feature 

that has been used successfully to enhance student learning (McDermott et al. 1994, 

Mazur 1996, NRC 2000). Finally, findings from studies across several disciplines have 

described various forms of active learning to be more effective at enhancing student 

learning than passive learning (Hake 1998, Kovac 1999, Mazur 1997). 

In sum, formative assessment in a lecture classroom can enhance student learning. 
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Regular feedback that is available to the students and the instructor through the use of 

formative assessments provide a means to continuously monitor the process of student 

learning. Immediate feedback given to students directs the students to consider what they 

still need to learn whereas teachers are able to use the feedback to direct or re-direct 

instruction during the course of instruction. This use of feedback is in contrast to the use 

of feedback in summative assessments in which the modification of instruction is for the 

next group of students who take the course. 

Yet, formative assessment is not as easy to implement as summative assessment. 

Instructors who engage in formative assessment by using strategies that support active 

leaming have experienced disappointment when only a limited number of students 

respond to their carefully chosen questions. The disappointment can lead to instructors' 

resorting to rhetorical questions where students' answers are predictably greater in 

number and nearly always right. Other times the instructors' disappointment may lead to 

abandonment of question asking in class with all high level questioning left to summative 

assessments at the end of the unit. Taras (2002) asserts we are giving students the wrong 

signal when we are more concerned with their grades than we are with the development 

of their understanding during instruction. 

Questions and Questioning 

Questions axe often thought to be a regular component of classroom instruction. 

Asking questions helps students understand science. Asking good questions is more 



critical than asking many questions (Newton 1997). A good question does more than tell 

us what specific item of information a student may or may not know (Blosser 2000) and 

has a purpose in the context of the lesson (Myhill and Dunkin 2002). Filling a class 

session with questions supports an instructor's idea that quantity as opposed to quality 

constitutes good questioning skills (Newton 2002). Newton (2002) describes good 

questioning skills to mean "asking the right question at the right time in order to achieve 

your (the teacher) goals". The types of questions teachers ask impacts the level of 

thought students engage in (Blosser 2000). Therefore, the criteria for asking appropriate 

types of questions lie in the instructors' goals for student learning. However, the ability 

to pose good questions at appropriate times to match the goals of instruction is a difficult 

process to incorporate. 

Wilen (2001) described nine myths about questioning students (shown in Table 1) 

that are commonly held by teachers. The myths described illustrate how teachers may use 

questions in classrooms based upon intuition rather than give consideration to whether or 

not their choice of questioning strategy is supported by evidence that promotes student 

engagement or learning. For instance, two of the myths described focus on the cognitive 

level of question the teacher asks. The myths state that higher cognitive level questions 

are more critical than lower level questions and that the higher level questions elicit 

higher level student answers. Questions of all cognitive levels are important yet research 

findings reveal few instructors ask questions at the higher cognitive levels. For example, 

Daines (1986) reported 93% of questions asked (n = 5289) were at the literal 
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comprehension level while Myhill and Dunkin (2002) found 64% of teacher questions to 

be factual in nature. In fact, Daines reported that none of the questions asked in the study 

were at the application level or higher. Clearly, teachers are asking the majority of their 

questions at the lowest cognitive levels. 

Table 1. Myths about teacher questioning as described by Wilen 2001. 

1 Questioning is a natural teaching behavior that does not require planning. 

2 The more questions the teacher asks, the more students will learn. 

3 There are no bad questions. 

4 Higher-level cognitive questions are more critical than lower-level questions. 

5 Higher-level cognitive questions elicit higher-level answers. 

6 Teachers should ask lower-level cognitive questions before progressing to higher-
level questions. 

7 Teachers give students enough time to answer questions. 

8 When questioning students, teachers should call only on volunteering students. 

9 Teachers encourage students to ask questions. 

Another myth described by Wilen states teachers give students enough time to 

answer questions. If teachers are going to ask higher level cognitive questions, they need 

to give their students time to think in order to answer those questions. Time is a precious 

commodity in class. Rather than rehnquish time for students to think, instructors tend to 

ask low level cognitive questions that require simple word or short phrase responses. As 

a result, teachers have a short wait time for questions. Rowe (1973) suggests teachers 



need to build in wait time of 3 - 5 seconds after asking a question. Research shows this 

rarely occurs as the literature on wait time describes a range of 0.5 - 1.2 second pause 

after a teacher question is asked (Blosser 2000). Instead of providing time for students to 

think, instructors tend to repeat, rephrase, ask another question, or answer their own 

question often within one second after a question is asked (Rowe 1986). Rowe (1986) 

found that wait time of greater than three seconds tended to enhance the quantity and 

quality of students' responses. 

A fourth myth described by Wilen states teachers encourage student to ask 

questions. Observational studies reveal that student questions are not a common feature 

of courses (Dillon 1988). If student questions are asked, few, if any, are higher level 

cognitive questions. Most of the student posed questions are of the recall or clarification 

type with simple answers (White and Gunstone 1992). Woodward (1992) speculates that 

the lack of student generated questions in science classrooms revolves around teacher 

actions. For example, teachers who are uncomfortable with their content knowledge or 

those who view teaching as a transmission of facts from teacher to students may repress 

or stifle student questions. Dillon (1988) adds that students may fear comments from 

fellow students when asking questions. Biddulph and Osborne (1982) suggest that the 

number of student questions asked could be influenced by numerous factors such as age, 

experience, and prior knowledge of the student, and attitude, teaching style, and reward 

structure of the teacher. In addition, it has been reported that repeating students' answers 

to questions is thought to decrease students' listening skills and their motivation to listen 
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(Daines 1986, Tobin 1987) thereby reducing the opportunities for them to formulate their 

own questions. 

Several types of question taxonomies have been described with much of the work 

from the social sciences. Studies of questions in science have typically focused on text-

based reading comprehension questions (eg. Costa et al. 2000, Koch and Eckstein 1991, 

Pearson 1991). Daines (1986) used categories of literal, interpretive, application, and 

affective to classify questions. The literal category included 'yes/no' questions in 

addition to recall of exact facts such as dates, names, and details of events. Literal 

questions are all at the lowest level of cognitive engagement. Interpretive questions are 

higher order cognitive questions that require students to explain or interpret information. 

Application questions are the highest cognitive level as they required students to apply 

their knowledge to new situations. Affective questions that ask for attitudes, interests, 

and values, are rarely asked in college science classes. Myhill and Dunkin (2002) used 

two levels of criteria to code teacher questions. Questions are initially categorized based 

upon type of question that was asked, each category is then further subdivided into 

functional groups. For example, question categories are factual, speculative, procedural, 

and process. Factual questions are those in which there is a single pre-determined 

answer, speculative questions have no predetermined answers such as those asking for a 

hypothesis, procedural questions may be asking for which chemicals to mix together first, 

and process questions are asking for students to explain their thinking. The functional 

groups included checking for prior knowledge, building on thinking, factual elicitation. 
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reflecting on learning, and recapping. Newton (2002) uses a taxonomy of questions that 

focus on the purpose of the question being asked. The categories in this taxonomy 

include scene setting or relevance, recall of relevant prior knowledge, setting expectations 

including guiding and focusing questions, and making connections such as using ideas in 

new situations (see Appendix B, Figure 1). Each of the above taxonomies are 

modifications of Bloom's hierarchy of questions (Bloom et al. 1956) which is the most 

common taxonomy used to classify questions based on cognitive level. Bloom referred to 

six cognitive levels of questions that included knowledge, comprehension, application, 

analysis, synthesis, and evaluation (see Appendix B, Figure 2). 

Researchers have reported that teachers pose most of their questions at literal and 

recall levels (Daines 1986; Gall 1970, 1984; Myhill and Dunkin 2002). High focus on 

literal questions implies to students that teachers value and expect students to perform at 

the recall level in the course (Daines 1986). This model does not encourage students to 

engage in higher level thinking skills. Several researchers have shown higher order 

cognitive questions to increase recall and application of information when embedded in 

text (Hamaker 1986, Rickards 1979, and Watts and Anderson 1971) and that advance 

questions appear to trigger prior knowledge (Osman and Hannafin 1994). 

To summarize, a teaching activity often used in classroom settings is the asking of 

questions. Teacher posed questions can be asked for a variety of purposes such as to 

check recall, ask for a hypothesis, or determine students' understanding. However, the 

vast majority of questions asked are found at low cognitive levels where little time is 
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needed for students to think about and respond to the question. Student posed questions 

are few in number as students expect to respond to, not ask, them. 

Question taxonomies provide a tool to analyze the teacher and student questions 

that are posed in this study. When possible, questions will be coded into levels based 

upon cognitive categories according to Bloom (1956) and purposeful categories according 

to Newton (2002). Instructor posed questions at different cognitive levels provide an 

indication of the instructors expected level of student thought to answer the questions. 

Instructor posed questions for different purposes provide a framework for how the 

instructor organizes his classroom sessions. Student posed question at different cognitive 

levels provide an indication of student engagement in the context of the lesson. 

Electronic Response Systems 

Successful use of formative assessment to promote active student learning is a 

challenging goal for instructors of large introductory science courses. Questioning has 

long been the tool of choice for instructors seeking to make their courses more supportive 

of active student learning. However, as noted above, simply asking good questions does 

not necessarily result in high levels of student engagement. An alternative way to use 

instructor-posed questions more productively is facilitated by the use of an electronic 

response system. Electronic response systems have been used in college lecture halls for 

35 years (Judson and Sawada 2002). In undergraduate science, electronic response 

systems have been used in physics and physiology classes (Abrahamson 1998, Chiu 2003, 
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Judson and Sawada 2002, Paschal 2002, Poulis et al. 1998). 

One such system is called the Personal Response System (PRS; EduCue LLC. 

Alplaus, NY, www.educue.com). The PRS is a technology that allows students to 

respond electronically to multiple-choice questions posed by the instructor and then 

receive immediate visual feedback on the class responses. The PRS works with an 

individual pocket-sized, wireless transmitter that allows students to privately respond to 

questions relayed on a screen at the front of the class (see Appendix B, Figure 3). 

Instructors can set a number of variables in the system including number of answer 

choices (up to 10), time allowed to respond, confidence levels (high or low) with the 

response, number of opportunities for student responses (once or multiple), and display of 

results (histograms, bar graphs, or hidden) (see Appendix B, Figure 4). If multiple 

responses are allowed, (i.e., the student may change his/her mind during the allotted 

time), only the final response is recorded. 

The PRS allows the instructor as well as the students to assess individual student 

thinking about particular science concepts (see Appendix B, Figure 5). In this way, the 

PRS becomes an important formative assessment tool that provides feedback for the 

instructor and the students (NRC 2000). Instructors can incorporate planned formative 

assessment questions into their lectures as the system allows students to anonymously 

participate in question and answer sessions in the lecture hall (see Appendix B, Figure 6). 

The increased student-student interactions provided, if instructors choose to allow group 

discussion prior to question answering, encourages the students to share and revise their 

http://www.educue.com
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thinking during the instruction. The instructor can also use the results to make on the 

spot decisions about ideas that he/she should discuss in the remainder of the lecture. 

In sum, the PRS is a formative assessment tool that provides instructors and 

students immediate feedback that can be acted upon in the context of the lesson. The 

questions that are projected provides students an opportunity to interact with each other to 

discuss the content. The results can be used by the instructor to plan follow-up 

instruction and by the students to determine what they still need to learn. 

As the PRS technology is relatively new, there is little reported on how PRS is 

used in classrooms or on students' views of its use. In this study, the instructor use of 

questions via the PRS was analyzed based upon cognitive level, student interaction levels, 

and instructional choices made during the lesson. Students were surveyed about their 

beliefs on the use of the PRS with respect to the learning value of its use in class as well 

as their perceived learning differences in comparison to more traditional lectures. 

Information Processing 

Research on information processing can inform our understanding of how 

students learn from lectures. Information processing (IP) is a way to interpret human 

cognition. IP is one of the primary areas of work used to inform modem theory on 

student learning (Biggs 1993; Dyne et al. 1994). For the past 40 years, cognitive 

psychologists and educational researchers have continually redefined what information 

processing means. IP became a metaphor for student learning in the 1960s when a 



teacher's role was defined as the dispenser of information and the student's role was that 

of the recipient of information (Mayer 1996). During the next decade Craik and Lockhart 

(1972) and Marton and Saljo (1976) identified IP as a way to assess the depth of student 

understanding. IF was expanded in the 1980s and 90s by Biggs (1987,1993) to include 

context as a component. What has remained constant is the use of IP as a mechanism for 

the interpretation of student learning. 

Levels of processing (LOP) is a phrase used to describe one of the ways in which 

IP is used to describe student learning. LOP refers to how stimulus information is 

processed at different levels based upon characteristics of the stimulus information. 

Craik and Lockhart (1972) first described a framework for LOP. Craik and Lockhart's 

framework involves a hierarchy of processing stages in which deeper processing stages 

result in greater cognitive activity or retention. LOP can be used to describe qualitative 

differences in student responses. In their studies of college student learning, Marton and 

Saljo (1976) defined "surface-level" and "deep-level" processing to describe learning of 

text passages outside of the classroom. "Surface-level" processing refers to the learner 

reproducing information. This is often equated with rote learning. "Deep-level" 

processing refers to a learner's efforts to understand the meaning associated with the 

information. It is deep level processing that we associate with the interpretation and 

application of the material. Marland and Edwards (1986) report that students are 

continuously moving between levels of IP ranging from attending to what the teacher is 

doing to thoughtful engagement with the material. 



In addition to LOP, Marton and Saljo (1976) identified "levels of outcome" as a 

way to identify what students have learned. Levels of outcome are defined as "different 

ways of comprehending what the author meant". Four levels of outcomes are described. 

Level A answers are the best responses. These answers contain the intentional content of 

the author and supporting evidence. Level B answers contain some of the author's 

intentional content. Level C answers have opposite meanings of the author's intentions. 

Finally, Level D answers are virtually empty of content and may be represented by 

rephrasing the question. 

Item information and relational information can also be used to categorize the 

quality of learning outcomes (Humphreys 1978). Item information is unique to specific 

concepts while relational information is shared among concepts (Dyne et al. 1994). Dyne 

et al. go on to describe item information as that which can be encoded and retrieved 

independently from the learning context while relational information is the integration on 

information. For example, rote learning of discrete facts results in item information. An 

example of item information is the 9:3:3:1 ratio memorized by students in preparation for 

a test about Mendelian genetics. Relational information, on the other hand, is integrated 

in students' knowledge structures and useful for tasks that require the application of 

information. For example, students who understand the 9:3:3:1 ratio as the proportions 

expected in progeny phenotypes from a simple heterozygous dihybrid cross have 

integrated several concepts. Hunt and Einstein (1981) hypothesize that item and 

relational information serve different functions at test time. Students' item information 
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can be used to recognize or recall facts while relational information enables a student to 

apply facts to new situations. 

The Transfer Appropriate Processing (TAP) theory (Morris et al. 1977) added 

encoding and retrieval to the LOP theory. TAP theory helps explain how performance on 

assessments is influenced by the cognitive match between students' approaches to 

studying (encoding) and the way in which they are assessed (retrieval). Students' test 

performances are dependent upon the match between the retrieved information and the 

encoded information (Dyne et al. 1994). 

WiUiams (1985) expanded the LOP model to three levels of learner processing 

that can be used as a model to assess understanding; superficial, median, and deep. 

Superficial information processing consists of sensory responses to stimuli. For example, 

a student may hear, watch, or write without extending effort to understand the content of 

a lecture. Bjork (1979) described superficial information processing as the predominant 

form of processing that occurs in college classrooms. Median processing is a student's 

ability to match incoming information with similar material that he/she has previously 

learned. Median processing results in more sustained memory development for retention 

and recall than superficial processing, but does not necessarily imply deep understanding. 

Deep processing involves students' ability to differentiate subtle differences, associate 

with prior learning, and apply to broader situations. Marton and Saljo (1976) use only 

superficial and deep processing in their model of IP. 

There are also student behaviors that instructors use to identify the LOP in which 
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students are engaged. For example, intensive note taking without any request for 

clarification may imply the lack of cognitive activity that will enable retention and recall 

to occur (Williams 1985). Thus, groups of students furiously writing represent a 

superficial level of processing. WiUiams identifies students' questions, inferences, 

insights, and analogies as observable behaviors representing deep level processing. 

In sum, IP is used to describe student learning. LOP are a way to interpret 

qualitative differences in student learning. The quality of what students have learned can 

be categorized in levels of outcome as well as item and relational information. Students' 

behaviors demonstrated in class provide a means to identify which LOP they are engaged 

in during instruction. 

IP theory is the lens through which learning will be described in an undergraduate 

introductory anatomy and physiology course. Information processing provides the 

theoretical framework for the proposed study. The descriptions of LOP from Marton and 

Saljo (1976) and Williams (1985), of superficial, median, and deep processing, provide a 

taxonomy for identifying the IP required of instructor posed questions (formative and 

summative) and student questions and answers that occur in the classroom. Marton and 

Saljo's (1976) descriptions of levels of outcome, which range from identification of 

intended content to reiterations of the question, provide a basis for coding student 

interview responses. Item and relational information are categories that will be used to 

analyze student questions and responses during classroom sessions and student transcripts 

with respect to content. 



METHODS 

Study Site 

This study was conducted at North Dakota State University (NDSU) in Fargo, 

ND. NDSU was purposefully selected (Mason 1996) as the site for the study. NDSU 

was my home institution where I had taught as an Instructor in the Departments of 

Biological Sciences and Teacher Education for several years. 

Data were collected in Dr. Jeffery Gerst's Human Anatomy and Physiology 1 

course offered during the Summer 2002 session. Human Anatomy and Physiology (I and 

11) was taught as a two semester course required by allied health majors such as those in 

Respiratory Care, Clinical Laboratory Science, Radiologic Sciences, Pre-Pharmacy, and 

Pre-Nursing as well as education majors in biology and health. This course had also been 

approved as a General Education course. Thus, Human Anatomy and Physiology I or II 

may be taken by students from outside of the life science areas to fulfill their laboratory 

science requirement for graduation. Dr. Gerst had taught Human Anatomy and 

Physiology for nearly 30 years at NDSU. 

Human Anatomy and Physiology was purposefully selected (Mason 1996) for 

several reasons. First, Anatomy and Physiology traditionally had been the largest science 

course offered during summer sessions at NDSU. A large class size was an assumption 

of the study. Second, this was a course I previously had taught several times at NDSU. 

Therefore, my content knowledge in this area was rich. Finally, and most importantly, 

Jeff Gerst and I had worked together on the development of the course and its 
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corresponding lab throughout the past several years. Thus, findings from this study that 

lead to instructional improvements had a greater potential of being incorporated in our 

yearly planning of the curriculum than would be the case in other science courses. 

Fifty-two students, of 59 initially enrolled, completed the course (see Table 2). 

The largest population of students came from the pre-professional programs of Nursing, 

Pharmacy, Respiratory Care, and Clinical Laboratory Sciences. Several students enrolled 

in the course were from life-science related fields of biology, microbiology, and zoology 

as well as pre-service teachers in athletic training. In addition, several enrolled students 

were from other institutions taking the summer course for a variety of reasons. 

Approximately one-half of the students enrolled in the course out of interest in the topic 

or for use as General Education elective credits. 

The second instmctional unit, of the three units comprising the course, was the 

focus of this study. The class met daily for 60 minutes over an 8 week period. The 

content of the second instructional unit was identified as "Support and Movement" which 

covered the skeletal system, articular connections, and the muscular system. The Support 

and Movement unit covered parts of ten lectures for a total of 541min 40sec. The sample 

population was all available students in this Human Anatomy and Physiology I course 

(Burgess 1984). Forty-five students volunteered to take a multiple choice pretest on the 

second day of class; 19 of the 45 students volunteered to participate in two separate 

interviews. Interviews took place one week before and after the unit of instruction. The 

instructional unit was selected by convenience (Mason 1996). 
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Table 2. Demographics of enrolled students and interviewed students in the summer 
2002 Human Anatomy and Physiology course. 

Descriptive 
categories 

Levels within the 
descriptive categories 

Total enrolled 
students 

Total 
interviewed 
students 

Gender Female 34 14 

Male 18 5 

Academic Level Graduate student or 
degree completed 

3 2 

Senior 25 8 

Junior 11 3 

Sophomore 6 3 

Freshman 1 0 

Unclassified 6 3 

GPA prior to course 3.5+ 4 1 

3.0 - 3.49 16 7 

2.5 - 2.99 7 2 

2.0 - 2.49 9 2 

below 2.0 3(1.5, 1.0, 0.0) 0 

na 13 (first course at 
NDSU) 

7 
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Table 2 - continued. Demographics of enrolled students and interviewed students in 
the summer 2002 Human Anatomy and Physiology course. 

Grade earned in 
course 

A 16 (prior gpa 3.5+ 
or na) 

8 

B 15 (prior gpa 2.3 -
3.3 or na) 

5 

C 12 (prior gpa 1.5 -
3.47 or na) 

2 

D 4 (prior gpa 2.2 -
2.76 or na) 

3 

F 5 (prior gpa 0.0 -
3.0) 

1 

Major Pre-professional 
programs 

22 6 

Pre-service teachers 3 2 

Biological sciences 
areas 

9 4 

Other institutions 7 3 

General Education 11 4 

Research Methods and Data Types 

This study utilized qualitative and quantitative research methods. Student 

interviews, classroom observations, and document analysis were used to triangulate 

findings (Miles and Huberman 1994). The use of qualitative methods provided depth and 

interpretation of information that could have been analyzed quantitatively. The research 



methods used gave the researcher access to students' understanding, interpretation, and 

reflection about what they had been experiencing in the course. The research questions 

were answered by analysis of data collected from pre and post test student scores, student 

questionnaires, observers' notes of class sessions, interview transcripts from pre and post 

student interviews, a post-unit instructor interview, formative assessment questions, 

instructor lecture outlines, the course syllabus, and the course text. 

The pretest was assembled from old exam questions written by the course 

instructor to maintain question format reliability (Mason 1996, Miles and Huberman 

1994) (see Appendix B, Figure 7). A 50 question multiple-choice post test was given at 

the end of the unit. The composition of questions on the pretest and post test was similar 

with respect to topics covered. The questions on the pretest were purposely selected at 

lower cognitive levels in order to determine a student's initial level of understanding of 

the content. Twelve of the questions from the post test were utilized during the second 

student interview (see Appendix B, Figure 8). Access to the students' pre-test scores was 

closed (Scott 1990) as the researcher designed, administered, and scored the exams. 

Access to the student post-test scores was restricted (Scott 1990) as the test was written, 

administered, and scored by the instructor; results were shared with the researcher. 

The researcher started observations in the classroom as an "observer-as-

participant" (Burgess 1984) for the first three-weeks of the course until the study began. 

As an observer-as-participant, the researcher became familiar with the classroom 

atmosphere and the students. The researcher and a trained observer were in the classroom 
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as complete observers (Burgess 1984) during the course of the study. A lecture 

observation protocol guided the observations (Table 3). Lecture notes were collected 

from the course website and used by Observer #1 as an observation guide to follow the 

protocol. The instructor made web-based lecture notes, including figures, available to the 

students several days prior to each class. These outlines were supplemented during class 

with additional notes. In addition, the researcher and trained observer were informed 

observers having previously taught this course at the same university during the summer 

session. 

The researcher videotaped the class sessions and followed the role of Observer #2 

from the lecture observation protocol. Each class session was audio tape-recorded. All 

interview and class session tapes were transcribed for later analysis. 

Nineteen students were interviewed using a think-aloud protocol (Hample 2000) 

to generate an interpretation of students' current level of understanding on the topic. 

Following the unit exam, students were again interviewed using a think-aloud protocol to 

assess their understanding. Free-response questions (see Appendix B, Table 1) were 

asked following the think-aloud protocol. 

The instructor used the PRS by projecting multiple choice questions onto the 

screen at the front of the room. In general, the instructor read the questions aloud and 

then activated the receivers to accept input from the transmitters held by the students. 

Students watched their PRS numbers turn from red to green to indicate their response had 

been received. At the end of the pre-determined time period, the receivers shut down and 



a bar-graph was displayed on the screen. This was the third time that the instructor had 

used the PRS in his Human Anatomy and Physiology course. 

Table 3. Lecture Observation Protocol 

Observer #1: 

What anatomy and physiology topics are covered in the lecture? 

How much time is allowed for each topic? 

What prompts and resources are used by the instructor? 

What questions are asked by the instructor? When are they asked? 

What questions are asked by the students? When are they asked? 

Do students appear engaged in the lecture? What are the indicators of the engagement? 

At which points in the lecture are students most engaged? Least engaged? 

Observer #2: 

How is the information processed during the lecture? 

How familiar are the topics likely to be for students in the class? How much 
processing of information is likely needed for students to understand the topics? 

What is the quality of the questions asked by students? In particular, which student 
questions reflect information processing? With what topics are the questions 
associated? 

What is the quality of the questions asked by the instructor? In particular, which 
questions require students to process information? With what topics are the questions 
associated? 

Other than student questions and student answers to the instructor's questions, what 
other evidence of information processing by students exists in the lecture? 



43 

Analysis Methods 

Units of analysis for the study questions are shown in Table 4. 

Table 4. Summary of units of analysis to address the study questions. 

Question Sources Unit of Analysis 

What opportunities for a high degree of 
information processing, as perceived by 
a knowledgeable observer, does the 
instructor of the class create? 

Observation field 
notes 

instructor actions 

What instances, if any, of information 
processing do students in the class 
demonstrate? 

Observation field 
notes 

student behaviors 

Do the instructor-created opportunities 
for deep information processing 
contribute to meaningful student 
learning? If yes, under what conditions 
does this occur? If no, to what do 
students attribute their development of 
understanding? 

Post-instruction 
student interview 

student responses to: 
free-recall interview 
questions and think-
aloud questions 

Do undergraduate students value the 
use of the Personal Response System 
(PRS) in introductory Human Anatomy 
and Physiology? If so, in what ways? 
If not, why not? 

Post-instruction 
student interview, 
Questionnaire 

student responses to: 
free-recall interview 
questions and 
questionnaire 

What do undergraduate students 
perceive as the learning differences 
associated with the use of the PRS 
versus more traditional teaching 
strategies? 

Post-instruction 
student interview. 
Questionnaire, 
Pre and Post test 
scores 

student responses to 
free-recall interview 
questions 

How does the Human Anatomy and 
Physiology instructor use the PRS? 

Participant 
observation notes. 
Video transcripts of 
the class sessions, 
Instructor interview 

Instruction segments 
that preceded and 
followed each PRS 
question 
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Field notes were time marked to indicate length of time spent on particular topics, 

figures, or in question/answer sessions. The field notes contained initial assessment of 

when opportunities for learning occurred, the level of information processing they 

entailed, and examples of student demonstrations of information processing. Transcripts 

from student interviews, an instructor interview, and class sessions were used to support 

field note analysis. Field notes and lecture transcripts were analyzed noting themes to 

identify larger conceptual topics out of the facts, problems, and stories around individual 

objectives (Miles and Huberman 1994) to identify course conditions that seemed to 

promote meaningful student learning. This analysis of conceptual topics identified the 

larger content episodes. 

Content episodes consist of periods of instructional time focused on a single topic 

or idea (Nuthall 2000). In the study, content episodes were further subdivided based upon 

the type of instinctional activity the instructor used. Coding patterns and counting 

instances of occurrence (Miles and Hubennan 1994) from the lecture transcripts allowed 

identification of instructional activities. For example, a content episode of muscle 

contraction in an introductory human anatomy and physiology course could have included 

the following instructional activities over several class sessions; class discussion, small 

group discussion, data based problems (e.g., using a figure displayed on a screen), lecture, 

video, stories, and questions posed by the instructor or students. Each of the instructional 

activities could have provided opportunities for a high degree of information processing 

by the students. Furthermore, several instructional activities generally comprised one 
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content episode. 

The web-based notes were used as an outline to indicate when and where 

formative assessment occurred during each class session. Web notes were also used 

during class to aid in the identification of classroom episodes. Additionally, the web 

notes provided an outline to identify when and where spontaneous instructional activities 

(e.g., student or instructor initiated questioning sessions, small group discussions around 

a particular problem) occurred during the class session. 

A running analysis of observers' field notes during the study was used to identify 

preliminary assertions. At each successive analysis of the field notes and transcripts, 

evidence that supported or refuted the preliminary assertions was identified. At the end 

of the analysis, the findings reported were supported by qualitative and quantitative data. 

Pre and post test questions were coded into the content areas of classroom 

episodes identified througli observation. In addition, pre and post test questions were 

coded according to Bloom's (1956) taxonomy based upon cognitive levels. Instructor-

posed PRS questions were also coded according to Bloom's taxonomy while the 

instructor-posed verbal questions were coded according to Newton's (2002) taxonomy 

based upon purpose of the question. 

Student interviews and questions from an in-class questionnaire were used to 

identify the value students placed on the PRS use and their interpretation of learning 

differences between the PRS and traditional lectures. An instructor interview identified 

components of his beliefs about the use of the PRS in his course. Differences in pre and 



post test scores were used to compare student perception data with achievement data. 

Students were asked during the post-unit interviews to identify the portions of 

class that they used to prepare for the exam. Their responses were compared to the 

learning opportunities that had been identified from the observations. Test responses and 

interview responses were again used to identify what students learned. Pre and post tests 

were used to compare student performance between the two exams. Interview responses 

revealed more than looking at test scores alone. Test scores revealed how many points 

students earned on an assessment while their interview responses revealed whether or not 

those points were the result of understanding the content or the result of a guess. 



47 

FINDINGS and DISCUSSION 

Approximately nine hours were spent observing 10 lessons in Human Anatomy 

and Physiology. The findings of these observations were grouped according to 1) content 

episodes and instructional activities, 2) conditions that promote information processing, 

3) student behaviors as demonstrations of information processing and 4) use of the PRS. 

More than twenty hours of students interviews were transcribed and analyzed to describe 

1) value placed upon the PRS, 2) perceived learning differences between teaching 

methodologies of the PRS and traditional lectures, and 3) evidence of meaningful student 

learning. 

The individual findings are initially listed below. Each finding is reported with 

supporting evidence as sub-sections within the chapter. 

Finding #1: The instructor's use of verbal questions during lectures created few, if any, 

opportunities for deep information processing by students. The 

instructor's questions were not necessarily low level questions. However, 

the instructor used the questions in such a way that students were not 

expected to answer them. 

Finding #2: The instructor's use of PRS questions created opportunities for deep 

information processing by students. 
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Finding #3: The cognitive level of the PRS questions increased over time within 

content episodes and across the entire instructional unit. 

Finding #4: The instructor provided more opportunities for deep information 

processing during class sessions than the students created themselves. 

Finding #5: Most students valued the PRS system and felt they learned with deeper 

understanding as a result of its use in the course. 

Finding #6: Students demonstrated deeper understanding of the topics after instruction 

than they did before instruction. 
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Content Episodes and Instructional Activities 

Analysis of the observation notes, course documents, and classroom video 

revealed three content episodes (skeletal system, joints, muscular system) in the Support 

and Movement unit. A content episode consists of a period of instructional time focused 

on a single topic or idea (Nuthall 2000). The content episode, instructional time spent on 

the episode, and number of days spent on the episode are found in Table 5. Content 

episodes were further subdivided into specific components of the larger concept as shown 

in the table. 

Identification of content episodes in Human Anatomy and Physiology was one of 

the goals of the project. The content episodes provided a context for the analysis of the 

verbal and PRS questions posed during the unit. Content episodes were built by the use 

of a variety of instructional activities. Each instructional activity (Table 6) provided a 

different opportunity to think about one part of a larger concept. 



Table 5. Content episodes identified in the Support and Movement unit. 

time in 
min 

5 10 15 20 25 30 35 40 45 50 55 60 

day 1 finishing material from unit one of course introduction to sfeletal tissue 

2 bme 
composition 

structure growth and 
retttodeling 

feedback 
regtthtion 

bone 
fnatotcnatiee 

3 mamtenattee stecttire bone formatiOM (codochontol mi. osseous) 

4 bone 
fracture 

orgaitfe 
ation 

cranitifn vertebrae 

5 verteteae riha aitns tegg 

6 joints muscles histology types Sliding Filament (SF) theory 

7 organization type I & 11 fibers cell 
archit 
ecture 

ion 
movem 
ents 

muscle contraction 

8 fibers/motor units 

i
 1

 
: 

i
 contraction/force 

9 cofttraction/force metabolic 
activity 

SF 
theory 

structural types lever systems 

10 review movement homeo 
stasis 

new unit material review review questions 
by students 

out of class 
early 



Table 6. Length of instructional activity segments found in the Support and Movement unit. 

time 
inmin 

5 10 15 20 25 30 35 40 45 50 55 60 

day 1 finishing materi,ai from unit one of course story lecture 

2 *PRS lecture *PRS lecture 

3 *PRS lecture *PRS lecture 

4 *PRS lecture *PRS lecture *PRS lecture 

5 *PRS lecture *PRS lecture 

6 *PRS lecture student 
responses 

lecture *PRS lecture *PRS 

7 lecture activity lecture *PRS lecture Interactive Physiology 
demonstration 

8 *PRS lecture *PRS lecture 

9 lecture •PRS lecture *PRS lecture 

10 *PRS lecture new unit material *FRS student 
questions 

out of class early 

Note: Lecture segments were filled with verbal questions. 

*PRS refers to questions posed through the use of the Personal Response System. 



Boundaries of content episodes were defined by changes in content presentation. 

This shift occurred by a change in instructional activities that were not present in the 

normal delivery of information. For example, the shift from unit one material to the 

skeletal system began when the instructor told a story of fractures in the aged population. 

The shift from joints to muscular system material was made when the instructor asked 

and then waited for students to tell him what they knew about muscles. After each 

student statement he gave a brief description of the idea that had been provided by the 

students. He then asked "What else do you know?" This continued for 10 minutes after 

which his normal delivery of information resumed. 

The ability to place specific instruction of the larger concepts into one content 

episode and to subdivide those episodes into several instructional ideas was guided by my 

understanding of anatomy and physiology. For instance, the content episode that covered 

joints could have been described as an instructional unit within the skeletal system 

content episode and placed within any of the units that preceded joints (cranium, arms, 

legs). Joints were introduced by lecture (see Tables 5 and 6) that immediately followed a 

lecture segment and PRS questions on appendages (arms and legs). The introduction of 

joints began with an example of the knee and seemed to be a continuation of the 

discussion that covered the lower appendages. However, throughout the content episode 

on joints, several types of structural and functional categories of joint types were covered 

in addition to the muscular attachments that help distinguish their functional capabilities. 

Thus, joints were a new content episode that served as a bridge between the skeletal 



(support) and muscular (movement) content episodes, the emphases of the overall 

instructional unit. Observations made by someone who was not knowledgeable in the 

content area would not have been able to make the distinction of joints as a separate 

content episode. Content knowledge of the material covered in the Support and 

Movement unit was critical not only to distinguish boundaries of content episodes, but 

also to analyze students' think-aloud responses from the interviews. Immediate analysis 

of students' rationale to probe for clarification of what their responses described required 

knowledge of the content as the interviews were being conducted. Lack of content 

knowledge would have resulted in less-revealing interviews. 

Each classroom session involved at least two types of instructional activities, the 

PRS and lecture. It should be noted that numerous verbal questions were continually 

posed during the lecture segments of the skeletal and muscular episodes (see Table 7). 

The purpose of the lecture segments was to present information that answered the 

previous instructor-posed verbal questions. The instructor rarely waited for the students 

to answer the verbal questions. Rather, the questions were used as a guide to focus the 

students' attention on how the given information could be formulated as a possible exam 

question. However, the PRS questions were used in another way. The PRS questions 

were used as comprehension checks for students to demonstrate their understanding of 

the material. The instmctor posed a question and gave the students 30 to 60 seconds to 

think, discuss, and respond to the question. Seven of the nine lectures began with a PRS 

segment of one to three questions (see Table 8). 
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Table 7. Number of questions posed within each content episode. 

Content Time spent on Instructor Questions Student 
Episode episode (PRS) (Verbal) Questions 

Skeletal 4hr 20 61 0 
system 

Joints 35 min 4 4 0 

Muscular 4 hr 30 min 18 134 3 
system 

In all observations content episodes followed a logical, methodical progression 

trough the content. For instance, the skeletal system and muscular system episodes 

progressed from a microscopic to macroscopic level as well as from a physiological to 

structural level. In addition, the attention given to each of these content episodes was 

roughly equal (4 and 4.5 h respectively) with the episode on joints serving as a 35 minute 

connection between them. Review of the text book used in the course revealed that the 

instructor followed the content design of the text (Marieb 2002). The instructor revealed 

he felt compelled to follow the content order in the textbook selected for the course. The 

large volume of information to be covered in the course demanded a rapid pace of 

instruction. This pace left little time to direct students to move in alternate patterns 

through the reading material. The addition of formative assessment PRS questions was 

already considered by the instructor to be a large concession of class time. Despite the 

time required for the use of PRS, the instructor stated "I would not teach without it 

again." 
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Instructor Created Opportunities for Information Processing 

Analysis of classroom video, audio transcripts, and field notes from the 

classroom observers identified of 241 questions posed to students during the Support and 

Movement unit. Table 8 represents the number of questions that were posed verbally (n = 

199) or as text through the use of the PRS (n = 42). Some of the verbal questions were 

posed as pairs of questions but were counted as a single question. Several examples 

follow: 

"My body fluids will become what? Acidic or alkali?" (Posed in reference to the 

previous question on holding breath and CO, accumulation.) 

"If she has osteoporosis, what would happen to the bones? Would they become 

thicker or thinner?" 

"What would they have seen has happened, if the sliding filament theory is true, to 

the width of the I-band when muscles contract? Would it increase, decrease, or 

stay the same?" 

In each case, the pair of questions was coded as a single question as the first question 

expected an answer supplied by the second question. This pairing of questions occurred 

16 times throughout the unit. 
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Table 8. Instructor posed questions during the instructional unit of Support and 
Movement in Human Anatomy and Physiology. 

Question Type Verbal PRS 

Day 

1 0 0 

2 25 5 

3 15 5 

4 19 5 

5 6 5 

6 25 5 

7 49 2 

8 35 5 

9 20 5 

10 5 5 

Totals: 199 42 

Finding #1; The instructor's use of verbal questions during lectures created few, if any, 

opportunities for deep information processing by students. The instructor's questions 

were not necessarily low level questions. However, the instructor used the questions in 

such a way that students were not expected to answer them. 

Verbal Questioning 

The 199 verbal questions were analyzed and coded for information processing 

level according to William's (1985) taxonomy. Three of the verbal questions were coded 



at the median level of processing and 196 questions were coded at the superficial level of 

processing. The verbal questions posed in this study were not used as a formative 

assessment tool as they did not provide the feedback that could lead to improved student 

learning as described in Biggs (1999) and NRC (2000). In other words, the instructor 

posed 196 verbal questions in which he did not wait for students to respond to the 

questions. Rather, the instructor moved on with his presentation of information. 

Nearly 25 years ago Bjork (1979) described college classrooms to be those in 

which superficial levels of processing were found to be the predominant form of 

information processing. Virtually all, 98%, of the verbal questions posed over the 10 day 

unit on Support and Movement offered no opportunity to assess what students knew. 

Recall, Williams (1985) defined superficial processing as that in which students hear, 

watch, or write without extending any visible effort to understand the content that is 

presented. Thus, nearly all of the verbal questions were coded at the superficial level of 

infomiation processing. The only point in the unit where students internalized a verbal 

question and were expected to formulate a response occurred at the transition between the 

joint and muscular system content episodes. The questions with the expectation of 

student answers were variations of "What do you know about muscles?" To answer 

correctly, students were required to recall previously learned information. Incorporation 

of previously learned information was among the criteria established by Williams (1985) 

for the median level of processing. 

Verbal questions need not be at the superficial level of processing. The 
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information required to answer many of the verbal questions posed by the instructor in 

this study went beyond a superficial level of understanding. Had the instructor utilized 

wait time of greater than three seconds (Rowe 1986) to give the students an opportunity 

to internalize the information and to formulate answers, most of the questions would have 

been coded in the median or deep level of processing. For example, a series of questions 

were posed over the course of 15 minutes during the Interactive Physiology 

demonstration that illustrated muscle contraction. The 30 minutes that preceded the 

video were spent covering the roles of sodium and calcium in muscle contraction. The 

instructor played the animation three times. First, the animation was shown through in its 

entirety. Second, the animation was stopped at several points where the instructor 

described what was happening at each phase of contraction. Finally, the animation was 

used with a series of questions to end the session; 

"Did you hear that? (Posed in reference to the auditory accompaniment to the 

asynchronous cross-bridge attachment shown in the animation.) What is 

terminating the sequence of events? What is going to happen to tension? Add 

EDTA and remove calcium, what is going to happen? Add calcium and ATP, 

what is going to happen at this point? Add activated charcoal which absorbs 

ATP, what is going to happen? Add EDTA, what is going to happen? How come 

it is not going to decrease? Cross-bridges remain attached until what happens? 

What do we need the ATP for?" 



If given enough time to answer them, this series of questions would have been 

categorized at the deep level of processing. Successful answers would have involved 

students' determining functions of a series of manipulating agents (ATP, activated 

charcoal, calcium, EDTA) and then incorporating the information into an explanation of 

the sliding-filament theory of muscular contraction. 

Expecting students to respond to the verbal questions would also have allowed the 

questions to be coded at cognitive levels according to Bloom (1956). Each of the 

questions identified above could have been coded at the higher cognitive levels of 

analysis, synthesis, and evaluation, if students were expected to develop responses. The 

potential higher level processing questions were determined through my deep 

understanding of the content presented in the unit. 

Providing sufficient wait time for students to think about and respond to questions 

takes time away from lecturing in introductory science courses (NRC 1997). Instructors 

tend to spend as much time as possible delivering information to their students in 

traditional lecture courses. This instructor believed that he had always taught by asking 

many questions. However, he valued the question-asking more than the in-class student-

answering. His hope was that the questions would serve as a trigger to initiate student 

thinking later while they prepared for exams. 

The lack of student responses to the verbal questions necessitated an alternate 

approach to classify those questions in this study. Cognitive level and information 

processing level could have been inferred, but would not have been the most appropriate 



description of how the questions were used. Newton's (2002) taxonomy, based upon 

purpose of the question, seemed to fit best as a tool for analyzing the instructor's verbal 

questions. The instructor's purposeful questioning strategy was developed in response to 

his belief in directing students to the types of questions they should prepare for on exams. 

Thus, the 199 verbal questions were analyzed and coded for instructional purpose 

according to Newton's (2002) taxonomy in addition to William's (1985) level of 

information processing level taxonomy. The verbal questions were evenly distributed 

across Newton's four categories of questions. Relative frequencies for each of the 

categories are shown in Table 9 and Figure 1. 

Table 9. Question taxonomy on the level of verbal question asked. 

Newton's taxonomy No. of Verbal questions asked William's (1985) 
Level of Processing 

Scene setting/relevance 54 Level 1 = 54 

Retrieval of prior knowledge 59 Level 1 = 56 
Level 2 = 3 

Focus or guiding 41 Level 1 = 41 

Explain or make predictions 45 Level 1 = 45 
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Frequency of Verbal Questions Posed 

• Scene Setting 

E3 Prior Knoweldge 

B Guiding 

:: Explaining 

Figure 1. Frequency of verbal questions posed during the Support and Movement unit. 

The instructor stated that his questioning strategy included the use of advance 

organizers to get students to think about a concept or idea in famiHar terms before trying 

to transfer the analogy to the content. This strategy became evident after the analysis of 

field notes and video transcripts as 27% (54 of 199) of the verbal questions were coded in 

the scene setting category. For example, prior to an explanation of vertebral structure and 

function, two questions were posed that initially seemed to have no relevance to the 

content, but were later used to scaffold to a biological idea. The instructor had asked 

"How many of you would like to see San Francisco someday? How many of you have 

seen a Japanese pagoda?" He then put on the screen a Far Side cartoon by Gary Larsen 

showing a pagoda. The instructor first traced the structural components of the base, roof, 

and overhang of the pagoda. After he had traced the structural components, he drew the 

structures as a separate diagram and explained them as analogous to the body, vertebral 
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arch, and transverse processes of a generic vertebrae. The cartoon pagoda was a 

memorable visual representation that served as a placeholder for the structure of a 

vertebrae. Anecdotal information from the laboratory instructor (laboratory sections were 

separate courses that students chose to take) indicated students had used the analogy in 

lab to explain vertebral structure to their lab partners who may not have been present in 

lecture. 

The instructor used another advance organizer example to explain tetani in 

muscles. After an explanation of action potentials and the release of calcium, the 

instructor asked "How many of you have indoor plumbing? How many have toilets that 

flush when you pull the handle? What happens if you keep pulling the handle before it 

fills?" These questions were followed by an explanation of stimulation to skeletal 

muscles that would still be contracted and the process of tetani in the muscles. Flushing a 

toilet that is still running from the last flush is like stimulating a muscle to contract that is 

already contracted. In each instance, there is a delayed response as the systems are being 

re-set before they can again respond. In this case an everyday occurrence of toilet 

flushing was used as an analogy to frame one's thinking about muscular contractions. 

Bligh (2000) asserts lectures can be useful and provide stimulus for university students to 

think about the material once they leave the classroom. The familiar analogies were used 

by the instructor to connect students' thinking to the course material. The fact that 

students had discussed vertebral structure in lab suggests that students had thought about 

the connections made during lecture. 
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Questions that asked for use of prior knowledge made up 30% (59 of 199) of the 

verbal questions posed in the study. The prior knowledge required to answer the 

questions was associated with instruction from earlier in the unit. With the exception of 

one question, the prior knowledge questions required information that had been presented 

earlier in the same lesson or in the days that immediately preceded the lesson, but still 

within the instructional unit. The one question that asked for information learned in a 

previous unit was "If I ask you to name the building blocks of proteins, what would you 

say?" This was immediately followed by "If I ask you to name the building blocks of 

bones, what would you say?" It is possible the instructor used the building blocks of 

protein question as a model to illustrate that bone development occurs in a similar fashion 

to protein development. That is to say, there is a pattern in which smaller sub-units are 

used to build larger structural components in the body. The information to answer the 

building blocks of bones had been presented during the introductory material on day one 

of the unit through the use of a story. The introductory material was followed by a short 

lecture at the beginning of day 2. 

Also evident from analysis of the verbal questions was a pattern in which a series 

of questions that asked for prior knowledge were used as a precursor to questions that 

were used to guide or focus learning for the upcoming lecture segment. For example, the 

above questions on building blocks were followed by "How might bones be remodeled? 

and, If you are going to lay down new bone what are you going to need?" The instructor 

then gave a lecture that used several figures from the text book to explain bone formation 



and re-formation in terms of stresses placed upon bones by weight lifting and being bed

ridden. Two class periods later, he returned to the topic with a lecture that covered 

embryonic and childhood bone development. The use of prior knowledge questions by 

the instructor seemed to be a stimulus that asked students to recall what had been covered 

in previous lectures as the information from those lectures will be needed to make sense 

of what is about to come in the following lectures. 

Questions used to guide or focus learning comprised 21% (41 of 199) of the 

verbal questions asked. As stated above, the guiding questions were usually preceded by 

retrieval questions that required students to bring previously taught information to their 

conscious thought. The guiding questions were posed from either a transparency taken 

from the textbook or from one of the instructor-created figures taken from the web-based 

notes that were made available to the students. The lecture segments always involved the 

use of figures to illustrate concepts. A series of 5-10 figures were usually used to explain 

the ideas that were being taught. Students followed along in their books, took notes, or 

referred to the web-based materials which also included the figures from the text. One or 

two guiding questions preceded every lecture segment. 

It was during the lecture segments that 23% (45 of 199) of the questions were 

posed that asked for explanations or predictions. Again, as the questions were posed 

rhetorically, students did not respond. Rather, the instructor either answered the 

questions during the lecture segment or left them unanswered at the end of lecture for 

students to consider outside of class. The series of questions previously described around 



the use of the Interactive Physiology demonstration was one example of a series of 

questions about predictions in which some of the questions were answered while the 

others were posed as time ran out in class. It is important to note the Interactive 

Physiology cd-rom was packaged with the text book, or could have been purchased 

separately if a used book was purchased. This meant that students were able to go back to 

the animation on their own time to try and answer the questions if they so desired. 

Another example of questions that asked students to make predictions included the series 

of questions during the colored-card demonstration used in class to describe motor units. 

Various colored cards were handed out as students entered the classroom. A series of 

advanced organizer questions was used in which the students raised their hands with the 

colored cards. The cards in the air represented the number of motor units that could be 

fired during stimulation. After a short lecture segment on motor units and contractile 

stimulation the following questions that asked for explanations or predictions were posed: 

"Stimulation of which two motor units, green, yellow, or white, would produce 

more force? (At the beginning of the scene setting portion of the lecture students 

were asked to raise their hands with the card one group at a time to represent 

relative numbers of units.) If I stimulated her hand, pointing to a student holding 

a card in the air, would I be more apt to find larger or smaller motor units? How 

come smaller? Isn't bigger better? Can this muscle fiber and that muscle fiber be 

members of the same motor unit? (Asked in reference to Type I and Type 11 

muscle fibers.) How come?" 



During this series of questions the instructor answered the questions while 

students held their hands in the air or while a figure was visible on the screen. Answering 

the questions required students to process a great deal of information. But, instead of 

providing wait time for students to process the information, the instructor immediately 

answered the question and moved on. It was during these instances that opportunities for 

meaningful learning were possible, but not likely. Students would have had to think 

about these questions outside of class if meaningful learning were to develop. The 

instructor stated that stimulation of student thinking was his underlying criterion for 

posing verbal questions. The instructor asked questions that had a purpose in his lesson 

(Myhill and Dunkin 2002) and he demonstrated good questioning skills (Newton 2002). 

However, questions that he answered or left students to consider themselves at the end of 

class may not have resulted in student processing of information in ways that result in 

meaningful learning. 

The only examples of verbal questions in which the instructor waited for students 

to answer questions occurred during the transition into the muscle episode. At this 

juncture, the instructor made an effort to receive student responses about their knowledge 

of muscles. The responses were limited in number. But, the limited number of responses 

probably reflected lack of student engagement more than lack of prior knowledge. The 

instructor asked the questions in rapid succession. The students could not have 

responded to a question, even if they had chosen to, before the next question was asked. 

The last question in a sequence tended to be either a guiding question or a higher level 



cognitive question. When the last question in a series was a guiding question, it is 

possible the students did not have enough prior information in order to answer it. When 

the question was a high level cognitive question that required deep processing skills to 

answer, the students may not have had the time to answer it, or if given time, did not put 

forth the effort to formulate answers. 

Learning is an internal process involving the retrieval of prior knowledge, 

incorporation of new knowledge, and metacognitive processes to make sense of the 

information (Nuthall 2000). Bybee (1993) asserts that in order for learning to occur 

students must be active mentally. Lack of response to the instructor's verbal questions 

did not necessarily mean students were not learning the material. Rather, it was likely 

that students were learning new information but were not able to demonstrate it at the 

moment questions were asked. Processing new information requires time to formulate a 

response. In this course, time was not provided to respond to the instructor-posed verbal 

questions. 

Finding #2: The instructor's use of in-class PRS questions created opportunities for deep 

information processing by students. 

The Personal Response System 

A total of 42 PRS questions were used during the unit with a range of 2 - 5 

questions asked each day. The 42 PRS questions were analyzed and coded for cognitive 



68 

level according to Bloom's (1956) taxonomy and for information processing level 

according to William's (1985) taxonomy (see Table 10). The 42 PRS questions clustered 

at the lower cognitive levels of Bloom's taxonomy (see Figure 2). Approximately 75% of 

the questions were at the median level of information processing and 25% at the deep 

level of information processing. There were no questions in the superficial level of 

information processing category. 

Table 10. Question taxonomy on the level of PRS question asked. 

Bloom's taxonomy No. of PRS questions asked William's LOP category 

Knowledge 18 median 

Comprehension 11 median 

Application 5 deep 

Analysis 2 deep 

Synthesis 3 deep 

Evaluation 3 deep 
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Frequency of PRS Questions Posed 

Cognitive Levels 

Categories of Questions 

O Knowledge 

E Comprehension 

H Application 

O Analysis 

• Synthesis 

• Evaluation 

Figure 2. Frequency of Personal Response System questions posed during the Support 
and Movement unit. 

Knowledge level questions were predominantly focused on terminology where 

rote memorization was sufficient to answer the questions. Knowledge level questions 

comprised roughly 40% of the PRS questions; this proportion matched that of the 

knowledge level questions on the post test. Comprehension questions required students 

to demonstrate understanding by comparing, contrasting, or grouping information. 

Application questions were identified as those which required students to solve problems 

or use methods, concepts, or theories in new situations. Analysis questions asked 

students to identify specific components or to organize parts of a scenario. Synthesis 

questions called for predictions to be made and conclusions to be drawn. Evaluative 

questions required students to discriminate between ideas, or diagnose a condition from 

an injury scenario. An example of a comprehension level question follows: 
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"They keep asking the same question, "which has more bones the axial or the 

appendicular skeleton." It must be a Trivial Pursuit question. The answer is . 

1. axial 

2. neither, they contain the same number of bones 

3. appendicular" 

The above question was classified as comprehension because it called for students 

to interpret facts. It would have been possible for students to memorize the number of 

bones which would have implied that this was a knowledge level question. An argument 

could be made that every question had a memorized answer. However, students could 

think about the question and figure out the answer by naming the body regions involved 

and counting the bones in those regions. To successfully answer the question using this 

strategy, students would have had to understand the distinction between the axial and 

appendicular skeletons. 

Opportunities for information processing through the use of PRS were a daily 

occurrence in this course. The only time the PRS questions were not used was the first 

day of the unit when the skeletal system material was introduced during the last 20 

minutes of the class period. However, five PRS questions were used on that day covering 

material from unit one. Each of the PRS questions was shown visually before the 

instructor read the question aloud to the students. At the end of the question the 

instructor did one of two things: a) he told the students to think about their own answers 
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while giving them 40 seconds or one minute to answer or, b) he told the students to think 

about their own answers and then asked them to talk to their neighbors to try to convince 

each other of the "right" answer before responding with an answer. In this scenario he 

gave students one minute for discussion followed by 30 seconds to submit their answers, 

hi either case, the instructor provided time for the students to think; thus, the students 

were engaged in information processing during class. An excerpt from the instructor 

interview indicated he appreciated the learning that was happening in these semi-private 

conversations that students were having about the content (Nuthall 2000). He stated "you 

know they arc discussing and learning something when you see them giving high-fives to 

each other after the correct answer is given." 

Asking students to discuss content with each other, during class, was not a typical 

experience for any of the interviewed students. No interviewed students could recall ever 

being asked to talk to other students during class time in an introductory science course. 

Two of the students who had already completed one university degree commented that 

they had been given class time in a few of their upper-division courses to work on group 

projects, but those courses typically were not science courses. In this introductory science 

course, student to student interaction was encouraged. Research findings suggest that 

students learn as much or more from each other as they do from the teacher (Zemelman et 

al. 1998). The instructor shared the belief that students could learn from each other. He 

commented that "when students hear the perspective of their peers they have another 

place on which to hang information." The time spent in discussion with their peers 
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became an important part of students' perceptions of their own learning. Several students 

revealed in the interviews they had started to discuss every question with their neighbors, 

not just the question they had been asked to discuss with each other. 

The level of thought that the instructor expected the students to engage in with the 

PRS questions was dramatically different than his expectations for the verbal questions. 

Recall that 98% of the verbal questions were posed in a rhetorical manner. In contrast, 

every PRS question provided an opportunity for the students to think about the content at 

hand. The questions may have involved a term they were expected to know, a ratio they 

were expected to use, a process they were expected to understand, or a scenario in which 

they were expected to provide a diagnosis. With every question, the instructor waited as 

the students thought about, then responded to, the question. 

Student participation in classes that require recall of previous knowledge leads to 

memory development (Nuthall 2000). The students in this course processed information 

as they thought about the questions and formulated their responses. At a minimum the 

students were involved with superficial processing as they heard the instructor read the 

question aloud. If students responded to the question, according to Williams' (1985) 

definition, they had to be engaged in median or deep levels of processing. Median 

processing was that in which a student used previously learned information to match with 

incoming information. Median processing did not imply deep understanding. 

Responding to each of the PRS questions was an example of how students were engaged 

in meaningful learning, and thus memory development, in the class sessions. 
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Lower level cognitive questions such as those in the knowledge and 

comprehension levels are examples of median processing. For example, the following 

three questions required students to process information at the knowledge or 

comprehension levels; 

"The bones of the wrist and ankle are classified as being . 

1. irregular 

2. sesamoid 

3. short 

4. Intramembranous in origin" 

"The antagonizes the flexor movements of the forearm. 

1. tricep brachii 

2. deltoid 

3. bicep brachii 

4. brachialis" 

"The contractile elements of skeletal and cardiac muscle fibers are the and 

they are not found in smooth muscle fibers. 

1. sarcomeres 

2. thin actin myofilaments 
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3. thick myosin myofilaments 

4. myofibrils 

5. z discs" 

Students had to think about terminology previously learned and then use it to answer the 

questions. Questions at the higher cognitive levels in Bloom's (1956) taxonomy, such as 

those at the application, analysis, synthesis, and evaluation levels, provided opportunities 

for deep information processing as the students had to differentiate facts, associate with 

prior learning, and apply to broader situations. The following three questions elicit this 

kind of higher cognitive thinking: 

"(His) need to 'make weight' drove him to maintain his starvation diet. All the 

while, and unbeknownst to him, he placed his body in (a) state of metabolic 

acidosis. His body attempted to compensate for the lower than normal body fluid 

pH by . 

1. slowing his rate of breathing 

2. stimulating the activity of osteoblasts 

3. producing copious amounts of alkaline urine 

4. stimulating the activity of osteoclasts" 
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"A 75-year-old woman and her 9-year-old granddaughter were victims of a train 

crash. In both cases, trauma to the chest was sustained. X-rays of the 

grandmother revealed several fractured ribs, but her granddaughter had none. 

Explain these different findings. 

1. The youngster had more organic material in her bones making them more 

'flexible' than those of her grandmother's. 

2. The grandmother's bones had probably been thickened due to osteoporosis. 

3. The youngster's bones were more extensively calcified than the 

grandmother's bones. 

4. The youngster was wearing a seat-belt." 

"Last winter you probably shoveled snow from your driveways. Using a snow 

shovel did not provide you a mechanical advantage, that is, you had to exert more 

force to move the snow than the weight of the snow you were moving. The 

question is, where should you have positioned your hand (apply effort) in order to 

maximize the weight you could have lifted? 

1. high on the handle, far from the shovel blade 

2. in the middle of the handle, equidistant from the end of the handle and the 

blade 

3. low on the handle, close to the shovel blade" 
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In answering these latter three questions successfully, students had to process significant 

amounts of information. The students had achieved Williams' deep level of processing. 

It is quite likely that students would have answered these more difficult questions 

incorrectly during class if they had not previously learned the material. As results of the 

PRS questions were immediately shown in class, students were able to see if they were 

correct or not and then would have been able to take appropriate action. None of the 

students, when prompted in the second interview, had been able to recall the majority of 

the PRS questions asked, but many of them recalled several questions that they had 

answered incorrectly during class. Thus, at least in the short term, students were engaged 

with the content. The interaction with peers, through the use of the PRS questions, 

resulted in students' continuing to think about the content after leaving the classroom. 

Finding #3: The cognitive level of the PRS questions increased over time within content 

episodes and across the entire instructional unit. 

The depth of questions asked by the instructor could only be evaluated using the 

PRS questions. As noted earlier, there were no PRS questions for the support and 

movement unit asked on day 1 of the study. With the exception of day 2 and day 4, both 

lower (knowledge and comprehension) and higher (application, analysis, synthesis, 

evaluation) cognitive levels as well as median and deep processing level questions were 

asked each day. On day 2 and day 4 the five PRS questions asked were all at within the 

lower cognitive levels and the median level of processing (see Tables 10 and 11). 
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Table 11. The classification of PRS questions of the support and movement 
instructional unit. 

Day 
C

on
te

nt
 E

pi
so

de
 

K
no

w
le

dg
e 

C
om

pr
eh

en
si

on
 

A
pp

li
ca

ti
on

 

A
na

ly
si

s 

S
yn

th
es

is
 

E
va

lu
at

io
n 

1 skeletal 

2 skeletal 2 3 

3 skeletal 3 1 1 

4 skeletal 4 1 

5 skeletal 2 1 1 1 

6 joint / 
muscle 

3 1 1 

7 muscle 1 1 

8 muscle 1 2 1 1 

9 muscle 2 1 1 1 

10 muscle 2 1 2 

total 18 11 5 2 3 3 

A tendency to use low-level questions to stimulate student thought occurred early 

in the unit (see Table 10 and Figure 2). As the topics within the instnictional unit and 

content units progressed, higher-level questions emerged as students were asked to 

connect basic ideas in order to analyze new situations. One of the instructor's stated 

goals for the course was to get students to think at a higher level about the content. The 

use of higher level thought questions had not been found in the K-12 studies on 
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classroom questioning where reports ranged from 64 - 93% of the questions having been 

posed at the knowledge recall level (Daines 1986, Dunkin and Myhill 2002). 

Analysis of field notes and video transcripts revealed that classes started with 

questions to get students focused on new terminology. Students were expected to engage 

in thought about previous content near the beginning of each session. Analysis, synthesis, 

and evaluation questions were asked as a class session, a topic within the content episode, 

and the instructional unit progressed toward completion. Table 11 illustrates the 

movement toward higher level questions withing a content episode and 12 and Figure 3 

illustrate the movement toward higher level questions across content episodes within the 

unit. 

Table 12. Classification of PRS questions posed in each content episode. 

Cognitive level of question Skeletal Joint episode Muscular 
based on Bloom's taxonomy episode episode 

Knowledge 11 3 4 

Comprehension 5 1 5 

Application 2 0 3 

Analysis 1 0 1 

Synthesis 1 0 2 

Evaluation 0 1 2 
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PRS Questions in Content Episodes 
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Figure 3. Distribution of the PRS questions within Content Episodes during the Support 
and Movement unit. 

An example is provided to illustrate the movement toward higher level cognitive 

questions.. The content episode on skeletal system material ranged from day 1 through 

the first 35 minutes of day 5. However, regardless of when they were asked, all of the 

PRS questions asked on day 5 dealt with the skeletal episode. As the episode progressed, 

there was a trend in which the instructor asked more complex questions that required the 

students to incorporate greater levels of information in order to formulate responses. The 

first evaluation question was posed on day 6 after the short content episode on joints. 

The question (see below) involved the integration of material from both the skeletal 

system and joint unit. 

"You tell me what is torn. All she said was that I probably had experienced a tear. 

All 1 know is that my knee is swollen, it sort of 'catches', and it hurts when I try to 



change the direction of my run. YOUR DIAGNOSIS that the is/are probably 

torn. 

1. lateral and/or medial collateral ligaments(s) 

2. anterior cruciate ligament 

3. lateral and /or medial meniscus(ci) 

4. patellar tendon" 

To answer the question shown above, students had to discriminate between 

ligaments (bone to bone connections), tendons (muscle to bone connections), and menisci 

(cartilaginous pads that separate articulating bones). Students also had to recall 

anatomical terminology first covered in the skeletal episode (anterior, lateral, medial) and 

names of specific 'connectors' learned in the joint episode (collateral ligaments, cruciate 

ligaments, patellar tendon). Students had to determine which structures were involved 

with rotational versus linear movements within the knee joint. Finally, in order for the 

students to have correctly answered the question (choice 3) students had to determine if a 

tear in a connector or an articular surface would have resulted in all of the symptoms 

given in the question. This example of integrating information from several days of 

instruction was continued throughout the muscular system content episode. 
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Finding #4: The instructor provided more opportunities for deep information processing 

during class sessions than the students created themselves. 

Instructor Use of the PRS as a Formative Assessment Tool 

Analyses of data collected from the class observation notes and the audio and 

video taped sessions indicate that the instructor used the PRS in the following ways: (1) 

to explain why students' choiccs were incorrect or correct, (2) to re-direct the course of 

instniction based upon student responses, (3) to allow pairs of students opportunities to 

discuss the content, and (4) to stimulate students' thinking. These findings corroborated 

the instructor's beliefs revealed in his interview of how he used the PRS in his courses. 

Analyses indicated that the instructor used the PRS output to provide explanations 

for correct and inconect choices. When student responses to PRS questions were mixed, 

the instructor redirected instruction to address the topic that caused concern. Of the 42 

PRS questions posed, all students answered correctly on only two questions. With all 

other questions, some form of instructor explanation occurred following the student 

responses to the PRS questions. For example, when students responded to only one or 

two of the answer choices, a quick review of the di fference between the answers was 

given and the instructor moved on to the next topic. However, if answers to the questions 

were spread across all four choices, the instructor proceeded to review the material he 

deemed important for students to think about in answering the question. Analysis of the 

instructor interview data revealed that the instructor strived for these "muddy" questions. 



The instructor commented "When the students' responses are mixed, 1 know there is a 

greater chance for more learning to occur." 

The instructor wanted his students to think about what they were doing and he 

viewed these situations as opportunities to lead students to new levels of understanding. 

In these varied response situations, the instructor often repeated the same question after 

students had time to share ideas with each other. In essence, he used incorrect answers as 

a basis to stimulate further student thinking. Students appreciated the feedback; 

"Oh, I love them [the PRS questions]. I love it because even if you get it,... but 

then later on I can go back and figure out like, well this answer is wrong because 

this answer does this and this answer is wrong because this answer does this you 

know. And he'll sometimes go through that if a lot people answer with the wrong 

ones. So, I really like the system." 

Student discussion about specific instructor provided questions was an integral 

teaching component expected in this classroom. Interviewed students stated that they 

were rarely encouraged to share ideas with each other during class in other lecture 

courses. To set the atmosphere for the duration of the course, the students "practiced" on 

the first day of this class. They not only practiced the use of the PRS transmitter, but they 

were required to explain their understanding of a question to a peer. On the first PRS 

question posed in the course, the instnictor told the students to turn to a neighbor and 



discuss their responses with each other before submitting them. The instructor introduced 

an active learning strategy, Think-Pair-Share (Mazur 1997), as a model for responding to 

the PRS questions. The first several days set the stage for students to share with each 

other and challenged them to think at deeper levels as these early questions ranged from 

recall to application level in difficulty. Several times the instructor reminded students 

they must try to convince each other of their ideas as this was an important part of the 

learning process. Video analysis revealed students were generally not invited to discuss 

responses with neighbors on terminology questions, but were asked to discuss with each 

other on all other questions. 

Wilen (1990) argued for teachers to plan critical questions that will enhance 

students' thinking and learning. PRS was a tool that incorporated prior planned questions 

for use during the instruction. The instructor asserted his desire to incorporate new 

technology to enhance student learning grew, in part, from an ever increasing class size in 

the introductory science courses. Through the use of this technology the instructor 

planned a series of formative assessment questions for each lecture in which he expected 

the students to be thoughtful about the material prior to providing an answer. In essence, 

he focused students' thought, and arguably their learning, on the content material during 

class instead of waiting for them to try and memorize the information immediately prior 

to an assessment. 
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Student Demonstration of Information Processing 

Observer field notes and student interviews revealed that roughly two-thirds of the 

students in the class use the web-based materials as a guide for their note taking during 

class. On various days, a few students had their textbooks with them and open during 

class seemingly following along with the lecture. In addition, three students who always 

sat in front of me and walked into class with nothing, sat down and listened (or slept) 

without taking any notes, and left at the end of class empty-handed. They were not 

volunteers in the interview segment of the study. Thus, I was unable to discover their 

purpose for being in this course and their apparent lack of involvement with the material. 

The remainder of the students, roughly one-third of the class, took notes as they would in 

a traditional lecture course where no supplementary materials were provided and then 

used the web-based notes as a supplement to their at home review for the exams. 

Visible demonstrations of student created opportunities for deep information 

processing were absent in this instructional unit. Students demonstrated deep information 

processing behaviors in class (discussing and responding to questions), but not in 

response to opportunities that had been created by fellow students. Rather, all instances 

of deep information processing that the students demonstrated were in response to the 

PRS questions displayed by the instructor. Additionally, observer's notes revealed that 

"engagement of students [was] indicated by responses to questions, both verbal and PRS, 

and note-taking". 

Finally, a few students did not believe the PRS had any value to them nor did it 
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aid in their learning. In particular, one student commented how she wished the PRS had 

been used as an educational tool since the way they used it did not help her learn the 

material. Upon clarification during the interview, this student did not believe the 

instructor's use of the PRS was for educational purposes. She seemed to believe the PRS 

could only be used for educational purposes if the questions asked covered something that 

they had already covered in class. She stated: 

"No [they didn't help me learn] but they were like preview stuff A lot of times 

he does that like this is upcoming stuff or something you should have read it you 

were ahead. And so then you would have that information there so at least when I 

got to that stuff I could be like yeah he asked a question about this. Or if you had 

already read it you could apply it that way. I really didn't like them [any of the 

PRS questions]." 

Even though these students did not believe the PRS had any value to aid their learning 

process they were able to recall some of the PRS questions. Thus, the students were 

processing this information at a deep level in that they were able to recall specific 

examples of PRS questions used in class as well as why they had answered them 

incorrectly. 
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Finding #5: Most students valued the PRS system and felt that they learned with deeper 

understanding as a result of its use in the course. 

Student Perceived Learning Differences 

Recently, Judson and Sawada (2002) reviewed the literature on electronic 

response systems. A consistent pattern reported was students' positive support of the 

systems, belief in better understanding of the material, and positive attitude toward the 

course. Findings in this study were similar as questionnaire results and post-instruction 

student interviews indicated that most students favored the use of the PRS in this course 

compared to traditional lectures. Students reported that the use of the PRS resulted in 

more regular attendance at class, greater depth of learning, more challenging questions to 

cause them to think about the material earlier, and preference over traditional lectures 

(see Table 13.) 
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Tabic 13. Student response data to a PRS questionnaire about the value of the PRS 
questions. 
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I attend PRS classes more regularly than I 
would the more traditional classes. 

19 14 2 4 1 40 

I pay more attention to what is going on in 
lecture classes that do not use PRS than in 
PRS classes. 

0 2 14 23 1 40 

Knowing how my classmates respond to 
questions in class increased my interest in the 
subject matter. 

0 10 16 10 4 40 

I often find the PRS questions challenging. 9 22 6 3 0 40 

PRS helps me learn the subject matter in 
greater depth. 

6 18 10 6 0 40 

I prefer the more traditional lecture approach 
over the newer PRS approach. 

3 3 13 9 12 40 

Interview data provided deeper insight to the students' perceived value of PRS in 

lecture courses. Students spoke freely of the importance of the PRS. They felt that the 

PRS was a beneficial tool. The students described how the PRS influenced them to 

attend class more regularly, the PRS provided important feedback to direct their learning, 

and the PRS created a desire to do well on these questions. For example, student 

comments included: 



. .1 like [the] PRS questions. I think that is good that you get feedback and 

everything. I think the questions help me learn. I like it because I talk to my 

neighbors. At the beginning of the year I sat with one kid and now there are four 

of us who always sit together and we talk about every single question." 

"Emily and I sit in the front row and she can help me, you know prod me along to 

answer, even if I don't know, just to guess..... having [the questions] there and 

you seeing how everybody [answers], you really do want to get the answer right." 

".. . if you actually get the students interacted and you know doing stuff then you 

can see the actual results from it you know. You know we see if we got it right, 

we see if we got it wrong and we know why because he tells us afterwards. That's 

helps us a lot." 

"I think the PRS is a good tool for attendance. 1 think it's good to make you 

understand, to help you understand where you are at in as far as the course is 

going. What you understand and what you don't understand. But, I don't, I think 

it is nerve-wracking for people that you only get one minute to answer it. And it 

just like some of the questions he'll even admit to you in class well you may not 

be able to find this anywhere in the book. And so that is like OK so why are you 

asking us it. That is frustrating. I think for me it has been really good. First of all 
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it gets me to class and get involved. It really helps you understand where you are 

sitting. 1 don't understand the adrenergic blah blah blah. Like I'll know I have no 

clue what is going on and I'll have to go back and pay special attention to that." 

Students referred to their notes and textbooks when discussing response choices. 

PRS questions challenged the students as they provided opportunities for students to 

think about and work with the subject matter during instruction instead of being passive 

recipients listening to someone tell them about the content. However, there were students 

who preferred traditional lectures. They believed the instructor's job was to tell them 

what they needed to know or do. The PRS questions and the textbook did not seem 

relevant to them. 

"It doesn't matter how much I read if I don't understand something, like I need to 

be lectured on it so I understand it. Like the PRS like when you walk in he's got 

questions and you haven't started discussing anything it is kind of hard for that to 

be an aid to me." 

Another student commented: 

"I guess I'm kind of the old school person where I'd rather take a quiz. I think 

they're good questions. I mean, they don't usually, they help I guess because you 

kind of picked up on some of the material. But, he doesn't put them on the test or 
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anything. But I think they're OK. I don't really see much of a benefit to [the 

questions],but they don't hurt either." 

The previous student freely admitted she did not attend class very often. Her comment 

about not seeing the PRS questions on the exams was contradicted by other students who 

more regularly attended class. 

"I've written down most of the questions that we've had in the PRS that I got 

wrong or that I wasn't absolutely dead positive on. Some of those have ended up 

coming up on the tests." 

A comparison of the PRS questions with exam questions showed that some questions 

were similar, but none were identical. Students who had regularly attended class were 

able to identify questions on the exam that resembled the PRS questions used in class. 

Paschal (2002) reported on the use of the PRS in a college-level systems 

physiology course in which students expressed preference for the course, felt they learned 

more, and were more likely to participate in class. Again, findings in this study are 

similar. Questionnaire results in Table 14 indicated that most students favored the use of 

the PRS over traditional lectures. Students believed the use of the PRS resulted in more 

discussion of questions with neighbors, the expenditure of greater effort on their parts to 

make sense of the content, and greater depth of learning. 
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Table 14. Student response data to a PRS questionnaire about learning differences 
between PRS and traditional lectures. 

Question 
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I tend to read the materials to be covered 
ahead of time more often in PRS classes than 
in lecture classes. 

4 6 12 15 3 40 

I do more thinking during PRS classes than in 
lecture classes. 

6 16 14 4 0 40 

I often discuss the PRS questions with my 
classmates before making a response. 

11 12 6 9 2 40 

Discussing the PRS questions with my 
classmates before answering helps me learn. 

15 19 1 5 0 40 

Some PRS questions make me try hard to 
make sense of the subject matter. 

11 28 1 0 0 40 

Sometimes I suddenly understood a concept 
while we were talking or thinking about a 
PRS question. 

9 21 7 3 0 40 

A particularly striking pattern in the questionnaire data were the levels of 

agreement with the statements regarding learning and sense-making benefits of the PRS 

questions. For example, 34 of the 40 responding students either agreed or strongly agreed 

that discussing the PRS questions prior to answering the questions helped their own 

learning. Similarly, 39 of the 40 responding students either agreed or strongly agreed that 

the PRS questions pushed them to make sense of the subject matter. The high level of 



agreement with these two particular items suggests that the PRS enabled an interaction 

with the subject matter in a way that was highly valued by students. Data from student 

interviews also supports this finding. 

A frequent comment in the observers' notes referred to the high level of 

accountability that the students seemed to demonstrate for trying hard to come up with 

good answers to the PRS questions. Some of the students' comments suggested that the 

PRS questions were doing little different than what a good student should do on his/her 

own to make sense of the subject matter. However, the PRS made it easier, in a sense, to 

think about the right things. This was also supported in the student interview data: 

"I like [the PRS]. I wish all the teachers used it. He knows when to use it too. 

He uses it then and it just kind of makes me think more. It just makes me 

comprehend it better." 

"This is probably, this is one of the best classes I've taken at NDSU so far. It's 

just the fact that he, I mean I don't know about other students, but I feel pushed to 

do better than what I'm used to doing. You know even though [my grade] may 

not be the greatest, but I think it is the best I can do in this class. You know just 

the fact that he seems to hold everybody accountable and you know he expects 

everybody to know. Instead of just teachers who like spoon feeding you 

everything. It's nice to be challenged to learn instead of just saying here you go. 



It's been a really different experience for me, I've really enjoyed. It's a lot of 

fun." 

"Well it is helping me in that I should be doing more on my own and not just with 

him. It is what I figure I should be doing, but don't. Sometimes I do and 

sometimes I don't. It is just depending upon the subject that we are talking about 

and if I feel I need to know more about it than what he is explaining." 

Students also expressed fhistration about the PRS. But, most recognized that 

struggling with the subject matter helped them learn the material. An older than average 

student taking the course, as he stated "just to learn", commented that: 

"There have been times when I've been so upset that I just want to take that little 

zip-zapper and throw it against the wall! You know, there have been some 

sessions when I've left thinking 'man-o-live' I'm kind of missing something here. 

It's really hard. But 1 know that's what I am carrying away, lots of good stuff." 

The PRS provided opportunities for students to struggle with subject matter. 

Students perceived the struggle as resulting in higher levels of understanding. Answering 

the questions incorrectly in a fairly low-risk context became a part of a process that 

student feel contributed to their understanding. When asked if the PRS helped him learn 



the material, one student commented in the following way; 

"I don't think so. I think [the PRS questions] sort of reveal whether you know the 

material or not. It makes you think. I start to think too much sometimes. The 

question that really sticks in my mind is the one about when we were talking 

about bones and joints and muscles in levers, OK. He said well if you are 

shoveling snow, what would be the best lever? Would it be when you had your 

hand way up high or in the middle or low? I've shoveled all my life, I've 

shoveled grain, I've shoveled snow, and I know you put your hand at the bottom. 

But for some reason, and I was going to put that and then I started thinking, and I 

put down the wrong answer. And I was thinking why did I do that. I'll do that 

sometimes, I'll start thinking about everything. Especially if it is a certain word I 

don't understand, I'll start thinking well maybe that's what it is. 1 just really don't 

understand what that word is and then I'll go against my gut instinct and I'll put 

the wrong answer. So I will say that I really like what he does there I don't know 

that I really necessarily, well I guess maybe I do take home some things after I get 

wrong answers. And I think that is what he mentioned, it is the learning process. 

It is to help you learn a few things. I guess looking at it that way it probably does. 

So, yeah." 

This student's response suggests that one of the greatest values of the PRS is its 



potential to engage students in thinking about what they know and what they do not know 

during, rather than after, instruction. The low-risk thinking and subsequent answer 

creates a "feedback loop" that is absent in traditional lecture classrooms where generally 

only one student's answer at a time is provided with any substantive feedback. The PRS 

seemed to provide a mechanism that allowed students to test their own levels of 

understanding in ways that did not occur with the instructor's verbal questions. Students 

in this PRS classroom responded to the PRS questions for different reasons than they 

responded (or not) to the instructor's verbal questions. While the PRS was in use, all 

students' answers were vulnerable to evaluation and at the same time eligible for 

productive feedback from the instructor as well as the other students. 

Another finding of interest to us were the students' perceptions of the higher 

levels of understanding that resulted from discussing the PRS questions with other 

students in class. Observers' notes indicated that the instructor nearly always gave 

students time to talk about answers before they transmitted their responses to the PRS 

questions. These discussions increased in number over the days included in the study. 

As the following excerpt from a student interview shows, the benefits of the small group 

student discussions also caused students to believe that they were better prepared for 

exams: 

"The reason we do that (sit in a group during lecture) is because we, the two 

people that joined up are in my lab group. They were pretty frustrated because 
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they knew their grade was pretty poor in there on the PRS and I told them to just 

sit with us because we always talk about it before we answer. We get a group 

consensus and then we answer. So, that helps." 

Frequent questioning by teachers has been shown to have a positive correlation 

with student gain in achievement (Good and Brophy 2000). The PRS used in this study 

cannot be directly linked to changes observed in student understanding via pre and post 

test scores (see Table 15). While it is not possible to determine what fraction of the 

increase in exam scores was attributable to the use of the PRS, evidence has been 

provided to suggest that students believed that the PRS caused them to think more 

productively about the subject matter. Prior to the incorporation of the PRS, the 

instructor reported that it was not uncommon to have an average of below 65% for this 

particular unit exam. Judson and Sawada (2002) found no evidence in their review to 

suggest that the PRS supports increased academic achievement. Paschal (2002) 

concluded that the use of PRS resulted in "at least as and potentially more effective" 

learning when compared to traditional passive lectures and homework. Our findings 

cannot dispute these conclusions. Results from the pretest and posttest averages were 

50.08% and 80.26%, respectively. 



Finding #6; Students demonstrated deeper understanding of the topics after instruction 

than they did before instruction. 

Information Processing and Development of Student Understanding 

A total of 19 students participated in a pre-instructional and post-instructional 

interview that covered the Support and Movement unit. The results reported from their 

assessments matched the overall course performance on both the pre and post test. On 

the pretest, the 19 interviewed students had a combined total of 116 out of possible 209 

(55.50%) correct responses as compared to 50.1% for the entire class average. On the 

posttest, the interviewed students had a combined total of 179 out of possible 228 (78.5) 

correct responses as compared to 80.3% for the entire class average. Table 15 represents 

the overall course data for each assessment. 

Table 15. Course performance data. 

Pretest Posttest 

Number of students 56 52 

Exam average 50.08% ± 16.3% 80.26% ± 13.1% 

The amount of time given to instruction was compared to the test composition. 

The findings, as shown in Table 16, indicated a high correlation between class time and 

test composition. 
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Table 16. Comparative proportions of class time and test construction around content 
episodes. 

Content Episode Class time Points on end of unit exam 

Skeletal system 4h 40 

Joints 35 min 18 

Muscular system 4 h 30 min 42 

Differences in overall exam scores (see Table 15) between pretest and posttest 

indicated learning occurred throughout the unit of instruction on Support and Movement. 

However, results from the pretest could have been interpreted as students having had 

some understanding of the support and movement processes. In particular, the 

interviewed students performed well on two of the 11 pretest questions. The entire class 

also performed well on the questions, #4 and #6, which had a correct response rate of 

87.5% and 86% respectively. These two questions covered information that may have 

been familiar to students. This was question 4: 

She was direct, "You are putting yourself at risk. The intervertebral discs do serve 

, but your activity is subjecting them to too high a stress." 

A. to string the vertebrae together 

B. in holding the spine erect 

C. to absorb shock 

D. in preventing hyperextension 
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This was question 6: 

The ANTAGONIST of our biceps brachii muscle is the muscle. 

A. brachialis 

B. deltoid 

C. pectoralis major 

D. triceps brachii. 

All 19 interviewed students responded correctly to question 4 on the purpose of 

intervertebral disks while 16 students responded correctly to question 6 which asked for 

the antagonist to the biceps brachii muscle (see Table 17). Students seemed very 

confident in their responses to these two questions. They commented on having covered 

the information presented in these two questions earlier in their academic or athletic 

careers. For example, when providing rationales for their answer choices to these two 

questions during the think aloud interviews two students responded: 

"The intervertebral disk, I think that the purpose of intervertebral disks are to 

absorb shock so I went I think pretty much right to 'c' and I looked at the other 

ones and it seemed like they might have a minor roll in that but 1 was pretty sure 

from other studies that the purpose of disks was to absorb shock. So I choose 'c'." 



"You need to know the rotating muscles such as the biceps, triceps, hamstrings, 

quad, you know I understood that so that is why I choose triceps. I remember that 

from high school. A little bit from sports too." 

Table 17. Individual question results from the pretest survey. 

Q
ue

st
io

n 
nu

m
be

r 

C
on

te
nt

 E
pi

so
de

 

C
og

ni
ti

ve
 l

ev
el

 
ba

se
d 

on
 B

lo
o

m
's

 
ta

xo
no

m
y 

O
ve

ra
ll

 s
tu

de
nt

s'
 

co
rr

ec
t 

an
sw

er
s 

(%
) 

(n
 =

 5
7)

 

In
te

rv
ie

w
ed

 s
tu

de
nt

s'
 

co
rr

ec
t 

an
sw

er
s 

(%
) 

(n
=

 1
9)

 

1 Muscular system Application 65 63 

2 Muscular system Knowledge 19 21 

3 Muscular system Analysis 61 74 

4 Joints Knowledge 86 100 

5 Skeletal system Knowledge 53 58 

6 Muscular system Comprehension 84 84 

7 Muscular system Knowledge 35 42 

8 Skeletal system Knowledge 25 21 

9 Muscular system Evaluation 35 53 

10 Skeletal system Knowledge 42 42 

i Muscular system j Comprehension 46 53 

However, providing correct rationales for their answers tended to be an exception rather 

than the rule for the interviewed students. Even when students demonstrated confidence 
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in their answers, they correctly selected answers for the wrong reasons. For example, 

"Ok, the antagonist of our biceps brachii muscle is the blank muscle. Well, I guess 

I went straight to the triceps brachii muscle because biceps, triceps seems like it is 

something that is pretty obvious there." 

"Yeah, I had no clue on that one. Well the biceps are the arms. And the deltoid, I 

know that is the oblique, it's in the back. Maybe it was the triceps. Yeah, so I 

really didn't know." 

The first student's response indicated that the student selected the correct answer only 

because it happened to be a term similar to the one asked in the question. If another 

muscle had been used to ask for the antagonist, the student may also have answered the 

question incorrectly. In the second response, the student admitted not knowing the 

answer. When explaining the possible answers the student was confident in knowing 

where the deltoid and oblique were located in the body. However, her confidence was 

not an indicator of correctness as she was not able to identify the correct location in the 

arm. In addition, the deltoid is not found in the back. Rather, the deltoid is a lateral 

shoulder muscle. I was unable to discern what she meant by oblique. The above 

examples indicate that students could have "scored" well on an assessment without 

understanding the answers they had provided to the questions. Students were much less 
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confident in their answers to the remainder of the pretest questions. Other than questions 

4 and 6 identified above, with which most students reported familiarity, the students 

performed poorly and had little confidence in their responses. 

Students were able to select a correct answer without any understanding of the 

material. When asked to explain the rationale used for his responses a student stated "I 

really don't know the answers." This particular student had six correct responses yet he 

was only confident about his response to question 6 to which he stated "antagonist is the 

opposite, bicep is tricep." Yet, on question number 2 (shown below) which also asked 

about muscle pairs, the student debated between two wrong answer choices, one of which 

was antagonist. If he knew that antagonist meant opposite, he was unable to apply this 

information to a similar question that occurred on muscle movements. Following the 

interview this student revealed he was a coach and he knew the bicep and tricep muscles 

as a result of a weight-lifting regimen used for his athletes. 

Question 2: A muscle group that works to assist the action of a prime mover would be 

called a(n) . 

A. antagonist 

B. fixator 

C. synergist 

D. protagonist 



Similarly, a young woman who provided a correct answer on seven of the pretest 

questions stated, "Coming into this class I knew nothing. I took it in high school (as a 

sophomore) but that was a long time ago." She repeatedly responded "I had no clue on 

that one" when providing rationale for her response choices. One question that she 

seemed confident on was question 4 (identified earlier) in which she stated "I thought it 

was absorbing shock, but I don't really know what the others meant. It [shock] just 

seemed familiar." These examples were from two of the four students who were unable 

to support any of their pretest responses with scientifically acceptable rationales (see 

Table 18). 

Question classification (see Table 17) had little bearing on whether or not students 

correctly answered questions on the pretest. As described above, more often than not 

correct answers were the result of a guess rather than the result of understanding. For 

example, question 1 (shown below), which was coded as an application question, had the 

third highest number of students who answered correctly while question 2 (identified 

earlier), which was coded as a knowledge question, had the lowest number of students 

who had answered correctly. 

Question 1: When viewed with a light microscope, skeletal and cardiac muscle fibers 

display alternating light and dark transverse bands or striations. This 

appearance is due, in most part, to the . 

A. presence of T tubules in skeletal and cardiac muscle fibers 
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B. well developed sarcoplasmic reticular system 

C. arrangement of myofilaments 

D. alternating differences in the thickness of the sarcolemma 

When trying to assess student understanding, the results from an assessment (pre 

or post instruction) did not tell the whole picture. An instructor looking at the results 

from this pretest could have concluded that his or her students had some working 

knowledge for the unit topics. For this group of students, this conclusion would have 

been a gross overestimate of the students' knowledge. While students chose the correct 

answers to several questions, most of them had no understanding of the concepts. 

The pretest survey had been given to students prior to any other assessment in the 

course. At that time, students had not seen an exam to understand the type of 

expectations the instructor had for summative assessments. However, the students had 

been told they would be expected to learn the material, not just memorize lists of things 

on the first day of class, the need to understand the material was stated on the syllabus 

and they had been exposed to several PRS questions that served as models of exam 

questions. During the second interview a student who had taken a previous course from 

this instructor stated: 

"Well, I just knowing Dr. Gerst and his type of tests that he has, I know that it is 

not going to be memorizing bones and that like the lab. 1 knew it was going to be 
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like how does this work all together? The machine, that's what you've got to 

think of it as because that's how he explains things. He doesn't talk about this is 

the femur and this is the humerus, or what ever. So I hardly paid any attention to 

that for the lecture test. So I was expecting that [to interpret questions] and that is 

basically what it was." 

Several students commented they had not been ready for the first exam in which they had 

to interpret situations. Even though the instructor had indicated this on his syllabus, 

announced it in class and demonstrated it with PRS questions, students said they "did not 

believe it" as they had been told similar expectations in other classes yet the exams in 

those courses had been simple memorized material. In fact one frustrated student stated: 

"I don't know why this can't be like other classes where we just have to pick out 

an answer without having to think through them all. That's how this course is at 

[another local institution]." 

Since students expected to have to understand the material in order to be successful on 

the second exam, they may have been better prepared for the exam. Thus, they may have 

been better able to explain their understanding during the posttest interview. 

Student understanding in terms ofbeing able to provide correct rationale for 

answers became evident during the second interview. Table 18 illustrates 18 of the 19 
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interviewed students were able to provide scientifically acceptable rationale to as many or 

more questions on the post-test than they had been able to provide on the pretest. In only 

one instance was the same student not able to provide any correct rationale on questions, 

pretest and posttest, that he had able to select the correct answer. It was not surprising to 

learn this student earned a "D" in the course as a final grade. 

In addition, Table 18 illustrates it was possible for students to have answered 

more than half of the 11 questions correctly on the pretest yet not be able to support their 

answers with anything more than a guess. Correct rationale was considered when a 

student was able to explain what the correct answer was with scientifically acceptable 

support. An answer was considered to have partially correct rationale when the student 

had been able to eliminate some of the distractor options and gave a partial explanation of 

the correct answer. A guess was when the student was not able to explain any part from 

the question. The students would freely acknowledge they had guessed when providing 

explanations during their interviews. 
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Table 18. Rationale for interviewed students' correct responses on the pretest and 
posttest. 

Number correct on pretest 
(of 11 possible) 

Number correct on posttest 
(of 12 possible) 

correct 
rationale 

partially 
correct 
rationale 

no clue / 
guess 

correct 
rationale 

partially 
correct 
rationale 

no clue / 
guess 

Angle 2 3 2 9 1 0 

Jasmine 2 2 0 2 3 1 

Shelby 2 2 3 2 6 3 

Brooke 2 3 5 4 6 0 

Austin 4 2 1 7 4 0 

Bethany 0 2 5 2 5 1 

Derek 0 1 5 0 0 6 

Staci 1 3 3 3 5 1 

Lacey 1 1 2 2 4 1 

James 2 4 2 8 4 0 

Michelle 1 2 3 2 2 3 

Steven 2 1 1 2 4 2 

Jane 1 4 2 4 4 1 

Zoe 1 0 2 2 5 2 

Courtney 2 1 2 5 4 3 

Kristi 1 3 2 4 6 1 

Craig 0 3 4 5 5 0 

Susan 0 2 2 3 6 1 

Ruth 3 2 2 4 6 1 
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Table 19. Individual question results from the posttest survey. 
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1 Skeletal system Comprehension 100 100 

2 Muscular system Comprehension 62.5 58 

3 Muscular system Application 75 79 

4 Muscular system Analysis 31 31.5 

5 Joints Knowledge 94 79 

6 Joints Knowledge 94 89 

7 Muscular system Knowledge 62.5 73.5 

8 Skeletal system Comprehension 75 79 

9 Muscular system Analysis 94 95 

10 Skeletal system Application 100 100 

11 Muscular system Knowledge 81 79 

12 Skeletal system Knowledge 87.5 79 

Data on interviewed student results to particular questions is provided in Table 19. 

As access to test results was closed, I was unable to access individual results for all 

students in the course. In is important to note the averages between the interviewed 

students (78.5%) did not differ from the entire class average (80.3%). Thus, the richness 

of the student descriptions about their understanding of particular questions on the 
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skeletal, joint, and muscular systems should have served as a representation of this entire 

class of students. 

Students scored well on questions at all cognitive levels on the posttest. However, 

there was one analysis question used in the second interview in which the majority of 

students struggled to answer. Question 4 was the lowest scored question on the test that 

had been selected for use in the post-instruction interview. The question asked about 

specific stages in skeletal muscle contraction that had been illustrated during the cd-rom 

animation described earlier. One student who provided correct rationale for half of her 

correct responses commented: 

Question 4: During a skeletal muscle contraction, the hydrolysis of ATP to ADP and Pi 

is associated with . 

A. cross bridge attachment 

B. the "power stroke" 

C. cross bridge detachment 

D. cocking of the myosin head 

"I got this question wrong on the test. I thought it was cross bridge attachment, 

but it wasn't. It (the answer) is not the cocking of the myosin head because that 

was a step before. And this (cross bridge detachment) has to go through in order 

to have tropomyosin,... there are earlier steps." 
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This student eliminated three of the four choices by providing correct rationale for each of 

the stages. Even though she had answered it incorrectly on the posttest, this student had 

gone back to figure out why she had answered the question incorrectly and was able to 

explain the answer correctly at the time of the second interview. In this example, 

answering a question incorrectly contributed to the student's learning. Conversely, a 

student who provided correct rationales for 10 of the 12 questions in the posttest 

interview could not provide a correct on answer on the same posttest question. He stated 

"I got that one wrong on the test. I thought 1 knew what was going on and 

understood it but I got confused by the tropomyosin, troponin complex stuff. I'm 

still confused on that. I think it is power-stroke now but I don't know why." 

Yet, on the only other analysis level question used in the interview, he addressed each 

distractor used with an appropriate rationale. Question 9 had students analyze muscle and 

bone relationship during muscular contraction. 

Question 9: Which generalization concerning movement by skeletal muscles in NOT 

TRUE? 

A. Muscles produce movement by pulling on bones. 

B. Two articulating bones typically move equally during muscle 

contractions. 



C. Bones serve as levers to which skeletal muscle forces are applied. 

D. Movements produced may be of graded (variable) intensity. 

I l l  

This young man stated: 

"Muscles do produce movements by pulling on bones. That is just what they do, 

pull on things. Two articulating bones typically move equally during muscle 

contraction is not true. For example, in your arm your humerus usually will stay 

stationary if you move your radius and ulna in rotations or flexion (he 

demonstrated the movements as he provided the answer). Bones do serve as 

levers for muscles. And movement can be of graded intensity like when lift things 

of different weights." 

The question described above had also been used on the pretest. At that time the student 

had been unable to demonstrate an understanding of the relationship between muscle and 

bone during muscular contraction. He had marked a correct answer but attributed it to a 

guess when probed during the first interview. Thus, at some point during the course of 

instruction or in preparation for the exam an understanding of muscular contraction 

developed with respect to bone relationships. But, he did not develop an understanding 

of the physiological aspects of a contraction. 

In addition, the student who had been able to describe the complex process of 

muscle contraction demonstrated meaningful learning for that topic yet she had been 
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unable to recall some of the basic skeletal terminology needed to answer a lower 

cognitive question. In response to question 8 on types of connective tissue the student 

stated: 

Question 8: 

What kind of tissue is the forerunner of long bones in the embryo? 

A. Elastic connective tissue 

B. Fibrocartilage 

C. Dense fibrous connective tissue 

D. Hyaline cartilage 

"I was debating because I don't remember reading it anywhere. 1 don't know! I 

don't remember but I think I got it right by guessing. I still don't know." 

However, there were other students who were able to provide a rich description of the 

terminology used in question 8 to demonstrate their understanding that had been absent 

prior to instruction. For example, 

"This [tissue] has to be around the epiphyses. I know hyaline cartilage is around 

the edge of the epiphyses like in a ball and socket joint. I know it is not elastic 

connective tissue because that is in like your ears and your nose. It's not 
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fibrocartilage because that is like a separator in a symphysis joint. Dense fibrous 

tissue that is typically, I can't remember but not in long bones. It has to be hyaline 

cartilage." 

The student was able to describe the connective tissue used in the distractor choices when 

he provided a common example ofjoints in which the different tissues could have been 

found. 

Several exam questions were similar to the PRS questions used during instruction. 

Four of these questions (3,7, 11, and 12) were used in the second interview. Students 

were able to recognize some of the connections between the questions on the exam and 

the examples used in class. For example, in the think-aloud response to question 12 a 

student stated during the interview 

Question 12: Her diagnosis was easy. The X-ray illustrated a complete fracture and 

presence of four bone fragments. What type of fracture did the X-ray 

show? 

A. Impacted 

B. Comminuted 

C. Greenstick 

D. Open or "compound fracture" 
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"Impacted fractures are like what you see in the skull. Greensticks will not be in 

four pieces. I know it is not [choice] d, open or compound fracture, because that 

is like on breakage and the skin. It is comminuted. I think he did this example 

once in class too on the screen." 

This student's rationale was not entirely complete as two of the four distractors used in 

the question were not described. However, the student's connection to a PRS question 

used in class indicated the PRS question had some role in the understanding he provided 

as a response. 

In sum, learning one concept more than another from the unit could have resulted 

from numerous factors. The students' descriptions provided above may have resulted 

from attention to topics given in class. For instance, students provided comments in 

reference to the animation that had been shown in class about muscle contraction yet, 

when probed, could not remember specific instruction about the precursor of embryonic 

bone formation although several commented it must have been covered. The concept of 

bone formation was taught through the use of diagrams of text figures. This instruction 

had not been as flashy as the animation, nor had as much time been given to the 

embryonic bone formation, 10 minutes on bone formation that covered both adult and 

embryonic, as compared to the 25 minutes spent on muscle contraction (see Table 5). 

Nearly all, 18 of the 19 interviewed students, were able to demonstrate deeper 

understanding of some of the topics after instruction than they did before instruction. The 
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quality of the students' comments from the pre-instnictional interview to the post-

instructional interview demonstrated the students had developed deeper understanding of 

some of the topics. However, there were no discernable patterns as to what topics were 

leamed. In addition, the cognitive level of questions asked was not a factor in how well 

students understood the topic. The deeper understanding of particular topics by each 

student could have been dependent upon a number of variables that included, but was not 

limited to, class attendance, attention given to lectures, prior knowledge of a particular 

topic, or use of instructional tools. Course instmction played a role, but to what extent 

remains unclear. 
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CONCLUSIONS 

In this study I examined the conditions in an introductory science course that 

supported the development of meaningful student learning using IP as the theoretical 

framework. The findings of this study revealed that opportunities for students to think 

about the content and to discuss their ideas with their peers during class time supported 

student learning. This study has implications for college instruction because the 

processing of information is an important part of students' meaning-making in lecture 

courses. A better understanding of the situations that prompt deep level processing of 

infoniiation may help instructors create more opportunities for student learning in their 

classrooms. These opportunities may lead to students' deeper understanding of science 

content. 

Findings of this study indicate that instructional decisions about the use of 

questions influenced the opportunities for IP during class time. Numerous instructor 

questions were posed to the students in this class. While the vast majority of the 

questions posed throughout the unit did not result in students' thinking deeply to 

constnict answers, they did provide an instructional purpose for the students. The 

instructional purpose of the verbal questions was to guide the students to think about the 

content through the use of familiar examples from other contexts, recall information from 

a previous lecture, focus their attention on an upcoming topic, or make predictions from 

given scenarios. Thinking deeply to construct answers was more common on questions 

posed using the PRS. In these instances, the instructor provided formative assessment 
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opportunities for students to learn from each other. It was unclear why the instructor 

valued student interaction with this technology but not with the verbal questions he posed 

during instruction. 

Bell and Cowie (2001) identified several key characteristics of formative 

assessment. Formative assessment is: (1) a responsiveness to information gathered, (2) 

used as an integral part of teaching and learning, (3) a process performed by both teachers 

and learners, (4) used to inform students' learning and teachers' teaching, and (5) an 

illustration of student disclosure that produces evidence of student performance or 

thinking. In this study, the use of the PRS provided a mechanism for providing instant 

feedback to the formative assessment questions. Other instructional methods could be 

used to meet the characteristics of formative assessment as well. 

In addition, findings from this study indicated that students valued opportunities 

that were created to think about, discuss, and respond to questions about the content. 

Creating opportunities for students to interact with each other about the content during 

class time holds promise as an instructional strategy that could enhance an instructor's 

ability and inclination to practice formative assessment of student learning during 

lectures. Formative assessment opportunities that promote students to interact with each 

other may lead to increased achievement in ends of unit exams as student-student 

interaction is increased. 

PRS was the tool that lead to the instructor provided opportunities for increased 

student-student interaction in this study. Students valued the PRS as a learning tool in 
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this course. Students felt that the PRS influenced them to attend class more regularly, 

provided important feedback, and pushed them to make sense of the subject matter. In 

short, students believed that the PRS caused them to think more productively about the 

subject matter. One of the greatest values of the PRS may lie in its potential to provide 

immediate feedback to students and the instructor about what students know and what 

they do not know during, rather than after, instruction. However, PRS should not be 

considered the tool responsible for the development of meaningful student learning. 

Rather, the opportunities created by the use of PRS provided students with reasons to 

process information during class which lead to learning. 

For the instructor, the use of the PRS provided a way to analyze student thinking 

during class. The instructor expected his students to spend quality class time in thought 

about the content he was presenting. Typically in introductory science courses students 

expect to go to class to have information presented to them. However, in this course 

students were expected to go to class to think about the content and to demonstrate their 

level of understanding of the content on a daily basis. Analysis of the PRS questions 

revealed the proportion of PRS questions that supported deep IP increased as the unit 

proceeded. Simple tallies of question types would not have revealed this pattern. Not 

only were students expected to think about the content on a daily basis, but the level of 

processing required to answer the questions increased as the instruction proceeded. 

It is not possible to identify a direct cause and effect relationship between the 

instructor's lecture and student learning. However, test and interview data show that 



119 

students demonstrated deeper understanding of the topics after instruction that they did 

before instruction. Theoretically, it is possible that the level of student achievement from 

pre to post test was independent of what happened in class. Conversely, it is theoretically 

possible that all of the achievement from pre to post test was a direct result of lecture 

instruction. However, neither of these scenarios seems likely. It is probably safe to 

assume that some combination of factors resulted in student understanding. These factors 

include events that occurred both within and outside of the lecture session. 

The conclusions drawn from this study are limited as this was an exploratory 

study conducted in a single classroom. The study was not conducted to draw 

generalizations for instruction in all courses. Rather, this study was conducted to leam 

more about course conditions that support student learning. In addition, the number of 

students interviewed was limited by the number of students who volunteered to 

participate and were able to meet prior to the beginning of the instructional unit. 

However, the interviewed students were representative of the class population as a whole 

with respect to demographics and performance on the pre and post tests. 

The findings from this study will contribute to a currently shallow literature base 

on the relationships between course conditions, opportunities for meaningful student 

learning and the development of student understanding in introductory university science 

courses. For example, the findings from this study suggest that it is not enough to simply 

have a plan for asking questions during lectures. The instructor also must have a 

purposeful plan for student answering. In other words, the instructor must make 



decisions about why he/she asks questions. In this study, the instructor's decision to 

expect student answers using the PRS and not to expect student answers to his verbal 

questions affected students' opportunities to learn in fundamentally different ways. 

Improving teaching and student learning in this class would necessarily involve 

reconsidering not only the quantity and quality of questions, but also the instructor's 

expectations for student answering. The "condition of questions" in this class was an 

indicator of opportunities for the development of meaningful student learning. A better 

understanding of all the conditions that support meaningful learning may help us make 

decisions that ultimately result in improved student learning in our own courses. 
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APPENDIX B; Supplemental Figures and Graphs 

Question Purpose Question Type 

1. Scene Setting/Relevance Do you remember...? 
How many of you have ...? 
What happens when ...? 

2. Recall of relevant prior knowledge 
ready for inferencing 

What did we do ...? 
Can you remember how ...? 
What is a...? 
Why did... happen? 
What happened when...? 

3. Setting expectations, guiding, focusing How do you think we might...? 
Does it matter which ...? 
Why should we ...? 

4. Making connections, using ideas in 
new situations, predicting, explaining 

How is this like ...? 
What will happen if...? 
Can you...? 
What if...? 
Why does/is ...? 

Figure Bl. Questioning structure for science questions taken from Newton (2002). 
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Cognitive Level Examples of skills 

Knowledge rote information: names, dates, events, 
places, steps 

Comprehension understand information: compare, 
contrast, order, group 

Application use information: solve problems, 
demonstrate, modify 

Analysis organize information: identify 
components, see patterns, make 
connections 

Synthesis incorporate information: old and new 
ideas, predict, conclude, generalize 

Evaluation critique information: assess value, 
discriminate ideas, verify evidence, make 
choices 

Figure B2. Cognitive level of questions based on Bloom's (1956) taxonomy. 
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Figure B3. Individual hand-held transmitter used by students to answer questions posed 
using the Personal Response System. 
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Figure B5. Example of instant feedback provided by the Personal Response System at 
the end of the student response period. 



Figure B6. Large numbers of students anonymously participate in responding to 
questions using the Personal Response System. 
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Human Anatomy and Physiology, Summer 2002 

1. When viewed with a light 
microscope, skeletal and cardiac 
muscles fibers display alternating 
light and dark transverse bands or 
striations. This appearance is due, in 
most part, to the . 
A. presence of T tubules in skeletal 

and cardiac muscle fibers 
B. well developed sarcoplasmic 

reticular system 
C. arrangement of myofilaments 
D. alternating differences in the 

thickness of the sarcolemma 

2. A muscle group that works to assist 
the action of a prime mover would be 
called a(n) . 
A. antagonist 
B. fixator 
C. synergist 
D. protagonist 

3. Identify which of the following 
"generalizations" concerning 
movements of skeletal muscles IS 
UNTRUE. 
A. Muscle produce movement by 

pulUng on bones. 
B. Two articulating bones move 

equally during muscle 
contractions. 

C. The bones serve as levers. 
D. While the contraction of an 

individual muscle fiber is an "all-
or-none" event, the movements 
produced by muscle contractions 
may be graded in intensity. 

4. She was direct, "You are putting 
yourself at risk. The intervertebral 
discs do serve , but your 
activity is subjecting them to too 
high a stress." 
A. to string the vertebrae together 
B. in holding the spine erect 
C. to absorb shock 
D. in preventing hyperextension 

5. As the child becomes able to hold its 
head erect, the portion of the 
spine assumes its secondary 
curvature. 
A. cervical 
B. thoracic 
C. lumbar 
D. sacral 

6. The ANTAGONIST of our biceps 
brachii muscle is the muscle. 
A. brachialis 
B. deltoid 
C. pectoralis major 
D. triceps brachii 

7. The muscle fiber is short, spindle 
shaped, and appears to be myogenic. 
It must be a muscle fiber. 
A. visceral smooth 
B. cardiac 
C. skeletal 
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8. Axial skeleton. O.K., it is composed 
of the . 
A. the skull, vertebral column and 

pelvis 
B. the skull, vertebral column and 

rib cage 
C. pectoral and pelvic girdles 
D. arms, legs, hands and feet 

9. Theoretically, if the sarcomere can 
be stretch to a point where the thick 
and thin myofilaments no longer 
overlap, . 
A. the speed contraction would be 

increased 
B. no active muscle tension could 

be recorded 
C. the muscle fiber would be able to 

shorten to the maximal amount 
possible 

D. ATP consumption would 
skyrocket as the myofilaments 
slid past one another over the 
increased distance 

10. O.K., referring to the your own hand 
(yes, you can look at your hand), 
which combination of movements 
would help you get a drink of water 
when you lack a cup? 
A. fingers abducted, hand supinated 
B. fingers abducted, hand pronated 
C. fingers adducted, hand supinated 
D. fingers adducted, hand pronated 

11. The most unlimited (in terms of 
quantity) means of regenerating ATP 
during muscle activity is by means 
of 
A. direct phosphorylation via 

creatine phosphate 
B. anaerobic glycolysis 
C. aerobic oxidative 

phosphorylation 
D. lactic acid fermentation 

Figure B7. Pretest for Human Anatomy and Physiology, summer 2002. 
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Human Anatomy and Physiology, summer 2002 

1. Normal bone formation and growth 
are dependent on the adequate intake 
of . 
A. vitamin D, phosphate, and 

chloride 
B. calcium, phosphate, and vitaniin 

D 
C. potassium, phosphate, and 

vitamin D 
D. sodium, calcium, and vitamin E 

2. Myoglobin is a special protein that 
functions in muscle tissue to . 
A. break down glycogen 
B. synthesize ATP 
C. provide a reserve supply of 

oxygen 
D. aid in the spread of the end plate 

potentials 

3. Recruitment of a larger numbers of 
skeletal muscle motor units would be 
expected to . 
A. lower the strength of the 

muscular response 
B. increase the strength of the 

muscular response 
C. have no effect on the strength of 

the muscular response since 
individual skeletal muscle fibers 
contract fully or not at all 

D. permit the activity to remain 
below the anaerobic threshold 

4. During a skeletal muscle contraction, 
the hydrolysis of ATP to ADP and Pi 
is associated with . 
A. cross bridge attachment 
B. the "power stroke" 
C. cross bridge detachment 
D. cocking of the myosin head 

5. Look, it's a Gerst Bobble Head Doll. 
It nods its head up and down as an 
example of . 
A. flexion and extension 
B. pronation and supination 
C. circumduction 
D. protraction and retraction 

6. It's a "robotic arm" to be used to 
assist in performing close chest 
coronary bypass surgery. A 
joint at the proximal end of the 
device permitted multiaxial 
movement. 
A. ball and socket 
B. pivot 
C. hinge 
D. gliding 

7. Which of the following type(s) of 
muscle is referred to as being 
NEUROGENIC? 
A. cardiac 
B. smooth 
C. skeletal 
D. cardiac and skeletal 
E. cardiac and smooth 
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8. What kind of tissue is the forerunner 
of long bones in the embryo? 
A. elastic connective tissue 
B. fibrocartilage 
C. dense fibrous connective tissue 
D. hyaline cartilage 

9. Which generalization concerning 
movement by skeletal muscles is 
NOT TRUE? 
A. Muscles produce movement by 

pulling on bones 
B. Two articulating bones typically 

move equally during muscle 
contractions. 

C. Bones serve as levers to which 
skeletal muscle forces are 
applied. 

D. Movements produced may be of 
graded (variable) intensity 

10. With regard to LEVER SYSTEMS, 
what major factor(s) determine the 
manner in which the lever works? 
A. the structural characteristics of 

the muscles of the person using 
the lever 

B. the weight of the load 
C. the direction the load is being 

moved 
D. the difference in the positioning 

of the effort, load and the 
fulcrum 

11. A muscle that provides the major 
force for producing a specific 
movement is called a(n) . 
A. synergist 
B. agonist 
C. antagonist 
D. fixator 

12. Her diagnosis was easy. The X-ray 
illustrated a complete fracture and 
presence of four bone fragments. 
What type of fracture did the X-ray 
show? 
A. Impacted 
B. Comminuted 
C. Greenstick 
D. Open or "compound fracture" 

Figure B8. Think-aloud questions from unit exam used in post-test interviews. 
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Table Bl. Free response questions used during posttest interview. 

1 Before taking the test what did you think the test would be like? 

2 Was there a match between what you thought and what it actually was like? 

3 How do you use the lectures in your studying? 

4 Would you use the same strategies to leam the material if you did not attend 
lectures? 

5 What do you think about as Dr. Gerst is lecturing? 

6 Tell me about the PRS. Does it help you understand the material? Why or why 
not? 

7 Can you think of an example of a time during one of DR. Gerst's lectures when 
you thought, "Oh, I get it now." What happened just prior to that point? 

8 When you are sitting in class are there things that help you to leam the material? 

9 Which of the topics for this unit were familiar to you? 

10 Do you think about the upcoming exam when you listen to Dr. Gerst lecture? If 
tests were different, would you think differently during the lectures? 

11 Do you think about remembering or how it relates to something you know? Can 
you give an example of when you thought about a topic that is related to 
something you know? 

12 Can you give an example of a time in class when you were thinking about just 
remembering what Dr. Gerst said? 

13 Sometimes you just wanted to remember and other times you were relating the 
information to something you already knew. Can you think of reasons for the 
difference? 
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