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Summary: In an algebra-based physics course taken by life science majors, 
Modeling Instruction laboratories were used. This research indicates that we can 
remove traditional lab notebooks from an introductory physics laboratory class 
without sacrificing the course’s educational value.  The students suffered less 
distraction as well as less stress, and they spent less time on the coursework. 
They achieved at least as well as students in control lab sections in which lab 
notebooks were required, on the preliminary and final exams, the Maryland 
Physics Expectation Survey and the Force and Motion Conceptual Evaluation.  
The students in experimental sections showed an improvement in attitude in 
three categories evaluated by the MPEX, which rarely occurs in an introductory 
course.  The whiteboarding and one-page conclusion papers may not have 
provided the best replacement for the lab notebooks, but this evaluation format 
required the students to hit all of the same points.  This research opens the door 
to new methods of evaluation. 

 

Context: The University of Maine is in a small town of approximately 9,000. The 
university’s population of 11,000, over 90% of which is white, overwhelms the 
community with students from various nations and states, while most of the 
student population is from throughout the state of Maine. The University offers a 
wide variety of four-year undergraduate degrees and graduate degrees from five 
different colleges. It maintains a student-faculty ratio of 16:1, and this ratio does 
not consider the numerous teaching assistants provided by its Graduate School. 
It is organized under a semester-long course structure.



 2 

TABLE OF CONTENTS 

TABLE OF CONTENTS .......................................................................... 1 
TABLE OF TABLES..................................................................................................3 
TABLE OF FIGURES................................................................................................3 

I.  PREFACE............................................................................................... 5 
WHY PHYSICS EDUCATION? ..............................................................................5 
WHY INTRODUCTORY PHYSICS LABORATORIES?........................................5 
ACKNOWLEDGMENT...........................................................................................6 

II. INTRODUCTION ............................................................................... 6 
MOTIVATION FOR THIS PROJECT......................................................................6 
BRIEF OVERVIEW OF RESEARCH .......................................................................7 

III.  STRUCTURE OF PHYSICS 111...................................................... 8 
THE COURSE ...........................................................................................................8 
THE STUDENTS.......................................................................................................8 
THE PHY 111 LABS .................................................................................................9 

THE MODELING METHOD...............................................................................9 
THE GOALS OF MODELING LABS IN PHY 111 ........................................... 12 
COMMON STUDENT DIFFICULTIES............................................................. 15 
TRANSFER OF KNOWLEDGE AND SKILLS................................................. 16 
TIME MANAGEMENT...................................................................................... 18 

IV. ADDRESSING PROBLEMS IN LABORATORY ....................... 19 
CHANGES TO LAB STRUCTURE ....................................................................... 20 

ELIMINATE LAB NOTEBOOK ........................................................................ 20 
REQUIRE FEWER MODELS ............................................................................. 20 
INSTITUTE WHITEBOARDING SESSIONS AT THE BEGINNING OF THE 
SECOND CLASS ................................................................................................ 21 
REQUIRE A ONE PAGE TYPED CONCLUSION........................................... 22 
REQUIRE A DATA PACKET ............................................................................ 22 

COMPARING OLD AND NEW LAB STRUCTURES......................................... 22 
V. IMPLEMENTING MODIFICATIONS TO LABORATORY ...... 23 

TIME MANAGEMENT ......................................................................................... 23 
CLASS STRUCTURE.............................................................................................. 24 
WHITEBOARDING PRESENTATIONS .............................................................. 26 
ATMOSPHERE AND STUDENT OPINION ....................................................... 29 

VI. ANALYZING STUDENT PERFORMANCE ............................... 30 
EXAMINATION DATA......................................................................................... 30 

EXAM ONE......................................................................................................... 30 
EXAM TWO ........................................................................................................ 33 
EXAM THREE..................................................................................................... 35 
FINAL EXAM ..................................................................................................... 37 
GRADE ANALYSIS............................................................................................ 39 

MARYLAND PHYSICS EXPECTATIONS SURVEY........................................... 40 



 3 

FORCE AND MOTION CONCEPTUAL EVALUATION.................................. 46 
VII. CONCLUSIONS............................................................................. 49 
VIII. REFERENCES................................................................................ 49 
APPENDIX A SUMMER 04 STUDENT SURVEY............................. 51 
APPENDIX B FALL 04 STUDENT SURVEY ..................................... 52 
APPENDIX C  THE MARYLAND PHYSICS EXPECTATION 
SURVEY................................................................................................... 53 
 

TABLE OF TABLES 

Table 1 Numbers and percentages of mistakes made on the first lab-based exam 
question, organized into experimental and control results. ........................... 31 

Table 2 Numbers and percentages of mistakes made on the second lab-based 
exam question, organized into experimental and control results. ................. 33 

Table 3 Numbers and percentages of mistakes made on the first lab-based exam 
question, organized into experimental and control results. ........................... 35 

Table 4 The mean grades obtained by each lab section on Exam One. ................. 39 
Table 5 The mean grades obtained by each lab section on Exam Two.................. 39 
Table 6 The mean grades obtained by each lab section on Exam Three................ 40 
Table 7 Mean grades obtained by each lab section on the Final Exam.................. 40 
Table 8 The division of MPEX questions into clusters that correspond with 

specific attitudes or beliefs................................................................................. 41 
Table 9 The numerical pre- and post- scores of 47 control group students on the 

FMCE, as well as the normalized gain, for each topic evaluated................... 47 
Table 10  The numerical Pre- and Post- scores of 23 experimental group students 

on the FMCE, as well as the normalized gain, for each topic evaluated. ...... 48 
 

TABLE OF FIGURES 

Figure 1 Flowchart of the Modeling Process............................................................ 10 
Figure 2 The first lab-based exam question. ............................................................ 32 
Figure 3 The second lab-based exam question. ....................................................... 34 
Figure 4 The third lab-based exam question............................................................ 36 
Figure 5 The final lab-based exam question............................................................. 38 
Figure 6 Graph of the Normalized Pre/Post MPEX Movement for the control 

group. .................................................................................................................. 42 
Figure 7 Graph of control group MPEX scores on both pre-and post-test. ........... 43 
Figure 8 The Normalized Pre/Post Movement of MPEX results for the 

experimental group. ........................................................................................... 44 
Figure 9 Graph of experimental group MPEX scores on both pre-and post-test.. 45 
Figure 10 The Pre- and Post- scores of 47 control group students on the FMCE, 

organized by topic. ............................................................................................. 47 



 4 

Figure 11 The Pre- and Post- scores of 23 experimental group students on the 
FMCE, organized by topic. ................................................................................ 48 

 
 

 



 5 

I.  PREFACE 

WHY PHYSICS EDUCATION? 

 I immediately found myself interested in Physics Education Research 
(PER) for several reasons.  I can not ignore the obvious altruistic reason:  to 
improve education for everyone and spread knowledge through the minds of 
youth everywhere.  However, more personal reasons also led me down the path 
of PER. 
 Even during my first high school experience with physics, I was frustrated 
by the way that it was taught.  While I have had the privilege of learning from 
some excellent teachers, their traditional methods left me confused and 
struggling to understand.  Modeling the universe using mathematical relations 
should make sense.  Mechanics should make sense the first time one encounters 
it.  Yet, as most know from personal experience, mechanics does not make sense 
the first time.  Why?  Is Physics as ‘hard’ as its reputation indicates?  I do not 
know, and none of us do, which is why we dive into Physics Education Research.   
 I also love to solve puzzles.  What attracted me to the subject of physics in 
the first place was the puzzle-solving aspect of it all.  However, as my education 
proceeded, I realized that we do not need to study physics for the physical laws 
to be true.  This realization threw me into a slump.  What is the point of studying 
physics?  Positive and negative charges will attract each other with a certain 
amount of force whether or not we describe them with Coulomb’s Law.  All 
masses will attract each other whether or not we name the force “gravity”.  I 
continued to ponder, and I continued to stew in frustration over the difficult 
process of learning these 'laws.' 
 Finally, I decided that the greatest puzzle of physics remains unsolved— 
the puzzle of how we learn Physics .  The process of learning is far more complex 
than Newtonian Mechanics.  Unlike gravity, which exists no matter what we do, 
physics education research actually helps people learn.  I see the human mind as 
the greatest puzzle of all.   
 

WHY INTRODUCTORY PHYSICS LABORATORIES? 

 When Michael Wittmann informed me that the PERL group was 
interested in research on the PHY 111 labs, I knew that I had found a meaningful 
project.  As I stated above, I study Physics Education mainly because I found 
learning Physics to be very difficult.  I want to change the educational process for 
the better.  This desire includes labs.  In fact, laboratories have always frustrated 
me more than any other part of studying physics.  So, when given the chance to 
make a difference in the PHY 111 labs, I jumped at the opportunity.   
 From the very beginning of my career in the sciences, I had no idea why 
we were forced to perform experiments.  They seemed perfectly useless to me.  I 



 6 

never knew what instructors expected.   I never got sufficient answers to my 
questions.  The experiments never seemed to match the classroom learning.  It 
always seemed like extra work, separate from the classroom experience.  
 Each science teacher expected something different.  High school lab 
reports differed from PHY 121 reports, which differed from chemistry lab 
reports.  To this very day the concept of error, or uncertainty, confuses me.  In 
one class we used significant digits to describe experimental accuracy.  In 
another class we calculated uncertainty, and in another course we were told to 
give error figures based on the measurement tools.   
 The inconsistency, vagueness and apparent insignificance made physics 
labs the absolute worst part of my experience as a science student.  What better 
way to use my frustration constructively than to make laboratories the subject of 
a research project? 
 

ACKNOWLEDGMENT 

 I would like to thank Michael Wittmann, Charlie Slavin, John Thompson, 
James McClymer, Jeff Morgan, Ellie Sayre, Andrew Paradis, Michael Murphy, 
Alyssa Franzosa, Christopher Barter, and the entirety of the Physics Education 
Research Laboratory at the University of Maine.  These people have supplied we 
with motivation, inspiration, great ideas, distraction and relaxation, as well as 
bunches of feedback.  Thank you all very much. 
 
  

II. INTRODUCTION 

MOTIVATION FOR THIS PROJECT 

 The Physics Education Research Laboratory (PERL) at the University of 
Maine years has taken control of the Introductory Physics (PHY 111) course over 
the past few years.  They apply the latest research and instructional techniques to 
the course to improve it and also to perform new research projects.  This series of 
changes has touched nearly every aspect of the course, from the laboratories to 
the lectures and the recitation sections. 
 However, the process of Physics Education Research is an iterative one.  
We perform research and use that to modify instruction.  From that modification 
we learn more and perform more research.  As such, the PHY 111 is in flux 
during any given semester, as we learn more and find ways to apply that 
knowledge.   
 I learned in May ’04 that the instructors and researchers involved with 
PHY 111 were dissatisfied with the modifications made to the laboratory aspect 
of the course.  Students, though working very hard, did not get a firm grasp on 



 7 

some concepts that the instructors considered vital.  Additionally, the laboratory 
Teaching Assistants (TAs) found it difficult to fairly grade student reports.  The 
students spent large amounts of time and effort on unsatisfactory reports. 
 The history of the PHY 111 labs is tied closely with the iterative PER 
process.  A few years before this project, the PERL group learned about a new 
interactive-engagement method of instruction called the Modeling Method.  
They decided to adapt this method to the PHY 111 course.  This change 
coincided with a research project by Donald Mountcastle that showed students 
were unable to identify linear models in equation form (1).  He hoped that the 
new format would remedy the situation.  It did not. 
 This Honors Thesis acts as another cycle of the research-implement-
evaluate process.  I performed background research into Physics Education, 
implemented several changes to the course, and evaluated those changes.  
Hopefully, this document will prove to be another piece of PER knowledge that 
may be researched, implemented and evaluated elsewhere to continue that cycle. 

BRIEF OVERVIEW OF RESEARCH 

 Section III describe the Physics 111 course and its labs as they existed in 
the summer of 2004, while IV and V describes the changes made to the labs and a 
description of the resultant class.  But how and when were these observations 
made? 
 I began by observing two sections of the labs in the summer of 2004.  The 
condensed summer course required the students to meet in lab twice a week for 
two hours each.  This went on for 7 weeks.  I watched all 28 classes. 
   I used an active, but non-disruptive method of observing the students.  I 
walked around the class and watched them perform their experiments and 
occasionally answered their questions.  I also engaged the students in informal 
conversations.  I sometimes fell into the role of assistant instructor, but tried to 
leave the instruction up to the Teaching Assistant.  At the end of that summer I 
asked the students to fill out a survey (see Appendix A for the survey questions). 
 In Fall 2004, the students divided into six lab groups that met for two 
hours for each of 14 weeks.  I will call these groups Sections A-F.  The six sections 
of the lab needed to be divided between two studies.  Sections A and B became 
my experimental groups, E and F became experimental groups for another study, 
while C and D remained controls for both studies.   I observed two modified 
groups (A and B) and one control group (Section C).  Sections B and C had the 
same instructor, providing the most controlled data in the study.  Again I used 
an informal, non-invasive observation method for each of the 42 classes.  At the 
end of the fall semester I asked the students in Section A to complete a short 
survey which appears in Appendix B. 
 All students, in their tutorial sections, completed two standardized 
surveys at the beginning and end of the fall semester.  These two pre and post 
tests, the Maryland Physics Expectations Survey (MPEX) and Force and Motion 



 8 

Conceptual Evaluation (FMCE), have been used to evaluate PHY 111 students 
every year for several years.  The analysis of these surveys appears in Section VI 
of this document. 
 During the fall semester, the students took three preliminary exams, and 
also completed a final exam.    These tests took place on Sept. 30, Oct. 28, Dec. 2, 
and Dec. 14, 2004.  I include my analysis of their answers on laboratory-based 
questions and also their overall in section VI. 
 In addition, I scanned and examined many lab reports and conclusion 
papers from both the control and modified sections of PHY 111.  Unfortunately, I 
did not find any useful insights in the students’ work.  In both groups the quality 
of writing and the display of comprehension varied greatly.  Also, I could not 
compare the two types of reports because they had different formats and 
requirements. 
 I also videotaped three groups, one in each of the sections that I observed 
in Fall 2004, performing the same experiment.  While these records proved useful 
in describing the cognitive processes that go on in a laboratory, I could not use 
them to draw any conclusions.  The small sample, only three groups performing 
one experiment, and the enormity of analyzing dialogue made the video difficult 
to use as evidence. 

III.  STRUCTURE OF PHYSICS 111  

THE COURSE 

 Students passing through the introductory courses of the University of 
Maine Department of Physics and Astronomy have labeled PHY 111 as the most 
difficult of the 100-level classes.  For many years, students regarded the calculus-
based PHY 121 as more difficult.  As evidence, they cited the many 
mathematically demanding problems assigned every week as homework.  
However, the PHY 111 course has grown increasingly rigorous.  While the math 
remains simple, the Physics Education Researchers at the helm of the course 
demand a great deal of critical thinking from the students.   
 The class consists of two hours of lectures, two hours of tutorials and two 
hours of lab weekly.  With six hours of weekly class time, the students invest 
hefty amounts of time towards their four credits.  The weekly homework 
assignments consist of a few standard physics problems from Physics by James S. 
Walker (2) and several conceptual questions from Tutorials in Introductory Physics 
by McDermott, Shaffer and the Physics Education Group(3).  During the two 
hours of tutorial, the students work their way through in-depth conceptual 
exercises with the aid of a TA facilitator.   

THE STUDENTS  

 Several science departments at the University of Maine require their 
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students to take PHY 111.  The student population includes biology, 
biochemistry, marine biology, zoology, and kinesiology majors.  Since the 
standard curriculum for the biological sciences requires several difficult courses 
in the first two years, advisors tell students to wait until their junior or senior 
year to take physics.  This delay causes difficulty for the students because most 
have not taken a math course in several years.    
  As third or fourth year biologists, they have taken many lab classes 
prior to PHY 111.  In a survey of approximately twenty summer students and 
twenty fall students, I asked: "How many classes with lab sections have you 
taken at the college level?  Please list."  The summer students had taken a mean 
5.1 semesters of labs and the fall students a mean of 6.0 semesters.  Most subjects 
had previously taken two semesters of introductory chemistry, two semesters of 
organic chemistry, and either microbiology, animal sciences or marine biology.   
 I asked, in the same survey, how instructors assessed students in these 
other lab classes.  I received a variety of answers, from quizzes to lab notebooks 
to typed reports.  When I asked “In addition, do you feel like you received fair 
grades for these classes?” a majority said yes. 

THE PHY 111 LABS 

THE MODELING METHOD 

 Dr. David Hestenes at Arizona State University and Malcolm Wells of 
Marcos De Niza High School in Tempe, Arizona, developed a teaching format 
called Modeling Instruction.  Rather than focusing on equations and how to use 
them to solve problems, they proposed that teachers lead the students through a 
process of constructing, describing, evaluating and exploring models.  They 
defined a model as a conceptual tool for describing physical situations.  
Modeling Instruction emphasized using these basic units of knowledge to 
explore the physical world, to break down common misconceptions, and to solve 
problems (4).  Using the Force Concept Inventory(5), a test developed to evaluate 
student understanding, researchers have determined Modeling Instruction to be 
more effective than traditional teaching methods (6). 
  A Physics Education study conducted by Donald Mountcastle showed 
that Physics 111 students were unable to identify and manipulate linear models 
(1).  Instructors gave a single question as a pre- and a post- test:  a list of eight 
equations from which the students were to pick the single linear one.  The lab 
course failed to improve student performance on this question.  In response to 
this evaluation, Physics Education Researchers Stephen Kaback, Michael 
Wittmann, Donald Mountcastle, David Sturm and Jeff Morgan altered the PHY 
111 labs to use the Modeling Method. They designed the experiments to proceed 
as follows.     
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Figure 1 Flowchart of the Modeling Process. 

  
 The instructor introduces the students to the physical system.  They 
discuss factors that affect the system and label the measurable variables as 
independent or dependent.  Upon deciding which relationships to examine, the 
students familiarize themselves with the equipment.   
 They take trial measurements and calculate an uncertainty value.  The 
instructors decided to use a specific method for finding an uncertainty.  The 
students take several measurements of the dependent variable under identical 
conditions and find the mean result.  The data point lying furthest in absolute 
distance from the mean gives the size of the uncertainty range.  For instance, six 
measurements of temperature give a mean value of 280K and the furthest 
measurement from that mean was 282K, thus the uncertainty for the entire 
experiment is ±2K.  A tutorial in the third week of class familiarizes the students 
with this method of calculating uncertainty. 
   The students then change a single variable while holding the rest 
constant and take several measurements.  Ideally, they vary the independent 
variable over the entire possible range of values.  By entering these 
measurements into graphing computer software, the experimenters decide which 
type of Graphical Model best describes the system.  The course manual contains 
an appendix that explicitly states which models may be found in the semester's 
experiments.  This appendix even includes small graphics that the students may 
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use to visually identify the models they construct.   
 Once the group agrees which Graphical Model they have found, they 
must linearize the data.  The PHY 111 laboratory has several computers with a 
program called Graphical Analysis that analyzes linear models, but not any other 
kind.  By taking one column of data and performing an arithmetic operation on 
each number, the students can easily turn an inverse, square, or square root 
model into a linear one.   
 Linearizing their model allows the students to easily find a System-
Specific Model (SSM).  Graphical Analysis automatically displays the equation for 
any line that it graphs.  This equation can be transcribed onto paper as a System-
Specific Model.  Ideally, SSMs contain easily interpretable variables and 
appropriate units for each quantity.  For example, mts

mx 510 +!=  describes a 

specific system and contains the easily identified x for horizontal distance and t 
for time. 
 Once the students develop several System Specific Models, they can create 
a General Model (GM).  To move from SSM to GM usually requires nothing 
more than replacing values with variables.  However, some of the models require 
the students to combine proportionality statements and calculate proportionality 
constant.   
 A General Model resembles the equation or law found in a Physics 
textbook, for example: 0xvtx += .  But a model is more profound than an 
equation.  The equation is just letters on a page which the students must 
interpret.  The General Model starts with empirical evidence and then becomes a 
conceptual truth in the minds of the students, who can then express the model as 
an equation. 
   After developing a GM, the students test the accuracy of their model in a 
process called “Extending Your Model."  The laboratory manual gives values for 
each item in the General Model except for one dependent variable, which the 
students must predict and then test.  This process validates the work that the 
students put into developing the General Model.   
 The final step in the UMaine adaptation of Hestenes' Modeling Method of 
Instruction is to answer "Further Questions."  These questions demand that the 
students use critical thinking to address the conceptual issues behind the 
phenomenological process of modeling.   
 Traditionally, instructors assign students to perform verification 
experiments.  The students, having learned an equation or universal constant, 
use an experimental process to prove that concept.  Verification experiments 
essentially tell the students that "there is a piece of absolute truth that we told 
you yesterday, now today you will believe us because you'll measure it yourself."  
Modeling experiments say "here's this thing that happens and we haven’t said 
why, but maybe you can take measurements and find a way to describe it."   
 



 12 

THE GOALS OF MODELING LABS IN PHY 111 

 To evaluate the effectiveness of the Modeling experiments in the context 
of the course, I must establish first a set of goals.  Why perform experiments?  
Why modeling experiments?  The debate over the effectiveness of laboratories 
has raged for many years.  Some researchers have even arrived at the conclusion 
that labs are useless in introductory courses and should be eliminated (7).  I do 
not follow that particular line of thinking, but the reasons for including 
experiments vary depending on which teacher is asked.  
  Instructors cite three key reasons for requiring experiments in their 
introductory courses.  First, teachers want "laboratory work in support of 
lecture."  They theorize that working with physical laws, equations and models 
will reinforce conceptual understanding.  Second, students need "laboratory 
work for attitudinal reasons."  Not only is it the physics instructor's duty to 
communicate the concepts, but to teach the students how we know things and 
why we believe them.  Finally, they need “Laboratory work for learning 
laboratory skills, techniques, and familiarity with equipment.” (7)  
 

SKILLS, TECHNIQUES AND FAMILIARITY WITH EQUIPMENT 
 Unfortunately, this argument breaks down when we examine 
introductory physics labs with regards to equipment.  The items used in these 
labs are rarely used in any other context.  The students may never use balls on 
ramps, air cars, photogate timers, or “whirligig” apparatuses ever again.  These 
materials provide great examples for the students to apply to other situations.  
But they gain nothing from familiarity with this equipment. 
 Using the adapted Modeling Method described above, instructors can 
expose these seemingly experienced scientists to several new skills.  One might 
ask the question "Why in physics lab? Why not let the biology professors teach 
the biology students laboratory skills?"  According to Rebecca Lippmann (8), the 
short answer is that they do not learn these skills elsewhere.  My observations 
confirm this observation.  The existence of students' severe difficulties with 
transferring knowledge and skills from other laboratories implies that these skills 
and knowledge do not appear in other laboratories. 
 According to Reif and St. John (9), laboratory skills taught to introductory 
students should meet a set of standards.  These skills should be commonly used 
by scientists and be, as yet, unknown to the students.  The skills should also be 
easily integrated into the experimental procedures.  And finally, the skills should 
be useful to the students in their future careers.  The following skills, already 
inherently integrated into the Modeling labs, meet these criteria. 
 First, the students gain a working understanding of uncertainty.  They can 
calculate the uncertainty range for a particular experiment and use this 
uncertainty during their analysis.  Additionally they can draw pertinent 
conclusions about the experiment from their uncertainty.  Unfortunately, the 
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method of calculating uncertainty in PHY 111 labs differs significantly from 
normal professional error calculations.   
 Next, the students develop a sense of experimental design.  The Scientific 
Method hinges on the principle that each experiment relates only two variables.  
One item is defined as independent and one as dependent.  While holding all 
other variables constant, the experimenter varies the independent variable while 
measuring the dependent.  Multivariable experiments should be performed by 
using this method several times with a different independent variable each time. 
 Third, students practice graphing data, linearizing data, and using graphs 
to find equations of best fit.  PHY 111 students arrive at the beginning of the 
semester with the ability graphing data using Microsoft Excel.  However, they 
have never linearized a data set before, nor have they been forced to include 
uncertainty on their graphs.  And while they have made graphs before, graphing 
skills are so vital to the scientific process that students can always use more 
practice. 
 They also learn to take several System Specific Models and form one 
General Model.  This skill may or may not be required in their future careers, but 
it lies at the heart of describing our world.  The modeling of a system can be 
applied to virtually any situation.  It can help a person write a computer 
program, manage finances, or plan daily activities.  Whether or not the students 
apply this in their life is their decision, but the skill is useful to them. 
 Finally, one simple skill that all students learn but usually forget quickly: 
to make predictions and compare these predictions with results.  In all lab classes 
from middle school through college, teachers instruct students to write in lab 
reports on whether or not they prove their hypotheses.  Amazingly, many 
students in PHY 111 forget to include this in their conclusions.  Again, this skill 
meets the criteria stated above.  As future scientists, the students must adopt this 
habit.  Without a comparison of expectations to conclusions, the iterative process 
of science breaks down. 
  
LABORATORY WORK FOR ATTITUDINAL REASONS 
 Epistemology is the study of knowledge itself.  Every student asks the 
questions, though usually implicitly, "How do we know that?"  "Do I believe 
that?"  "Where can this knowledge come from?"  Researchers point at several 
specific epistemological attitudes such as "knowledge as handed-down stuff" or 
"knowledge as accessible information."  Educators hope that students approach 
knowledge as something that they can discover for themselves.  Research shows 
conclusively that when students discover concepts for themselves, they 
remember and understand those concepts far better than students who were told 
the knowledge in a lecture (6)(10)(11). 
 Science educators can promote that epistemological attitude by requiring 
students to perform experiments.  Laboratories allow students to make 
discoveries on their own.  The traditional verification labs limit the potential for 
this attitude.  Verifying a previously existing theory does not show students that 
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they can find any new knowledge.  Modeling labs emphasize this 
epistemological stance.  The students start off with a system, essentially a single 
phenomenon, and ask the students to make observations, measurements and 
eventually form a new piece of knowledge.   

LABORATORY WORK IN SUPPORT OF LECTURE 
 The final, and most often cited, reason for laboratories is to enhance the 
comprehension of lectures.  Through the course of the semester, the PHY 111 
students perform six experiments.  Instructors intend the students’ work with the 
six concepts to reinforce their knowledge base.  I describe each experiment 
below: 

 Uniform Motion 
 Set Up:  A metal ball rolls along a level track. 
 Specific Models:  Students relate distance and time. 
 General Model: 0xvtx +=  

 

 Two Dimensional Projectile Motion 
 Set Up:  A metal ball flies horizontally off the end of a track. 
 Models:  They relate horizontal and vertical time and distance. 
 General Model: 2

00 2/1 attvxx ++=  

 Friction 
 Set Up:  Wooden blocks induced to slide on various surfaces by adding a 
measurable tension force. 
 Models:  The students compare the frictional force with the surfaces used,  
the contact surface area and the mass of the wooden block. 
 General Model: F=µ N 
 

 Impulse and Momentum 
 Set Up:  Two cars collide on an air track with one car starting at rest. 
 Models:  The students compare the total final momentum of the system 
 with the mass of each car and the initial velocity of the moving car. 
 General Model:  Pf=mivi. 
 

 Uniform Circular Motion 
 Set Up:  A whirligig apparatus, a ball with a variable mass at one end of a 
string and a mass hanger at the other end of the string which passes through a 
'frictionless' handle, is swung overhead. 
 Models:  The students compare the tangential velocity of the ball with the 
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mass of the ball, the tension force (acting centripetally) and the radius of 
 motion. 

 General Model:  
m
rTv =2  

 

 Periodic Motion 
 Set Up:  A simple pendulum consisting of a film canister on a string. 
 Models:  They compare the period of motion with the mass of the canister, 
 the length of the string and the angle from which the pendulum is 
 released. 

 General Model: L
gT =  

 Dr. Hestenes and Dr. Wells developed the Modeling Method in response 
to a movement of educators to improve physics teaching.  Studies by researchers 
in this movement found that many students held onto misconceptions all the 
way through an introductory Physics course (5).  The Modeling Method was 
designed as an interactive-engagement method to correct the many 
misconceptions that students have (4).   
 The UMaine adaptation of this method has the same goal.  These 
experiments address several misconceptions that students often retain after 
taking a Physics class.  For example, the experiments address the common beliefs 
frictional force depends on contact surface area and that periodic motion 
depends on mass.  

COMMON STUDENT DIFFICULTIES 

 During the third week of class, between the uniform motion and projectile 
motion experiments, the students perform a tutorial on uncertainty.  Instructors 
expect the tutorial to show them not only how to calculate uncertainty, but also 
why scientists use it.  The students seem to grasp the 'whys' of uncertainty 
quickly.  However, the students rarely retain how to calculate uncertainty.   
 In every lab section that I observed, the students could not remember how 
to calculate uncertainty one week after completing the tutorial.  At the beginning 
of the projectile motion experiment the Teaching Assistants (TAs) say "don't 
forget to start by calculating uncertainty."  Right away, students look confused 
and need a review.  By the time they perform the impulse and momentum 
experiment, the students remember that they need to calculate it.  By the time 
they perform the circular motion experiment, they realize that calculating 
uncertainty is the same process for every experiment.   
 The Laboratory Manual begins in great detail.  The first experiment offers 
explicit instruction, as well as discussion points, to the students.  Each 
subsequent section of the manual contains fewer and fewer instructions.  The 
writers intended for the manual to ease the students into the class.  However, the 
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students become accustomed to the explicit instructions during the first two 
experiments.  This leads to difficulty with experimental design because they 
learn to rely on the procedure section of the manual. 
 As far into the course as the impulse-momentum experiment, some 
students change more than one variable at a time.  And as far in as the circular 
motion lab, students ask the question: "how many points do we need to take?"  
The first two manual entries tell the students how many trials to run. When they 
no longer have this explicit instruction, the students express confusion.  
 The answer to the eternal "how many...?" question is "keep taking points 
until you can confidently describe the resulting curve."  This topic also confuses 
many students.  For most of the experiments, data analysis takes as much time as 
data collection.  The students ask a number of questions over and over again: 
"Does this curve look right?"  "Can I throw this data point out?"  "Should I 
include (0,0)?" "Does this look linear to you?"    
 Students concern themselves constantly with the correctness of their 
models.  The question "does this curve look right?" implies that a “right” curve 
exists.  The students believe that there is a right answer and all they need to do is 
find it.  But that reduces the modeling labs to verification labs.  Modeling labs 
were designed to show students that they can, by themselves, examine a 
phenomenon and describe it.  The question "does this curve look right?" would 
ideally never arise because there is no “right” curve. 
 These data analysis questions often spur the Teaching Assistants to 
engage the students in Socratic Dialogues on the nature of data.  While educators 
encourage this process, it seems ineffective in this setting because the same 
lengthy explanations repeat themselves throughout the semester.  Additionally, 
consistency could be added to the course.  In watching 6 instructors give similar 
mini-lectures, I heard several different takes on the same issue.   
 The largest disconnect between teacher expectation and student 
performance occurs during the transition from System Specific Model to General 
Model.  In many cases, the process is as simple as inserting variables for 
numbers.  Some models, however, require combining proportionality statements 
and calculating proportionality constants.  In observing five sections of PHY 111 
laboratories, I observed no more than a handful of occurrences where students 
developed GMs on their own.  
 Additionally, students often forget to mention their models in their 
conclusions.  They may think "I just wrote about those in the analysis section, I 
don't need to repeat it." But not mentioning the GMs highlights a misplaced 
emphasis.  It indicates that the students do not consider experiments to be goal 
oriented behavior.  Or, they do not know what the goal of the experiment is. 
  

TRANSFER OF KNOWLEDGE AND SKILLS 

 Now, having established the student population's background and the 
some of their difficulties with the course, a question arises.  Why are these 
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science students performing so poorly in labs?  Junior and senior biology 
students are expected to follow experimental procedures efficiently and to 
analyze data quickly.  With an average of 5 or 6 entire semesters of labs under 
their belt, instructors could expect experiments to be second nature.  Where is the 
disconnect?  
 We can start by asking the question "is it possible for students to transfer 
knowledge from one subject to another?"  If experimental design knowledge is 
strongly associated to chemistry labs, then given a new situation, that knowledge 
may not be accessed.  Transfer of knowledge has been studied by PE researchers 
a great deal over the past decade.  They usually target the transfer between math 
class and physics class, where physics teachers often see the greatest disconnect.  
The results have been inconclusive, however this may stem from a lacking 
definition of transfer.  Some researchers claim that knowledge transfer occurs all 
the time, how else would we be able to cope with new situations?  Others claim 
that transfer is impossible: students associate math with math class and 
chemistry labs with chemistry class. (12)(13) 
 We can also ask "how are the students framing the class?"  Framing is the 
process of analyzing situational cues and accessing knowledge of what is 
expected.  This process occurs at the start of every activity and may even shift, 
mid activity, given a new set of cues.  Once a situation is framed, and a person 
knows what is expected, then they begin the activity in the appropriate manner.   
 A well known example of framing is that of eating under different 
conditions.  A college student might open the fridge, complain that there isn't 
anything good to eat, and pull out something cold and leftover from a party.  The 
student takes the container, wipes off a plastic spoon, plops down in an ugly but 
comfortable chair and proceeds to eat straight out of the container.  Certain cues 
at the beginning of the situation informed the student that this behavior was 
appropriate.   
 Later that week, the same student goes to eat at a restaurant.  Immediately 
upon entering, the person begins processing cues and planning behaviors based 
on expectations.  The presence of a host or hostess offers cues on whether to wait 
or sit.  The student observes other patrons to decide whether to pay at a register 
or leave money on the table.  Posture and manners will differ in this situation 
compared to the dorm room meal. (8)  
 We frame every activity differently.  Before acting, we must analyze 
situations and decide which actions are expected and appropriate.  Even 
conversations are framed.  One does not talk to a friend the same way they talk 
to a child and they talk to their boss in yet another manner.  When we frame a 
situation, we activate scripts and schemas to guide our decision-making.   
 So how do the students frame PHY 111?  Do they frame it differently than 
other lab sciences?  When asked "Do you feel comfortable in a lab setting?" an 
overwhelming majority said yes.  A few said they even prefer the labs to the 
lectures.  Some cited their years of lab experience as the cause of their ease.  This 
would seem to imply that the students have a well-developed frame for 



 18 

collegiate science laboratories.  If they feel comfortable in the laboratory, we 
expect them to have a strong schema for experimentation.  However, questions 
such as "How many points do I need to take?" and "should we include (0,0)?" 
disappoint these expectations.  Additionally, the majority of verbal student 
complaints are that "I don't know what is expected of me." 
 These students have a frame for experimentation, but that frame is either 
different from what the PHY 111 instructors want or is not applied to this new 
situation.  That state of maladjustment lasts for the first three or four 
experiments.  By the time they perform the momentum experiment.  The 
students seem much more comfortable and know what is expected. 
 Through surveys and informal conversations with students, I found that 
the majority of complaints involved the grading.  They were expected to write a 
full handwritten report in their lab notebooks and hand it in within 48 hours of 
the experiment.  The students rarely seemed satisfied with their grades and often 
took up class-time with asking grading questions of the TA.  Noting this as the 
primary source of student discontent, I focused my observations on the back and 
forth interaction between the instructors and students through the grading.  I 
noticed a cycle. 
 Initially, for the first and maybe second experiment, the students did not 
match the instructor's expectations.  Most often, the students forgot to include 
items that the instructor considered important.  The students' frustration began 
to grow.  As a result, they spent more time writing their reports.  They made the 
reports neater and wrote more.  They made them longer...but not necessarily 
better.  They still omitted necessary items.  The students received the same poor 
grades on the longer reports.  As a result, their frustration grew and they spent 
even more time on the reports.  The cycle occurred through the semester despite 
the rubrics and report writing guide in the lab manual.  

TIME MANAGEMENT 

 After noting the struggle between student and instructor expectations, I 
focused on how the students spent their time.  Immediately, I saw that they spent 
the majority of their time working in their notebooks.  Of course, practice in 
preparing a presentable report is important.  But the notebooks occupied their 
thoughts and distracted them from the experiments.  I watched several groups 
gather data thusly: 
 One student performs the experiment.  A second student takes 
measurements and calls out numbers.  A third student writes the numbers down 
on scrap paper.  Once they complete a series of trials, they pass around the paper 
and one by one they copy the data onto individual scrap papers.  They crowd 
around a computer to put the numbers into the graphing software.  After 
analyzing the data, the students print a copy of the graphs.  At the end of class, 
they copy the numbers from their individual scrap copies into their notebooks. 
 I was stunned.  Obviously, a more efficient procedure could be used.  One 
student performs the experiment, one yells out measured numbers to the third 
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person who inputs the numbers to the computer.  They print out one data table 
for each member of the group.  Even after receiving this suggestion, most groups 
preferred the lengthier method.   
 On a survey (Appendix A), I asked "Do you write your reports on scrap 
paper and then copy them into your notebook, or do you write the report in your 
notebook as you go? Why?"  15 students copied everything over, 3 wrote directly 
into their notebooks, and 3 used a mixture of the two methods.  Every student 
replied the same way to the 'why?' question: time vs. grading.  They believed 
that if they wrote directly into the book, it would not be neat enough and they 
would be downgraded.  The three students who answered that they write 
directly into their notebooks gave the same answer but said that saving time was 
more important than grades. 
 The students' time in the laboratory proceeded approximately as follows.  
The initial discussion with the instructor took 15 to 25 minutes.  They spent 30 to 
45 minutes familiarizing themselves with the equipment and calculating 
uncertainty.  Then 60 to 90 minutes were used to take measurements.  The 
students spent about 60 minutes on data analysis and then about 30 on creating a 
general model and performing 'Extending your Model.'  According to my 
surveys, the students spent an average of 4.5 hours in the lab for each 
experiment.  The allotted class time was only 4 hours.  Many groups arrived at 
class 15 minutes early and stayed 15 minutes late. 
 The time management issues did not end when the students left the 
classroom.  As the cycle of frustration progressed through the semester, the 
students spent more and more time writing their reports.  According to the 
survey, they spent a mean 3.55 hours writing reports.   
 With 4.5 hours in class and 3.5 hours writing reports, the average PHY 111 
student spent 8 hours on each experiment.  The experiments were designed to be 
accomplished in only the four hours of class.  But the students prefer to write and 
copy and copy again rather than rush through an experiment.  Despite spending 
this amount of time on laboratories, the average lab grade for the summer 
students was a 79.  

IV. ADDRESSING PROBLEMS IN LABORATORY 

 To improve these difficulties and time management problems, we 
replaced the lab notebooks with whiteboard presentations, data packets and 
conclusion papers.  We intended to eliminate “busy work” so that the students 
could concentrate on the task at hand.  We also believed that the revised format 
would prove more engaging than the original.  We hoped the students would 
have a better attitude towards physics, waste lest time, and perhaps even learn 
the modeling process more effectively. 
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CHANGES TO LAB STRUCTURE 

ELIMINATE LAB NOTEBOOK  

 We modified lab sections A and B by not collecting or grading the 
traditional laboratory notebooks.  By changing this aspect of the course, we 
hoped to cause several positive effects.  First, we wanted to alter the time 
management situation.  If the students never passed in handwritten reports, then 
they would not need to spend class time copying data into their notebooks.  This 
time could then be used for other activities such as discussion, more 
experimentation, answering questions or even simply thinking about the 
experiment at hand.  Also, we wanted to discourage the students from spending 
3.5 hours writing each report.  Without the notebooks, we believed that they 
would not spend so much time cutting, pasting, organizing, and copying. 
 Second, removing the notebooks could help the TAs in their grading 
procedures.  Deciphering, reading, and marking 20 full reports requires a large 
amount of time from the instructors.  Without the notebooks, they would not 
have to worry about reading poor handwriting.  And we hoped that a simpler 
grading scheme would generate fewer in-class grading discussions.  The 
students often spent class time asking why they had been downgraded.  By 
lessening this burden, we believed that student-teacher relations would improve 
and that more class time could be spent concentrating on the experiment.   
 This brings me to the final, and perhaps most important, reason for 
removing notebooks: concentration.  Some students spent a great deal of time 
writing neatly in their notebooks because they wanted a good grade.  Others 
spent lots of time writing in their notebooks because they did not know what else 
to do.  Many attempted to solve their confusion over what was expected of them 
by writing more and more and more.  The notebooks served as a willing 
distraction for these students.  They would retreat to the book to avoid making 
decisions about the experiment. 
 A minority engaged in this kind of duck-and-run behavior.  However, the 
notebooks distracted all of the students.  Conversations became fragmented 
when two of four group members began writing in their books.  Conversations 
with TAs occasionally slowed to a stop while students took notes.  We hoped 
that without notebooks, the students would concentrate more on the modeling 
process. 

REQUIRE FEWER MODELS 

 Instead of requiring every student to model every relationship, we would 
assign each group 2-3 models. By performing roughly half as many experiments, 
the time spent collecting data would be greatly reduced.  We believed this 
modification would generate positive changes because the students could finish 
in the allotted time and could have extra time to discuss and think about the 
experiment. 
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 Additionally, we saw this as an epistemologically positive move away 
from traditional labs.  In laboratory classes, we strive to show students how real 
research is conducted.  Rarely does a researcher generate a General Model based 
solely on his/her experiments.  More often, a General Model is a composition of 
many results from many researchers and/or theorists.  By requiring each student 
to perform half of the relationship modeling procedures and share the results, we 
turn the classroom itself into a model of a scientific community. 

INSTITUTE WHITEBOARDING SESSIONS AT THE BEGINNING OF 
THE SECOND CLASS 

 During a whiteboarding session, members of each group stand up and 
explain their results to the class (14).  This is considered to be an important part 
of the Modeling Method process, which has been shown more effective than 
traditional methods (15).  Though Drs. Hestenes and Wells designed their 
method with whiteboarding in mind, the instructors for PHY 111 never found 
time to include it in the lab classes.   
 In the PHY 111 whiteboarding sessions, the students would need to 
mention certain items.  These items include: a description of the experiment in 
comparison to the rest of the class, the calculated uncertainty, a description of the 
graphical model and system specific model, a description of any analysis that 
had been performed on the data, including linearization.  Additionally, each 
student in each group would need to be prepared to answer questions from the 
class or the Teaching Assistant.   
 We intended the whiteboarding sessions to engage the students more 
effectively.  By having the students engage each other we wanted to promote the 
epistemological attitude that everyone is a researcher and that we can learn from 
our peers.  Also, we hoped students would be more likely to question each other 
than questi0on a teacher during a lecture.  This promotes the epistemological 
attitude that we can always question authority and/or demand clarification.  
Additionally, by putting students into the role of teacher, we encourage them to 
think for themselves.   
 We also intended the sessions to enforce time management.  In the 
original format, students continued to take data during the second class of an 
experiment.  And only after the data was completed did the students engage in 
any discussion about it.  By declaring the beginning of the second class to be 
“whiteboarding time,” the instructors forced the students to have their data 
measured by the end of the first class.  And because they would need to be ready 
to present at the next class, the students would need to discuss the experiment 
between the two classes.   
 The modifications change the emphasis from developing writing skills to 
developing public speaking skills.  We could engage in debate over which set of 
skills is more important in today's society.  But everyone in the scientific 
community would agree that writing and presenting are necessary skills for any 
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future scientist. 
 By instituting these whiteboarding presentations, we ensure that 
instructors have the opportunity to evaluate student understanding before 
sending the students home.  Should the TA detect from the presentations that the 
students do not understand a vital piece of the experiment, the last hour of class 
could be spent on clarification of the misconceived point. 

REQUIRE A ONE-PAGE TYPED CONCLUSION 

 We hoped that the students and instructors would benefit from a change 
to short, typed reports.  This would save the students writing time and the 
instructors grading time.  Also, nobody should need to worry about writing 
neatly or deciphering poor handwriting.    
 In the original class, when adapting to the grading scheme, the students 
wrote longer and more rambling reports.  But the quality of the writing did not 
improve.  By limiting the students to one page of typed text, we hoped to force 
them to condense the information.  This should require the students to 
discriminate between important and unimportant information, to compress 
information into concise writing, and to explain each important element instead 
of referencing other sections of a report.  We hope for the reports to be 
quantitatively smaller but qualitatively superior. 

REQUIRE A DATA PACKET 

 At the end of the second class, the students would pass in a packet of 
papers that include graphs, data tables, the uncertainty value and the System 
Specific Models.  The data packets make the students accountable for all of the 
information that would be in a formal report.  Essentially, the packet lets the 
instructor know who performed the experiment.  It also forces the students to 
take responsibility and put their information into a specified format. 
 Also, by passing in only one set of data for each group, the class would 
use a quarter as much paper.  Instead of printing out a copy of the graphs and 
tables for each person, they could print out one copy and put all of the group 
names on it.  We hoped to save paper, ink, and time.   

COMPARING OLD AND NEW LAB STRUCTURES 

 A question arises:  Is this new grading scheme easier or more difficult than 
the original format?  We want to make the class more effective and less stressful, 
but the required critical thinking should not be compromised.  Matching each 
item required in the various grading elements can show that every item is 
required in both formats. 
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Original Format 

Lab Notebooks 
Describe Experiment 
Uncertainty 
Making Predictions 
Data Tables 
Graphs 
System Specific Models 
Reasoning to the General Model 
Compare Predictions with Results 
Answer “Further Questions” 
Results of “Extending Your Model” 

New Format 

Whiteboarding Presentations 
Describe Experiment 
Predictions 
Uncertainty 
Graph 
System Specific Model 
 

Data packets 
Graphs 
Data Tables 
System Specific Models 
Uncertainty 
 

Conclusion Papers 
Description of Experiment 
Predictions 
General Model 
Comparison of Results with 
Predictions 
Answer “Further Questions” 
Results of “Extending your Model” 

 
Each item is covered at least once by the modified format. 

V. IMPLEMENTING MODIFICATIONS TO 
LABORATORY 

TIME MANAGEMENT 

 We expected the new class format to free up a large amount of class time 
for the students.  By eliminating the notebooks, only requiring half as many 
models and having them write their reports after class, I expected to halve the 
time required to perform an experiment.  The results confirmed my 
approximation.  While the control students stayed after class regularly, only once 
or twice did the experimental groups work over the allotted class time.  On 
several occasions, the classroom emptied before time was up. 
 As we intended, students engaged in far less unnecessary copying.  Some 
students still copied data onto scrap paper, but the overall time spent writing 
was drastically reduced.  To my surprise, the students in both experimental 
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sections preferred writing measurements onto paper.  In a handout on classroom 
procedure and also in conversation, I encouraged them to just type information 
into the computer.  Whether due to habit or fear of accountability, the students 
continued their extra writing. 
 We intended the change in grading to reduce the amount of time the 
students spent on writing reports.  In the original classes, the students took an 
average 3.5 hours to write a handwritten report, usually 4-6 pages long.  In the 
modified class, according to a survey, students spent 1.3 hours on lab business 
outside of the classroom.  Through conversation, we found that the students 
spent about an hour writing their one-page typed conclusions and about twenty 
minutes preparing for their whiteboarding presentation with their group.  This 
change brings the students' commitment level from 4 to 3 hours a week. 

CLASS STRUCTURE 

 I found that the experimental classes lacked the structure of the original 
format.  Partially, this was intended and expected from the new method.  We 
intended to make the classes more epistemologically appropriate, specifically as 
a simulation of the scientific process.  The students were to go off on their own 
and find a relationship between two variables and then report back to the class.  
By offering the freedom to perform the experiment in any fashion and by 
offering the responsibility of presenting their results, we hoped to give them a 
better view of how science really operates.   
 The lack of structure may have affected the students as we intended (see 
the results of the MPEX survey in section VIII), but the results could be 
interpreted negatively as well.  More often in the modified class, the students 
asked "what do we do now?"  Without structure, the students had a poor idea of 
what they were expected to do.  Originally, students had confusion over grading 
expectations, but in the experimental sections the confusion was over classroom 
procedure expectations. 
 I saw this confusion most prominently at the beginning of each 
experiment.  In particular, I compared Sections B and C which were taught by 
instructor B.  His discussions at the beginning of each class ran almost 
identically.  But after those discussions, the two sections began the experiment in 
different fashions.  The control group (section C) pulled out lab manuals and 
followed the instructions to get going as quickly as possible.  The experimental 
group (section B) took longer and asked more questions.   
 This difference in initiating experimentation highlighted a major 
difference between the groups.  The control groups turned to their lab manuals 
almost immediately and followed its instructions through the experiment.  By 
the second week of class, I noticed this difference between the groups.  As soon as 
the experimental students realized that the class deviated from the manual, they 
stopped reading it.  Most brought their manuals, and some read them, but none 
followed the manual's instructions systematically, as the control students did.  
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Clearly, if we expect to continue with the modified classes then we must 
construct a new lab manual.  Though, I would argue that even with a new 
manual, the students will not pay as much attention to the text due to the lack of 
structure. 
 We expected the modifications to ease time pressure and allow the 
experimental groups time to think and discuss.  However, this ideal result rarely 
occurred.  The experimental groups spent more time goofing off and chatting 
than the control groups.  The students in the original format consistently turned 
to their lab manuals for instruction, perhaps because of the time pressure they 
felt.  I believe that in addition to a revised manual, the experimental format 
needs some more requirements to pressure the students into working the full 
time.  However, I also believe that the relaxed atmosphere improved the 
students’ attitudes towards the class, enhancing their overall experience. 
 The two instructors (A and B) for the experimental groups used very 
different teaching styles.  As a result, the two experimental classes each lacked a 
specific kind of structure.  Instructor A often made classroom announcements, 
gave hints and instructions to the class, and engaged them in classroom-wide 
conceptual discussions.  Instructor B rarely made any classroom announcements.  
He preferred to move from group to group and discuss what each was working 
on.  His conversations with the students often concentrated on experimental 
design and technique, rather than conceptual dialogue. 
 After observing dozens of experiments, I realized that lab classes have two 
forms of process structuring, organizations of the activities that the students 
perform during an experiment.  I call the first structure “process repetition.”  
Students decide how to perform a single type of task and then repeat it over and 
over again.  The second structure, which I name “process phasing,” organizes the 
repetitive activities into distinct phases.  For instance, students perform the same 
task over and over again while collecting data.  I call data collection a “process 
phase” which contains many “repetitive processes.”  I identify the phases of an 
experiment as discussion, familiarization, data collection, data analysis, model 
construction and presentation.  
 When teacher B went from group to group and discussed their work, he 
offered them advice and answered questions on whichever repetitive process 
that they were engaged with.  But since he rarely made classroom 
announcements and allowed students to move from phase to phase at their own 
pace, the process phases had little structure.  Teacher A,  on the other hand, 
rarely engaged the students in discussion over the minor repetitive processes, 
but always made sure the students moved in synch from phase to phase.  She 
usually made an announcement between each of the experimental phases.  This 
difference in teaching style resulted in a very different lack of structure in the 
two classes.   
 Many students both sections asked the question "What do we do now?" In 
Section A they were unclear on how to engage in a repetitive activity while in 
section B they were more often confused as to which phase of activities came 
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next.  Again, since this confusion did not affect their grade and they did not risk 
running out of time, the lack of structure caused little visible stress.  Meanwhile, 
the control group worked more efficiently and took both kinds of structural cues 
from the lab manual.   
 In section B, this lack of structure worked against the time management 
issue.  On several occasions, groups finished their experiments and analyses at 
different times.  So the groups that finished first needed to wait to present their 
information to the class.  On one occasion, a single group had difficulties 
analyzing their data causing the entire class to wait.  On another occasion, he 
tried to remedy the situation by allowing the students to present as soon as they 
were ready.  This kept the students from waiting to present, but it proved to be a 
distraction because while one group presented, others worked on their own 
whiteboards.  Also, when the first groups finished, they had little interest in 
staying to watch the other groups present. 
 This brings me to the topic of the whiteboarding itself.  When the students 
learned that the presentations would be graded, the whiteboarding became the 
focus of their efforts.  As soon as the students identified the items required in the 
presentation, they usually “turned off.”  By turn off I mean they ceased 
discussing the experiment, ceased any repetitive processes, and rarely asked any 
other question than "does this look right to you?"   
 As soon as the whiteboard discussions ended, another “turn off” occurred.  
In Section B, once the last group finished speaking, students often got up to leave 
right away.  And the students rarely paid attention after performing their own 
presentation.  These effects proved to be problematic in keeping the class 
focused.   
 During the presentation phase, teacher A usually gave her students items 
to discuss after the presentations.  She also required that each group “check out” 
with her before leaving.  These measures were intended to hold student 
concentration, and proved effective to some extent.  However, many students 
could not hide the fact that they had already “checked out.” 
 I view these side effects of a presentation centered format to be negative.  
The major purpose for making the modification was to replace “busy work” with 
meaningful discussion.  But the modified class format rarely motivated the 
students to engage in meaningful discussion.  

WHITEBOARDING PRESENTATIONS 

 When I asked (See Appendix B) the question “Did the whiteboard 
presentations help you organize your thoughts?  Did you feel that they required 
any critical thinking?” I received positive answers.  Sixteen students wrote yes 
and four wrote no.  When I asked “Were you able to learn anything from the 
whiteboard presentations of other groups?” I receive a mixed response.  Nine 
students said yes, seven no, and four sometimes. 
 For the most part, I would call the whiteboard presentations “interactive 
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recitation” rather than “interactive engagement.”  Often, the group members 
took turns, since they were all required to speak, stepping forward and saying 
one required fact.  The typical presentation ran thusly: 
 
Student A:  In this experiment we examined the relationship between the radius 
of the string of the whirligig and the tangential velocity of the ball.  To do this we 
took five measurements with different radii and kept everything else constant. 
Student B:  We got an uncertainty of plus or minus 10m/s.  Then we took our 
data.  This is the graph. 
Student C:  As you can see, the graph is not linear, so we had to square velocity 
to linearize it.  Then we got this linear graph. 
Student D:  From that we got this equation (reads it off the board)  
Student A: any questions? 
Student E:  what does that say on your board? Is that .10 or 10 m/s?  
Student A: that's 10 m/s. 
 
The students recited their conclusions.  The audience rarely paid attention, 
perhaps because they were working on their own whiteboards, perhaps because 
they had already arrived at the same conclusions, or perhaps because they had 
no interest.   
 The presenters usually just “went through the motions.”  Many fell into 
the habit of giving the same bit of information at each presentation.  In my 
sample presentation, Student A most likely gave an experiment description 
every week, Student B said the uncertainty every week, and so on.  They fell 
quickly into roles.  Additionally, one student in each group took the position of 
the question answerer.  When the instructor asked something, three of the 
students would invariably look at the fourth group member. 
 Thus far, I have painted a negative picture of the whiteboarding process.  
And indeed, the presentations themselves had little substance. However, the 
process affected the classroom dialogue and atmosphere in several positive 
ways.  The students met between classes to discuss the experiment, as we 
intended.  The presentations forced them to identify certain items in each 
experiment by the beginning of the second class.  It certainly provided them 
practice in presenting information and offered them a model for scientific 
conferences.  The instructors corrected any misconceptions the students had 
before they were sent home.  So in several ways, the whiteboarding process met 
our expectations.  A few unexpected positive effects also appeared in the 
experimental sections. 
 Physics educators strive to engage students in “Socratic Dialogue.”  In this 
form of conversation, instructors use logical progressions of questioning to lead 
students towards a specific realization.  In UMaine physics courses, Socratic 
Dialogue usually occurs between an instructor and a small lab or tutorial group.  
But when a TA initiated this kind of discussion with a group during their 
presentation, the entire class watched and listened.  The dialogue not only 
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engaged the presenters, but benefited entire audience as well.  Sometimes, when 
the targets of the questioning faltered, the audience took up the responsibility of 
answering.   
 Another interesting effect occurred when students presented incorrect 
information.  When a whiteboard was properly made and the presentation 
basically correct, nobody seemed to pay attention.  But when a mistake was 
made, the audience displayed their attention by jumping all over it.  The 
“interactive recitation” became “interactive engagement” for the duration of time 
that someone was confused.  Even more interesting were the times that two 
groups analyzed the same model differently, but correctly.  The instructors asked 
“which is right?” and the students needed to engage each other to establish some 
sort of answer.   
 Other fascinating discussions happened when an instructor asked a 
question that nobody could answer.  This event occurred repeatedly in section A 
during the whiteboarding phase.  By the third experiment, she started 
formulating and feeding the students these difficult questions.  Sometimes her 
planted questions worked and a discussion ensued; sometimes a student asked a 
question to the presenters and the presentation process shifted to a major debate.   
 The best example of such a conversation revolved around the y-intercept 
of the conservation of momentum model.  In this experiment, the students 
caused collisions between one moving car and one still car on an air track.  They 
compared the mass and the velocity of the moving car to the total final 
momentum.  The System Specific models, therefore ended up as P=(m1)v+b1 or 
P=(m2)m+b1.  m1, of course, represents the mass of the moving car and m2 
represents its velocity.  In this particular conversation, the students scrutinized 
b1.   
 During a presentation, a group announced that their y-intercept was a 
small number but should be zero.  Zero was within their uncertainty range and 
they explained away the deviation as measurement errors.  Instructor A asked 
the simple question “what is your y-intercept?”  The resulting discussion took 
more than half an hour, but engaged the students in a fashion rarely seen in a 
science classroom.  Teacher A attempted to lead the presenters to the answer 
with Socratic Dialogue.  But nobody seemed to be following her line of 
questioning.  So she opened the question up to the class.  Several people offered 
explanations, but none of them were right.   
 After attempting Socratic Dialogue with the class, teacher A had the 
students to return to their small groups and discuss the matter for five minutes.  
Then full class discussion resumed.  The students offered several new ideas, but 
none could articulate them fully.  The class divided into two camps which 
believe two conflicting identities of the mysterious y-intercept.  Teacher A 
returned the class to their groups twice more before they all agreed on the truth.  
The y-intercept was the momentum of the second “still” car, confirming the law 
of conservation of momentum. 
 This type of discussion occurred repeatedly in Teacher A’s classes during 
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the presentation phase of the experiments.  She often used the technique of 
returning to small groups for a few minutes and then rejoining to a full class 
argument.  It worked beautifully, and the students engaged with each other as 
we intended when instituting the whiteboarding.  One student wrote on my 
survey that the whiteboarding was only ok, but the conversations it started were 
really helpful. 
 In conclusion, the whiteboarding presentations helped enforce time 
management, gave practice with speaking in public, and forced the students to 
think about the concepts at hand before lab time ended.  However, the 
presentations themselves contained little value.  The students rarely engaged 
each other.  But the whiteboarding format, with some clever question-dropping, 
could lead to some very deep, meaningful, and engaging full class discussions. 
 

ATMOSPHERE AND STUDENT OPINION 

 During the first Tuesday of the fall semester, I watched instructor B 
explain the lab class to his two groups of students.  The students in the control 
group appeared a little nervous and a little tense, and they stayed that way 
throughout the entire two hours.  The experimental group entered the class the 
same way, but after they were told that they did not need to pass in a notebook, 
the atmosphere lightened noticeably.  The postures, the voices, and the attitudes 
of the students all seemed to indicate that the students were relaxed.   
 The control group slowly lightened up as the semester went on.  They 
developed a frame of mind for the course and came to class with comfortable 
expectations.  However, from the first day, the experimental students seemed 
more relaxed about the class.  On occasion, the experimental students became 
tense or anxious, but this occurred in response to conceptually confusing 
situations.  With regard to instruction and grading, the experimental students 
cooperated more readily. 
 In a survey, I asked twenty summer students if they would be able to 
concentrate better on the experiments if they were not required to keep a 
notebook.  Most said that they would be able to concentrate better on the 
experiment but like to have the notebooks to organize their thoughts.  I was 
surprised because after hearing all sorts of complaints and seeing the students 
distracted and hindered by the notebooks, many said that they would rather 
keep them.  But when I asked if they felt they were graded fairly, a majority said 
no. 
 At the end of the Fall semester I asked Section A if they would rather use 
notebooks.  Two students said ‘maybe.’ Eighteen said ‘no.’  Regardless of which 
format they had been instructed with, the students seemed to favor the format 
they were accustomed to.   
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VI. ANALYZING STUDENT PERFORMANCE 

EXAMINATION DATA 

 The Physics 111 course requires the students to take four exams:  three 
preliminary tests and one final.  Each test includes a full-page problem based on 
their work in the laboratory.  These problems cover such topics as graphing, 
linearizing, and evaluating and combining systems specific models.  I used these 
lab-based exam questions to gauge the students’ grasp of the skills that we wish 
to teach them.  So I will explain each question below and describe the various 
types of mistakes made.  Following these explanations, I will provide the grading 
results for each exam. 
 On each test, each student was permitted to skip one page of the exam.  
Often, students chose to skip the lab-based questions.  This number may also 
play a part in the evaluation of the exams.  If a high percentage of students in a 
specific lab section skipped a particular question, we might assume that these 
students had less of a grasp on the skill being evaluated.  On the other hand, the 
students may have understood the question, but chose to omit it anyway.  So this 
number can not be used as a unilateral measure of student comprehension. 

EXAM ONE 

 The lab-based question on the first exam explored the students’ ability to 
graph, to read graphs, and perform logical reasoning in the area of kinematics.  
The problem provides the student with a description of a situation where one 
vehicle traveled faster than another vehicle, but slowed to a stop after two 
seconds.  Part a) asked the students to create a velocity versus time graph for 
each vehicle.  Part b. asked when the two vehicles would have the same velocity, 
requiring only an examination of the graph created in part a).  Part c) asked the 
more complex question of which vehicle traveled a farther distance between the 
initial time and the time of equal velocities.   
 The third part of the problem could be evaluated in three general ways.  I 
would use the calculus method, where the area under each curve represents the 
distance traveled.  Though several PHY 111 students had taken Calculus I, no 
students used this method.  Some used method number two, logic, to answer the 
question.  If one vehicle moves faster than another for a given period of time, 
then that vehicle must have covered more ground.  Most students used a 
mathematical method to evaluate the problem.   
 The students made two common mistakes on Part a) of the problem.  
Many forgot, or did not read, that the vehicles traveled at constant velocities for 
two seconds.  Others drew the wrong slope for the car that accelerated 
negatively.  A few made both mistakes.  A couple of other isolated mistakes 
occurred where the graph was just constructed wrong, such as drawing a 
position versus time graph instead of a velocity versus time.  On Part b) I called 
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their answers correct if they read their own graph correctly.  Many people drew 
the wrong graph but read the graph correctly. 
 Part c) tripped up many students because they attempted a mathematical 
solution but did not properly form the kinematics equations.  I called this 
response “wrong math, right answer” because many students used the math 
improperly but still came to the same conclusion.  Some others used a logical 
approach, but applied faulty logic.  A couple provided a one-sentence answer 
with no accompanying explanation.   
 

1.a) Wrong Slope Missed Two 
Seconds 

Wrong 
Overall 

Correct 

Experimental 5(20%) 2(8%) 3(12%) 15(60%) 
Control 10(22%) 4(9%) 4(9%) 28(61%) 
1.b) Correct Incorrect   
Experimental 24(96%) 1(4%)   
Control 42(91%) 4(9%)   
1.c) Math Wrong, 

Answer Right 
Right Logic Wrong Logic  Other 

Experimental  9(36%) 9(36%) 6(24%) 1(4%) 
Control 13(28%) 21(45%) 7(15%) 5(1%) 

Table 1 Numbers and percentages of mistakes made on the first lab-based exam question, 
organized into experimental and control results. 
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Figure 2 The first lab-based exam question. 
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EXAM TWO 

 The lab-based question on the second exam evaluated the students’ ability 
to linearize a system specific model.  They were provided a table of data, with a 
corresponding graph that followed a quadratic model.  The test asked them to 
linearize the numbers and draw a graph of the linear model.  In order to perform 
this operation, one must either square the time values or take the square root of 
the position values and then graph the new data with appropriate labels.  Part b) 
asked them what time the object would be at a certain point. The simplest way to 
answer this would be to read the time off of the graph provided at the top of the 
page.   
 The most common mistake on Part a) was to redraw the quadratic model 
and then draw a ‘line of best fit.’  A linearization differs greatly from a linear fit, 
though the terms sound similar.  A few students squared or rooted the wrong 
column, or performed an operation on both columns.  Some students subtracted 
subsequent values of position in an attempt to convert time vs. position data into 
time vs. velocity data. While this would theoretically provide a linear model, 
most of these students failed to perform the operation correctly.  

 The part b) of the question confused some students because used the 
wrong graph.  A few others tried to solve for the time mathematically, but failed 
to perform the correct calculations.   

 

 

2.a) Subtracted Square-
Rooted 
Position 

Squared 
Time 

Best Fit Line Other/ no 
explanation 

Experimental 6(26%) 3(13%) 7(30%) 4(17%) 3(13%) 
Control 8(19%) 5(12%) 17(40%) 4(9%) 8(19%) 
Graphing Correct Incorrect    
Experimental 14(61%) 9(39%)    
Control 27(63%) 15(37%)    
2.c) Correct  Incorrect    
Experimental 18(78%) 5(22%)    
Control 23(55%) 19(45%)    

Table 2 Numbers and percentages of mistakes made on the second lab-based exam question, 
organized into experimental and control results.    
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Figure 3 The second lab-based exam question. 
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EXAM THREE 

 The next lab question asked the students to analyze graphical models.  
The exam provided three graphs of Normal Force versus Frictional Force, each 
with different scales on the axes.  Each of the models had different uncertainty 
values drawn in and different slopes.  Part a) of the problem asked the students 
how to determine the coefficient of friction from each graph.  The answer needed 
to include two important points: the model in question is f=µ*N and the slopes of 
each model therefore represent the coefficient of friction.  Part b) asked the 
students to identify which slopes, and therefore coefficients of friction, are larger.  
Part c) posed a more philosophical and epistemological question.  It asked if (0,0) 
would be an appropriate point to include in these graphical models.  As 
modeling scientists we would say that the origin would indeed be an appropriate 
point.  With no normal force, the block would have no frictional force, therefore 
the data point agrees with the mathematical model. 
 This question tripped students up in each of the three categories.  In Part 
a), some students explained that f=µ*N and so any point could be used to find µ.  
But we hope the students understand that a best fit line represents information 
from many points, and offers more accurate information.  Part b) caused 
problems because many students failed to notice the scale difference between the 
three graphs.   
 In the last part of the problem, almost all of the answers provided the 
same explanation that I included above.  With no normal force, no frictional force 
could be possible.  However, many students used that as a justification for the 
opposite answer.  They said that if there was no normal force, then the 
experiment could not be performed, therefore the point was not appropriate.   
3.a) No Slope Wrong Correct 
Experimental 8(26%) 2(6%) 20(66%) 
Control 8(15%) 4(9%) 41(77%) 
3.b) Correct Incorrect  
Experimental 25(83%) 5(17%)  
Control 41(77%) 12(33%)  
3.c) Incorrect Logic No Yes 
Experimental 2(6%) 6(21%) 22(73%) 
Control 2(4%) 11(20%) 40(75%) 

Table 3 Numbers and percentages of mistakes made on the first lab-based exam question, 
organized into experimental and control results. 
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Figure 4 The third lab-based exam question. 
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FINAL EXAM 

 The lab-based question on the final exam holds great interest for my 

research.  It asked the students to take three System Specific Models and form 

one General Model.  This problem only has one part, but requires many steps.  

First, one must create a proportionality statement.  In this case, x2 is proportional 

to v2 m/k  .  Next, one must find the proportionality constant.  To do this, simply 

insert the given constants from each SSM into the proportionality statement to 

calculate three constants.  These three constants, when averaged, provide the 

overall proportionality constant which in this case is equal to one.  

 I cannot provide a useful chart of approaches for this question, as in the 

case of the other lab questions.  Only a handful of students even attempted to 

solve the problem.  Three students got the problem completely correct.  Six 

others attempted to solve the problem, but got no further than writing the 

proportionality statement.  Another ninety some students chose to omit this 

question from grading.  While I cannot use this data to compare the two 

instructional methods, it clearly illustrates that the PHY 111 labs fail in one of 

their main goals, which is to teach the students to create their own General 

Models.  
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Figure 5 The final lab-based exam question. 
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GRADE ANALYSIS 

 The following tables come from the exam grades themselves.  The first 
column indicates the section number (where A and B are my modified classes, C 
and D are controls, and E and F are modified by another researcher).  The 
population column indicates the number of students in the particular section that 
took the exam.  The “Lab-based Problem” column gives the mean score out of 20 
for each section on the lab-based question.  The next column offers the number of 
students who chose not to answer the question, while the final column gives the 
average grade over the entire exam. 

Lab 
Section Population 

Lab-based 
Problem 

Omitted 
Lab-based 
Problem 

Overall 
Exam 
Grade 

A 21 14.6 7 75.9 
B 21 14.6 7 75.9 
C 19 14.9 5 72.4 
D 7 15.8 1 66.4 
E 22 13.2 4 66.1 
F 20 14.7 5 65 

Table 4 The mean grades obtained by each lab section on Exam One. 

 

Lab 
Section Population 

Lab–
based 

Problem 

Omitted 
Lab-

based 
Problem 

Overall 
Exam 
Grade 

A 21 14.7 11 70.7 
B 17 15.9 4 65 
C 19 14.6 12 67 
D 6 14 1 72.2 
E 22 13.9 7 58 
F 18 14.8 6 67.8 

Table 5 The mean grades obtained by each lab section on Exam Two. 

 

Lab 
Section Population 

Lab-based 
Problem 

Omitted 
Lab-

based 
Problem 

Overall 
Exam 
Grade 

A 17 16.2 5 69.1 
B 16 15.4 1 62.6 
C 18 15.7 2 65.1 
D 6 18 1 72 
E 22 16.2 3 64.5 
F 17 17.4 2 71.6 
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Table 6 The mean grades obtained by each lab section on Exam Three. 

 
section grade 

A 62.3 
B 54.6 
C 58.1 
D 70 
E 54.6 
F 59.9 

Table 7 Mean grades obtained by each lab section on the Final Exam. 

 Clearly, from the data tables above, the modifications to the lab course did 
not handicap the students.  In many cases, the experimental groups performed 
better than the control groups.  One interesting note: Section 6, taught by 
Instructor A, had more students omit the lab question than any other section, on 
every test.  However, this group also had the highest test average, aside from the 
abnormally small section 10.  This may indicate that the lab-based questions 
caught students off guard and dragged down their test grade.  However, it might 
also be an effect of Instructor A’s teaching method.  I described earlier that she 
delved less often into the processes of analyzing data, but spent more time 
engaging students in conceptual discussions.  This might be a factor in her 
students’ lack of confidence with lab questions, but higher performance on the 
exams overall. 

MARYLAND PHYSICS EXPECTATIONS SURVEY 

 Edward Redish, David Hammer and colleagues at the University of 
Maryland developed an attitudinal survey called the Maryland Physics 
Expectation Survey, or MPEX (16) (See Appendix C for the complete survey).  
The test was developed as a response to research indicating that students’ ideas 
about science varied significantly from expert beliefs.  It measures, via 34 Likert-
scale questions, student attitudes about knowledge, science and physics classes.  
The survey is typically administered as both a pre- and a post-test to measure the 
evolution of student beliefs over the course of a semester.    

These questions cover six main categories of interest.  Three of the 
categories were articulated by Dr. Hammer:  Independence, Coherence and 
Concepts.  The Independence category measures the epistemological attitudes of 
the students, asking the question ‘how do you know something?’  We want the 
students to feel that they can generate knowledge and not rely on knowledge as 
an item handed down from authority.  We also want the students to see physics 
as a coherent unit of interdependent theories, rather than a bunch of individual 
equations.  This attitude is measured by the Coherence category.  Finally, the 
Concepts category indicates whether the students see the physics as equations or 
as fundamental ideas that the equations describe. 
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 The team that wrote the MPEX survey explored three additional 
categories with these questions: Reality, Math and Effort.  Reality measures the 
students’ beliefs that physics is useful outside of the classroom in the real world.  
The Math category explores the mental link between physics and mathematics.  
The Effort questions evaluate how the students expect to learn the material; what 
activities and processes are involved?  The table below explains the favorable 
and unfavorable attitudes and identifies the questions in the MPEX survey that 
address each category.  Some questions fall under multiple groups. 

 
Table 8 The division of MPEX questions into clusters that correspond with specific attitudes 
or beliefs. 

 
 The developers of this survey found, by offering as a pre- and post-test to 
hundreds of students, that attitudes became less favorable over a semester of 
introductory physics.  They found this result in every group that was tested.  The 
survey has been used as an evaluation tool by many teachers and researchers, 
and almost all have found that scores drop over a semester.  As such, a non-
movement in MPEX scores is usually counted as a success.   
 The MPEX survey was given to the PHY 111 students during their tutorial 
classes at the beginning and end of the semester.  I took the data and ran it 
through a MPEX evaluation template, once for the experimental groups and once 
for the control groups.  The resulting graphs of the MPEX pre/post results can 
confuse any observer.  So I will endeavor to explain and interpret these figures.   
 The first type is the Normalized Pre/Post Movement graph.  This figure 
places a marker for each attitude cluster at a point to indicate whether the 
student responses improved or declined.  The x-axis represents unfavorable 
movement and the y-axis represents favorable movement.  So, a dot to the right 
of the origin indicates that student responses became more unfavorable.  A dot 
above the origin indicates that responses became more favorable.  Thus, points in 
the first quadrant represent responses that became both more favorable and 
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unfavorable.  This kind of movement is only possible because the MPEX consists 
of likert-scale questions, to which the students can provide neutral answers.   
 The following Pre/Post Movement graph of the control students indicates 
an increase in unfavorable answers for every question cluster.  No clusters 
appear above the x-axis, so they suffered a loss of favorable answers.  All items 
appear to the right of the y-axis, showing an increase in unfavorable answer.  The 
Reality and Effort clusters, in particular, show dramatic loss of favorability.  The 
Reality square icon appears at two on the unfavorability axis, showing that the 
level of unfavorable answers doubled.  The others have changed slightly towards 
the unfavorable. 
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Figure 6 Graph of the Normalized Pre/Post MPEX Movement for the control group. 

  
 The second type of MPEX graph shows the movement of the cluster scores 
themselves.  Each blue icon represents a cluster measured by the pretest, while 
the red icons represent post test scores.  If a red item appears below its 
corresponding blue icon, its favorability has dropped.  If the red item appears to 
the right, the unfavorability has grown.  A movement towards the upper right 
indicates more unfavorability AND more favorability, thus a neutral movement.  
A red symbol towards the lower left also indicates a neutral movement.  Thus, a 
perfect MPEX score appears in the upper left corner, while the worst attitudes 
would be represented in the lower right corner.  A survey filled out with all 
neutral answers would appear as a dot in the lower left corner.   
 The following MPEX score graph represents the answers of 47 control 
group students.  All of the red icons appear to the lower right of their blue 
counterparts, indicating again that each cluster of attitudes declined over the 
semester.  We can see that the Reality cluster moved from about 10 to about 20 
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on the unfavorable axis, confirming what we saw in the normalized movement 
above.  
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Figure 7 Graph of control group MPEX scores on both pre-and post-test. 

 The following two graphs represent the MPEX results for the 
experimental group.  The first graph, the Normalized Pre/Post Movement, 
shows that three clusters, Coherence, Independence, and Concepts, became more 
favorable.  We can see this because the icons appear above the x-axis.  
Additionally, the Coherence cluster appears to the left of the y-axis, indicating a 
decline in unfavorable responses.  These movements to the upper left represent 
small, positive changes in student attitudes.  Additionally, all of the clusters in 
the fourth quadrant appear closer to the origin than the items in the control 
group graph.  This result indicates that any degradation of student beliefs was 
slowed by the new laboratory format.     
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Figure 8 The Normalized Pre/Post Movement of MPEX results for the experimental group. 

 
 The graph of raw scores for the experimental group also indicates a 
smaller drop in student attitudes.  The coherence cluster (the blue plus sign and 
the red minus sign) confirms our evaluation that students actually responded 
more favorably to the coherence questions.  Even just glancing at the two score 
graphs can show that the experimental group had positive results.  The red 
post-test icons appear mingled in with the blue pre-test icons, rather than 
consistently below and to the right of them. 
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Figure 9 Graph of experimental group MPEX scores on both pre-and post-test. 

 The data above was generated from responses by 23 experimental section 
students and 47 control section students.  Using 

n
1 , we find that this survey 

may have 20% or 14% error.  This kind of uncertainty indicates that these results 
are not significant.  So, while the graphs show modest gains in some areas, I 
cannot prove that the attitude changes for the experimental groups are more 
favorable.  However, my data does indicate that the experimental group did not 
suffer any more attitude loss than the control group.  Any equality shown 
between these groups counts as a success because an equal educational 
experience with less work is closer to ideal. 
 Researchers at the University of Colorado have observed a correlation 
between student attitudes and student learning (17).  They used the Colorado 
Learning Attitudes about Science Survey, or CLASS, to evaluate the same 
concepts as the MPEX explores.  They found that students with more favorable 
initial attitudes learned more over the course of the semester.  But they also 
discovered that students who improved their attitudes over a semester learned 
more.  Therefore, the signal I receive through the MPEX surveys may also 
indicate that the students in the experimental sections learned more over the 
course of the semester.   However, Michael Wittmann of the University of Maine 
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found that the correlation between MPEX results and student understanding 
may not be very strong (18).   
 While the link between student learning and attitudinal survey 
performance may or may not be linked, I believe that this data is important.  A 
teacher’s role includes more than just transmitting information.  It also involves 
helping the students grow into a professional scientist, complete with scientific 
attitudes.  So, correlation or no, the MPEX measures an aspect of PHY 111 
education that did not suffer under our laboratory revision, and may have 
even improved. 
 

FORCE AND MOTION CONCEPTUAL EVALUATION  

 Following research that indicated a lack of actual learning in traditional 
physics courses, Thornton and Sokoloff developed a survey called the Force and 
Motion Conceptual Evaluation (FMCE) (19).  The test was developed using 
research into student misconceptions, thus following in the footsteps of the Force 
Concept Inventory (FCI), created by Hestenes, Wells and Swackhamer.  The 
FMCE analyzes student learning of both kinematics and dynamics.  Essentially, 
the survey indicates the degree to which the students see the world with a 
Newtonian perspective (20). 
 Using the FMCE, Thornton and Sokoloff found results similar to those of 
the FCI and MPEX:  traditional physics instruction failed to improve student 
understanding to a sufficient degree.  It showed only a 7% improvement of 
scores by students in traditional physics classes.  The same survey showed 
higher gains in interactive-engagement style courses. 
 The PHY 111 students took the Force and Motion Conceptual Evaluation 
survey, as a pre- and post-test during their tutorial sections.  I rearranged the 
data by laboratory section.  Figures 6.16-6.19 show the results of the FMCE for 
both the experimental and control groups.  The tables, 6.17 and 6.19, give a value 
called normalized gain.  This figure is the amount of improvement made divided 
by the maximum possible improvement.  For instance, if a student receives a 
score of 25 out of 100 on a pretest, that student has a maximum gain of 75.  If the 
student then gets a 50 on the posttest, the normalized gain is 25/75 or 1/3.  This 

statistic is given by 
pretestimum
pretestposttest
!

!

max
. 
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Figure 10 The Pre- and Post- scores of 47 control group students on the FMCE, organized by 
topic. 

 

CLUSTER Pre-% Post-% Gain-% 
Overall 14.9 45.0 35.35 
Velocity 82.5 82.1 -2.70 
Accel 8.8 47.2 42.07 
Force (1,2) 5.0 29.5 25.81 
Force (3) 5.0 62.9 60.93 
Energy 22.6 58.0 45.73 

Table 9 The numerical pre- and post- scores of 47 control group students on the FMCE, as well 
as the normalized gain, for each topic evaluated. 
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Figure 11 The Pre- and Post- scores of 23 experimental group students on the FMCE, organized 
by topic. 

 
CLUSTER Pre-% Post-% Gain-% 
Overall 17.4 54.8 45.33 
Velocity 75.0 79.5 18.18 
Accel 16.2 60.6 52.97 
Force (1,2) 5.4 42.9 39.64 
Force (3) 14.4 64.4 58.41 
Energy 33.0 58.0 37.29 

Table 10  The numerical Pre- and Post- scores of 23 experimental group students on the FMCE, 
as well as the normalized gain, for each topic evaluated. 

 
 On the Overall score, the experimental students showed a larger 
normalized gain than the control students (45% compared to 35%).  In the 
velocity and acceleration categories, the experimental students gained more.  
They had a significantly larger gain in the first force category, covering Newton’s 
First and Second Laws.  In the second force category, as well as in Energy, the 
control students had a larger gain.    
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VII. CONCLUSIONS 

 We can remove the traditional lab notebooks from an introductory 
physics laboratory class without sacrificing the course’s educational value.  
The students suffered less distraction as well as less stress and spent less time on 
the coursework.  And they performed at least as well as the other students on the 
preliminary and final exams, the Maryland Physics Expectation Survey and the 
Force and Motion Conceptual Evaluation.  The students in experimental 
sections showed an improvement in attitude in three categories evaluated by 
the MPEX, which rarely occurs in an introductory course.  The whiteboarding 
and one-page conclusion papers may not have provided the best replacement 
for the lab notebooks, but this evaluation format required the students to hit 
all of the same points.  This research opens the door to new methods of 
evaluation.  Perhaps we may find an ideal format for introductory physics 
laboratories. 
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APPENDIX A SUMMER 04 STUDENT SURVEY 
1. What is your major? 
2. Credit-wise, what is your year in school? (sophomore, junior, etc) 
3. What levels of Math courses have you taken at the college level?  (algebra, 

calculus, etc.) 
4. What other science laboratory classes shave you taken?  Please list. 
5. How were each of the above lab sections evaluated?  Lab books?  Reports? 

Other? In addition, do you feel like you received fair grades for these 
classes? 

6. Did you learn any significant skills from these lab classes?  Skills such as 
report writing, data analysis, proper use of specific equipment, data 
organization, etc. 

7. Do you feel comfortable in a lab setting?  Are you used to it from these 
other courses, or is it something new and/or difficult to get used to? 

8. Is there anything particularly intimidating about physics lab sections? 
9. Do you have a good idea of what is expected of you in the PHY 11 labs? 
10. Have you been able, thus far, to complete the experiments during the 

allotted class time?  And if not, about how much extra time do you spend 
in the laboratory? 

11. How much time do you spend working on your lab book outside of class? 
12. Do you write in your lab book during class?  Or write on a scrap and then 

copy everything from the scrap paper into the book?  Or a mix of both 
(please explain)? 

13. Do you have any reasoning for why one method in question 12 is better 
than another? 

14. Do you think that you would be able to concentrate more on the 
experiment and the modeling process if you did not need to keep a lab 
book? 

15. Do you feel that your lab books have been graded fairly?  Please, be 
specific, if possible. 

16. Do you feel like you understand the modeling process?  Are there any 
concepts with the process that you have trouble understanding? 

17. Do you think that the skill of performing modeling experiments is 
something that you could apply in other situations, given the proper 
tools?  In situations outside of a laboratory? 
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APPENDIX B FALL 04 STUDENT SURVEY 
1. What is your major?  And year in school (sophomore, junior, etc)? 
2. What Math courses have you taken at the university level? (algebra, 

calculus, etc). 
3. a. Please list the other courses you have taken that include lab secions. 
b. How were these courses evaluated?  Lab notebooks? Quizzes? Reports?  
Other? 
4.  Do you feel comfortable in a laboratory setting? 
5.  Is there anything intimidating about physics labs? 
6.  Do you have a good idea of what is expected of you in the PHY 111 labs? 
7.  Have you been able to complete the experiments during the allotted class 
time?  And if not, about how much extra time to you spend in the laboratory? 
8.  How much time do you spend working on reports outside of class, per 
experiment? 
9.  Do you think that you would be able to concentrate better on the 
experiment and the modeling process if you were required to keep a lab 
notebook? 
10.  Do you feel that you have been graded fairly in the PHY 11 labs? 
11.  Did the whiteboard presentations help you organize your thoughts?  Did 
you feel that they required any critical thinking? 
12.  Were you able to learn anything from the whiteboard presentations of the 
other groups? 
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APPENDIX C  THE MARYLAND PHYSICS EXPECTATION SURVEY 
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