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ABSTRACT 
 
 

Evaluating the Impact of the Use of Spreadsheets in the Introductory 
 

Physics Laboratory on Student Engagement and Enjoyment 
 
 

by 
 
 

Brian A. Pyper, Doctor of Philosophy 
 

Utah State University, 2003 
 
 

Major Professor: David Peak 
Department: Physics 
 
 

Spreadsheet-based curricular materials for teaching physics were developed and 

evaluated over the course of the 2002-2003 academic year at BYU-Idaho and Utah State 

University. These materials were supplemental to the introductory physics laboratories 

and used educational research-based worksheets to guide the students in constructing and 

using spreadsheets to improve their engagement in the course, their understanding of the 

material and the discipline, and their enjoyment of the experience. Through the use of 

attitude and learning surveys, as well as examinations and observations, the 

administration of these innovations was shown to have been somewhat beneficial with 

marginally positive results. Although no portion of the evaluation provided unequivocal 

results, the combined outcome of the various measures indicated the spreadsheet 

activities were at least somewhat successful both in engaging the students in the material, 

and in improving the students’ attitudes about their introductory physics experience. 

          (167 pages) 
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CHAPTER I 
 

RELEVANT ISSUES IN EDUCATIONAL RESEARCH 
 
 
A. Rationale 
 
 Utah State University and the Physics Department in particular have invested 

enormous resources in electronic media. On the order of one-half million dollars has been 

spent on computers and computer-based equipment for the introductory physics labs 

alone in the last ten years. As these figures are representative of similar expenditures 

across the country, with 500 departments spending even $100K each, $50 million dollars 

is represented by computer labs full of hardware, software, interfaces, online courses, 

web-based information and tutorials. In many cases, little or no thought has been given to 

how to utilize these resources best, in spite of their significant cost in both monetary and 

maintenance resources. 

 Although most physics educators have an intuitive belief that physics labs are 

beneficial, even necessary for learning physics, many students seem dissatisfied with 

their laboratory experience. How might physics educators more effectively utilize these 

electronic media to improve student engagement in and enjoyment of the introductory 

laboratories? This was the impetus of my research.  

 
B. Models and methods of human learning 
 

The question of how people learn has been debated since the time of Socrates. 

Various theories have been developed to try to explain how people learn, and the 

question is still being vigorously pursued by researchers around the world. 
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Thorndike and Skinner are best known for theories of altering behavior through 

the administration of a system of rewards and punishments.1,2 A classic illustration of 

Skinner’s behaviorism is the well-known case of Pavlov’s dogs where after conditioning 

dogs by feeding them after ringing a bell, the dogs were made to salivate by ringing a bell 

even if no food was forthcoming. Although practical applications of behaviorism are still 

widely used in settings involving children with special needs, behaviorism as a 

theoretical basis for education and learning is currently generally frowned upon.  As an 

interesting aside to our ensuing discussion of the value of educational media, Thorndike 

also offered a recommendation that pictures be used as a labor saving device in 

instruction, resulting in some debate about their use and value.3 

Piaget’s work closely studying the development of his own children is still 

regarded as the definitive material regarding early childhood development. His stages of 

development describe the capabilities of the various ages of children as they grow. 4 

Infants progress from concrete action schemas (idea bits) to pre-school-age concrete 

operational structures (usually characterized by descriptions relying on notions of 

mathematical sets and their combinations). In the final stage, formal operational thought, 

people are able to engage in propositional reasoning, entertain and systematically 

evaluate hypotheses, etc. Piaget’s progression of cognitive development is thought to be a 

natural, spontaneous process, and not of explicit learning. This growth is the result of 

instinctive efforts by the person to accommodate new ideas into existing notions of the 

world depending on their stage of cognitive development. 

The ideas of Karplus have been influential in applying Piaget’s views to the 

specific question of learning science.5 He indicated many college students, as well as 
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adults, never reach the formal operational stage, and remarks science education 

represents an opportunity to encourage the development of these reasoning strategies. He 

also notes didactic instruction (lecturing) is unlikely to be successful with students who 

are not formal-operational because of their inability to cognitively process ideas and 

concepts in this manner.6 This perhaps argues for the increased importance of the 

introductory lab for these students. 

Vygotsky7 emphasized cultural and social structures have a significant impact on 

the learning process and on what people think is worth knowing.  He proposed people 

learn best when these influences combine in relation to the person’s current knowledge in 

a “zone of proximal development,” lying outside the learner’s area of current 

understanding, but not by very much. Teachers and others contribute to expanding the 

zone of proximal development through “scaffolding,” or helping support the student 

during the risky stage when they venture outside their comfortable area of current 

understanding. 

Many others have contributed to this body of literature, which has come to be 

collected under an umbrella labeled constructivism. Vygotsky is generally credited with a 

sort of social constructivism, emphasizing the importance of the social aspects of the 

learning environment. This idea in particular has helped give rise to cooperative group 

learning.8  Different views of the efficacy of constructivism as a model for learning and 

mixing constructivist ideas with other learning models have also resulted the application 

of degrees of constructivism. In its most radical form, opponents of constructivism often 

see it as allowing students to construct ideas accepted by experts in the discipline as 

incorrect. But because of the very personal nature of these knowledge constructions, each 



4

person’s reality is different – no less real or valid than any other person’s reality. By 

taking advantage of or creating a body of shared experiences, previous knowledge, and 

current understanding, a teacher can coax his or her students into this zone of proximal 

development and support them appropriately while they construct new knowledge. This 

is the essence of constructivism. 

Gardner’s theory of Multiple Intelligences involves studies about different types 

of people and how they learn best. He classifies eight different main categories of 

learners, and shows for each type their understanding is facilitated best by structuring the 

environment according to their category of learning type. These types include: Verbal-

Linguistic, Logical-Mathematical, Kinesthetic, Visual-Spatial, Musical, Interpersonal, 

Intrapersonal, and Naturalist.9 Gardner’s work in particular has found popularity among 

educators, because unlike many other theories of learning, it makes clear statements 

about what a classroom utilizing the theory looks like, and what a teacher utilizing the 

theory does. It also takes into account biological and cultural influences, and lends itself 

well to technological innovations. 

Vosniadou has been a vocal proponent of a different view of the learning of 

science concepts.10  Her approach argues learning science concepts involves a significant 

reorganization of existing intuitive science constructs normally acquired and developed 

very early in life, making them resistant to change, and often contradictory of currently 

accepted scientific explanations. Posner et al.11 draw an analogy between Piaget’s ideas 

of assimilation and accommodation and Kuhn’s ideas of scientific revolutions.12 While 

Piaget argued people learn through the struggle to accommodate new information with 

their existing knowledge, Kuhn theorized about what makes people and cultures change 
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their acceptance of one scientific theory over another. Vosniadou is critical of this 

connection, because it leaves several questions un-answerable until we know more about 

how students learn science in particular, because of these preconceptions requiring 

reorganization in learning science. 

Bloom characterized the western-civilization school system as engaged in an 

attempt to find methods of teaching that are as effective as one-on-one teacher-student 

interactions.13 Arons offered a plea for scientists informed by educational research to 

experiment with writing computer tutorials to Socratically draw out personal physical 

models in students in an effort to alleviate the demands made on teachers trying to 

provide one-on-one help for their students.14 In a setting that would take advantage of this 

kind of interaction, students would be deliberately led through a sort of dialog that forces 

them to elucidate and confront misconceptions they might have about physical concepts 

or phenomena. 

Sadler conducted an interesting study illustrating the persistence of these 

misconceptions at Harvard. He questioned recent university graduates and high school 

students about their conceptions of basic astronomy ideas such as the cause of the seasons 

and the phases of the moon.15 The study revealed graduating college students as well as 

high school students had ideas about these topics that differed significantly from what 

they had been taught, and these conceptions were strongly held, such that unless they 

were forced to confront the misconceptions directly, they did not change after instruction. 

Rather a different and interesting take on inquiry approaches to science learning 

came from White and Fredericksen.16 They note, as we will see below, when combined 

with a meta-cognitive reflective assessment, a middle-school computer-enhanced science 
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curriculum can significantly improve student understanding. This meta-cognitive 

assessment simply involves asking students to not only keep track of what they learned, 

but how they learned it, usually through the use of a diary or learning journal. Because 

this project was evaluated in urban settings with larger numbers of at-risk students, the 

researchers were especially optimistic about its claim for making science accessible to all 

students. 

Shayer and Adey17,18 claim not only can science understanding improve with the 

use of computers and meta-cognitive reflective assessment, but that thinking skills and 

cognitive development can be accelerated through science education. Their use of both 

conceptual and cognitive evaluations in their European study has resulted in a robust data 

set useful for comparing results with other methodologies. 

Another recent work has collected research about learning science and organized 

it into tips for teaching science.19  Although this work is aimed primarily at elementary 

and secondary-level science teachers, similar problems, particularly in the form of pre-

conceptions, manifest themselves at the post-secondary level as well.  These tips are 

directed at the primary sources of concern in learning science: instructional strategies 

involving thinking and learning skills, the emotional and social aspects of science 

learning, applications of technology, learning in informal environments, and assessment 

issues. This work also references a comprehensive body of the literature to date on the 

learning science question. 

An historic and especially pertinent study showed the importance of dealing with 

questions of human learning and performance. Workers at a General Electric plant in 

Hawthorne, Illinois were studied to try to find the ideal working conditions to maximize 
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productivity. Researchers found workers’ productivity improved purely as a result of 

their perception that they were being studied. The perception that their productivity 

mattered enough to be monitored, and the novelty of a new environment at least 

temporarily impacted their productivity. This result has come to be known as the 

Hawthorne effect.20 Interestingly, however, attempts to experimentally replicate the 

Hawthorne effect in an educational setting have failed to produce evidence of the effect. 

Indirect evidence and prudence encourage the researcher to be aware of the effects in 

questions of experimental design nonetheless.21,22 

A parallel question to the Hawthorne effect can also arise, where subjects in a 

study understand the desired results of the study and pre-dispose their responses 

appropriately either pro or con. This has been called the John Henry effect, referencing 

the legendary steel driver who in a test of proficiency against a steam-powered driver 

increased his output to prove his superiority to the innovation.23 

Although much remains to be done, these and many other studies have combined 

to result in a fairly good understanding of the human learning process. A synopsis of the 

knowledge to date of how people learn in schools is available through the National 

Academy of Sciences.24 The key findings in this work are:  

1) Students come to the classroom with preconceptions about how the world 

works. If their initial understanding is not engaged, they may fail to grasp 

the new concepts and information that are taught, or they may learn them 

for purposes of a test but revert to their preconceptions outside the 

classroom. 
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2) To develop competence in an area of inquiry, students must: (a) have a 

deep foundation of factual knowledge, (b) understand facts and ideas in 

the context of a conceptual framework, and (c) organize knowledge in 

ways that facilitate retrieval and application. 

3) A “metacongnitive” approach to instruction can help students learn to take 

control of their own learning by defining learning goals and monitoring 

their progress in achieving them. 

Thus, research in education over the years has resulted in an increasing awareness that 

the human learning process is complex and complicated, depending on cultural, societal, 

developmental, genetic, and other factors.25 

 
C. Research in physics education 

 
There are typically three kinds of students taking introductory physics in the US, 

differentiated by their career plans. The first group takes a general overview of physics, 

usually with a conceptual emphasis, with plans to major in the humanities or non-

technical fields. Another group takes physics as part of a curriculum preparing for a 

profession in the biological or health sciences. The third group takes physics in 

preparation for a career in the physical sciences or engineering. Although one way of 

differentiating these three groups is through the level of conceptual emphasis, another is 

through the level of mathematical preparation required by their career plans. The first 

group uses little or no mathematics in their study of physics. The second uses extensive 

algebra and a very little calculus, and the third uses extensive calculus, trigonometry, and 

requires a thorough knowledge of college algebra.  
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Over the last several decades, efforts have been made to improve both the interest 

in and the level of understanding in these three levels of introductory physics courses. 

Innovative curricula, various software and interactive computer-based learning and 

supplemental materials have been written, tested and used in classroom and laboratory 

settings with varied results. This work has produced a growing community of physicists 

and educators focused on studying and researching how best to teach physics. Their 

combined effort is labeled Physics Education Research (PER). An excellent overview of 

the philosophy and focus of PER in the United States was written by van Aalst at the 

University of Toronto.26 Another is a recently published thesis by Burnside at the 

University of California Santa Cruz.27  Until recently, efforts at improving understanding 

were, for the most part, individual efforts on the part of dedicated teachers to identify 

how to teach physics so their students would understand and enjoy it. 

Although many innovative curricula came about from about 1960 to 1980, none 

caught on in the physics education community as a whole. Still, during the middle and 

late 1980’s some scientists began to question why we could not approach science 

education scientifically – that is, use the research methodology of physics to study how 

people learn physics.28 Until the early 1990’s, however, nearly all of these calls for rigor 

in science education research were to no avail, since there was no globally accepted way 

to document learning or understanding gains across the physics education community. 

Despite many efforts on the part of individual educators to share methods or tools that 

were working for them, transfer to other teachers was still thin and weak. 

Still, educational innovations in physics were often not documented in a scientific 

fashion, apart from anecdotal comments and comparisons of the kind typically done as 
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part of standard course evaluations after experimenting with innovations. In 1992 

Hestenes, Wells, and Swackhammer wrote the Force Concept Inventory (FCI),29 which 

has directly impacted thinking about physics learning. The FCI is a 30-question multiple-

choice test designed to specifically elicit and confront common misconceptions about 

Newton’s laws and measure the effectiveness of instruction in alleviating these 

misconceptions. It also allows researchers to target which common misconceptions are 

present by the student’s choice of answers. 

Here is a typical FCI question: If a large truck and a small car collide head-on, 

what is the relationship between the forces on the car and truck? (a) The forces are equal 

(b) The force of the truck is greater (c) The force of the car is greater (d) The question 

can’t be answered. This type of question is a representative of the questions on the FCI. 

The correct answer relies on an understanding of Newton’s laws of motion, but the 

distractors engage the common misconceptions about motion and its causes. 

Some professors upon learning of the FCI stated confidently their students would 

“ace” it – the questions were simple, conceptual, and straightforward. However, as the 

test was administered to thousands of students across several levels of expertise from 

high school to graduate students, dismally poor results were universal.30,31 One professor 

was so surprised by this result he completely changed his teaching style to reflect his 

commitment to his students’ conceptual understanding. The result was “Peer Instruction,” 

a method for introducing “interactive engagement” techniques into large lecture classes.32 

The resulting shift in the focus of some physics courses across the country, 

particularly those purporting to treat physics conceptually, has resulted in several 

innovative course designs that have been shown to improve conceptual understanding in 
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physics (improved gains on the FCI) significantly better than more traditional lecture-

based courses. The most prominent of these are mentioned below (for example, Laws, 

McDermott, and Hestenes). As a result, some early efforts at revitalizing physics 

education have been revisited to document gains in conceptual understanding using 

evaluative instruments such as the FCI and subsequent surveys of conceptual 

understanding like the Conceptual Survey of Electricity and Magnetism (CSEM),33 the 

Test of Understanding of Graphs in Kinematics (TUGK),34 and the Energy and 

Momentum Conceptual Survey,35 among other conceptual evaluation instruments (see 

www.flaguide.org and www.physics.ncsu.edu/physics_ed/). 

Hake36 has shown significant learning gains on the FCI are connected not just to 

the presence of innovative curricular materials (lecture-based vs. non-lecture-based), but 

how they are used. His contention is that the difference is what he calls “Interactive 

Engagement,” by which he means the presence of something in the course management 

that forces the students to interact with the material in a way that engages them actively 

rather than passively in the learning process. Hake’s article is also an excellent source of 

references on the PER reform effort and its key players.  

Marshall and Dorward experimented with doing this in various ways and degrees 

in physics classes at USU both by having the students do “mini labs” (i.e., batteries and 

bulbs) in the lecture setting and by doing kinesthetic demonstration activities that 

required the students to physically enact the topic somehow (be the precessing dipole in a 

magnetic field at various temperatures; be the charges moving through a 

resistor/cardboard box in parallel vs. series). They found that “females in the introductory 

survey and general education courses who participated in the inquiry activities 
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outperformed those in the traditional curriculum, especially on test questions related to 

the topics investigated in the activities. Further, the inquiry group students as a whole 

outperformed non-inquiry students, even those from the algebra and calculus-based 

courses, on a common conceptual exam problem.”37 One note with respect to this study, 

though, is the inquiry group spent a significantly larger period of time studying the 

material (batteries and bulbs) than did the non-inquiry students. 

Fairly recently Sokoloff and Thornton have experimented successfully with what 

they also call interactive lecture demonstrations to supplement necessarily large lecture 

classes to achieve what Hake calls interactive engagement.38 By involving students in 

small, hands-on demonstrations, and by having students predict the outcome before the 

demonstration, they found students not only made significant conceptual gains compared 

with lecture-only courses, but the learning persisted, even improving somewhat when re-

tested six weeks later.   

An issue related to physics education was that declining enrollments from high 

school to university physics programs concerned physics departments anxious about 

budgets and funding. Several studies were done to try and quantify student learning 

experiences with physics. Tobias pointed out ways in which physics is failing to retain 

smart people who could do physics, but are turned off for a variety of reasons, including 

the nature of the discipline, course management issues, learning style conflicts, and 

problems with gender and cultural issues.39 

Seymour gave a summary charting the course of educational reform in 

undergraduate science and identifying key changes necessary in departments, colleges, 

administration, government, and testing services for reforms to be lasting and 
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meaningful. She noted for these reforms to occur, changes must be made at all these 

levels.40 Wyckoff also notes the need for and the difficulty of changing the way 

undergraduate science is taught. She also postulates this process demanding decades-long 

time-scales because of the necessity of making changes in so many inertia-laden 

communities.41  Although these concerns are somewhat political, they are included here 

to the extent that the results of PER might impact their resolution. 

The impact of introductory physics courses on student attitudes, and the effect of 

these attitudes on students’ learning is another interesting research area. Aiken offers an 

excellent introduction to attitude research,42 noting attitudes both affect and are affected 

by student learning. Because this question is central to this dissertation I will discuss it in 

more detail later. 

There are currently several active research groups studying how to teach physics 

best. Major research efforts are underway at San Diego State, Washington, Washington 

State, Minnesota, Arizona State, Kansas, Maryland, Maine, North Carolina State, and the 

Air Force Academy, among others. Still, as noted earlier, the question of how people 

learn, although important, is a difficult one because of the complex influence of multiple 

variables on the learner. 

 
D. The introductory physics laboratory 
 

Several physics educators have spoken or written about the objectives and 

evaluation of the laboratory experience.  F. W. Clarke’s report to the US government in 

1880 argued, “much teaching of science preliminary to laboratory practice is like lecture 

on swimming before the pupil enters the water.”43 
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Questions about the appropriate use of the enormous resources demanded by 

introductory physics labs have also been debated since the first teaching laboratories were 

instituted in the early 19th century. The original purpose of these laboratory courses was 

ostensibly to teach the “student to think for himself,” 44 although many of these early 

courses were used to train assistants for work in the professor’s lab. Certainly by the late 

1860’s and early 1870’s there were physics laboratory classes at MIT, Union College, 

Cornell, and the State University of Iowa, for example. By the late 1870’s there was a 

laboratory course at the Cavendish lab in England. Harvard published a list of 40 

experiments incoming freshman should be familiar with in 1887, indicating the physics 

instruction laboratory was in general use in the high schools.45 

Kruglak and Wall 46 wrote a comprehensive collection of laboratory performance 

evaluations to help improve the introductory laboratory experience at Western Michigan 

University in 1959. They indicated at that time much more research would be necessary 

to systematically improve the effectiveness of the introductory physics teaching lab. 

King reported a 1966 shift in emphasis from “cookbook” introductory labs at MIT 

to “project “ laboratories, even for entering freshmen, getting them as soon as possible to 

be doing authentic “sustained experimental work at as nearly a professional level as 

possible in their field of interest.”47 Robinson refers to two different philosophies 

directing the teaching of introductory experimental physics: one an academic orientation 

more often referred to as traditional or “prescriptive,” where the students verify or 

reproduce facts or equations introduced in lectures or textbooks. The other represented a 

more experimental approach, where the student is “presented with problems in 

experimentation sufficiently difficult to challenge his understanding and ingenuity,” 
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while at the same time being sufficiently simple as to be solvable with the instructor’s 

help and with appropriate investments of effort and time.48 Robinson decidedly espoused 

the latter. 

In 1978 Emkey49 reported Penn State Allentown had success (the students 

enjoyed it and it reduced the amount of time the faculty had to spend teaching 

introductory and sophomore-level labs) with an “individualized” lab system where a 

videotaped instruction enabled students to perform experiments on their own time.  

Toothacker offers a very critical look at the introductory laboratories’ failures or 

inefficiencies in achieving commonly-mentioned goals for the lab50– to better equip 

students for understanding lecture concepts, to provide them with an appreciation for the 

empirical roots of physics, to familiarize them with experimental equipment and 

techniques, etc. He is also critical of the trend reported by King and Robinson because he 

observes incoming students often being unprepared for the “undirected” nature of these 

open-ended questions. He notes even students declared as physics majors are often 

intellectually unable to effectively process questions requiring planning and logical 

constructions of this kind. Toothacker proposes elimination of the freshman and 

sophomore lab classes and instead proposes a separate “physics experimentation” course 

to be offered at the conclusion of the physics-majors’ sophomore year. This later timing 

would allow these students to develop these reasoning strategies prior to their 

introduction to the lab environment and help make this kind of instruction more effective. 

One of several studies done to see if students in labs do better (have higher 

grades) in the associated lecture found good and poor students’ grades were not 

significantly affected by enrollment in the lab course, but intermediate students’ grades 
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were significantly improved by concurrent lab enrollment.51 This study also found a 

significant correlation between performance in the physics lecture course and students’ 

SAT math scores and overall GPA’s. Since the less-gifted students in the lecture course 

benefited little from concurrent lab enrollment, the authors conclude a separate lab 

experience for these students might better serve all involved. 

Hake reported on laboratory innovations involving what he called “Socratic 

Dialog Inducing” labs he used with success at the University of Indiana.52 The basic idea 

is to use a simple and inexpensive lab setup to get the students thinking about the physics 

concepts, and then to Socratically guide them to confront their misconceptions, consistent 

with Sadler’s findings, above. Hake showed the method to be relatively effective (as 

shown by gains on the FCI) at encouraging the students into cognitive models more 

consistent with Newtonian thinking. 

Arons writes about guiding students into an inquiry mode through appropriate 

kinds of Socratic questioning. As an example of typical lab goals either made explicit or 

implicit through the context, Arons lists: 

1) to verify or confirm laws, relations, or regularities asserted in texts, class, or 

lecture; 

2) to have some experience with actual, physical phenomena; 

3) to have the experience of, and develop some skill in handling instruments and 

making significance measurements; 

4) to have the experience of planning and doing some experiments and thus 

encountering some of the “processes of science”; 
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5) To learn something about minimizing error and about the treatment and 

interpretation of experimental data. 

Arons also notes, however, that widespread laboratory instruction based on these 

“hoary” goals has led to levels of insight and achievement “deprecatingly described in the 

literature… .”  He then suggests some modes of inquiry that might help in progressing 

toward developing deeper learning and insight through the introductory lab, to include:  

a) Observing phenomena qualitatively and interpreting observations. 

b) Forming concepts as a result of observations. 

c) Building and testing abstract models in the light of observation and concept 

formation. 

d) Subjecting a piece of equipment to close examination in context, figuring out 

how it might be used (rather than being told how it works and what it is 

supposed to do). 

e) Deciding what to do with a piece of equipment, as well as deciding how many 

measurements to make and how to handle and present the data. 

f) Asking or pursuing “How do we know …? Why do we believe…? What is the 

evidence for…?” questions inherently associated with a given experiment. 

g) Explicitly discriminating between observation and inference in interpreting 

the results of experiments and observations. 

h) Doing general hypothetico-deductive reasoning (asking and addressing “What 

will happen if…?” questions) in connection with the laboratory situations.53 

In 1998 the AAPT Committee on Labs published a document detailing their 

recommendations for goals and evaluation methods for the introductory physics lab. 54 
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Their recommendations follow closely the ideas about laboratory inquiry by Arons and a 

similar document published by the National Research Council in 1997.55 

A newer perspective -  “A Process Approach,”56 acknowledges an appropriate 

role of experiments in physics instruction, referencing Born57 to encourage “approaching 

… classroom experiments [in a way] that serves roles closer to that in the practice of 

physics.”  These authors argue having students experience the process of scientific 

discovery helps students not only learn the material, but appreciate the empirical nature 

of science. 

The underlying foundation of all these efforts to make laboratory instruction 

effective and pertinent emphasizes physics is an empirical science, and neglecting the 

empirical aspect of physics reduces it to applied mathematics.  

 
E. The computer and learning physics 

 
One aspect of the introductory lab that has become increasingly prominent both in 

its presence and importance is the inclusion of the computer as an aid to data collection 

and analysis, and as a teaching tool in and of itself. With the growth of the home 

computer's popularity, computer-based educational innovations were hailed often and 

loudly as the panacea to all of education's troubles.58 The computer, thought some 

educators, would cheaply teach students in an error-proof way, relieving strain on 

teachers with large class sizes and diminishing budgets. 

The American Journal of Physics has for many years included several examples 

of individual efforts to provide innovative uses of computers in teaching physics.59  Using 

computers to simulate experiments too costly or dangerous was an obvious benefit, but as 
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the computer became more important as a research tool, physicists recognized the need 

for students to be more computer-literate in preparation for careers in the sciences.  

Many educators have sounded a warning, however, that just because something is 

possible to do doesn’t mean we should do it, particularly with respect to education. 

Several years ago, researchers showed pictures can serve as distractors to learning in 

children’s books.60 Students were asked questions about their retention of material read 

with and without pictures in the book. Researchers concluded reduced retention by the 

readers with the pictures was due to their being distracted by the illustrations. Rieber 

warns “distraction is the nemesis of instructional graphic design.”61 Observing that 

students experimenting with educational software will often give incorrect answers “just 

to see what it will do,” Rieber adds, in particular, behaviorist visual reinforcement should 

never be more rewarding for incorrect answers than for correct ones.  

Many others have also contributed advice, observations, and research on the 

appropriate use of computers and technology in education in general.  There can be no 

question but that some of the research that has been and will be done in educational 

technology is driven by the advent of new technologies in education. As new innovations 

in technology become applicable in education, it is important they be evaluated both for 

their effectiveness, and their applicability. Shrock, an instructional technologist, observed 

that some of what we currently believe about learning is driven by the capabilities of our 

media.62 It is more difficult to envision the use of technologies in education that have not 

yet been utilized than it is to evaluate the effectiveness of media currently in use. 

Clark, in an older review of educational research on learning and media, argues 

research on learning gains attributed to a particular medium are often more attributable to 
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improved content or method than the presence of particular media. “The best current 

evidence is that media are mere vehicles that deliver instruction but do not influence 

student achievement any more than the truck that delivers our groceries causes changes in 

our nutrition.”63 Highlighting the importance of instructional design considerations, Clark 

points out much of the early research on media confounds the question of whether it is 

the media or the content that is helping the instruction. In retrospect, this is certainly true. 

This review, however, sparked an ongoing debate, with an opposing viewpoint 

voiced by Kozma,64  who notes the question we need to be asking is not only “does media 

influence learning,” but “how does media influence learning?” Clark responded with a 

resounding “media will never influence learning.”65 Two, among several responses to the 

debate sounded a more moderate tone: Shrock reminds, “read the fine print, but don’t 

lose sight of the big picture,”62 and Tennyson offered a fairly comprehensive overview of 

the debate and the various players in a subsequent issue.66 Focusing on one aspect of the 

larger context of the educational enterprise, although advantageous for the purposes of 

research, can lead to a myopic view of the broader issue of learning. 

Laurillard67 notes first, technology does and should play an important role in what 

and how we teach, and second, it is primarily the responsibility of the teacher to 

configure the learning environment in such a way that students can and will learn. 

Ultimately, though, it is the student who does the learning, and the focus of the enterprise 

ought to be on that. 

Clark, though also reports students’ self-efficacy (the student’s beliefs about their 

ability to succeed), perceptions or attributions of the medium, and content structure may 

influence learning-related student behaviors more strongly than the media itself.  The 
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question of the relationship between self-efficacy and learning has been revisited more 

recently. Foster and Shaw,68 however, reported no correlation between self-efficacy and 

student performance on conceptual-knowledge evaluation instruments. 

Bork69 claimed computers, used correctly, could be used to increase physical 

intuition for introductory physics students. Since students have some limited experience 

with a somewhat non-Newtonian world, computers could be used to great advantage 

simulating situations designed specifically to enhance students’ intuition for these 

situations. This would benefit them in applying this intuition to more complex situations. 

Wilson and Redish70 pointed out fairly early-on in the computer revolution 

computers can and should revolutionize not only the way we teach physics, but what 

physics we teach, allowing access to more interesting phenomena earlier in the 

curriculum than was taught traditionally. The limitations typically enforced by 

introductory physics students’ limited mathematical background often lead to treatment 

of only specialized cases of problems treatable by elementary calculus methods. How 

often have we heard, “Well, this isn’t really how it works, but the full solution is too 

complicated for you”? Using the computer to solve the problem could allow a more 

complete initial treatment of these kinds of questions. 

Snir, Smith, and Grosslight offered some guidance in the use of computer 

simulations in science teaching, and were able to show significant conceptual gains in 

students’ understanding when combining simulations with appropriate conceptual 

models.71 

A study by Zacharia and Anderson72 utilized web-based computer simulations as 

a pre-lab for pre- and in-service physics teachers in selected topic areas, and found 
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significant conceptual change and improved understanding in the application of these 

simulations, some of which are noted below. 

Weller wrote a fairly comprehensive review of the use of computers in K-16 

Science Education from 1988-1995.73 He noted although the field of using computers to 

help teach science was moving forward, the research is still in its infancy, and many of 

the investigations about how best to teach and convey the content and context of science 

to students fall short of the potential of the computer to revolutionize the field as 

expected. 

It is difficult to overstate the importance of the impact of the computer in the 

sciences. Computer-Aided Instruction and automated data collection and analysis have 

become so much a part of the culture and tradition of science, many educators feel 

obligated in some sense to provide students with authentic scientific explorations both to 

give them a sense of what science is, and to provide them with opportunities to prepare 

for future careers in science.  Indeed, much of what is studied in the sciences now would 

be impossible without the computer. Several commercial companies specialize in tools 

for teaching physics labs.74 

A great host of innovative efforts in physics education have been developed 

utilizing computer-based labs and interactive teaching materials. The most prominent of 

these are shown below. 

Workshop Physics, developed by Laws and colleagues in the late 1980’s and 

early 1990’s, completely revamped the traditional physics curriculum in favor of a 

laboratory-based experience enhanced by micro-computer based laboratories (MBLs) 

where the students “learn physics by doing it.” As designed, Workshop Physics required 
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a special lab setup, computers at each lab station (two students per station was 

recommended), and a workbook to guide the students in their inquiry process. A small 

army of specially-trained teaching assistants helps the students through the exercises.75 

Incidentally, the Workshop Physics program, over the ensuing years, has become a 

complete curriculum with a specially designed WPTools computer interface for graphing 

and analyzing data, and has been shown to significantly improve conceptual 

understanding (as measured by the FCI) in the introductory-level student. Some reports 

also indicate the Workshop Physics (as well as some of the other inquiry curricula) are 

less popular with better students, who see it as a waste of time.76 

MUPPET, (Maryland University Project in Physics and Educational Technology) 

was (is) a computer-based programming and learning tutorial to enhance the introductory 

physics curriculum.77 What made it unique was its ambitious scope, with applications in 

every aspect of the introductory physics experience. MUPPET hoped to make the 

introductory learning experience more aligned with the actual practice of physics for 

introductory physics majors, although the authors warned the technique might not be 

readily expandable to other introductory courses and students. Unlike many reform 

efforts, however, the MUPPET materials were shown to be portable – that is, people 

other than the author of the material were able to use the curriculum to good effect.78  

CUPLE, (The Comprehensive Unified Physics Learning Environment) grew out 

of a combination of the MUPPET materials and cooperative group-learning techniques. 

Like the components of its predecessors, CUPLE was an all-inclusive revamp of the 

traditional introductory physics experience, including a re-engineered course, a 

redesigned classroom, as well as a similar importance on the inclusion of the computer as 
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the other curricula mentioned so far.79 CUPLE utilizes computer-based tools with inputs 

from laboratory experiments, video recordings, and other sources, in addition to modular 

text materials and student programming (like MUPPET). 

Interactive Physics, developed by McDermott and colleagues at the University of 

Washington, utilizes cooperative group-learning techniques similar to Workshop Physics 

without quite such an emphasis (actually, very little emphasis) on the computer. It is also 

firmly grounded and based on constructivist learning research theories and techniques.80 

Interactive Physics, though, differs from some of the other innovative curricula for its 

ambitious scope, its success in improving conceptual understanding (high normalized 

gains on the FCI), and its success in preparing future (and in-service) teachers of 

elementary and secondary science with content knowledge and understanding as well as 

useful teaching strategies. Interactive physics modules guide the students through 

activities designed specifically to encourage construction of connected understandings of 

selected topics in physics while correcting common misconceptions. 

Another ambitious top-down (administrators or researchers advocating changes as 

opposed to teachers themselves) exchange combining inquiry methods, computers, and 

teaching innovative teaching methods to pre- and in-service teachers has been developed 

by Hestenes, Jackson, and colleagues at Arizona State University called the ASU 

Modeling Workshop.81 Modeling methods utilize an integrated computer environment 

combining experimental and theoretical activities to construct, validate, and use 

conceptual models of real-world objects and processes. By using software designed to 

make the process of constructing these models as scientifically authentic as possible, 

students are guided through activities that align with the practice of working physicists. 
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Reliance on experimental evidence for the construction of these models connects them 

explicitly to historically significant experiments and ties them together for the student in 

a coherent, understandable way. 

 The potential value of the use of the computer in teaching physics, not just in the 

lab, has been recognized for several years, although rigorous attempts to document 

learning gains attributable to the computer are fairly recent. Arons points out from his 

experience the potential value for students not only solving physics problems (he refers 

specifically to kinematics problems) but especially in programming computers to solve 

them may have benefits far beyond improved computer literacy. “Use of the computer in 

this context, however, has instructional feedback effects that are not always explicitly 

recognized. … Although time is not available for every desirable activity in every course, 

anything that can be done to entice students into using their programmable hand 

calculators or home computers in this way pays dividends in improved understanding of 

the concepts… .”14 

Especially pertinent among efforts using computers to teach physics was the 

advent during the middle to late 1980’s of the wide use of spreadsheets in the general 

population and especially the physics community. The Physics Teacher (and several other 

periodicals) published several articles on individual demonstrations and experiments that 

lent themselves well to spreadsheets, as well as reporting on efforts to introduce 

spreadsheets into the curriculum on a larger scale.82  

There are also examples of several efforts in educational spreadsheet use in 

Math,83 and Biology.84 Several books were also published in computational physics based 

in and on spreadsheets, some intended as workbooks to accompany a lecture course, and 
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some for stand-alone courses.85,86 Examples of uses of spreadsheets for academic and 

research purposes were shown in everything from economics and farm management to 

statistics and geophysics.87 

Although these efforts at improving physics education as a whole have 

incorporated computer-based components such as animations,88 simulations,89 and 

drill/online-supplemented problem solving,90 efforts in documenting exactly what role the 

computer simulation plays in learning physics have been few.91 These studies, though, 

mostly verify the students understand the difference between the simulations and the real 

world, and the conceptual understanding gained from simulations is better than or at least 

comparable to gains from other media or methods. 

A particularly interesting study involved the use of java-based applets (Physlets) 

to animate the questions of the FCI.92 The results were most instructive: in instances 

where the animation served to clarify the question, students were both more likely to 

choose answers that matched their understanding, and less likely to be distracted by 

unphysical distractors (situations that were obviously impossible). In instances where 

there was no clarification to the question as a result of the animation, there was no 

significant difference in responses between the paper and computer versions of the exam. 

There were some instances where the animation served to distract from the correct 

answer, but as noted above, most of these instances were a result of the animation 

eliciting the students’ actual misconception, rather than just distracting the students from 

the correct answer. The final conclusion of the research was 1) we should not use the 

technology just because we can, and 2) when used intelligently, the technology can be 

considered to be at least as good as conventional instruction, and sometimes better. 
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Several researchers have turned their attention to this question and several sessions of the 

2003 National AAPT Conference are scheduled to be devoted to research in Physlet use. 

It may be, as Clark suggests, the medium of delivery is not the question, but its 

content and underlying method. In fact, some studies have reached the conclusion it is not 

merely the presence of technology in the curriculum that makes the difference, but how it 

is used. Steinberg93 found a physics computer simulation activity as opposed to written 

worksheets offered no distinct learning advantage to students. 

A recent report from the Hughes Institute94 notes students taking computer-based 

labs accompanying a biology class at UCLA scored no better on post-course fact-based 

evaluations than did students without the computer-supplemented labs. Their attitudes 

about their experience in the class, however, were significantly more positive than 

students in the more traditional labs. 

Ronen and Eliahu95 found several interesting things in their research with high 

school students and simulations of electric circuits. Firstly, no significant difference was 

found between students’ performance on a final exam between those who had and had 

not used the simulations. Use of the simulations, however, was significantly correlated 

with enhanced ability to map circuits and express electrical concepts successfully. The 

simulations were also beneficial in providing feedback in such a way as to aid students in 

confronting and alleviating misconceptions, as well as contributing to confidence and 

ability to stay on-task. 

Redish experimented with substituting microcomputer-based labs (MBLs) for 

traditional recitation sections in an introductory physics course and concluded the MBL 

were helpful in improving understanding of the topics, and students were able to extend 
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this understanding to solving traditional physics problems. He also stated more research 

was necessary to determine if other non-MBL activities could be as effective in 

improving learning.96 

Chabay and Sherwood have written a two-volume text utilizing an innovative 

approach to teaching physics called “Matter and Interactions.”97 The approach makes 

particular use of an open-source 3D programming utility called Vpython to create a 

library of computer-based interactive lecture demonstrations. I was unable to find any 

data documenting its effectiveness, however. 
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CHAPTER II 
 

DESIGN & IMPLEMENTATION 
 
 
A. Hypothesis 

 
The question I address in this dissertation  is how a computer-based electronic 

spreadsheet activity, used in accordance with what we know about physics learning, 

might affect student learning, attitudes, and engagement in the introductory laboratory 

setting in particular. The specific hypothesis I test is that there exists a quantifiable 

relationship between student enjoyment and engagement in an introductory physics 

laboratory and the appropriate use of computer technology in the form of spreadsheet 

simulations. 

 
B. Experimental design 
 

Students’ understanding and attitudes in introductory physics are typically little 

improved, or worse, deteriorate during the course of their first year of introductory 

physics.30,98 Although the relationship between students’ physics attitudes/expectations, 

and their learning is still being explored,99 common sense and experience would indicate 

students who feel better about their experience in physics would not only be more 

motivated, but also learn more and do better. In addition, the possibility may exist that 

improved attitudes about introductory physics on the part of the students may result in the 

long-term carryover of these attitudes into societal and scientifically beneficial behaviors 

like discriminating fallacious claims of scientific proof and improved voting for funding 

of science education and research. Attitude research of this kind has never been 

performed in the Physics Department at Utah State University prior to my study. 
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I wrote or adapted from other ideas85 several  spreadsheet-based simulations (see 

Table I for the selected topic areas addressed by these simulations and Appendix A for 

the worksheets used to orient the students to the activities). Some were informally 

evaluated in a physics-majors introductory laboratory Winter Semester 2002 at BYU-

Idaho. Seven students used the spreadsheet simulations to supplement the laboratory 

portion of their course. The evaluation of this trial yielded results that were encouraging 

but anecdotal, and has been reported previously.100 

Mostly, these results indicated the students enjoyed the activities, thought the 

activities helped their learning, and believed they had gained valuable programming 

skills. Some of the students, however, thought the activities just took time and delayed 

their getting “done with the lab.” 

Of principal concern in the design of the activities was that they be consistent 

with our current understanding of how people learn,24 and that they be administered 

fairly. To this end, the simulations were used to supplement the normal laboratory 

activities in selected courses (PHYX 2110, 2120, 2200, 2210, and 2220 – see section III 

for an explanation of the courses, administration, and content) at Utah State University 

during fall semester 2002. 

 
          Table I. Topic areas for spreadsheet activities 

Cart-Track Kinematics 
Terminal Velocity 
Standing Waves 

RC Circuits 
LRC Circuits and Resonance 
Refraction and Thin Lenses 

Double-Slit Interference 
Atomic Spectroscopy 
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The simulations were used in all lab sections, but not for all topic areas, as noted 

above in Table 1. The simulations were designed to be an open-ended kind of activity to 

be done by the students on their own or in small groups in preparation for the upcoming 

laboratory meeting-time, or as an orienting activity to be done in lab the first portion of 

the allotted time. They were also designed, as much as possible, to elicit confrontation of 

common misconceptions in the appropriate topic areas and correct them. To this end, 

each activity has a short introductory section orienting the student to the activity and 

providing some mathematical, historical, or application-oriented background about the 

topic area to be investigated. Each activity also has a collection of useful formulas or 

explanations of applicable techniques, such as Euler or Runge-Kutta methods of 

integration. Then, each activity concludes with a short list of thought questions to 

encourage the students to interact with their simulation in ways that confront and 

alleviate probable misconceptions about that particular topic. 

The experiment was designed to measure the students’ understanding and 

attitudes in such a way as to find out if any changes could be attributed to the spreadsheet 

simulations. The spreadsheet activities were utilized in all labs of the introductory 

physics courses at Utah State University during fall semester 2002. During spring 

semester 2003, students were administered the same evaluations (exam problems and 

attitude surveys) noted below, without the spreadsheet activities. During spring semester 

2003, however, the students were asked to fill out an additional question sheet to the 

standard lab manual, so the amount of time spent on the lab material was roughly the 

same. This was done so gains in the students’ understanding would not be attributable to 

having just spent more time thinking about it in doing the spreadsheet activities. 
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At Utah State University, students in introductory physics are required to register 

for the lecture time, a recitation section that meets with a teaching assistant (TA) twice a 

week, and a lab section that meets once weekly for three hours. Students in Physics 2110, 

2120, 2200, 2210, and 2220 were administered a pre-instruction survey assessing their 

prior experience with math and physics, and their attitudes and understandings about the 

nature of physics. This was done to establish possible relationships between the effects of 

the intervention and the various aspects of the individual student’s characteristics (such as 

gender, previous math/science experience, etc.). Students were also given an end-of-

course survey with the same questions modified for tense to measure changes. To 

minimize the possibility of problems with reliability and validity, an underlying 

theoretical model was used in a way consistent with current understanding of attitude 

research.42 Specifically, questions were worded and ordered in such a way as to not only 

provide a measure of reliability, but to not bias the results by the questions themselves. 

That is to say, by asking questions in a particular order, it is possible to flavor the 

answers to subsequent questions by the wording of previous questions. Enough questions 

of several types were used to provide a measure of reliability utilizing a Likert-type scale. 

The Likert scale uses questions that ask a respondent to agree or disagree with a 

statement on a five- or seven-point scale ranging from Strongly Disagree to Strongly 

Agree, and is considered the simplest and best scale for attitude measurement.101 By 

noting if responses to similar questions are similar, the researcher can tell if the students 

are interpreting the question as intended, and answering the items earnestly rather than 

randomly. Similar analysis of this type can be found in the literature for the Maryland 
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Physics Expectations Survey (MPEX),99 which was used as a guide in the construction of 

the survey I used.  

The first five questions on the pre-survey asked for the categorical data: student 

gender, previous math and science background, and self reported gauges of level of effort 

in high school and college academics. The last ten questions on the pre-survey (the same 

questions slightly altered for the post-test, as noted above) were used to assess the 

students’ feelings about physics, their understanding of the nature of physics, and their 

expectations for their introductory physics experience. Table II shows these questions and 

the corresponding scale. The full pre- and post-surveys can be found in Appendix B and 

C. 

The students were also administered common examinations and evaluation 

instruments through the lecture portion of the course. These questions tested topic areas 

addressed in the labs, only some of which included the topics addressed by the 

spreadsheet exercises. On the in-class examination covering the applicable topics, by 

arrangement with the professors, I included a multiple choice problem of the type found 

on the FCI for each of the topic areas covered by the lab sections in all three courses. The 

problems used conceptual-type questions not requiring numerical calculations, and were 

formulated using common misconceptions for the distractors. In each case, the problems 

themselves were drawn from the stated goal of the laboratory experiment covering the 

topic area in question. 
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Table II. Pre-post survey questions 
Group Question 
Categorical 
data 

What is your gender? A. Male B. Female 
What is your highest previous math course completed? A. HS 
algebra/geometry B. HS algebra2/trig C. college algebra D. pre-
calculus/analytic geometry E. calculus or higher 
What is your previous science/physics background? A. HS science other 
than physics B. regular or honors HS physics C. general ed 
physics/astronomy  D. college science other than physics (chemistry, 
geology, etc) E. AP or college physics 

Scale A: Strongly Disagree B: Disagree C: Neutral D: Agree E: Strongly Agree 
Pre-survey 
questions 

I worked very hard in my high school academics. 
I work very hard in my college academics. 
I am confident in my ability to do well in physics. 
Physics is mostly a collection of equations and unrelated facts. 
I think physics will be interesting. 
I think physics will be hard. 
I think physics will be applicable to my life/career. 
I think physics will be fun. 
It is possible to do well in physics without really understanding it. 
I am apprehensive about taking physics. 
Only a very few specially qualified people are capable of really 
understanding physics. 
Studying physics will really help me understand the world better. 

Post-survey 
questions 

I am confident in my ability to succeed in physics. 
Physics is mostly a collection of equations and unrelated facts. 
I think physics has been interesting. 
I think physics has been hard. 
I think physics will be applicable to my life/career. 
I think physics has been fun. 
It is possible to do well in physics without really understanding it. 
I was apprehensive about taking physics. 
Only a very few specially qualified people are capable of really 
understanding physics. 
Studying physics has really helped me understand the world better. 

 
 

An example of the type of question used in this part of the experiment is:  

What is the correct relationship between lines of electric field and surfaces of equal 

potential? 

a) Lines of electric field and surfaces of equal potential are everywhere parallel. 



35

b) Lines of electric field and surfaces of equal potential are everywhere 

perpendicular. 

c) Lines of electric field and surfaces of equal potential are unrelated. 

d) Lines of electric field and surfaces of equal potential are related but neither 

parallel nor perpendicular. 

The full set of multiple-choice problems used to evaluate this aspect of the project are 

included in Appendix D. Averages of the student scores for these problems were then 

compared for the topics covered and not covered by the spreadsheet exercises, to see if 

the scores were higher for one set or the other, or for one semester versus the other.  

Students were also asked to give a self-evaluation of their experiences using the 

Student Assessment of Learning Gains (SALG) at the website for the University of 

Wisconsin’s Center for Educational Research (http://www.wcer.wisc.edu/salgains/ 

instructor/). At this site, course instructors can formulate and tailor to their needs an 

evaluative instrument to gauge the effectiveness of various aspects of their course in 

helping the students learn. To ensure a better collection of responses, the SALG surveys 

were printed and administered manually to the students on their last day of lab, then 

entered into the computer for analysis. 

The SALG, as I used it, is grouped into six question areas that ask the students to 

rate what aspects of the course helped their learning, as well as what aspects of the 

material they now understand as a result of the course, and by how much. In addition, the 

students are asked to what extent they made gains in specific course objectives as a result 

of their work in the class. The SALG also permits students to add comments if they wish. 



36

Although there is some indication students are poorly able to judge not only how 

they learn best, but also if they have learned the material at all,102 this instrument (the 

SALG) was used to correlate the attitudinal aspects of the pre-post surveys as well as the 

students’ self-reported estimation of what portions of the course (the lab supplements 

specifically) helped their learning.  

 Some examples of the kind of question asked on the SALG: 
 
To what extent did you make gains in the following as a result of your work in this 

course? 

 None A little Somewhat A lot Very much 

Confidence in your ability to do 
physics 

o o o o o 

Enthusiasm for physics o o o o o 

Preparation for future education 
or employment 

o o o o o 

 
The full set of SALG questions I used in this study can be found in Appendix E. 

In addition, I made observations periodically throughout the semester in which I 

recorded the students’ behaviors in an unobtrusive way, asking the students to “think-

aloud”  (as in25 Ch.7) while they worked through selected exercises, to verify the students 

were interacting with the material in the way I had intended. The results of these 

observations were analyzed for evidence or lack of this kind of consistency, as well as for 

attitude changes about the exercises through the course of the study. This portion of the 

study is particularly susceptible to difficulties arising from researcher bias. Particular care 

was taken to be unobtrusive, and to record the students’ views away from the setting so 
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as to not give the students the impression they were being experimented upon. I also gave 

deliberate attention to not biasing the observations by the presence or attitudes of the 

researcher.  

 
C. Statistical analyses 

 
Although the statistical methods used in the analysis of the accumulated data are 

relatively straightforward, a brief explanation is in order.  For each course and for each 

lab section within each course, averages were taken for each of the pertinent data sets, 

both within the pre-data (to ensure that the samples were statistically similar prior to 

instruction) and between the pre-post data (to observe changes and possible correlations). 

For the pre-post and gender data, ANOVA (analysis of variance) and in some cases t-

tests were used to measure to what degree the samples’ means were significantly 

different, and what the probabilities were that the observed differences were due to 

chance. 

 ANOVA and t-tests are examples of hypothesis testing. Hypothesis testing makes 

certain assumptions about different sets of data. These assumptions usually include that 

the data sets come from normally-distributed samples that have the same mean and 

standard deviation. Then we construct a statistic based on characteristics of the samples. 

In ANOVA we use the F-statistic, and in t-tests we use the t-statistic. Each of these 

statistics will have a distribution associated with it. If the calculated statistic differs from 

the statistic we expect if the null hypothesis is true, we can reject the null hypothesis and 

infer the samples are unlikely to have come from sets with the same distribution. 
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How unlikely they are to have come from samples with the same distribution is 

determined by the p-value. The p-value depends on the size of the samples and the level 

of confidence (usually chosen to be 95%) that I wish to have in the rarity of my 

calculated statistic. The p-values are usually calculated by computer or determined from 

statistical tables.  

In using ANOVA, we assume two or more sets of data have come from samples 

with the same mean. We also wish to be 95% confident that differences we observe be 

due to real differences and not due to randomness in the samples. (This confidence level 

is often described in terms of α – the probability these differences are due to chance, 

which is α=0.05, in this case. In this study, I will assume α=0.05 unless indicated 

otherwise.) We then calculate an F-value for these two sets, which is simply given by the 

ratio of the variance between samples to the variance within samples (s2
between/s2

within). By 

comparing our calculated F-value to the critical F-value for these two sets, (the F-value 

on the distribution where only 5% of the area under the curve lies beyond that point), we 

can determine whether or not to reject the null hypothesis. If our calculated F-value is 

less than the critical value, we cannot reject the null hypothesis – the means are not 

significantly different. If our calculated F-value is greater than the critical F-value, then 

we can reject the null hypothesis and conclude at this level of confidence, the means are 

significantly different. 

Typically, when reporting ANOVA results one also reports, in addition to the p-

value (the probability that the null hypothesis is true), the degrees of freedom (usually 

one less than the number of elements in the sample), the mean squares, and sum of 

squares. 
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 As an example, consider the following exam scores for two groups of students 

grouped by gender. Males: 77, 79, 85, and Females: 63, 82, 95. Note the average for 

females is higher than the males (83.3 compared to 80.3), the sum of the scores in each 

sample is 241 for the males and 250 for the females, and the sum of the squares of the 

scores for each sample is 19,395 for the males and 21,078 for the females. The necessary 

results are detailed in Table III. 

ANOVA yields a critical F-value for 5 degrees of 7.71. Since the actual F-value 

for our two samples is 0.193 (less than the critical value), there is not a statistically 

significant difference between the two samples, also evidenced by a p-value of 0.68 – 

indicating we cannot reject the null hypothesis – there is a 68% chance the two samples 

could actually have come from samples with the same mean and still be as different as 

they are. 

 The t-test is very similar to ANOVA in the way it determines where two means 

are significantly different to compare the samples. In the t-test, the t-value is calculated 

by dividing the difference in the means by the standard error (
ns
xx

t 21 −= ). By comparing 

the calculated t-value to the critical t-value (which is usually looked up in a table), we can 

tell whether or not to reject the null hypothesis that the two samples have the same mean. 

The p-value (the probability the null hypothesis is still true given the observed difference 

in the means) is also usually looked up from a table or calculated by computer.  The t-test 

and AVOVA are mathematically identical for two-sample paired tests of significance. 

ANOVA can also be used, however, to test differences between more than two samples. 
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Table III. ANOVA example 
Source 
of 
variance 

Sum of 
squares (SS) 

Degrees of 
freedom (df) 

Mean 
squares 
(MS) 

F-value F – 
crit. 

p-
value 

within 
samples 

(2142+2502)
/3 – 
(241+250)2/
6=13.5 

number of 
samples – 1=1 

SS/df=13.5/
1=13.5 

MS(within)/
MS 
(between)= 
0.193 

7.71 0.68 

between 
samples 

(19395+210
78) – 
(2142+2502)
/3 =279.3 

number of 
samples(elem
ents in each 
sample – 
1)=2(2)=4 

SS/df=279.3
/4=69.83 

   

total 292.8 5     
 
Also, the F-statistic is based on the ratio of the variances, while the t-statistic is based on 

the difference in the means. Thus, ANOVA is sensitive to differences in the shape of the 

distribution (which depends on the variance), while the t-test is sensitive primarily to 

differences in the means.  

 Correlations were calculated between each of the pertinent data sets to see what 

variables might impact the others in significant ways. The correlation coefficient tells us 

primarily three things: how good a linear fit of one variable vs. another is, whether this is 

a positive or negative correlation, and if the correlation between two variables is 

significant.  

 One method that is more common among the social sciences than the physical 

sciences to investigate the difference in the means between two samples is the effect size, 

which is simply the difference in the means divided by the combined sample standard 

deviation. Cohen, who originated this effect size (sometimes called “Cohen’s d”),103 set a 

sort of standard for the effect size’s outcome, calling effect sizes smaller than 0.3 small, 

0.3<d<0.7 moderate, and d>0.7 large. Early PER studies often found effect sizes in pre-



41

post FCI tests of 2.5, however, so researchers are now deciding a moving scale needs to 

be used, governed by the particular instance of the effect size’s use. In cases where it 

seemed appropriate, I measured and reported effect sizes also.  
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CHAPTER III 
 

RESULTS 
 
 
A. Data analysis 
  

The analysis of the data involved analyzing each of the evaluation instruments 

detailed in the previous chapter. For the Pre- and Post Course Surveys, the students were 

asked to record their responses on a sheet marked for scanning in an automated scanning 

machine (called a scantron). The text file output of the scantron machine was formatted 

by converting the responses to numbers and appropriately delineating the data. The 

formatted data were then imported into Microsoft Excel, a spreadsheet program. The 

SALG data were manually input into the same spreadsheet with individual students’ 

responses correlated with their survey responses. Individual student results from the 

problem sets were also correlated, as well as the students’ course grade and year in 

school. An ANOVA was done across the individual laboratory sections and student self-

reported characteristics, as well as the pre-survey data, to ascertain if the groups were 

statistically similar prior to instruction. The data were also analyzed to check that the data 

were sufficiently normal to allow parametric statistical tools to be utilized. Correlation 

tables were calculated for all the student data, and statistically significant results noted. 

Selected analyses (particularly the correlations) were also performed with SPSS 

(Statistical Package for the Social Sciences). Blanks or multiple responses were treated as 

empty cells so as not to skew the data. Averages and standard deviations were taken for 

each lab section, for each course, and for the sample as a whole, for each semester.  

 



43

B. Explanation of courses 
 
PHYX2110/2120 is the two-semester algebra-based sequence for pre-professional 

health-science majors. PHYX2210/2220 is the two-semester calculus-based sequence for 

scientists and engineers, and PHYX2200 is an eight-week abbreviated version of 

PHYX2210 especially for engineering students requiring only the mechanics portion of 

the material. The 2200 students meet concurrently with the 2210 student for labs, 

recitations, and lectures, but only for the first eight weeks of the semester. 

 
C. Course demographics 
 
 In all of the following, keep in mind that “fall” represents the period when the 

spreadsheets were implemented, and “spring” when they were not. 

 
1. Enrollment 
 
 Table IV below shows the total enrollment by course for both semesters, and the 

further breakdown for each course by gender. Table V shows the average year in school 

for each course and semester, taken from the Registrar’s course lists. 

 
Table IV. Enrollment by course 
Course Fall Spring 
 Male Female Total Male Female Total 
2110 102 36 138    
2120    78 33 111 
2200 55 3 58 69 10 79 
2210 83 29 112 85 11 96 
2220 137 21 158 134 24 158 
Total 377 89 466 366 78 444 
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Table V. Average year in school by course 
Course Fall Spring 
 Male Female Total Male Female Total 
2110 3.43 3.57 3.47    
2120    3.65 3.82 3.70 
2200 2.18 1.66 2.17 2.23 2.20 2.23 
2210 2.55 3.10 2.70 2.58 2.73 2.59 
2220 2.79 3.14 2.84 2.90 3.12 2.94 
Total 2.83 3.25 2.91 2.86 3.24 2.93 
 
   
 
2. Student Characteristics 
 
 Figure 1 shows averages for the responses to the pre-course survey: previous math 

background (1: HS algebra/geometry – 5: calculus or higher), previous science/physics 

background (1:HS science other than physics – 5: AP or college physics), and self-

reported level of academic effort in High School and College (1: low effort – 5: high 

effort). (The actual questions and scales are shown in Table II.) 

 
D. Grades 
 
 The average course grades for each class by semester are shown in Figure 2. 

These are further broken down by gender for each of the courses in Figures 3-6, and 

shown for the full sample in Figure 7. 

 
E. Attitudes 
 
 Each of the other 10 questions on the surveys asks about the students’ attitudes 

about physics. The following figures show the results of the pre- and post- survey 

questions for the various courses by semester. The data have been transformed to make 

putatively favorable responses (+) and unfavorable  (-) responses more clearly 
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distinguishable. This was done by simply setting the neutral response (three) to zero and 

adjusting the remaining responses accordingly. 
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Figure 1. Pre-course statistics – previous math background (1: HS algebra/geometry – 5: 
calculus or higher), previous science/physics background (1. HS science other than 
physics 2: regular or honors HS physics 3: general ed physics/astronomy 4: college 
science other than physics (chemistry, geology, etc) 5: AP or college physics), and self-
reported level of academic effort in High School and College (1: low effort – 5: high 
effort). 
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Figure 2. Average course grade by semester. 
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Figure 3. 2110/2120 Average grade by gender. 
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Figure 4. 2200 Average grade by gender. 
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Figure 5. 2210 Average grade by gender. 
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Figure 6. 2220 Average grade by gender. 
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Figure 7. Full sample grade by gender. 

 
 
 
 For the self-efficacy (I am confident in my ability to succeed in physics), 

interesting (I think physics will be interesting), applicable (I think physics will be 

applicable to my life/career), fun (I think physics will be fun), and world (studying 

physics will really help me understand the world better) questions, I translated the data by 

subtracting three (the neutral response) from the calculated average of the responses. For 

the facts (Physics is mostly a collection of equations and unrelated facts), hard (I think 

physics will be hard), alignment (it is possible to do well in physics without really 

understanding it), scared (I am apprehensive about taking physics), and capability (only a 

very few specially qualified people are capable of really understanding physics) 

questions, where the more favorable response corresponds with disagreement, I 

subtracted the calculated average from three to translate the data. 

 Figures 8-17 show the pre-course average responses to the various questions on 

the surveys by course and semester. 
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Figure 8. Pre self-efficacy – (I am confident in my ability to succeed in physics) by 
course and semester. 
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Figure 9. Pre facts – (Physics is mostly a collection of equations and unrelated facts) by 
course and semester. 
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Figure 10. Pre interesting – (I think physics will be interesting) by course and semester. 
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Figure 11. Pre hard – (I think physics will be hard) by course and semester. 
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Figure 12. Pre applicable – (I think physics will be applicable to my life/career) by course 
and semester. 
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Figure 13. Pre fun – (I think physics will be fun) by course and semester.  
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Figure 14. Pre alignment – (It is possible to do well in physics without really 
understanding it) by course and semester. 
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Figure 15. Pre scared – (I am apprehensive about taking physics) by course and semester. 
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Figure 16. Pre capability – (Only a very few specially-qualified people are capable of 
really understanding physics) by course and semester. 
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Figure 17. Pre world – (Studying physics will really help me understand the world better) 
by course and semester. 
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 Figures 18-27 show the post-course results by course for the same 10 questions as 

in Figures 8-17. 
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Figure 18. Post self-efficacy – (I am confident in my ability to succeed in physics) by 
course and semester. 
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Figure 19. Post facts – (Physics is mostly a collection of equations and unrelated facts) by 
course and semester. 
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Figure 20. Post interesting – (I think physics has been interesting) by course and 
semester. 

 
 

-2

-1

0

1

2

Fall Spring

<-
 u

nf
av

or
ab

le 
   

fa
vo

ra
bl

e 
->

2110/2120
2200
2210
2220

 
Figure 21. Post hard – (I think physics has been hard) by course and semester. 
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Figure 22. Post applicable – (I think physics will be applicable in my life/career) by 
course and semester. 
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Figure 23. Post fun – (I think physics has been fun) by course and semester. 
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Figure 24. Post alignment – (It is possible to do well in physics without really 
understanding it) by course and semester. 
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Figure 25. Post scared – (I was apprehensive about taking physics) by course and 
semester. 
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Figure 26. Post capability – (Only a very few specially qualified people are capable of 
really understanding physics) by course and semester. 
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Figure 27. Post world – (Studying physics has really helped me understand the world 
better) by course and semester. 
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Figures 28 through 37 show the average of the difference between the pre- and 

post-course responses for each of the ten questions for the four courses by semester. Each 

figure also shows the average of the differences across the four courses for each semester. 

The differences have been normalized so positive changes represent changes for the 

better, and vice versa. Since these figures represent the averages of the difference 

between the pre-course and the post-course response for each student, the figures have 

slightly different (but still symmetric) vertical axis scales. 

 Figures 38-47 show the same data as in Figures 28-37 broken down by gender. 
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Figure 28. Pre-post self-efficacy – (I am confident in my ability to succeed in physics.) 
Average difference in pre-post response by course and semester.  
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Figure 29. Pre-post facts – (Physics is mostly a collection of equations and unrelated 
facts.) Average difference in pre-post response by course and semester. 
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Figure 30. Pre-post interesting – (I think physics will be/has been interesting.) Average 
difference in pre-post response by course and semester. 
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Figure 31. Pre-post hard – (I think physics will be/has been hard.) Average difference in 
pre-post response by course and semester. 
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Figure 32. Pre-post applicable – (I think physics will be applicable in my life/career.) 
Average difference in pre-post response by course and semester. 
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Figure 33. Pre-post fun – (I think physics will be/has been fun.) Average difference in 
pre-post response by course and semester. 
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Figure 34. Pre-post alignment – (It is possible to do well in physics without really 
understanding it.) Average difference in pre-post response by course and semester. 
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Figure 35. Pre-post scared – (I am/was apprehensive about taking physics.) Average 
difference in pre-post response by course and semester. 
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Figure 36. Pre-post capability – (Only a very few specially-qualified people are capable 
of really understanding physics.) Average difference in pre-post response by course and 
semester. 
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Figure 37. Pre-post world – (Studying physics will/has really help(ed) me understand the 

world better.) Average difference in pre-post response by course and semester. 
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Figure 38. Pre-post self-efficacy by gender – (I am confident in my ability to succeed in 
physics.) Average difference in pre-post response grouped by gender. 
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Figure 39. Pre-post facts by gender – (Physics is mostly a collection of equations and 
unrelated facts.) Average difference in pre-post response grouped by gender. 
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Figure 40. Pre-post interesting by gender – (I think physics will be/has been interesting.) 
Average difference in pre-post response grouped by gender. 
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Figure 41. Pre-post hard by gender – (I think physics will be/has been hard.) Average 
difference in pre-post response grouped by gender. 
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Figure 42. Pre-post applicable by gender – (I think physics will be applicable to my 
life/career.) Average difference in pre-post response grouped by gender. 
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Figure 43. Pre-post fun by gender – (I think physics will be/has been fun.) Average 
difference in pre-post response grouped by gender. 
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Figure 44. Pre-post alignment by gender – (It is possible to do well in physics without 
really understanding it.) Average difference in pre-post response grouped by gender. 
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Figure 45. Pre-post scared by gender – (I am/was apprehensive about taking physics.) 
Average difference in pre-post response grouped by gender. 
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Figure 46. Pre-post capability by gender – (Only a very few specially-qualified people are 
capable of really understanding physics.) Average difference in pre-post response 
grouped by gender. 
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Figure 47. Pre-post world by gender – (Studying physics will/has really help(ed) me 
understand the world better.) Average difference in pre-post response grouped by gender. 

 
 
 
 Table VI shows a summary of the combined pre-post averages, standard 

deviations, effect sizes, and t-values (probability associated with a paired t-test) for the 

two semesters. Since the probabilities associated with the t-test and ANOVA’s should be 

identical for paired samples, I report here only the probability associated with the paired 

t-test. The averages and standard deviations are among the four courses for each 

semester, and the effect sizes and t-test p-values are for the fall vs. spring semester 

courses. 

 
F. SALG items 
 
 Several items were selected from the Student Assessment of Learning Gains 

(SALG) that was administered to the students the last day of lab. The SALG asks 

students to rate how much various aspects of the course helped their learning. 
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Table VI. Pre-post survey summary 
 Fall Spring   

Question 
Average 
change 

Standard 
deviation 

Average 
change 

Standard 
deviation 

Effect 
size 

t-test 
p-value 

efficacy -0.337 0.103 -0.340 0.129 0.024 0.639 
facts  0.074 0.231  0.008 0.097 0.409 0.291 
interesting -0.102 0.049 -0.073 0.104 0.390 0.692 
hard  0.060 0.129 -0.100 0.144 1.177 0.349 
applicable -0.160 0.081 -0.255 0.076 1.204 0.071 
fun -0.163 0.134 -0.268 0.075 1.000 0.083 
alignment -0.279 0.144 -0.033 0.076 2.238 0.057 
scared -0.060 0.217 -0.203 0.210 0.665 0.336 
capability -0.172 0.086 -0.163 0.167 0.076 0.891 
world -0.214 0.049 -0.363 0.050 3.010 0.013 

 
 
During the fall semester, included on the SALG were three questions about the 

spreadsheet simulations: one (help) asking how much the spreadsheets helped the 

students’ learning in the course, another (understanding) asking how much the course 

added to their understanding of spreadsheet simulations, and another (skill) asked how 

much the course added to their skill in simulating physics with spreadsheets. As these 

questions were only asked on the fall semester SALG’s, when the spreadsheets were 

used, only that semester is reported for these questions. In addition, the “understanding” 

question was inadvertently omitted from the 2210 survey fall semester, so those data are 

unreported as well. The responses to these questions were correlated with the various 

other data to try and gauge what made the spreadsheets most effective and for what 

students. 

 Also, comparisons were made with four other questions on the SALG between the 

two semesters to see to what extent the spreadsheets might have impacted the students in 

these areas. The first (lab) asked how much the labs contributed to their learning in the 

course. The second (confidence) asked how much the students felt the course contributed 
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to gains in their confidence in their ability to do physics. The third (enthusiasm) asked to 

what extent they felt they made gains in their enthusiasm for physics as a result of what 

they did in the course, and the fourth (preparation) asked how much they felt the course 

prepared them for future education or employment. 

 Figure 48 shows the histogram results for the SALG question regarding how 

much students felt the spreadsheets helped their learning. ANOVA on these four groups 

yielded a p-value of <0.000. Recall the ANOVA p-value indicates the probability the 

different groups could have means as different as they are due to random chance. Figure 

49 shows the results for the SALG question regarding how much the course contributed 

to their understanding of spreadsheet simulations. ANOVA on these three groups yielded 

a p-value of <0.001. Figure 50 shows the results for the SALG question regarding how 

much the course added to their skill in simulating physics with spreadsheets. ANOVA on 

these four groups yielded a p-value of <0.001. Table VII gives a summary of the 

ANOVA statistics for these three questions across the course groups. 

 Figure 51 shows the average response by course for the spreadsheet help question 

with the 2200 and 2210 responses combined. ANOVA on these three groups yielded a p-

value of <0.000. Figure 52 shows the responses to this same question broken down by 

gender. ANOVA on these two groups yielded a p-value of 0.037. Table VIII gives a 

summary of the ANOVA statistics for these two items. Again, the data have been 

transformed to show more- and less-favorable responses, as described above. Figure 53 

shows the results for the SALG question asking students how much the labs contributed 

to their learning in the course. ANOVA on these two groups (Fall vs. Spring) yielded a p-

value of 0.32. 
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Figure 48. Spreadsheet help histogram – Responses to “How much did the spreadsheets 
help your learning?” by course for Fall semester 2002. 

0 1 2 3 4 5

0

10

20

30

40

50

fre
qu

en
cy

0:NA 1:None 2:A little 
3:Somewhat 4:A lot 5:A great 

deal

2200(ave:3.050)

2210(ave:2.843)

2220(ave:2.381)

 
Figure 49. Spreadsheet understanding histogram – Responses to “As a result of your 
work in this class, how well do you think you now understand spreadsheet simulations?” 
by course for Fall semester 2002. Note this question was inadvertently left off the 2110 
survey that semester. 
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Figure 50. Spreadsheet skill histogram – Responses to “How much did this class add to 
your skills in simulating physics with spreadsheets?” by course for Fall 2002. 

 
 
 
Table VII. Spreadsheet SALG questions ANOVA summary – ANOVA data across 
courses for “help,” “understanding,” and “skill” question responses. 

 
Question 

Source of 
variation 

Sum of 
squares 

Degrees of 
freedom 

Mean 
squares 

 
p-value 

between groups 116.800 3 38.930 <0.000
within groups 421.536 435 0.969 

Spreadsheet 
help 

total 538.342 438  
between groups 20.962 2 10.481 <0.001
within groups 357.064 303 1.178 

Spreadsheet 
understanding 

total 378.026 305  
between groups 32.246 3 10.749 <0.001
within groups 550.245 435 1.265  

Spreadsheet 
skill 

total 582.492 438   
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 Figure 54 shows the results of the SALG question dealing with students’ 

confidence in their ability to do physics. ANOVA on these two groups yielded a p-value 

of 0.002. Figure 55 shows the results for the SALG question dealing with how much they 

made gains in their enthusiasm for physics. ANOVA on these two groups yielded a p-

value of <0.001. Figure 56 shows the results for the SALG question regarding how much 

they felt the class prepared them for the future. (ANOVA p=0.002) Table IX shows the 

ANOVA summary statistics for this additional SALG data by semester. Recall again the 

spreadsheets were used Fall semester, but not Spring semester. 
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Figure 51. Spreadsheet help by course – Responses to “How much did the spreadsheet 
activities help your learning in this course?” by course for Fall semester 2002. 
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Figure 52. Spreadsheet help by gender – Responses to “How much did the spreadsheet 
activities help your learning in this course?” by gender for Fall semester 2002. 

 
 

 
 

Table VIII. Spreadsheet help by course and gender ANOVA summary 
 

Question 
Source of 
variation 

Sum of 
squares 

Degrees of 
freedom 

Mean 
squares 

 
p-value 

between groups 111.1118 2 55.555880 <0.000 
within groups 381.2395 407 0.936706  

Spreadsheet 
help by course 

total 492.3512 409   
between groups 5.3141 1 5.314153 0.037
within groups 533.0275 437 1.219743  

Spreadsheet 
help by gender 

total 538.3417 438   
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Figure 53. Labs – Average of responses to “How much did the labs help your learning in 
this class?” by course and semester. F-Fall  S-Spring 
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Figure 54. Confidence – Average of responses to “To what extent did you make gains in 
your confidence in your ability to do physics as a result of your work in this class?” by 
course and semester. F-Fall  S-Spring 
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Figure 55. Enthusiasm – Responses to “How much has this class added to your 
enthusiasm for physics?” by course and semester. 
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Figure 56. Preparation – Responses to “How much has this class prepared you for future 
education/employment?” by course and semester. F-Fall  S-Spring 
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Table IX. ANOVA summary statistics for SALG data by semester 
 

Question 
Source of 
variation 

Sum of 
squares 

Degrees of 
freedom 

Mean 
squares 

 
p-value 

between groups 111.1118 2 55.55588 <0.000
within groups 381.2395 407 0.93670 

 
labs 

total 492.3512 409  
between groups 9.3543 1 9.35431 0.002
within groups 869.4831 853 1.01932 

 
confidence 

total 878.8374 854  
between groups 20.5240 1 20.52402 <0.001
within groups 1036.0020 853 1.21454 

 
enthusiasm 

total 1056.5260 854  
between groups 11.0666 1 11.06662 0.002
within groups 1016.4590 853 1.19162 

 
preparation 

total 1027.5250 854  
 
 
 

G. Cross-correlations 
 
 As mentioned above, individual student demographics were correlated with their 

responses to the various attitude and SALG items. I will only report correlations 

significant at the 95% confidence level or above. 

 The items of the most interest are the three SALG questions dealing with the 

spreadsheet simulations, “help,” “understanding,” and “skill.” Table X shows the 

correlation coefficient and significance of the correlated data. Note the numerical values 

in Table X are correlation coefficients (r-values) indicating how closely the two variables 

are correlated, and not so much the character of the relationship between them. More 

important is the sign of the correlation coefficient (positive or negative correlation), and 

the level of significance (α). Note positive and negative correlation indicates not good or 

bad but only if the two variables increase together (a positive correlation) or one 

increases as the other decreases (negative correlation). 
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 From the wealth of data I collected, some other items of potential interest 

appeared. An asterisk will indicate here the correlation was significant at the α=0.01 

level. Course grade was correlated with HS (0.249*), coll (0.253*), pre efficacy (0.151*), 

pre alignment (-0.119), pre scared (-0.139*), confidence (0.308*), enthusiasm (0.259*), 

prep (0.173*), post efficacy (0.323*), post interesting (0.250*), post fun (0.225*), and 

post world (0.222*). Gender was correlated with year (0.179*), HS (0.255*), pre 

applicable (-0.153*), confidence (-0.104), post efficacy (-0.121), post applicable  

(-0.156*), post scared (0.176*), and post world (-0.146*). 

 

Table X. Spreadsheet correlations – all entries are significant at α=0.05  * - significant at 
α=0.01 
  

course 
 
year 

 
gender 

 
sci 

 
hs 

pre 
efficacy 

Help 0.294* -0.129* -0.100 -0.122 0.099  
understand -0.23*   -0.172*  0.170* 
Skill  -0.101*  -0.100 0.146*  
  

pre facts 
pre 
interesting 

 
pre hard 

pre 
applicable 

 
pre fun 

 
pre scared 

Help  0.122  0.262* 0.130*  
understand -0.122 0.177* -0.177* 0.168* 0.166* -0.167* 
Skill -0.125* 0.152* -0.097 0.143* 0.115  
 pre 

capability 
 
pre world 

 
help 

 
understand

 
skill 

 
confidence

Help   1 0.526* 0.528* 0.235* 
understand -0.120 -0.120 0.526* 1 0.593* 0.231* 
Skill -0.141* -0.141* 0.528* 0.593* 1 0.330* 
  

enthusiasm 
 
prep 

post 
efficacy 

 
post facts 

post 
interesting 

 
post hard 

Help 0.264* 0.276* 0.128* -0.130* 0.221*  
understand 0.226* 0.217* 0.233*  0.186*  
Skill 0.295* 0.259* 0.215* -0.145* 0.239* -0.114 
 post 

applicable 
 
post fun 

post 
alignment

post 
capability 

post 
world 

 

Help 0.294* 0.259* -0.094 -0.111 0.180*  
understand 0.190* 0.267*  -0.116 0.144  
Skill 0.222 0.312*  -0.176* 0.207*  
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I chose to code males as “1” and females as “2.” Although this was an arbitrary 

assignment, to say gender is correlated with any of these variables is simply to say this 

binary coding yields either males or females more or less likely to respond one way or the 

other, depending on the question. 

 Confidence and efficacy, both pre (0.203*) and post (0.553*), were strongly 

correlated. Enthusiasm was negatively correlated with year (-0.221*), but positively 

correlated with pre-post efficacy (0.165* and 0.444*), pre-post interesting (0.369* and 

0.529*), pre-post applicable (0.351* and 0.439*), pre-post fun (0.326* and 0.637*), prep 

(0.586*), and confidence (0.706*). 

 
H. Problem sets 
 
 I developed a set of 14 multiple-choice questions to see if there were differences 

in the students’ understanding of the various topic areas. I especially wanted to see if 

there was a significant difference in the results for the problems where the students had 

done the spreadsheet simulations as opposed to the topics where they had not. The 

questions themselves were developed using FCI-type conceptual evaluations. The 

problems I used are included in Appendix B. The results are shown in Table XI and 

Figure 57, reporting the fraction of correct responses for each course and semester. 

Topics with spreadsheet simulations are noted with an asterisk (*). 

 Two items of explanation are in order. First, because of the different coverage of 

topic areas by the two professors who taught the 2220 course, the material on standing 

waves was covered only by the Spring semester 2120 and 2220 courses. Second, 
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Table XI. Problem results – fraction correct. Key to problems: 1: Motion, 2: Terminal 
Velocity, 3: Newton’s Second Law, 4: Work and Energy, 5: Calorimetry, 6: Simple 
Harmonic Oscillations, 7: Standing Waves, 8: Electric Potential, 9: Simple Resistive 
Circuits, 10: DC RC Circuits, 11: LRC Resonance, 12: Optics, 13: Interference, 14: 
Spectroscopy *-denotes a topic with a spreadsheet activity. Note the spreadsheet 
activities were only used in the Fall semester labs. F-Fall, S-Spring  

problems 1* 2* 3* 4 5 6* 7 8 9 10* 11* 12* 13* 14* 
F2110 0.91 0.92 0.54 0.93 0.78 0.65         
F2200 0.71 0.92 0.68 0.42           
F2210 0.71 0.90 0.73 0.68 0.72 0.80         
F2220        0.87 0.84 0.82 0.53 0.42 0.92 0.33 
Fave. 0.77 0.91 0.65 0.68 0.75 0.73  0.87 0.84 0.82 0.53 0.42 0.92 0.33 
S2120       0.70 0.98 0.94 0.77 0.64 0.72 0.89 0.77 
S2200 0.89 0.96 0.54 0.73 0.40 0.20         
S2210 0.83 0.97 0.70 0.73 0.50 0.38         
S2220       0.52 0.75 0.93 0.69 0.30 0.54 0.90 0.32 
Save. 0.86 0.96 0.62 0.73 0.45 0.29 0.61 0.87 0.93 0.73 0.47 0.63 0.90 0.55 
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Figure 57. Problem set results – Average percent correct by semester by topic. *-denotes 
a topic area with a spreadsheet activity. Note the spreadsheet activities were only used 
Fall semester. 
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because of an oversight on the part of the professor teaching the Spring 2200/2210 

course, the calorimetry and simple harmonic oscillation questions were left off the final 

exam and I was able to only recover about two dozen responses from that class. So, I 

have shown the resulting averages both with and without this rogue data for comparison. 

These averages are shown in Figures 58 and 59. I only show the averages for topics 

where spreadsheet exercises were included in these figures. ANOVA results for these two 

groups show p-values of 0.92 and 0.66 for the groups including these rogue data, and not 

including it, respectively. The ANOVA summary statistics for these data are shown in 

Table XII. 
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Figure 58. Spreadsheet problem results (w/rogue data) – Average percent correct on 
topics with spreadsheet activities by semester including “rogue” data from the small 
sample Spring 2200 course “simple harmonic oscillations” question. Note that the 
spreadsheet activities were only used Fall semester. 
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Figure 59. Spreadsheet problem results (w/o rogue data) – Average percent correct on 
topics including spreadsheet activities by semester not including the rogue data from the 
small sample Spring 2200 course “simple harmonic oscillations” question. 
 
 

 
 

Table XII. Rogue data ANOVA summary statistics 
 

Condition 
Source of 
variation 

Sum of 
squares 

Degrees of 
freedom 

Mean 
squares 

 
p-value 

between groups 0.000403 1 0.000403 0.922215
within groups 0.740078 18 0.041115  

with rogue 
data 

total 0.740481 19   
between groups 0.007977 1 0.007977 0.66617 
within groups 0.575057 14 0.041076  

without 
rogue data 

total 0.583034 15   
 
 
 
I. Effect of TA’s 
 
 During the semester in which the spreadsheets were used, I checked the responses 

on the SALG question about if the students thought the spreadsheets helped their learning 

by lab section to see if the TA’s were having an effect on the outcome. The results are 

shown in Figure 60. ANOVA on the lab sections’ responses yielded p-values of 0.097 for 
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2110, 0.207 for 2200, <0.001 for 2210, and 0.175 for 2220. See Table XIII for the 

ANOVA summary statistics for these data. 

 I also checked the average response by lab to the SALG question about how much 

the students felt the labs helped their learning. The results of this analysis are shown in 

Figure 61 for the fall data and Figure 62 for the spring semester data. Table XIV shows 

the ANOVA summary statistics for these data. By way of explanation (note Figure 62), 

there were only seven labs for PHYX2120, and there were no students in the PHYX 2210 

lab 5 spring semester 2003. 
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Figure 60. Spreadsheet help by lab – Average response by lab to the question “How much 
did the spreadsheet activities help your learning in this class?” Labs are numbered in 
chronological order, Monday – Thursday, two labs per day, either morning/evening or 
afternoon/evening (i.e.: Lab 1 was held Monday afternoon, Lab 2 Monday evening, etc.).  
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Table XIII. Spreadsheet help by lab ANOVA summary statistics 

 
Course 

Source of 
variation 

Sum of 
squares 

Degrees of 
freedom 

Mean 
squares 

p-
value 

between groups 6.316832 7 0.9024046 0.097
within groups 63.352340 125 0.5068187

 
2110 

total 69.669170 132
between groups 13.878243 7 1.9826060 0.207
within groups 68.397619 50 1.3679520

 
2200 

total 82.275862 57
between groups 29.675290 7 4.2393277 <0.001
within groups 91.453420 93 0.9833701

 
2210 

total 121.128700 100
between groups 10.371130 7 1.4815900 0.175
within groups 138.091500 139 0.9934640

 
2220 

total 148.462600 146  
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Figure 61. Fall lab response by lab – Average response by lab to the question “How much 
did the labs help your learning in this course?” for fall semester 2002. Recall lab # 
corresponds with the day and time of the lab - M-Th. am/pm. 
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Figure 62. Spring lab response by lab – Average response by lab to the question “How 
much did the labs help your learning in this course?” for spring semester 2003. Note there 
were only seven labs for 2120, and there were no students in the spring 2210 lab 5. 

 
 



87

Table XIV. ANOVA summary statistics for lab response by lab for each course and 
semester 
 
 
Semester 

 
 
Course 

 
Source of 
variation 

 
Sum of 
squares 

Degrees 
of 
freedom 

 
Mean 
squares 

 
 
p-value 

between  groups 10.5563 7 1.508043 0.197742
within groups 131.5189 125 1.052151  

 
2110 

total 142.0752 132   
between  groups 6.0489 7 0.864133 0.504650
within groups 47.3476 50 0.946952  

 
2200 

total 53.3965 57   
between  groups 8.8715 7 1.267358 0.167120
within groups 77.0889 93 0.828913  

 
2210 

total 85.9604 100   
between  groups 7.8196 7 1.117080 0.553525
within groups 184.1804 139 1.325039  

 
 
 
 
 
Fall 

 
2220 

total 192.0000 146   
between  groups 25.3027 6 4.217117 0.002884
within groups 117.3889 100 1.173889  

 
2120 

total 142.6916 106   
between  groups 3.8898 8 0.486224 0.959182
within groups 89.3829 57 1.568122  

 
2200 

total 93.2727 65   
between  groups 7.5240 7 1.074852 0.441175
within groups 86.4306 80 1.080382  

 
2210 

total 93.9545 87   
between  groups 9.7229 8 1.215361 0.285152
within groups 143.1862 145 0.987491  

 
 
 
 
 
Spring 

 
2220 

total 152.9091 153   
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CHAPTER IV 
 

DISCUSSION 
 
 
 In this chapter I will discuss and interpret each of the Results sections in turn. 
 
 
A. Enrollment 
 
 In analyzing the student enrollment data, first note from Table II, as expected, the 

preponderance of the students enrolled in introductory physics at Utah State is male. Only 

18% of the total enrollment is female. Also note the largest number of females is in the 

2110/2120 series. And note from Table V, with the exception of the 2200 students, on 

average the females are older (further along in school, at least) than the males. The 

female students are postponing physics until later in their college careers. 

 Note also from Table V the 2100-series students are from a half to more than a 

full year older than any of the other courses. This can be explained by the data from the 

pre-hard question noted in Figure 11 and the pre-applicable data noted in Figure 12. The 

students in 2110 and 2120 are most likely to think physics will be hard, and least likely to 

think it will be applicable in their lives or careers. I think this represents a view of the 

nature of physics, particularly on the part of these (2110/2120) students, that does not 

include a world-view capable of seeing the inter-connectedness of things. They postpone 

taking physics until their last or next-to-last term, and take it only just before they 

graduate or have to take the MCAT. This poses a clear challenge to the instructor, to try 

and encourage these students to adopt a sort of world-view that includes this capability. 

 



89

B. Student characteristics 
 
 Several things can be noted from the students’ characteristics data (found in 

Figure 1). Nearly all the students have taken calculus. This is significant because for 

many years (and I have said this to students) the common wisdom has been math 

preparation has an impact on the students’ performance in physics. I did not see a 

correlation between math background and performance in physics in this study. This does 

not necessarily mean the common wisdom has been wrong, however, since this was a 

fairly select sample, and at least two thirds of the students in this sample have taken 

calculus as a prerequisite for their science and engineering majors. So the effect may still 

be present, but may require testing individual students to determine if math skill can be 

correlated with understanding in physics.  

 Nearly all the students had a previous experience in physics, or at least science. 

Students also report working a bit harder in college than they did in high school. The 

slight differences in the science component can be accounted for primarily by 

remembering students must have taken the first half of their physics component before 

taking the second half, so all but perhaps the transfer students should have taken a college 

science class prior to taking 2120 or 2220. That all students in 2120 and 2220 did not 

respond with a “5” to the “science” question may indicate they misunderstood the 

question.  

 Also, note from Figure 1, in terms of these student characteristics, none of the 

classes differ from each other by very much. That is to say, the students are statistically 

similar to each other prior to instruction. This is important to note so changes in the 

students can be attributed to instruction, and not prior characteristics. 
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C. Grades 
 
 Analysis of the data for the grades in each course for the two semesters, as seen in 

Figure 2, shows no statistically-significant difference in the grades between the two 

semesters. Although the grades for the 2210 students are slightly lower in the Spring than 

they were in the Fall, this may be due more to the different professors’ grading policies 

than the students. 

 Although individual courses show differences in the grade by gender, as seen in 

Figures 3-7, the results are neither consistent nor statistically significant.  

 
D. Attitudes 
 
 Three important things need to be noted from the attitude data in Figures 8-47. 

First, with the exception of the alignment question (It is possible to do well in physics 

without really understanding it.), all the student’s attitudes changed for the negative over 

the course of the year. Although the responses are generally positive, every aspect of the 

attitude data collected shows the students find the course to be different from what they 

expected - and all toward the more negative side. And with the alignment question (note 

Figure 34), the change in the students’ feelings about the possibility of doing well in 

physics without really understanding it may be due to the fact two-thirds of the students 

in the Spring semester have already had a semester of college physics and realize the 

futility of trying to bluff your way through physics.  

 With that said, however, there may be some confounding attitudes at work in the 

students. If we use the explanation on the alignment question that most of the students 

have been through a semester of physics already, what might that argument do to the 
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other questions? Well, remember the students in the Fall 2220 sample must already have 

taken 2200 or 2210. So, it might be expected their data would show some evidence of this 

prior experience, but I did not find it. Although they are less likely to be apprehensive 

about taking physics (see Figure 35), and somewhat more likely to see physics as a 

comprehensive world-view (Figure 37), in all other respects they show the same negative 

trend in attitudes as the rest of the sample. 

 The second main point we see from the attitude data is the females have a 

markedly larger deterioration in attitudes than do the males in nearly every area. With 

only a couple of exceptions, the females start and end with worse attitudes than the 

males, and also have larger differences than the males between their pre- and post- 

responses. In nearly every case where this trend is reversed, however, the slightly more 

positive (or at least less negative) response is so near zero as to possibly be in the noise. 

(See, for example, the pre-post interesting data in Figure 30.) 

 The last and perhaps most significant thing to view in the attitude data is with the 

aforementioned exception of the alignment question, every area shows more 

improvement (or at least less deterioration) during the fall semester. Now, although this 

by itself may not be conclusive evidence, combined with the other data shown below, this 

seems to indicate the spreadsheet simulations were effective to some degree in improving 

students’ attitudes about their physics experience. 

 
E. SALG data 
 
 The data from the SALG questions that asked about the effectiveness of the 

spreadsheet simulations show several items worth discussing. Although it is true very few 



92

students claimed the spreadsheet exercises helped their learning more than a little, prior 

research has shown students do not necessarily know what is best for them in terms of 

their learning.104 They appear to be both ill equipped to tell when they have learned 

something, and unable to tell what factors influenced their learning, except when they are 

explicitly asked to do so.18 For example, nearly every semester I have had a student come 

into my office after an exam and say, ”How could I have done so poorly on this exam!? I 

knew this stuff!” Part of what I was interested in, however, was if the students thought it 

helped them. And, since the students’ responses regarding the spreadsheets helping their 

learning and the helpfulness of the labs are positively (albeit weakly) correlated (r = 

0.164), it may be the students were unhappy with the labs in general, and not just the 

spreadsheets. 

 Examination of the histograms in Figures 48-50 reveals several items of potential 

interest.  The responses to the question “How much did the spreadsheet activities help 

your learning?” in Figure 48 show the 2110 and 2220 students by and large did not feel 

the spreadsheet activities helped their learning at all, although the 2220 student data 

shows a curious hump at the moderate level. The 2200 and 2210 data, however, show the 

students in that course had a somewhat more positive attitude about the spreadsheet 

exercises. Although the sample size in these groups is smaller, fewer of these students felt 

the spreadsheets were of no use, and more felt they helped much or very much. At least 

part of this improved attitude about the spreadsheets may be attributable to the fact that 

the 2200 course, in particular, caters almost exclusively to civil and mechanical 

engineers, who might have a better estimation of how physics will be used in their 

careers, and possibly some exposure to using computers for numerical method analyses. 



93

 With regard to the question about to what degree students felt that they 

understood spreadsheet simulations, Figure 49 shows the averages for all three groups are 

higher than for the question regarding how much the spreadsheets helped their learning. 

(Remember this particular question was inadvertently omitted from the 2110 surveys fall 

semester.) There is a curious bimodal peak in the 2220 data showing a large group of 

students who felt the spreadsheets were of no or little use, but a slightly larger group who 

also felt they were of at least somewhat use. Since we will note shortly these two 

questions were strongly correlated, most of this more negative group includes students 

with generally poor attitudes about the whole course and not just the spreadsheet 

exercises. Still, a larger body of students reported they felt they understood the 

spreadsheet simulations than reported the simulations helped their learning. 

 Note again the 2200 students had a much more positive response to this question 

than the other groups. Part of this may also be due to the fact the 2200 students only had 

the class for eight weeks, and did not have time to sour as much as the other groups. Still, 

in the time they were in the course, they were able to do at least two of the four 

spreadsheet activities used in the 2200/2210 course. So they would have had ample time 

(at least compared to the full-course sample) to become acquainted with the spreadsheet 

activities. 

 In the responses to the question about the students’ skill in simulating physics 

with spreadsheets (How much has this course added to your skill in simulating physics 

with spreadsheets?), we see (Figure 50) the same bimodal structure as in the previous 

question. In the 2110 and 2220 class, a large body (there were more students in the 2220 

course) felt they did not make gains in their skills, and then another smaller body of 
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students felt they made at least some difference. Several of the student comments, 

though, seemed to indicate this may have been a poorly worded question. Some students 

interpreted this question to say they must have made these gains in their skills as a result 

of their work in this class. They felt they already possessed these skills before taking the 

class, and so they responded negatively to this question. Although the percentage of the 

negative responses falling into this latter category is likely to be small, it may explain at 

least some of the negative response to this particular question. 

 Note the shape of the 2200 and 2210 responses are more normal, and fewer of 

these students felt they had gained nothing from the class in this respect. Although the 

sample size for these data is smaller, the shape of the histogram is distinctly different, and 

the ANOVA yielded a p-value indicating the difference between their averages is 

statistically significant. 

 The graph in Figure 51 shows basically the same thing as the histogram in Figure 

48. I combined the data for the 2200 and 2210 students to make the sample sizes more 

equal for the three groups, but still see the 2200/2210 students really felt the spreadsheet 

activities helped more than the other students did. The ANOVA p-value (<0.000) for 

these data was the most dramatic of any that I calculated, indicating the difference in the 

distributions between these groups was indeed significant statistically (see Table VII). 

From this I infer for the students in the 2200/2210 course, the combination of their 

attitudes, their expectations of the course, and their student characteristics resulted in a 

significantly higher estimation of the spreadsheets’ efficacy, and perhaps the spreadsheets 

were instrumental in effecting this more positive (or at least less negative) response.  
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 Of somewhat more concern, though, are the data in Figure 52. When averaged 

over the whole sample by gender, we see the females felt the spreadsheets were of less 

help in their learning than did the males. Although the ANOVA output for this gender 

difference shows it to be less significant than the differences by course, it is still a 

statistically significant difference at the α = 0.05 level. Considerable attention 105 has 

been given to gender differences in learning science in recent years, particularly in the 

educational research circles (see, for example, the responses to the thread, “Why do 

women score lower on FCI” from October 1998 on the PhysLrnR archives at 

http://listserv.boisestate.edu/archives/physlrnr.html). The data from my study do seem to 

indicate a difference by gender in the responses to the spreadsheet activities, consistent 

with other observations of gender differences in the sciences.106 

As I will examine in more detail below, however, there are several confounding 

variables that may explain at least part of this gender discrepancy. I expected from many 

of the comments I received to see the females have a more positive estimation of their 

learning gains from the spreadsheet activities. One of the possibilities is the average age 

of the females is greater than the average age of the males, and a large percentage of the 

females in the sample are in the 2110 class. The 2110 students as a whole felt the 

spreadsheets were of less help to them, and as we will see below, the spreadsheet help 

question was negatively correlated with both age and gender. Thus, the age factor may be 

confounding these gender data somewhat. It may be easier to explain why the older 

students (particularly in the 2110 course) might be less enthusiastic about activities they 

felt merely took up more of their time, when the qualitative data to the contrary indicates 
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the females were more positive than the males about how the activities might have helped 

them. 

 Figure 53 shows the responses to the SALG question regarding how much the 

students felt the labs helped their learning in the course. In every course but the 2220 

course, and to some extent the 2210 course (where the fall average is only 0.01 higher 

than the spring average), the fall average was higher than the spring average, and overall 

for the whole sample, the fall average was higher then the spring average. I am not sure 

what to make about the difference between the fall and spring sample overall, since there 

may be some effect due to the kind of students who might register for the sequence off-

track (meaning they start the sequence during the spring semester with a summer break 

between rather than go straight through the sequence in a single academic year). I am not 

sure, though, how a difference due to this might manifest itself, except perhaps in the 

GPA of the courses, that turns out to be roughly the same, as we have seen. Because the 

lab and spreadsheet components were also positively correlated, there may be these 

confounding variables here contributing in unpredictable ways. Still, the difference 

between the fall and spring averages was not statistically significant according to the 

ANOVA. 

 In the responses to the SALG question about to what extent the course contributed 

to gains in the students’ confidence in their ability to do physics (shown in Figure 54), we 

see a visible difference between the responses in every course, with the full sample being 

slightly more positive overall, and the fall semester being higher for each course than the 

spring semester. Since the 2110/2120 difference is the smallest, and they were the ones 

who initially felt the spreadsheets were of the least help, this difference in particular may 
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show the spreadsheet activities were helpful in engaging the students in such a way as to 

improve their confidence in their physics ability. Since this same idea is reflected in the 

post efficacy data shown in Figure 18, this not only provides a degree of validity to that 

data, but reinforces the result, which is the semester in which the students used the 

spreadsheet simulations yielded more positive results in their confidence than did the 

semester in which they did not use the simulations. The ANOVA for these data also 

showed a statistically significant difference between the fall and spring semester averages 

(p = 0.002). 

 The next question dealt with the issue of whether the students were enthusiastic 

about physics as a result of their work in this class. As seen in Figure 55 (and as we noted 

above from Figure 54), we see a generally more positive response as a whole, but again, a 

notably more positive response for the fall semester. The ANOVA for these data showed 

this difference to be statistically significant also (p < 0.001).  Since enthusiasm was 

strongly correlated with all three SALG questions about the spreadsheets, these data also 

show the spreadsheets were beneficial in improving students’ enthusiasm for physics. 

 The last aspect of the SALG I analyzed was the question dealing with to what 

extent the students felt the course helped them in preparing for future education or 

employment. These data were shown in Figure 56. Here again we see the average 

response for the fall semester was higher than for the spring semester in every class. The 

difference between the semesters was smaller for the 2110/2120 and 2220 students, but, 

largest for the engineers in the 2200 course, who were also most likely to report the 

spreadsheets helped them in their learning. The average response for the fall semester 

was shown from the ANOVA to be significantly higher (statistically speaking – p = 
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0.002) than the corresponding average for the spring semester, again showing a positive 

correlation with the spreadsheet activities. 

 Of interest in these data is also the fact that of these four courses, the students 

least likely to see physics as a benefit to them in their education or employment goals are 

the students in the 2110/2120 course, designed especially for students in the pre-health 

professions. These same data are reflected in the post-applicable data in Figure 22. These 

students were not only less likely to think physics would help them in their lives or 

careers, but were less likely to think so after having taken physics. This seems to indicate 

these students have not yet developed a world-view that allows them to see the 

connectedness of the sciences. If this concept is to be a goal of introductory physics for 

the health professions, that these students are not able to see the applicability of the 

physics they are learning may be a source of some concern. This would certainly 

encourage among other things the explicit use of in-class examples showing the 

application of physics in the analysis and improvement of the health of the human body, 

as well as in the life sciences in general. 

 
F. Cross-correlations 
 
 Only some of the data in Table X are relevant to the question of the potential 

benefit of the spreadsheet activities. I had hoped these data would help elucidate what 

made the spreadsheets most effective, and for what kind of students. Individually, the 

three SALG questions about the spreadsheets were correlated with the various other 

student data, with the results shown in Table X. Just by random chance at α = 0.05 we 

can expect about 22 false positives among 435 cross-correlated pairs. 
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 The students in the 22xx courses were more likely to think the spreadsheets 

helped than the students in the 21xx courses, as seen by the weak correlation between 

“help” and “course.”  Although both year and gender were negatively correlated with 

whether they thought the spreadsheets helped them learn, as we noted earlier, since year 

is also (and slightly more strongly) correlated with gender, this correlation may be more 

due to age and in particular the 2210 students’ attitudes. This may not be as much a 

gender question as a general attitude question. 

 In terms of the students’ attitudes, at least one of the three questions is positively 

correlated with pre efficacy, interesting, applicable, and fun, and negatively correlated 

with pre facts, hard, capability and world. The only difference in the correlations for the 

post attitudes, is that students who think they could do well in physics without 

understanding it (alignment) were also less likely to have seen the spreadsheets as a 

benefit. 

 Addressing the SALG questions together, I see a general positive correlation 

between all aspects that might relate to the hypothesis the spreadsheet activities could 

help student engagement and enjoyment in introductory physics. Students who felt the 

spreadsheets were beneficial (the spreadsheets were understandable, helped their 

learning, and their skill in them improved over the semester) were also more likely to feel 

they made gains in their confidence in doing physics, enthusiasm for physics, and 

preparation for future education or employment. 

 Combined with the other correlations noted, we get a picture of the student who 

will be likely to see the spreadsheets as a benefit. This student is fairly confident in him 

or herself, sees physics being applicable to their life or career goals, and expects physics 
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to be interesting and fun. They also expect physics to be a comprehensive world view, 

not too hard, and anyone can learn it. We might also interpret these things as having 

resulted from having used the spreadsheets, but that is more difficult to prove. 

 
G. Problem sets 
 
 Analyzing the results of the problem sets designed to see if the spreadsheet 

simulations improved students’ understanding of the various topic areas, I do not see a 

clear difference between the topic areas where the spreadsheets were used and where they 

were not. Nor do I see a difference between the semester when the spreadsheet activities 

were used and when they were not. 

 This null result in the problem data is likely due to many factors. It is very 

difficult to write a good multiple-choice problem. Although these 14 problems did evolve 

over some period of time, I still found ample evidence of there being some ambiguities in 

the questions, some differences in the approach to topics between various professors, and 

other difficulties. For example, during fall semester, one of the TA’s for the 2110 course 

exactly guessed the motion question having not seen the exam, and warned his students 

not to be fooled – velocity was the slope of the position-time graph. Only 6 of his 80 

students missed the question. It is for this reason a prominent educational researcher 

recently complained education is the most difficult scientific research of all.107 

 As explained earlier, the data for the simple harmonic oscillator and calorimetry 

questions was contaminated by an oversight on the part of the professor who taught the 

2200/2210 course spring semester and forgot to put the research questions on the final 

exam. I was able to only recover about two dozen responses to these two questions via 
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email, so I graphed the overall data both with and without these responses. As seen in 

Figures 58 and 59, including these rogue data yields a slightly more positive result on the 

side of the topics using the spreadsheets. Omitting this rogue data tips the average almost 

equal-symmetrically to the opposite side, favoring the topics without the spreadsheet 

activities. Although neither difference is statistically significant (see Table XII), it seems 

to reinforce the null result of this aspect of the project. 

 It is also true that performance improvement is very difficult to measure. Even 

with a set of clear objectives, determining whether those objectives have been met during 

instruction is difficult at best. The study of assessment is a major field of educational 

research, and frequently yields intractable problems. 

 
H. Effect of the TA’s 
 
 Two aspects of differences between responses by lab are significant. The first is 

that although a couple of individual courses (the fall 2210 and the spring 2110) showed 

statistically significant differences in the students’ responses by lab section, there are no 

correlations between individual TA’s, or their students’ responses to these two questions 

(how much did the spreadsheets help your learning and how much did the labs help your 

learning). TA’s who had more than one lab section had different responses in the 

different labs, and the responses were not correlated with day of the week or time of day. 

Responses were not correlated with English-speaking versus foreign-speaking TA’s, 

although several of the individual student comments complained about ESL (English as a 

Second Language) TA’s not having sufficient English skills. 
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 One possible difference may lie in the fact that (particularly in the spring 2120 

and 2220 courses) there was a lot of lab jumping – meaning that students often attended 

labs other than the one they were registered for, even from week to week, depending on 

whichever one matched their schedule better. The clear result of this would be a dilution 

of whatever effect the TA’s might have had. 

 Having said this, there is a possible correlation between the attitude of the TA 

toward the spreadsheets and the attitudes of his or her students toward the spreadsheets, 

as indicated by some of the informal interviews I had with the TA’s. This is consistent 

with the findings of similar projects involving the use of educational innovations with 

TA’s accustomed to more traditional procedures.108  

 The second main point can be noted from the fall data in Figure 60. The two 

single highest responses to the question regarding how much the spreadsheets helped the 

students’ learning were in Labs 3 and 4 for the 2200/2210 course. Lab 3 was held 

Tuesday morning at 7:30 a.m. and Lab 4 was held Tuesday evening from 5:30 to 8:30 

p.m.. Lab 3 was the lab for which I was the TA. I spent a great deal of time and effort 

helping my students to see the potential benefit of the spreadsheets and helping them 

complete them in a timely fashion. Lab 4 was the next class held in that lab room, and so 

the explanations I had written on the board for my students were usually still up when the 

next TA came in that evening. These data emphasize the impact the author of an 

innovation can have on its success, and the impact researcher bias can have on results. 
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I. Qualitative analysis 
 
 Some qualitative analysis was also done by watching students do the exercises in 

the labs and interviewing the TA’s. Although the general tenor of the qualitative analysis 

showed the students were using the spreadsheets in ways consistent with how I had 

planned, their comments concerning the spreadsheet activities themselves were more 

indicative of their general displeasure with the time required to do the spreadsheets 

activities in particular, and the lab exercises in general. 

Some of the more representative comments included: 

• “I know how to do spreadsheets, but we had to do them on Macs in the lab. It 

would have been better if they’d had PC’s.” 

• “I was too annoyed at the time spent in lab to care about the spreadsheets. I was 

just trying to finish as soon as possible.” 

• “I didn’t do them at all because I don’t understand computers.” 

• “The spreadsheets were awesome.” 

• “The labs were fun. I never really perceived that you wanted spreadsheets 

emphasized, though. It would have helped to force us to do them at home.” 

The following dialog was representative of the think-aloud observations: 

Student1: “So what goes in this cell?” 

TA: “ The acceleration due to gravity.” 

Student2: “And then what do we do with it?” 

Student1: “Reference it here to find the velocity at this time, right?” 

After TA leaves – 

Student2: “OK, this is lame.” 
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Student1: “Yeah, but look how the simulation matches up with our predictions.” 

One of the female students observed, “Since I have a harder time not only seeing 

things spatially in my head, but drawing the pictures to describe them, the spreadsheet 

activities really helped me a lot to see some of these relationships more clearly.” This is 

one reason why I had expected the spreadsheets to be perceived as more helpful among 

the females, because of this aspect of spatial analysis generally accepted to be more 

developed in males. 

One of the more experienced TA’s observed, “The [students] that will sit and talk 

with me about it afterward come away with a much better feel for ‘what did I just do?’ 

than the students who are just eager to get it done and leave.” The implications of this 

statement are consistent with the constructivist point of view that students need to be able 

to fit new understanding into the framework of what they already know to be able to 

internalize, make sense of, and remember it.  

 As to the question of whether the students were more engaged in the lab by the 

spreadsheet exercises, at the conclusion of the lab each week, I had the lab TA’s collect 

the students’ answers to the thought questions from the spreadsheet worksheets. The 

responses to the thought questions clearly indicated the students were more engaged in 

the lab experience by the spreadsheet activities. Even then, many students were not fully 

engaged in the lab time, however. Some of the responses to the thought questions were 

perfunctory and indicated very little thought on the part of the students. I will contend, 

though, this is less an issue of just physics education, and more indicative of the more 

general problem of some students either not understanding or not buying into the whole 

concept of a university education. 
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Students with clear career goals and more encompassing world views were more 

likely to think the spreadsheets were helpful, but even the students who thought the 

simulations helped their learning said they were more interested in how long they took 

than in if they helped or not. 

This aspect of the impact of student attitudes on learning was mentioned 

previously, but merits some further discussion here. One particularly interesting but little-

referenced study involved the introduction of mechanical postal sorting machines in 

England in the mid 1970’s.104 Although the relatively small study primarily looked at the 

impact of varying the distribution of training time in the teaching of typing to the 

equipment operators, the researchers took the opportunity to survey the course attendees 

upon completion. They found the students with the more distributed training time both 

learned faster and had better retention than the students with a more concentrated training 

regimen. The students with the schedule producing the best learning, however, enjoyed 

their courses the least, and rated the class an inefficient use of learning time, while the 

students in the schedule producing the lesser learning rated the efficiency of their time 

use and their enjoyment of the course higher than their counterparts in the other classes. 

This result should be of particular interest not only to educators interested in the 

correlation between student attitudes and learning, but also to administrators interested in 

the results of student evaluations, since it clearly shows students do not necessarily know 

what is best for them.102 

Several studies98,99,109 note this attitudinal component of learning in reference to 

Physics Education Research in particular, using the Maryland Physics Expectations 

Survey (MPEX) as a gauge of student attitudes in physics. This survey, developed by 
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Redish and colleagues at the University of Maryland (see www.physics.umd.edu/perg) 

utilizes several questions of different types to probe student attitudes before and after 

their introductory physics course. The result of these studies has been that student 

attitudes about physics are almost universally more negative after having taken 

introductory physics than they were before. 

I reconfigured the data from the paper by Redish, Saul, and Steinberg99 to reflect 

the percentage change in the students’ attitudes. The data in Figure 63 shows how the 

data I collected at USU compares to the data collected from other schools using the 

MPEX to measure students’ attitudes towards physics. Since the original MPEX paper 

reported only changes in the percentage of favorable and unfavorable responses, I made 

this comparison by taking the pre-post difference in the average of the ratio of 

unfavorable to favorable responses for both my and their data. Then I divided each 

difference by the pre-ratio, expressed as a percentage change.  

The trend to more negative attitudes towards physics after instruction appears to 

be universal, even at schools where more innovative curricula are in use. A 30% negative 

change, however, represents an area for improvement if it is desirable that students have 

good attitudes about their physics experience. 

In the larger context of the student learning physics, this resistance to things 

proven to improve student learning yields two important conclusions. First negatively 

trending student attitudes may not necessarily express displeasure with the course, 

professor, labs, or any other particular aspect of the introductory physics experience, but 

may be generally indicative of their discomfort with the pain of learning. Teachers often 

hear from students, ”You know, your course was sure hard, but I really learned a lot.” An  
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Figure 63. Attitude changes compared with other schools. The schools are: UMD – 
University of Maryland, UMN – University of Minnesota, OSU – Ohio State University, 
DC – Dickinson College, PLA – an anonymous public liberal arts college, TYC – an 
anonymous two-year college, USU – Utah State University. 

 
 

interesting question to pursue for further research might be how long a time must elapse 

for the student to reach this point of hindsight. 

Secondly, had the spreadsheets had a significantly negative effect, we would have 

expected to see a result out of line with other schools measuring attitude data of this kind. 

This is not the case, and the change in student attitudes is comparable with these other 

measurements. Thus we can be encouraged the spreadsheet activities may plausibly have 

been beneficial, viewed in the broader context of the students’ resistance to things shown 

to improve their learning and their general discomfiture in having to work at learning. 

 
J. Summary 
 
 Considering the results of the attitude data, the SALG data, the correlations, and 

the problem sets, although no one particular aspect is overwhelmingly conclusive, 
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combined, the results seem to indicate the spreadsheets were at least somewhat beneficial 

in engaging and improving (or at least not deteriorating as severely) students’ attitudes 

about their introductory physics experience. By appropriately administering electronic 

media in the form of spreadsheet simulations the students write themselves, I have shown 

student engagement and enjoyment are at least marginally benefited, particularly in the 

laboratory setting. Although the study would be improved by data from multiple years, as 

well as a more controlled approach to variations between professors and courses, the data 

seem to show generally good evidence toward this end, and the spreadsheet simulations 

as administered were at least somewhat effective at improving engagement in and 

enjoyment of the introductory physics lab experience. 
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CHAPTER V 

DIRECTIONS FOR FURTHER RESEARCH 

 
A. Introduction 
 

Given the ambiguity of the results described previously, I address here the 

question of how to construct a more meaningful study of the effectiveness of 

spreadsheets in the physics laboratory. The problems with the initial investigation 

included the following: (1) there were ambiguities in the multiple choice and in the 

survey questions; (2) it was difficult to investigate how TA attitudes influenced those of 

the students; (3) the students did not take the spreadsheet activities sufficiently seriously; 

(4) it was not possible to distinguish effects due to the semester and effects due to the 

spreadsheets; and (5) both the students and the TAs complained they never really 

understood how to construct the spreadsheet simulations. 

I will make specific recommendations relating to the tools used to measure the 

effectiveness of the spreadsheets. I will also make some recommendations about the 

course and about the research project’s administration.  

 
B. Tools 
 
 Tools that can successfully measure the effect of the spreadsheets have to be able 

to provide evidence of how the spreadsheets influence the students. Such evidence 

requires statistically-significant and interpretable differences in some or all of the data 

provided by these tools. I specifically discuss the multiple-choice concept questions, the 

surveys, and the qualitative analyses, i.e., the observations and interviews. 
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 Multiple Choice Questions: Despite the difficulty of writing good multiple choice 

questions, the reliability and validity of the Force Concept Inventory, for example, lead 

me to believe it should be possible to modify and/or extend the questions I used to be 

able to measure student understanding of the appropriate topic areas. The questions 

should be written to explicitly assess the stated objective of each lab. Careful thought 

should be given to each question to ensure the question accurately and unambiguously 

assesses the topic, and more than one question should be used to assess each topic area. 

Two possible examples are a question for batteries and bulbs that asks the student to rank 

the brightness of bulbs in series and parallel, and a question for terminal velocity that 

asks about the relationship between an object’s mass and its terminal velocity. 

 It may be true the spreadsheets are too small a perturbation in the system of the 

introductory physics course to be noticeable in a concept mastery assessment. Even if this 

is so, however, it costs nothing to have measured this, and it may reveal something 

interesting nevertheless. 

 Survey Questions: Several questions should be added and/or altered in the student 

data portion of the pre-survey. For example, change the science background question so 

students could respond to more than one of the choices, allowing more detailed analysis 

of the effect previous science experience might have on the introductory physics 

experience. In addition, change the math background question to two questions asking, 

“Are you good or bad at math?”, and “If you have taken calculus, was it in high school or 

college?” This would allow a more detailed analysis of the effect of math and science 

background on student attitudes and achievement, which could be important if these 

responses are correlated with the spreadsheet help responses. 
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 Two additional questions would be useful in acquiring data concerning computer 

background, “What is your computer background/experience?” and college major, “What 

is your college major?” These are advised as a result of the curious correlation I saw 

between the preparation/applicability questions and the spreadsheet help question (see 

Table X), and should be able to indicate if different college majors and computer 

backgrounds have different estimations of how effective the spreadsheets were. 

 Another question that would help act as a filter in narrowing the focus on the 

spreadsheets, is a question that asks, “On a scale of 1-5, 1 being not likely and 5 being 

very likely, how likely will you be to use the following techniques you used in your 

physics lab in solving a problem in another domain (for example, engineering, chemistry, 

etc.)? a) unit analysis b) computer interfaces c) spreadsheets d)other: __________. ” 

 Some of the SALG questions overlapped with questions on the pre-post attitude 

surveys (for example the questions about enthusiasm and fun, and the questions about 

applicability and preparation for future employment or further education). Although the 

inclusion of these questions allows a check of the reliability of these data, these questions 

could also be streamlined to shorten the time and reduce the effort in responding to and 

evaluating these surveys. Thus, I would use only the questions included in Appendix E in 

the SALG surveys. 

 Qualitative Analysis: Although think-aloud assessments of the students’ use of 

spreadsheets should be valuable, interviews with the TA’s and selected students in the 

labs of each TA should be of particular use. These interviews will allow direct 

measurement of the effect of the TA, which was of concern in my research but not 

directly measured. The interviews should probe the TA’s’ attitudes about the spreadsheet 
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activities and the labs in general, asking questions such as, “Do you think the spreadsheet 

activities are helpful?” and  “What do you think is the purpose of having the students 

complete labs?” The interviews of the students should also probe student understanding 

of the topic areas, the spreadsheet activities, and their understanding of the objectives of 

the course and spreadsheet activities. These questions might include, “Are the 

spreadsheet activities helpful?,” “In light of your use of the spreadsheets in you physics 

lab, would you now use them in other settings?,” “Why do you think the professor is 

having you do these activities?,” and  “What is the point of the lab in physics?.” The 

resulting data, in the form of either frequencies of various responses or percentage of 

students responding favorably or unfavorably, would allow analysis of the possible 

correlation between TA and student attitudes and additional analysis of the relationship 

between student understanding of the course and spreadsheet activity’s objectives, and 

the success of their implementation in engaging the students in the lab and enhancing 

their introductory lab experience. 

 
C. Administration protocols 
 
 Motivating the students to complete the spreadsheet assignments figured 

prominently in the evaluation of my research. The principal motivation for student 

activity is the expectation of a grade.110 Thus, for the students to take the spreadsheet 

activities seriously, there must be some kind of credit attached to them explicitly. One 

good way to accomplish this would be to attach a grade to the thought questions in the 

spreadsheet activities, and have the TA’s grade them after the lab each week. This would 

not only force the students to do the activities and take them seriously, but to allow the 
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TA’s (and the researcher) to check the students’ understanding of the activities and the 

associated topic areas. I would then assign a certain percentage of the overall grade 

~20%) in the course to the lab portion, with points awarded for correct responses to the 

thought questions going toward this percentage of the total grade. 

 In order to more clearly separate effects of semester and effects due to the 

spreadsheets, the spreadsheet activities should be investigated over at least a two-year 

period. My research showed attitudes in the spring semester were generally not as 

positive as the fall semester attitudes. Was this due to the administration of the 

spreadsheet activities in the fall, or was it due to deteriorating student attitudes because of 

the length of the academic year? 

 Many students in my study complained they didn’t understand how to construct 

the spreadsheet simulations. To address this problem, I recommend the students be 

explicitly trained in the use of the spreadsheets, giving special attention to techniques and 

methods needed to construct the simulation activities. This training should be done in 

such a way that all the students get the training before the labs in which the spreadsheets 

are used. I recommend, therefore, the first lab period be devoted to spreadsheet training 

and orientation activities relating to the use of computer interfaces and transducers. 

 Anecdotal evidence in my study showed the TA’s need training, both in the 

construction of the spreadsheets in particular, and in the conduct of labs to engage 

students in learning in general. In most of the lab sections, from my observations the 

students and TA’s were equally interested in getting done with the lab exercises as 

quickly as possible, and little effort was made to actually understand anything, whether it 

was the spreadsheet exercises or the lab in general. Although many students resist when 
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asked to think deeply about what is going on in the lab,94 I feel convinced a small 

investment in this area will pay significant dividends. 

 While it is true the University normally requires a certain amount of training for 

the TA’s, the Physics Department could beneficially use the results of the physics 

education research to date to make TA’s aware of advances in this area and encourage 

their use of methods in the labs that enhance conceptual understanding and engage the 

students more fully. This could practically be done in a short training session with TA’s 

at the beginning of the school year prior to the start of the labs. With respect to my 

project, I found although most of the TA’s have some numerical methods experience, few 

have used spreadsheets in the way I propose. Thus I would include in this TA training a 

primer on using spreadsheets in this way and some ideas about helping the students in the 

labs to both construct the simulations and understand the philosophy behind it. 

 An interesting question that arose in my research was whether different teaching 

styles, methods, and policies of different professors impacted the results of the study. 

Extending the study to several schools would serve two purposes. One would be the 

reduction of the abnormally positive effect due to my involvement in the study as 

evidenced by the response to the spreadsheet help question in my lab section seen in 

Figure 60.  Another would be the minimization of the impact of individual professors’ 

teaching styles and methods by broadening the application using many professors. To this 

end I recommend the study extend to several schools of different student types (possibly 

a junior college/community college, a liberal arts school, a private university and a large 

research university), with attention given to the possible introduction of ambiguities due 

to differences in student populations between schools.
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D. Summary 

 In conclusion, the study that would tell us what we want would include the 

following elements: Administration of the spreadsheet activities would occur for some of 

the topic areas, but not others, with at least two conceptual multiple choice questions in 

each topic area covered by the labs.  Then, compare the topics where the spreadsheets 

were present to the topics where they were not, and the semester where they were used to 

the one in which they were not. The first year use the spreadsheets in fall semester and 

not spring, with the second year switched. Assign some non-trivial (~20% of the total 

grade) credit to the spreadsheet activities themselves to encourage the students to take 

them seriously, such as grading the thought questions. Provide training for the TA’s in 

the philosophy and use of the spreadsheets. Then spend the first lab period training the 

students in the use of the spreadsheets and perhaps also the laboratory computer 

interfaces and measuring instruments. Also during the first lab period administer the pre-

surveys, including the personal data and attitude portions.  

 A skilled observer/interviewer should visit each lab once or twice during the 

semester the spreadsheets are in use to have the students think aloud while they do the 

spreadsheet activities, and interview both the TA’s and some (say, three) of the students 

about their feelings about the spreadsheets. On the last day of the lab, administer the post-

surveys and the streamlined SALG, containing only the questions of interest about the 

spreadsheets, labs, confidence, enthusiasm, and preparation. Analyze the resulting data to 

determine what changes in the students can be attributed to the spreadsheets, and what 

factors make them most effective.  
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CHAPTER VI 
 

CONCLUSION 
 
 

When viewed in light of current understanding about how people learn, the 

application of innovations, particularly in the area of electronic media, seem to call for 

not only a judicious administration, but for one that encourages the students to take 

charge of their own learning and adopt attitudes that foster this learning. Students need 

not only to be able to tell when they understand something. They also need to pay 

attention to how they learned it. They ought to be encouraged to recognize not only the 

end goal, but also the path they traveled getting there. This has the benefit of not only 

giving the student the onus of the responsibility for getting there, but also empowering 

the student in mapping, planning, and reaching learning goals not forced on them by 

others. The student becomes his or her own educational agent. 

It seems on one hand the students’ attitudes about what it means to learn 

something and what they ought to be expected to do have a greater impact on their 

resulting learning than much of what else goes on in the course of learning. On the other 

hand, though, students are often unable to make the connection between what they did 

and what they learned, at least on the time scale of the academic semester. To this end, 

then, interventions through technology and otherwise that encourage the student to treat 

learning as more than a game in which grades are awarded for perseverance and 

regurgitation of rote memorization should both improve attitudes about learning and the 

depth of the learning itself. 



117

Using innovations in education, particularly in physics, needs to involve a 

thoughtful effort to encourage students to learn in such a way that they interact with the 

material themselves, constructing their own knowledge in personally meaningful ways 

that can be aligned with correct understandings of physical reality. Spreadsheet 

simulations of physical phenomena students construct themselves, guided by appropriate 

instructions and given in a setting that provides explicit justification for the worthwhile 

benefit of the exercise, have been shown here to be at least somewhat effective in 

improving student engagement and enjoyment of their introductory physics experience, 

especially in the laboratory. 

 Now, it may be true the spreadsheet exercises are too small a perturbation in the 

larger system of the introductory physics experience to make measurements or claims 

about them. It may also be true the difficulty of writing examination questions that 

address the lab in general and the spreadsheets in particular makes it impossible to make 

claims about what effects the spreadsheets might have had. By appropriately wording the 

survey and examination questions, however, these effects may be visible, even given the 

large noise level in educational systems. 

 By comparing responses to survey questions about students’ attitudes about 

physics before and after their introductory physics courses and correlating these 

responses with various aspects of the students’ individual characteristics and other data, 

we see not only the spreadsheet exercises are at least somewhat helpful, but also a picture 

of what makes the use of these activities successful. The students who have an 

understanding physics is interesting, applicable in their lives, and are confident in their 

academic acumen seem to not only enjoy the spreadsheets more, but do better overall in 
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the course. And vice versa, the students who enjoyed the spreadsheets and thought they 

helped their learning were also confident in their ability to do physics, thought physics 

would be applicable in their future education or employment, and were more enthusiastic 

about physics.  

 To this end, I advocate physics teachers not only adopt appropriately-

administered opportunities for students to generate their own electronic computer 

spreadsheet simulations, but also explicitly encourage students to adopt these attitudes 

toward their own learning - that they encourage students to view the world as an 

interesting place, which they are both capable of and responsible for learning about, 

making it better for everyone. 
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Appendix A. Worksheets for Spreadsheet Exercises 
 
1. Introduction 
2. Newton’s Second Law 
3. Terminal Velocity 
4. Simple Harmonic Motion 
5. Standing Waves 
6. RC Circuits 
7. LRC Resonance 
8. Refraction and Thin Lenses 
9. Double Slit Interference 
10. Optical Spectroscopy 
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1. An Introduction to Spreadsheets 

 

Spreadsheets: 

As we will set up a regular spreadsheet to do our simulation labs throughout the semester, 
let’s explain a little bit about spreadsheets to make sure we’re all on the same page. 

Spreadsheets are ubiquitous, simple, and powerful, making them ideal for what we’re 
trying to do, which is to give you some insights into physics by having the computer help 
us investigate things that are hard, cumbersome, costly, or dangerous to do in real life. By 
getting your mind around these tasks, which have been deliberately designed based on the 
latest educational research, we hope to help you get thinking about physics in ways that 
encourage your enjoyment of and your engagement in the learning process.  

Spreadsheets are like two-dimensional matrices, based on rows and columns, only you 
can put in each cell not only numbers or variables, but references to other cells, rows, 
columns, or formulas to calculate anything you want. You can also format the cells to 
show numbers, dates, times, text, etc. and also change the font, color, size and other 
characteristics of the cell if you wish. (You can get basic help in whatever spreadsheet 
you’re using in the software’s online help utility.) By combining the simplicity of the 
spreadsheet with some powerful mathematical ideas, we can make the spreadsheet do 
some really cool things in physics. This first lab is designed to give you some exposure to 
basic spreadsheet operations and the mathematical tool known as Euler’s method. 

Entering Data: 

Data can be entered into a cell directly (e.g. a constant value), generated as a series (the 
spreadsheet will recognize simple patterns and paste them into the cells you indicate), or 
generated using a formula you enter into the cell. (The indicator to the spreadsheet that 
you want to use a formula is to precede the formula with an ‘=’ sign.) Data you wish to 
use as a constant can be referenced as an absolute cell reference by preceding each cell 
identifier with a string sign ($) Relative cell references do not have the preceding string 
identifier, and can be copied with advantage when you want a column to reference cells 
in another column. For example, if you want to reference cell A3 in which we put the 
acceleration due to gravity, and have copied cells also refer to cell A3, we would write 
$A$3 in the formula to be copied, but if we have time increasing by a certain amount in 
cells in column B, and something like position that depends on time in column C, by 
referencing cells in column C to cells in column B with a relative reference like 
C2=.5*$A$3*(B2)^2, when we copy this cell down, successive cells in column C will 
reference successive cells in column B but always reference cell A3 where our 
acceleration is. Note: Although it is helpful to indicate the units of the data in a cell, you 
should keep track of the units in a separate cell from the data, or the computer will get 
confused when asked to make calculations using a cell with mixed kinds of entries. A 
good plan is to indicate the units of columns in the first cell in the column with a label of 
some kind (e.g. ‘time (s)’) and labels and units of constants in the cell to the right or 
above the constant (g (m/s^2) = 9.8). 

Graphing: 
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With data you want to graph in columns or rows, select the area with the data you want to 
graph by clicking and dragging the mouse over it. Select the graphing tool or chart wizard 
and follow the steps through. We will always want to choose XY Scatter plots, label the 
axes with an appropriate label including units, title the graph so you can recognize it, and 
use both horizontal and vertical gridlines. Include a legend if more than one set of data is 
displayed on the graph. You can ask the computer to fit a line or curve to your data by 
right-clicking a data point, and selecting ‘add trendline’ from the menu that appears. You 
can choose from the various kinds of fits the spreadsheet can recognize, and always 
include a correlation coefficient (R or R2-value) for your fit if you use one. MS Excel has 
more powerful methods of fitting equations to your graph, but we can talk about those 
more later. (The option to show the equation and the R2-value is in the trendline options 
menu in MS Excel.) Below is a table with examples of the kinds of cell operations the 
spreadsheet can do. 

Operation: Keystroke or Formula: Example: 

Addition + $A$3 + B2 

Subtraction - C10-3.14 

Multiplication * .5*$A$3*(C2) 

Division / D17/2 

Raise to a power ^ F5^2 

Scientific Notation E 6.023E+23 or 1.602E-19 

Square Root SQRT(expression) SQRT(A5) 

Pi (to 15 sig figs) PI() Note: nothing is placed in the 
parenthesis 

Absolute value ABS(expression) ABS(F2-E2) 

Exponential epower EXP(expression) EXP(A2) 

Common Logarithm LOG(expression) LOG(G2) 

Natural Logarithm LN(expression) LN(E3-1) 

Sum SUM(cells) SUM(A2:A20) 

Average AVERAGE(cells) AVERAGE(B2:B20) 

 

Let’s try an easy example: 

Let’s write (or interact with, if your instructor has already written it) a spreadsheet to 
graph the height of a ball dropped from a 100-meter cliff as a function of time neglecting 
air resistance. First put the acceleration due to gravity in a cell we can reference 
absolutely (like A3) and label it. Then make a column that steps time along. So label B1 
‘time (s)’ and put ‘0’ in B2, ‘1’ in B3 and ‘2’ in B4. Highlight all three cells, B2 – B4, 
and grab the lower right-hand corner of the highlighted area when the small black cross 
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appears. As you drag that down column B, you can watch the value of the time increase 
by the increment it recognizes from your pattern in the first three cells. So, drag it down 
for about 10 seconds or so (so that the first 12 cells of column B have the integers from 0 
to 10 in them). Now, the equation for the height y above the ground after time t for a 
falling object starting from height h from rest is: y=h-(1/2)gt2 . So we put in column C the 
formula for height, which will reference the cells in column B where the time is and the 
cell in A3 where g is. So label C1 ‘height (m)’ and put in C2: ‘=100- .5*$A$3*(B2)^2 . 
Then highlight cell C2, grab the lower right hand corner when the little black cross cursor 
appears, and drag it down as many cells as you have time data for. 

It should look like this: 

 

Falling 
object time (s) 

height 
(m) 

g (m/s^2) 0 100

9.8 1 95.1

 2 80.4

 3 55.9

 4 21.6

 5 -22.5

 6 -76.4

 7 -140.1

 8 -213.6

 9 -296.9

 10 -390

 

Now we highlight the time and height columns, select the chart wizard, and step through 
the instructions to produce a graph like this, which has the characteristic parabolic 
function of height we expect for a falling object: 
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And that’s how easy it is. With a little experience, you can make the spreadsheet do some 
very cool stuff. 

 

Euler’s Method: 

Euler’s method is a way of approximating the value of something that depends on how 
another thing is changing. For example – in questions of motion, an object’s acceleration 
depends on how the velocity is changing, which, in turn, depends on how the position is 
changing. So, if I know how the position is changing, I can determine the velocity, and 
vice versa – if I know what the velocity is at different times, I can determine where is will 
be at another time. 

Now, if we write the equation for average velocity as: 

t
xx

t
xv

∆
−

=
∆
∆

= 01  

we can interpret this as the average velocity being equal to the time rate of change of 
position. If we know the velocity, however, we can project the velocity over time and 
estimate the object’s later position knowing the initial position and velocity: 

)()( 0101 tvxxtvxx ∆+=∴∆=−  

This can be interpreted graphically below: 
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So, x=1 at t=1. If we use the value of v (2) at time t=1 to project the value of x at t=2, we 
get 1+2(1)=3. However, since v is changing, we are one unit off of the actual value of 
x=4. This is the danger of this kind of approximation. If we can make ∆t infinitely small, 
we get the actual number for x by this method. But, we can get fairly close by just 
making ∆t small enough. (Part of our investigation here should involve finding out how 
small is ‘small enough’.) 

So, in our spreadsheet, we want to have one column to keep track of time, referenced to 
another cell that we can change easily containing our value for ∆t. Another cell can store 
our value for the cart’s mass, and another for the plane’s angle of inclination. Then we 
want another column each for position, velocity, acceleration, and force. We can then 
compare these values for position and velocity with the exact values (in two other 
columns) and find the error in our approximation. You will have an opportunity in a week 
or so to experiment with an Euler’s Method approximation to an interesting problem. 
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2. Newton’s Second Law of Motion Simulator Worksheet 
 
Goal: (a) Understand the relationship (physically, algebraically, and graphically) between 
forces and motion in 1 dimension. (b) Learn your way around the spreadsheet. 
Introduction: 
In the lab today, you will use a setup like the one below, with a sensor on the left-hand 
end of the track that measures the position of the cart M2 over time. In this exercise, you 
will simulate a cart on a frictionless plane attached to a hanging mass by a string over a 
pulley, as shown here: 

 
You can change the value of the masses and investigate the resulting values of position, 
velocity, and acceleration over time as you release the cart from rest. 
Instructions: Write a spreadsheet that uses a column of time (stepped by 0.05 seconds to 
correspond with the lab sensor), and using the acceleration equation given below, 
calculates columns of position and velocity for the cart as a function of time. Set up your 
coordinate system for your spreadsheet to correspond with the same one you’ll use in the 
lab, which is one where the zero of position is at the motion sensor, with the position 
increasing away from the sensor. (Be careful with your signs when you set this up.) Then 
graph position and velocity vs. time and verify that they show what you expect. When 
you get your position data from the lab, paste it into your spreadsheet and graph it next to 
your calculated data, making sure that the masses in your spreadsheet correspond to the 
ones you used in the lab. Then answer the thought questions below. 
Helpful equations: 
a=g(m1)/(m1+m2) 
x=xo+(1/2)at2 

v=at 
Thought questions: 
How does the graph of your data differ from the graph you made from your calculations? 
What effect does changing the masses have on the results? 
What is the net force on the hanging block? Is it different from its weight? Why or why 
not? 
Try fitting a line to the graph you made from your velocity calculation. What do you 
notice about its slope? 
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3. Terminal Velocity Simulator Worksheet 
 
Goal: Understand the concept of terminal velocity and use a spreadsheet to simulate a 
falling object’s motion with air resistance. 
Introduction: 
The basic idea behind terminal velocity is that a falling object is resisted by a force 
proportional to the square of the velocity. So eventually, the force of gravity is balanced 
by this resistive force from the air, and the object stops accelerating. The velocity where 
this occurs is called the terminal velocity. 
Instructions: 
Use an Euler’s method approximation (see your Introduction to Spreadsheets for help or 
look in Serway & Jewett, Principles of Physics 3rd ed., Brooks-Cole (2002) section 5.5 
pp. 159-162) to model an object falling through the air with air resistance. Input the air 
density, object mass, acceleration due to gravity, the object’s average radius, and the 
Drag coefficient, and plot height, velocity, and acceleration vs. time. Experiment with 
different time steps, compare your results with the table below, and answer the thought 
questions. 
Helpful equations: 
For an object in free-fall with air resistance, (with a whole ton of approximations) the 
equation for acceleration is: 

2

2
v

m
ADga 





−=

ρ  

where a is the acceleration, g is the acceleration due to gravity (9.8 m/s2), D is the drag 
coefficient (~.5 for spherical objects, ranging to ~2 for irregular shapes), ρ  is the air 
density (about 1.25 kg/m3), A is the cross-sectional area of the object, m is the mass, and 
v is its velocity. (In the lab you will let a = 0 and solve the above equation for v with an 
unknown coefficient.) 
Thought Questions: 
If the object stops accelerating when it reaches terminal velocity, does that mean it comes 
to rest? 
What effect does the object’s mass and radius have on the time it takes to reach terminal 
velocity? 
How is the slope of the height vs. time curve related to the terminal velocity and the 
acceleration? 
What effect does changing the time step have on your model? 
Terminal speeds for various objects falling through air (drag coefficient D assumed to be 
.5 in each case) 
Object Radius (cm) Mass (kg)  Cross-sectional 

Area (m2) 
Terminal 
Velocity (m/s) 

Skydiver  75 .7 60 
Baseball 3.7 0.145 4.2E-3 33 
Golf ball 2.1 0.046 1.4E-3 32 
Hailstone 0.5 4.8E-4 7.9E-5 14 
Raindrop 0.2 3.4E-5 1.3E-5 9.0 
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*from Serway & Jewett, Principles of Physics 3rd ed., Brooks-Cole (2002) p. 159 
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4. Harmonic Oscillations Simulator Worksheet 
 
Goal: Model the behavior of a vertical SHO with and without gravity, and understand the 
effects of mass, spring constant, and amplitude on the motion and energy of the system. 
Introduction: 
Many things in nature vibrate almost harmonically, meaning that they oscillate in such a 
way that they repeat their motion in a periodic, sinusoidal fashion. One example is the 
Simple Harmonic Oscillator, which is used so often that physicists just call it ‘the SHO.’ 
The basic idea is that you have a mass hanging on a spring, as shown here: 

The Simple Harmonic Oscillator   
  
If you displace the mass from its equilibrium position the spring exerts a force on it that 
tries to bring it back to equilibrium, and this force is proportional to the displacement 
from equilibrium (this force rule is called Hooke’s Law). By stretching (or compressing) 
the spring some amount, and then releasing it, we set the mass into simple harmonic 
motion, oscillating back and forth symmetrically around the equilibrium position. In its 
simplest form of the SHO, we neglect gravity, but the situation is somewhat different 
with gravity included, since the new equilibrium position is influenced by the weight of 
the mass. This changes the position about which we would expect to see a minimum in 
the potential energy. We want to investigate the differences in these two simple 
oscillators and the effects of the different characteristics of the system on the results. We 
can use our spreadsheet techniques to model this behavior. 
Instructions: 
Write a spreadsheet to simulate the motion of a mass hanging on a spring. Input the mass, 
spring constant, amplitude, acceleration due to gravity, and time step. Then makes 
columns to calculate the position and PE of the two spring systems with respect to the 
same zero of position by using the equations below. Plot the position as a function of 
time and the potential energy as a function of time and position for both situations, and 
answer the thought questions. 
Helpful equations: 
Spring PE=(1/2)ky2 
Gravitational PE = mgy 
SHO w/o gravity: x=Acos(ωt)  where ω=√(k/m) 
SHO w/gravity: y=Acos(ωt) + mg/k 
where PE is potential energy, y is position, A is amplitude, k is the spring constant, m is 
mass, and t is time. 
Thought Questions: 
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What is the difference between the potential energy graphs of the two oscillators? 
How is the shape and placement of the potential energy graphs affected by the mass and 
spring constant, and how is the motion and energy affected by amplitude? 
How would the situation be different if we cared about air resistance and friction? (We 
call this kind of oscillation damped.) 
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5. Standing Waves Simulator Worksheet 
 
 
Goal: Investigate the properties of standing waves. 
Introduction: Standing Waves occur when two waves overlap each other in a special way. 
Waves obey a principle called ‘superposition’ which means that they add together over 
every portion of their length. What we want to do, then, is take two waves with specified 
frequencies, amplitudes, and wavelengths, and add them together and see what happens. 
The general equation for a traveling wave is: 
 
y = Asin(kx ±ωt +ϕ) 
 
where: 
y is the medium’s displacement from the equilibrium position 
A is the wave’s amplitude 
k is called the wave number and is equal to 2π/λ (λ=wavelength) 
x is the wave’s position 
ω is called the angular frequency and is equal to 2πf (f=linear frequency in Hz) 
ϕ is called the phase constant and adjusts what portion of the wave’s motion begins the 
cycle. 
The ± sign changes the direction of the wave. 
Instructions: 
Write a spreadsheet that calculates the value of two different sine waves, adds them 
together, and figures out their sum, and graphs both as a function of time. Hints: Make a 
place to input the waves’ characteristics – wavelength, frequency and amplitude – then 
make a column for each wave, and one for the sum, then plot them. It may be helpful to 
let ϕ=0 to simplify the equations. Specifically look at what happens when you have two 
waves with the same amplitude, frequency and wavelength moving in opposite 
directions. Experiment with several different amplitudes, frequencies, etc, and answer the 
following questions. 
 
Thought Questions: 
What happens when you add together two waves with the same frequency and 
amplitude? 
What happens when you add together two waves with the same frequency and amplitude 
but opposite phases? 
Hypothesize how you might get more complicated waveforms by adding together lots of 
simple sine waves. (Incidentally, this practice is called Fourier Analysis and provides the 
backbone of the study of Physical Acoustics.) 
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6. RC Circuits Simulator Worksheet 
 
Goal: Investigate the properties of a discharging RC Circuit. 
Introduction: 
When dealing with a discharging capacitor in the presence of a resistor, there is a (very) 
short time while the current in the circuit, the voltage across the capacitor, the charge on 
the capacitor and the energy stored in the capacitor are changing very quickly. This short 
time is of interest to us if we want to know how often we can get a maximized amount of 
energy from the capacitor (for example: how long are you willing to wait for the flash on 
your camera to recharge?). Let’s experiment with this. (In the real world, we often can’t 
wait for a long time for the capacitor to completely discharge, so there is a small voltage 
offset that enters the equation, as shown below.) 
Instructions: 
Write a spreadsheet with an appropriate time step to calculate and plot the Voltage, 
current, and energy in a discharging RC Circuit as a function of time. Imagine your 
circuit looks like the one below, and experiment with different values of initial capacitor 
voltage, resistance, and capacitance. Fit curves to the various plots to verify that the 
equations look like what you’d expect, and answer the thought questions. (Hints: Have a 
section where you can input the values of the various circuit elements. Then make a 
column for time, with the time incremented by the time step, and columns for Voltage, 
current, and energy that refer to the time column. Then plot the columns for V, E, and I 
vs. t.) 
Circuit diagram: 

 
Helpful equations: 
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where τ=RC is called the time constant, V(t) and I(t) are the Voltage on and current 
through the capacitor after time t, Vo is the initial voltage on the capacitor, Vf is the 
Voltage offset value, R is the resistance, C is the capacitance, E is the energy on the 
capacitor, and Io is the initial value of the current, which is Vo/R. 
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Thought questions: 
What is the significance of the time constant? What happens if you change it? 
What effect does changing the values of either the resistor or capacitor without changing 
the other? 
What effect does changing the time step have? (This is what is known among 
computational physicists as ‘stiffness.’) 
What effect does changing the voltage source have? What if the voltage input was 
sinusoidal? 
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7. Resonance in a Driven LRC Circuit Simulator Worksheet 
 
Goal: Gain an understanding of the properties of a resonant LRC Circuit. 
Introduction: 
The radio in your car utilizes a set of resistors, capacitors, and inductors to change the 
frequency to which the circuit will be sensitive. Typically, a variable resistor is attached 
to the volume knob to change the voltage output to the speakers, and a variable capacitor 
is attached to the tuning knob. The value of the inductor is fixed. Changing the value of 
the capacitance changes the resonant frequency of the circuit, since the various circuit 
components react differently to AC inputs. Then an incoming radio wave drives the 
electrons in the antenna into oscillations at the frequency of the incoming wave. If this 
frequency matches the resonant frequency of the circuit, maximum power is transferred 
to the radio circuit and the signal is then amplified and sent to the speakers. If the 
frequencies don’t match, the power transfer is minimal and almost no signal is passed. 
In circuits with resistance as well as inductance and capacitance the current is affected by 
the inductance and capacitance, not just the resistance. The current in the circuit follows a 
modified Ohm’s law: I=V/Z where 
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where f is the frequency (in Hz) and L and C are the inductance and capacitance, 
respectively.  
Note: I is a maximum when cL χχ = , that is, when the effects of the capacitor and 
inductor cancel. This condition is called resonance. 
The power equation is also slightly different, since the presence of the capacitor and 
inductor causes the voltage and current to be out of phase with each other: 

( )φcosIVP =  
where ( ) ZR /cos =φ  is called the power factor and takes this phase difference into 
account. 
Instructions: 
Write a spreadsheet that takes given typical values of the capacitance (50pF), inductance 
(2mH), and resistance (10 Ohms) as inputs. Make a column for the capacitance, and two 
others for capacitive and inductive resistance, another for the total resistance, and another 
for the power. Then plot a graph of power as a function of frequency for several values of 
capacitance. Assume an incident input voltage of 1 mV, and answer the following 
questions: 
Thought questions: 
What effect does changing the different values have on the shape and position of the 
response? 
Does the resonant frequency correspond with realistic values for AM or FM radio 
stations? 
What happens if instead you fix a value for the frequency and instead vary the 
capacitance? (plot power as a function of. capacitance) 
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8. Refraction and Thin Lenses Simulator Worksheet 
 
Goal: Understand the relationships between object and image distance, size, and 
orientation for a thin converging lens. 
Introduction: Converging lenses bend light because of the refractive properties of the 
material they’re made from. Since light travels slower in materials like water, glass or 
transparent plastics than it does in air, it changes direction at the boundary between 
materials in which it changes speed. This means that by choosing appropriate shapes for 
materials in which light bends, we can focus light in predictable ways. This is the 
principle upon which optical lenses rely. 
Introduction: A single converging lens has three special points associated with it: 1) The 
very center of the lens is called the center, or vertex of the lens. 2) We must be able to 
approximate the surface of the lens as a part of a sphere. Lenses that obey this 
approximation, we call spherical lenses. (We must be able to approximate lenses as 
spherical to use the equations that follow.) If we imagine that the sphere of which our 
lens is a portion has a center, we can call this point the center of curvature, and the 
distance from the vertex to the center of curvature is called the radius of curvature. 3) 
Exactly halfway between the vertex and the center of curvature is a special point called 
the focus. And the distance between the vertex and the focus is called the focal length of 
the lens. If we put an object in front of a converging lens, it will make an image of that 
object. The distances from the vertex to the object and from the vertex to the image are 
called the object and image distances, respectively. Where the image falls, how big it is, 
and how it’s oriented are governed by the following equations:  
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where M is called the magnification. di and do are the object and image distances (from 
the vertex), and hi and ho are the actual sizes (heights) of the image and object. If the 
image of the object is on the opposite side of the lens from the object, it’s positive, 
otherwise, the image distance is negative. If the magnification comes out positive, the 
image is erect, otherwise, it’s inverted (upside-down). If the magnification is greater than 
one, the object is smaller than its image; if the magnification is less than one, the object is 
larger than its image. 
Instructions: 
Choose a focal length for a typical lens (typical lenses have focal lengths from around 10 
to 30 cm). Plot a graph of image distance vs. object distance for distances from 0 to 100 
cm or so, and answer the following questions: 
Thought questions: 
What happens to the orientation of the image as the object gets closer to or farther from 
the lens? 
What happens to the magnification of the image over the range of the distances? 



145

What happens to the image of an object placed at the focal length? 
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9. Interference Simulator Worksheet 
 
Goal: Understand the relationship between slit width, wavelength, and slit separation for 
a Double-Slit Interference pattern. 
Introduction: 
When two waves occupy the same space they add together in a phenomenon we call 
superposition. The resulting combined wave will exhibit some very interesting physical 
phenomena. If they add together such that a maximum of one wave corresponds with a 
minimum of the other, we call it destructive interference, and they cancel completely (if 
their characteristics like wavelength, frequency, and amplitude are exactly equal). If their 
phases match completely, the waves add to form a wave with a larger amplitude and the 
wave is said to constructively interfere. Interference becomes interesting if these patterns 
of constructive and destructive interference persist for long times. When waves pass 
through two slits of appropriate width and spacing, the differences in the distance from 
the two sources to a detector can cause interference. Imagine an experimental setup as 
shown below. A laser shines light onto two slits and the resulting pattern (with some 
relevant assumptions like that the screen is not too far away and the light is exactly 
centered between the slits) is projected onto a screen behind the slits. 

 
The resulting intensity on the screen follows this equation: 
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and I is the intensity at angle φ from line perpendicular to the screen through the center of 
the slits, Io is the incident intensity, a is the slit width, d is the spacing between the slits, 
and λ is the wavelength. 
Instructions: 
Write a spreadsheet that makes a plot of angle as a function of fractional intensity (I/Io) 
for given values of wavelength, slit width, and slit separation. Hints: First make a column 
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for the angle, varying from -90 to 90 degrees. (You’ll need to convert these to radians 
somewhere since the spreadsheet doesn’t know how to deal with angles in degrees.) Then 
have the columns for δφ , , and I/Io depend on the angle column. Then plot the appropriate 
graphs, and answer the following questions. 
Thought questions: 
What effect does changing the wavelength have on the interference pattern? 
What effect does changing the slit width have on the interference pattern? 
What effect does changing the slit separation have on the interference pattern? 
How might you imagine the result would change if we were shooting electrons through 
the slit instead? 



148

10. Optical Spectroscopy Simulator Worksheet 
 
Goal: Understand the basic details of Atomic Spectroscopy and use hydrogen emission-
line data to estimate the Bohr Energy. 
Introduction: Bohr showed many years ago that the allowed electron energy levels are 
discrete, meaning not that they don’t tell your secrets, but that they come in certain, well-
defined places, and not in others. He also showed that these energy levels are unique for 
each atom, and they then can be used as a sort of atomic fingerprint to identify the 
presence of different kinds of atom in samples of gases, such as distant (and not-so-
distant) stars. Planck showed that the relationship between the energy of a photon emitted 
by an excited atom was in direct proportion to its frequency, through a proportionality 
constant we have named after him, the Planck constant. (E=hf=hc/λ) By using the 
different values of wavelength, frequency, or energy and the difference between the 
quantum numbers of the states of the electron before and after the photon is emitted, we 

can derive a new equation: 
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where λ is the photon wavelength, Eg is the ground state ionization energy of the 
hydrogen atom (sometimes called the Bohr Energy), and n1 and n2 are the principal 
quantum numbers of the before and after electron energy levels, h is Planck’s constant, 
and c is the speed of light. It is interesting to note that the allowed transition for the 
hydrogen atom end at either the n2=1,2, or 3 quantum levels. The transitions that end in 
the various states have been named after the researcher to first observe them (n2=1 - the 
Lyman series, lying in the UV region of the spectrum; n2=2 – the Balmer series, in the 
visible region; n2=3 – the Paschen series, in the IR region). You will investigate the 
Balmer lines in your lab today, and the others in the spreadsheet exercise. 
Instructions: 
Use the attached data for the wavelengths of allowed transitions for the hydrogen atom to 
use the spreadsheet in graphing the data to estimate the Bohr Energy constant. This is 
done most easily by graphing photon energy as a function of. (1/n2

2 -1/n1
2) and playing 

with n1 (you know they have to end at either n2=1, 2, or 3) until they all line up. The 
slope of the line fit to the data will be Eg. Then answer the following questions: 
Thought Questions: 
What is it about each atom that makes the energy levels discrete and unique? 
What sort of things might go into the value for the Bohr Energy constant? 
If you include the data from the lab today in your graph, what do you notice about the 
pattern made with the data supplied here? 
Wavelength (nm) N2 
121.567 1 
102.573 1 
97.2537 1 
94.9743 1 
93.7803 1 
1875.10 3 
1281.81 3 
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1093.81 3 
1004.94 3 
954.597 3 
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Appendix B. Educational Research Pre-Course Survey 

 
Instructions: This survey will be used by the USU Department of Physics to improve its 
Physics courses and labs. Your information will not be disclosed to anyone, anywhere, 
under any conditions. Your participation is very valuable to us. The survey addresses 
your experiences coming into physics and your attitudes and knowledge about physics. 
Please do not write on this sheet. Please record your responses on the bubble sheet 
provided. Please choose only one response for each question, and answer all questions. 
Be sure your full name and student ID are recorded on the bubble sheet as well. Thank 
you for your participation. 
1. What is your gender? 
 1. Male 
 2. Female 
2. What is your highest previous math course completed? 

1. HS algebra/geometry 
 2. HS algebra2/trig 
 3. college algebra 
 4. pre-calculus/analytic geometry 
 5. calculus or higher 
3. What is your previous science/physics background? 
 1. HS science other than physics 
 2. regular or honors HS physics 
 3. general ed physics/astronomy 
 4. college science other than physics (chemistry, geology, etc) 
 5. AP or college physics 

Answer the following questions according to the scale below: 
1: Strongly disagree  2: Disagree 3: Neutral 4: Agree 5: Strongly agree 

4. I worked very hard in my high school academics. 
5. I work very hard in my college academics. 
6. I am confident in my ability to succeed in Physics. 
7. Physics is mostly a collection of equations and unrelated facts. 
8. I think physics will be interesting. 
9. I think physics will be hard. 
10. I think physics will be applicable to my life/career. 
11. I think physics will be fun. 
12. It is possible to do well in physics without really understanding it. 
13. I am apprehensive about taking physics. 
14. Only a very few specially-qualified people are capable of really understanding 
physics. 
15. Studying physics will really help me understand the world better. 

THANK YOU FOR YOUR PARTICIPATION 
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Appendix C. Educational Research Post-Course Survey 

 
Instructions: This survey will be used by the USU Department of Physics to improve its 
Physics courses and labs. Your information will not be disclosed to anyone, anywhere, 
under any conditions. Your participation is very valuable to us. The survey addresses 
your experiences leaving physics and your attitudes and knowledge about physics. Please 
do not write on this sheet. Please record your responses on the bubble sheet provided. 
Please answer all questions, and choose only one response. Be sure your full name and 
student ID are recorded on the bubble sheet as well. Thank you for your participation. 
 

Answer the following questions according to the scale below: 
 

1: Strongly disagree 2: Disagree 3: Neutral 4: Agree 5: Strongly agree 
 
1. I am confident in my ability to succeed in physics. 
2. Physics is mostly a collection of equations and unrelated facts. 
3. I think physics has been interesting. 
4. I think physics has been hard. 
5. I think physics will be applicable to my life/career. 
6. I think physics has been fun. 
7. It is possible to do well in physics without really understanding it. 
8. I was apprehensive about taking physics. 
9. Only a very few specially-qualified people are capable of really understanding physics. 
10. Studying physics has really helped me understand the world better. 

 
THANK YOU FOR YOUR PARTICIPATION 
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Appendix D. Multiple Choice problem set 
 
1. Calorimetry: 
A kilogram of water is placed in a 1-kilogram Aluminum pan. The specific heat of 
Aluminum is 1/10th of the specific heat of water. What is the final temperature of the pan 
and water together if the water is at 23 ˚C when it is placed into the 100 ˚C pan? 

a) 60 ˚C 
b) 30 ˚C 
c) 110 ˚C 
d) 10 ˚C 

 
2. Electric Potential: 
What is correct the relationship between lines of electric field and surfaces of equal 
potential? 

e) Lines of electric field and surfaces of equal potential are everywhere parallel. 
f) Lines of electric field and surfaces of equal potential are everywhere 

perpendicular. 
g) Lines of electric field and surfaces of equal potential are unrelated. 
h) Lines of electric field and surfaces of equal potential are related but neither 

parallel nor perpendicular. 
 
3. Simple Harmonic Motion: 
What would be the effect on the period of a simple harmonic oscillator if you increase the 
spring constant leaving everything else the same? 

a) It would have no effect on the period. 
b) It would change the frequency but not the period. 
c) It would increase the period. 
d) It would decrease the period. 

 
4. Standing Waves: 
What is the result of two waves of equal amplitude, frequency, and wavelength traveling 
in opposite directions but overlapping in space and time? 

a) nothing special 
b) complete destructive interference along the whole wave 
c) complete constructive interference along the whole wave 
d) standing waves 

 
5. Simple Resistive Circuits: 
If two resistors are connected together such that the effective resistance is less than either 
of the two resistors by itself, they must be _____. 

a) in series with each other. 
b) in parallel with each other. 
c) neither in parallel nor in series with each other. 
d) we can’t say about how they’re connected. 
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6. RC Circuits: 
What is the shape of the graph of Voltage as a function of time for a discharging RC 
circuit? 

a) linear 
b) inverse square 
c) exponential decay 
d) logistic growth 

 
7. LCR Resonance 
What condition must be satisfied for an LRC circuit to resonate? 

a) capacitance = resistance 
b) capacitance = inductance 
c) inductance = resistance 
d) χ

c=χ
L 

 
8. Lenses 
What happens to the image of an object from a converging lens as the object is moved 
from the center of curvature toward the focal point? 

a) The image becomes larger and is inverted with respect to the object. 
b) The image becomes smaller and is erect with respect to the object. 
c) The image becomes larger and is virtual. 
d) The image becomes smaller and is real. 

 
9. Interference: 
What causes interference? 

a) Superposition of waves. 
b) Variations in the intensity of the transmitted wave. 
c) Variations in the intensity of the incoming wave. 
d) Decay in the intensity of the transmitted wave. 

 
10. Spectroscopy 
What is the significance of 13.6 eV? It is ________________. 

a) The energy of the Hydrogen nucleus. 
b) The difference between the two electronic energy levels of Hydrogen. 
c) The ionization energy of Hydrogen. 
d) The energy of visible light. 

 
11. Motion 
What is the graphical relationship between position and velocity? 

a) Velocity is the area under the position-time curve. 
b) Position is the slope of the velocity-time curve. 
c) Velocity is the average value of the position-time curve. 
d) Velocity is the slope of the position-time curve. 
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12. Terminal Velocity 
What occurs when an object falling through the air reaches terminal velocity? 

a) It stops accelerating. 
b) It comes to rest. 
c) Its velocity becomes negative. 
d) Its acceleration becomes negative. 

 
13. Newton’s 2nd Law 
What would be the slope of a graph of net Force as a function of acceleration? 

a) velocity 
b) mass 
c) time 
d) position 

 
14. Work and Energy 

 
A mass on an air-track is attached over a mass-less, frictionless pulley to another mass, as 
shown above. What will be the shape of a graph of the total energy of the two masses as a 
function of time? 
a) A parabola opening upward. 
b) A parabola opening downward. 
c) A line with positive or negative slope. 
d) A line with zero slope. 
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Appendix E. SALG questions 
 
 

Instructions: 
Check one value for each question on each scale. If the question is not applicable, check 'NA'. You 

may add a comment for any item in the text box at the end of the survey. 
Q1: How much did each of the following aspects of the class help your learning? 

  NA No 
help 

A little 
help 

Moderate 
help 

Much 
help 

Very 
much help

The lab activities      
The spreadsheet activities      
Q2: As a result of your work in this class, how well do you think that you now 
    understand the following? 

  NA Not at 
all A little Somewhat A lot A great 

deal 

Spreadsheet simulations      
Q3: How much has this class added to your skills in the following? 

 NA Not at 
all A little Somewhat A lot A great 

deal 
Simulating physics with 
spreadsheets      

Q4: To what extent did you make gains in any of the following as a result of what 
you did in this class? 

  NA Not at 
all A little Somewhat A lot A great 

deal 
Confidence in your ability to do 
physics      

Enthusiasm for physics      

Q5: How much of the following do you think you will remember and carry with 
you into other classes or aspects of your life? 

  NA Not at 
all A little Somewhat A lot A great 

deal 

Preparation for  further 
education/future employment      

Q6: Add comments below 
 

 



156

CURRICULUM VITAE 
 
 

BRIAN A. PYPER 
175 S. 3rd East 

Rexburg, ID 83440-2003 
Tel.  W: (208) 496-1925 
e-mail: pyperb@byui.edu 

Education 
 

2003 Utah State University, Logan, Utah, Ph.D., Physics. 
1995 University of Utah, Salt Lake City, Utah. M.S., Physics. Thesis: “A Visual 

Analysis of Palladium Expansion Under Hydrogen Loading. Designed, built, tested, and 
analyzed a stop-motion video of 1-d Expansion of Pd under Hydrogen loading.” 

1991  Brigham Young University, Provo, Utah. B.S. Physics.  Minors: 
Mathematics, Music. 

1985  U.S. Army Basic/Advanced Training, Fort Dix, New Jersey. Soldier's 
Stakes Award Winner. 

July 1990, March 1998, Region V NCO Academy, 140th RTI, Camp Williams, 
Utah. PLDC Academic Honor Graduate, Squad Leader's Award Winner. BNCOC 
Academic Honor Graduate. 

1981-84  Olympus High School, Salt Lake City Utah. 
 

Work Experience 
 

1999-present  Brigham Young University – Idaho, Rexburg, Idaho. Department of 
Physics. Position: Faculty (Professor). Duties; Teaching courses in physics, serving on 
committees for secondary education and new course development. 

1994 - 1999   Rowland Hall - St. Mark’s High School, Salt Lake City, UT. 
Position: Instructor. Duties: Designed curriculum for and taught AP Physics, AP 
Calculus, Honors Physics, Physics, Pre-calculus, College Algebra, Algebra, and 
Instrumental Music.  Directed the pit orchestra for two years, directed the pep band, 
guided rock-climbing, mountaineering and back-country skiing trips, and coached Track 
and Baseball. 

1991-1992  Los Alamos National Laboratory, Los Alamos, New Mexico. 
Position: Staff Research Assistant. Duties: MRI and other image reconstruction and 
manipulation techniques (using IDL), modification and use of IR camera frame-grabbing 
and data acquisition software (in C and TI Assembler), design , construction, and 
calibration of remote thermal sensors and writing codes for data acquisition (CAMAC), 
system construction and troubleshooting, for a Universal Gravitational Constant 
measurement experiment. 

1991-1995  Department of Physics, University of Utah, Salt Lake City, Utah. 
Position: Graduate Teaching Assistant. (Twice awarded the Outstanding Teaching 
Assistant for the Dept. of Physics) Duties: Instruction and grading of undergraduate 
physics classes, exam proctoring and grading. 



157

1988-1991  Department of Physics, Department of  Chemistry, Brigham Young 
University Provo, Utah. Position: Research, Lab, and Teaching  Assistant.  Duties: 
System construction and maintenance, data acquisition, nozzle designs for use with a 
pulsed nozzle Supersonic Jet Laser Spectroscopy and Supercritical Fluid Gas 
Chromatography system, Construction and testing of a broad-band Electromagnetic Pulse 
generator, Multi-Layer X-ray Optics Deposition and Characterization, set-up and design 
of experiments for undergraduate physics labs, and grading assignments and exams for 
undergraduate physics classes. 

1986-1988  The Church of Jesus Christ of Latter-day Saints, England London 
South Mission. Duties: Full-time volunteer proselyting and teaching, and supervision and 
instruction of other missionaries. 

1985-2000  23rd Army Band UTARNG, Salt Lake City, Utah.  Position: 
Trombone, Tuba, Percussion Player.  Rank: Staff Sergeant E-6.  Duties: Assistant 
Enlisted Bandleader, Recruiting/ Retention NCO, webmaster, bus driver, rehearsal and 
performance with an award-winning military band, training unit members in basic 
soldiering and leadership skills. 1998 NCO of the year for UTARNG STARC. 

 
Personal 
 

Married to the former Heidi Tonks since 1993, three children; Eagle Scout; Asst. 
Scoutmaster, Troop 15, 750, Scoutmaster Troop 494, 215, Varsity Scout Coach Team 
6494, Great Salt Lake and Grand Teton Council BSA; Eldest of eight children. HS 
Letters in Track, Cross-Country, Music, Wrestling; National Honor Society President, 
Drum Major. Hobbies include: Scouting, backpacking, climbing, skiing, fitness, music, 
reading, scale modeling, amateur radio (Extra Class license KC7MOV), fly-fishing and 
tying. 
 
 


