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Collaborating Faculty
Tom Greenbowe (Chemistry Dept.)
Laurent Hodges
Craig Ogilvie
Lee Anne Willson

Post-doc (part-time)
Irene Grimberg

External Collaborators
Kandiah Manivannan (Southwest Missouri State University)
Leith Allen (Ohio State University)
Laura McCullough (University of Wisconsin-Stout)



ISU PERG Students

Undergraduate Students
Agnes Kim (teaching assistant)
Nathan Kurtz
Sarah Orley (teaching assistant and website designer)
Eleanor Raulerson (Grinnell student, now at U. Maine)

Graduate Students
Tina Fanetti, (M.S. 2001; Co-Major Prof.: L. Willson)
Jack Dostal (defended M.S. thesis 2000, not yet graduated)
Larry Engelhardt (switched to Condensed Matter Theory)
Ngoc-Loan Nguyen (M.S. expected 2003)
Warren Christensen



Active PER Groups in Ph.D.-granting 
Physics Departments

U. Oregon (1 S)
Mississippi State (2 S)
Harvard (1 S p-t)

Worcester Poly. Inst. (1 J)*Arizona State (1 S [ret], 1 J)
U. Mass., Amherst (2 S, 2 R)

Western Michigan (1 J)*San Diego State (1 S)
U. Pittsburgh (1 S p-t, 1 R)*U. Minnesota (1 S p-t, 2 [S, J] Ed) 
U. Central Florida (1 J)*U. Maryland (1.5 S + 0.5 S Ed)

U. California, Davis (1 R)

Texas Tech (1 S p-t, 1 J)*North Carolina State (2 S + 2 p-t)
City Col. N.Y. (1 J + 1 J ED)*Ohio State (1 S [ret], 1 J)
Iowa State (1 J)Montana St. (1 S)*Kansas State (1 S, 1 J)

Oregon State (1 S p-t)U. Maine (2 J)*U. Washington (1 S, 1 J, 1 R)
< 5 yrs old5-10 yrs old> 10 yrs old

S = senior (tenured) fac.; J = junior fac.; p-t = part-time; R = research fac. (non-tenure track)
ret = retired or retirement imminent; ED = collaborating faculty in College of Education
*more than one Ph.D. awarded within last 10 years



Goals of Physics Education Research 
(PER)

In order to improve effectiveness and 
efficiency of physics instruction:

� Measure and assess learning of physics

� Develop improved instructional methods and 
materials 

� Critically assess and refine instructional 
innovations



Process of Physics Education 
Research

� Investigate students� learning difficulties

� Develop (and assess) curricular materials 
that address learning difficulties

� Implement (and assess) new instructional 
methods that make use of improved curricula



ISU PERG Major Projects

� Basic Research
� students� reasoning in thermodynamics
� role of diverse representational modes in learning

� student understanding of vectors

� Curriculum Development
� interactive lecture 

� (Workbook for Introductory Physics)
� curricular materials for thermodynamics

� Instructional Methods
� methods for large-enrollment classes:
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Research Basis for Curriculum Development
(NSF-funded thermodynamics project with T. Greenbowe)

� Investigation of second-semester calculus-
based physics course (Physics 222: mostly 
engineering students).

� Written diagnostic questions administered last 
week of class in 1999, 2000, and 2001. 

� Detailed interviews (avg. duration ≥ one hour) 
carried out with 32 volunteers during 2002. 







Research Basis for Curriculum Development
(NSF-funded thermodynamics project with T. Greenbowe)

� Investigation of second-semester calculus-
based physics course. (Physics 222: mostly engineering 
students)

� Written diagnostic questions administered last 
week of class in 1999, 2000, and 2001. 

� Detailed interviews carried out post-instruction 
with 32 volunteers during 2002. 



Primary Findings 

Even after instruction, many students (40-80%):

� believe that heat and/or work are state 
functions independent of process

� believe that net work done and net heat 
absorbed by a system undergoing a cyclic 
process must be zero

� are unable to apply the First Law of 
Thermodynamics in problem solving









[At the University Corporation for Atmospheric Research]



Some Strategies for Instruction

� Try to build on students� understanding of 
state-function concept.
� most do understand this within context of energy

� Focus on meaning of heat as transfer of 
energy, not quantity of energy residing in a 
system.

� Develop concept of work as energy transfer 
mechanism.

� Make more extensive use of P-V diagrams so 
students can develop alternate routes for 



For an ideal gas, the internal energy U is directly proportional to the temperature T. (This is 
because the internal energy is just the total kinetic energy of all of the gas molecules, and the
temperature is defined to be equal to the average molecular kinetic energy.) For a monatomic ideal

gas, the relationship is given by U = 
2
3 nRT, where n is the number of moles of gas, and R is the

universal gas constant. 

1. Find a relationship between the internal energy of n moles of ideal gas, and pressure and
volume of the gas. Does the relationship change when the number of moles is varied? 

2. Suppose that m moles of an ideal gas are contained inside a cylinder with a movable piston (so
the volume can vary). At some initial time, the gas is in state A as shown on the PV-diagram
in Figure 1. A thermodynamic process is carried out and the gas eventually ends up in State B. 
Is the internal energy of the gas in State B greater than, less than, or equal to its internal
energy in State A? (That is, how does UB compare to UA?)  Explain.  

 
P

V

State A
State B

0
0

3. If a system starts with an initial internal energy of Uinitial and ends up with Ufinal some time 
later, we symbolize the change in the system�s internal energy by ∆U and define it as follows: 
∆U = Ufinal � Uinitial.  

a. For the process described in #2 (where the system goes from State A to State B), is 
∆U for the gas system greater than zero, equal to zero, or less than zero?  

b. During this process, was there any energy transfer between the gas system and its
surrounding environment? Explain. 

 

Thermodynamics Worksheet

 

 

 

 



 P 

V 
C

A B

D

i f

Process #1

Process #2

0 
7. Rank the temperature of the gas at the six points i, A, B, C, D, and f. (Remember this is an ideal gas.) 

8. Consider all sub-processes represented by straight-line segments. For each one, state whether the 
work is positive, negative, or zero. In the second column, rank all six processes according to their 
∆U. (Pay attention to the sign of ∆U.) If two segments have the same ∆U, give them the same rank. 
In the last column, state whether heat is added to the gas, taken away from the gas, or is zero (i.e., no 
heat transfer). Hint: First determine U for each point using the result of #1 on page 1. 

Process Is W +, �, or 0? rank according to ∆U heat added to, taken away, or zero? 
i → A    
A → B    
B → f    
i → C    
C → D    
D → f    

 
9. Consider only the sub-processes that have W = 0. Of these, which has the greatest absolute value of 

heat transfer Q? Which has the smallest absolute value of Q? 

10. Rank the six segments in the table above according to the absolute value of their W. Hint: For 
processes at constant pressure, W = P ∆V. 

11. Using your answers to #8 and #10, explain whether W1 is greater than, less than, or equal to W2. 
[Refer to definitions, page 3.] Is there also a way to answer this question using an �area� argument?  

12. Is Q1 greater than, less than, or equal to Q2? Explain. Hint: Compare the magnitude of ∆U1 and 
∆U2, and make use of the answer to #6. 

Thermodynamics Worksheet



Classroom Testing

� Use worksheets in randomly chosen 
recitation sections (assisted by PERG 
graduate students).

� Compare exam performance of students in 
experimental sections to those in control 
sections.

� Modify worksheets based on input from 
recitation instructors and PERG graduate 
students.



Related Work on Calorimetry

� Probe understanding of students in physics 
courses
� N.-L. Nguyen and Warren Christensen

� Investigate students� understanding of 
chemical calorimetry
� with T. J. Greenbowe, ISU Chemistry Dep�t., and post-doc 

Irene Grimberg
� paper in press at International Journal of Science Education

� Develop and test worksheets for both physics 
and chemistry



 

 



Student Learning of Calorimetry Concepts
Ngoc-Loan P. Nguyen and David E. Meltzer

Iowa State University

Supported by NSF DUE-#9981140

Project Description: Student volunteers (N=8) from a calculus-based physics course 
were interviewed on their understanding of calorimetry concepts in audio-taped 
sessions lasting 45-60 minutes. Based on their responses, a series of worksheet 
questions were developed. During the next offering of the same course (Summer 2002), 
a pretest on calorimetry concepts was administered to the entire class. The worksheets 
were then used in one of the recitation sections of the class, and later a related exam 
question was administered to the entire class.

Summary of Interview Questions: 
� A piece of hot metal is placed in colder water (mass of metal = mass of water) and left 
in thermal isolation. Describe the transfer of energy between the metal and the water, 
and their relative amounts of temperature change.  

� Draw a graph of temperature vs. time for the metal and water when the mass of the 
metal is (1) the same as the water, and (2) twice that of the water. 

� Draw a temperature vs time graph for two different liquids heated at the same rate, 
when the liquids have the same mass but different specific heats.

Observation from the Interviews: The requirement for the students to draw and justify 
temperature-time graphs was very helpful in getting them to thoroughly explain their 
reasoning. 

Example interview item A

3. A calorimeter is made of very good insulating material and it has a lid. We can assume that no energy transfer occurs between
the walls of the calorimeter and any material contained within it, and also that there is no energy transfer between the calorimeter 
and the room where it is located.

A piece of copper metal is put into a calorimeter which is partly filled with water. The mass of the copper is the same as the mass 
of the water, but the temperature of the copper is higher than the temperature of the water. The calorimeter is left alone for 
several hours.

a)   Does energy transfer occur? If yes, please explain and compare the quantities or amounts of energy that are transferred and 
where they are transferred to.

b)   Is there a temperature change in either the copper or the water? If so compare the amount of temperature change or lack of 
such in the copper and water. If one changes temperature more, then which one changes temperature more and why?

Example interview item C

6. Suppose that a mass of copper is heated to a high initial temperature. Suppose then that is placed in a insulated container of 
water that is at a lower initial temperature.

a) Graph the temperature of the copper and water if they both have the same mass.

b) Graph the temperature of the copper and water if the mass of the copper is double that of the water.

Temperature
(degrees)

Time

Temperature
(degrees)

Time

Example interview item B

5. Suppose we have two separate containers each containing different liquids with different specific heats but with the same 
mass and initial temperature. Each container is placed on an heating plate that delivers the same rate of heating in joules per 
second to each liquid.

i) Below please graph the temperature of each liquid as a function of time.

ii) Please explain the reasoning that you used to determine how you chose to draw the graph as you did.

T e m p e r a tu r e
(d e g r e e s )

T im e
(se c o n d s )

Major findings from interviews:
� Students were able to use the concept of thermal equilibrium in their explanations.

� Students were often unable to distinguish among heat, internal energy, and work.

� In the case of copper and water of equal mass, some students (3 out of 8) incorrectly 
stated that the copper would have the smaller temperature change. Their reasons were 
(1) higher thermal conductivity of the copper; (2) higher melting point of the copper, and 
(3) the idea that water could change temperature �more easily� than the copper. 

� Almost all students (7 out of 8) were able to state correctly that doubling the mass of 
the copper would lead to a smaller net temperature change for the copper. 

Pretest: Items similar to the interview questions were administered as in-class quizzes 
during the summer-session course. 

Sample pretest item:

2. Suppose we have two separate containers: One container holds Liquid A, and another contains Liquid B.  The mass and initial 
temperature of the two liquids are the same, but the specific heat of Liquid A is greater than Liquid B.  Each container is placed 
on a heating plate that delivers the same rate of heating in joules per second to each liquid beginning at initial time t0.  

a) On the grid below, graph the temperature as a function of time for each liquid, A and B. Use a separate line for each liquid, 
even if they overlap. Make sure to clearly label your lines, and use proper graphing techniques.

b) Please explain the reasoning that you used in drawing your graph. (Please continue on the back of the page.)

T e m p e ra tu re

T im et 0

L iq u id  A L iq u id  B

H e a t in g  P la te

T h e  s p e c i f ic  h e a t  o f A  is  g r e a te r  th a n  th e
s p e c i f ic  h e a t  o f  B .

Pretest Results: For the most part, students were able to correctly draw two lines with 
the line representing liquid B having the greater slope. However, a significant minority 
(22%) drew the liquid-A line as having the greater slope, and many were unable to give
acceptable explanations. 9% of students showed the lines sloping down (i.e., cooling).

Post-test: A post-test question was given to the class as part of their next exam, after 
using the worksheets. Analysis of these results is not yet complete. 

Exam Question

2. Suppose that a mass of aluminum (Al) is heated to a high initial temperature.  At time t0 it is placed in an insulated container 
of water that is at a lower initial temperature. The mass of the aluminum is the same as the mass of the water. (Note: The specific 
heat of water is higher than that of aluminum.)

a) On the grid below, graph the temperature as a function of time of the aluminum and water separately. (Don�t worry about 
precise quantitative accuracy.) Make sure to clearly label your graphs. (Note: t1 represents a time shortly after the initial time, 
before equilibrium is reached.)

b) Please explain the reasoning that you used in drawing your graph.

Temperature

Time

Water

     Al

Insulation

t1t0

Exam Question Answer

Temperature

Time

Water

     Al

Insulation

t1t0

Water

Al

Common errors in exam responses:
� Slope of water line having greater absolute value than that of the aluminum line. 

� Indicating that the net temperature change of the aluminum was less than that of the 
water, or that water�s temperature change would be �faster.�

� Stating that the time until equilibrium was reached for one material or the other would 
be �longer,� or would require �more time� or �less time.�

� Saying that temperature changes occur �more easily� or �less easily� for one of the 
materials.

� Stating that for aluminum, �heat� absorption/change/increase is faster

� Explaining that the faster temperature change of aluminum was due to its higher initial 
temperature.

Example worksheet page B

Energy Transfer to Sample:

A B

+ 2 kJ

- 4 kJ

- 2 kJ

0 kJ

+ 4 kJ

0

Internal Energy

B BA A

Time Zero Long After

10 kJ

8 kJ

2 kJ

4 kJ

6 kJ

Absolute Temperature

B BA A

Time Zero Long After

0

Example worksheet page D
6. Suppose we have two samples, A and B, of different materials, placed in a partitioned insulated container of negligible heat 
capacity. Sample A has 1.5 times the mass of sample B. Energy but no material can pass through the conducting partition. The 
atmosphere in the container can transfer energy but has a negligible heat capacity. Assume specific heat is independent of 
temperature.  The specific heat of material B is twice that of material A.

a. If the temperature of sample A changes by ∆TA, what would be the corresponding change in sample B?
∆TB = _________?

b. Complete the bar charts below for temperature and energy transfer. If any quantity is zero, label that quantity as zero. Explain

your reasoning below.

A B

Absolute Temperature

B BA A

Time Zero Long After

0

Energy Transfer to Sample:

A B

+ 2 kJ

- 4 kJ

- 2 kJ

0 kJ

+ 4 kJ

Student Response to Worksheets:
�Appropriate Difficulty Level: Students took the entire time given to them (forty 
minutes) to work on the sheets. No students finished the entire 8-page worksheet. 

�Accessibility: Most students were able to go through the worksheets based on 
discussions among themselves, but instructor intervention was required for some 
students on several questions. 

�Supplements standard instruction: By the time the students had been given the 
worksheets they had already had a traditional lecture and completed a homework 
assignment on calorimetry. However, this did not seem to make the worksheets 
redundant. Even the more advanced students needed to pause, think, and reason out 
several of the problems.

Ideas for curriculum development:
� Increased precision: Many times student explanations were vague or imprecise. We 
developed questions that required more exact understanding or manipulation of specific 
quantities.

� Proportional reasoning: By using ratios or other tasks that required students to 
compare specific numbers, they would be led to develop more precise judgments and 
descriptions.

� Guided development: The poor explanations given by many students suggested that 
it would be helpful to guide them through the concepts in a step-by-step manner. 

�Targeting confusion among fundamental quantities: The worksheets were 
designed to focus students� thinking on the distinctions among basic thermodynamic 
quantities such as temperature, heat, and internal energy.

Sample worksheet page A
The internal energy [symbol: U] of an ideal gas is equal to the total kinetic energy of all of the molecules in the gas. According to the

kinetic theory of gases, the absolute temperature of an ideal gas is proportional to the average kinetic energy of the molecules contained
within the gas.

1. Suppose we have two samples, A and B, of an ideal gas placed in a partitioned insulated container of negligible heat capacity. Sample A has the same
mass as sample B and each side of the partition has the same volume. Energy but no material can pass through the conducting partition; the partition is
rigid and cannot move.

On the bar chart on the next page, the values of the samples' internal energy are shown at some initial time (�Time Zero�); "Long After" refers to a
time long after that initial time. Refer to the set of three bar charts to answer the following questions.

a. Find the absolute temperature of sample A at time zero (the initial time), and plot it on the chart. Hint: If two equal masses of ideal gas have the

same internal energy, will their temperature be the same, or different? If the ratio of internal energies is   
B

A
U
U

 , what can you say about 
B

A

T
T

  ?

b. After the initial time, would you expect to see any changes in the temperatures of samples A and B? If yes, describe the changes (i.e., increases
or decreases). If you don�t expect to observe any changes, explain why.

c. A long time after time zero, what ratio do you expect for the temperatures of the two samples? _____?=
B

A
T
T

d. A long time after time zero, what ratio do you expect for the internal energies of the two samples? _____?=
B

A
U
U

 Explain.

e. Complete the bar charts by finding the �Long After� values for temperature and internal energy, and also the amounts of energy transferred to
the two samples. (This is the net transfer that occurs between time zero and the time �long after.�) If any quantity is zero, label that quantity as
zero. Explain your reasoning below.

B A

insulation

Example worksheet page C

5. Suppose we have two samples, A and B, of different materials, placed in a partitioned insulated container of negligible heat 
capacity. Sample A has the same mass as sample B. Energy but no material can pass through the conducting partition. The 
atmosphere in the container can transfer energy but has a negligible heat capacity. Assume specific heat is independent of 
temperature.  The specific heat of material A is twice that of material B.

a. If the temperature of sample A changes by ∆TA, what would be the corresponding change in the temperature of sample B? ∆TB
= _________?

b. Complete the bar charts below for temperature and energy transfer. If any quantity is zero, label that quantity as zero. Explain
your reasoning below. 

BA

Absolute Temperature

B BA A

Time Zero Long After

0

Energy Transfer to Sample:

A B

+ 2 kJ

- 4 kJ

- 2 kJ

0 kJ

+ 4 kJ

[Poster at Physics Education Research Conference]



Thermochemistry Tutorial





ISU PERG Major Projects

� Basic Research
� students� reasoning in thermodynamics
� role of diverse representational modes in learning

� student understanding of vectors

� Curriculum Development
� interactive lecture 

� (Workbook for Introductory Physics)
� curricular materials for thermodynamics

� Instructional Methods
� methods for large-enrollment classes:

� �Fully Interactive Lecture�
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Investigation of Diverse Representational Modes 
in the Learning of Physics and Chemistry

� Probe students� reasoning with widely used 
representations
� e.g., free-body diagrams

� Compare student reasoning with different forms of 
representation of same concept
� e.g., verbal, diagrammatic, mathematical/symbolic, graphical

! Preliminary work: student understanding of vector 
concepts
� central to instruction in general physics curriculum



Physics Students� Understanding of 
Vector Concepts

N. Nguyen and DEM, Am. J. Phys. (June 2003)

� Seven-item quiz administered in all ISU general 
physics courses during 2000-2001

� Quiz items focus on basic vector concepts 
posed in graphical form

� Given during first week of class; 2031 responses 
received



Two Key Items

� Question #2: Choose vector with same 
direction as given vector

� Question #5: Two-dimensional vector 
addition
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5. In the figure below there are two vectors A and B. Draw a 
vector R that is the sum of the two, (i.e. R = A + B ). Clearly 
label the resultant vector as R.



5. In the figure below there are two vectors A and B. Draw a 
vector R that is the sum of the two, (i.e. R = A + B ). Clearly 
label the resultant vector as R.

A

BA

R



A

B

5. In the figure below there are two vectors A and B. Draw a 
vector R that is the sum of the two, (i.e. R = A + B ). Clearly 
label the resultant vector as R.

Error Rates:
Calculus-based course: 27% - 42%

Algebra-based course: 56% -78%
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Difficulties with Vector Concepts

� Imprecise understanding of vector 
direction

� Vague notion of vector addition
�R should be a combination of A and B so I tried 
to put it between A and B�

� Confusion regarding parallel transport
(must maintain magnitude and direction as vector 
�slides�)





Investigation of Physics and Chemistry 
Learning with Diverse Representations

(with T. Greenbowe and L. Allen)

� Probe student understanding of standard 
physics and chemistry  representations

� Compare student reasoning with different 
forms of representation



�Multiple-Representation� Quiz

� Same or similar question asked in more than 
one form of representation 
� e.g., verbal [words only], diagrammatic, mathematical, etc.

� Comparison of responses yields information on 
students� reasoning patterns with diverse 
representations



Coulomb�s Law Quiz in Multiple Representations

verbal

diagrammatic



mathematical/symbolic

graphical



[Chemistry Multi-representation Quiz]









ISU PERG Major Projects

� Basic Research
� students� reasoning in thermodynamics
� role of diverse representational modes in learning

� student understanding of vectors

� Curriculum Development
� interactive lecture 

� (Workbook for Introductory Physics)
� curricular materials for thermodynamics

� Instructional Methods
� methods for large-enrollment classes:

� �Fully Interactive Lecture�



ISU PERG Major Projects

� Basic Research
� students� reasoning in thermodynamics
� role of diverse representational modes in learning

� student understanding of vectors

� Curriculum Development
� interactive lecture 

� (Workbook for Introductory Physics)
� curricular materials for thermodynamics

� Instructional Methods
� methods for large-enrollment classes:

� �Fully Interactive Lecture�



Keystones of Research-Based Pedagogy

� problem-solving activities during class time 

� deliberately elicit and address common learning 
difficulties

� guide students to �figure things out for themselves� 
as much as possible 



�Fully Interactive� Physics Lecture
DEM and K. Manivannan, Am. J. Phys. 70, 639 (June 2002)

� Very high levels of student-student and student-
instructor interaction

� Simulate one-on-one dialogue of instructor�s 
office

� Use numerous structured question sequences, 
focused on specific concept: small conceptual 
�step size�

� Use student response system to obtain 
instantaneous responses from all students 
simultaneously (e.g., �flash cards�)
� Extension to highly interactive physics demonstrations (K. Manivannan 
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Curriculum Requirements for Fully 
Interactive Lecture

� Many question sequences employing multiple 
representations, covering full range of topics

� Free-response worksheets adaptable for use 
in lecture hall

� Text reference (�Lecture Notes�) with strong 
focus on conceptual and qualitative questions

Workbook for Introductory Physics (DEM and K. 
Manivannan, CD-ROM, 2002)

Supported by NSF under 
�Assessment of Student Achievement� program 







Part 1: Table of Contents 

Part 2: In-Class Questions and 
Worksheets, Chapters 1-8   

Part 3: Lecture Notes   
Chapter 1: Electric Charges and Forces  
Chapter 2: Electric Fields   
Chapter 3: Electric Potential Energy  
Chapter 4: Electric Potential   
Chapter 5: Current and Resistance  
Chapter 6: Series Circuits   
Chapter 7: Electrical Power   
Chapter 8: Parallel Circuits   
Chapter 9: Magnetic Forces & Fields 
Chapter 10: Magnetic Induction   
Chapter 11: Electromagnetic Waves  
Chapter 12: Optics    
Chapter 13: Photons and Atomic Spectra  
Chapter 14: Nuclear Structure and 
   Radioactivity    

Part 4: Additional Worksheets  
Chapter 1: Experiments with Sticky Tape  
Chapter 2: Electric Fields   
Chapters 6 & 8: More Experiments with 
   Electric Circuits    
Chapter 7: Electric Power, Energy Changes 
   in Circuits    
Chapter 8: Circuits Worksheet   
Chapter 9: Investigating the Force on a 
   Current-Carrying Wire   
Chapter 9: Magnetism Worksheet 
Chapter 9: Magnetic Force   
Chapter 9: Torque on a Current Loop in a 
   Magnetic Field    

Chapter 10: Magnetic Induction Activity  
Chapter 10: Magnetic Induction Worksheet  
Chapter 10: Motional EMF Worksheet  
Chapter 9-10: Homework on Magnetism  
Chapter 11: Electromagnetic Waves 
   Worksheet    
Chapter 12: Optics Worksheet   
Chapter 13: Atomic Physics Worksheet  
Chapter 14: Nuclear Physics Worksheet 

Part 5: Quizzes 

Part 6: Exams and Answers  

Part 7: Additional Material 

Part 8: �How-to� Articles 
Promoting Interactivity in Lecture Classes 
Enhancing Active Learning 
The Fully Interactive Physics Lecture 

Part 9: Flash-Card Masters  

Part 10: Video of Class 

AUTHORS: 
David E. Meltzer: Department of 
Physics and Astronomy, Iowa State 
University, Ames, IA 50011 
dem@iastate.edu 
 
Kandiah Manivannan: Department of 
Physics, Astronomy, and Materials 
Science, Southwest Missouri State 
University, Springfield, MO 65804 
kam319f@smsu.edu 
 

video
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Worksheets (free-response)



Lecture Notes



Local and National Impact

� Recognition and financial support from Iowa 
State Univ. �Center for Teaching Excellence�
� workshops for other faculty

� Invitations to present work nationally

� Continued federal funding



[CTE �Teaching Scholar� Award]









[American Association of Physics Teachers]





[Ohio State University]



[South Dakota State University]



[University at Buffalo, SUNY]



Previous Projects

� Physics course for Elementary Education 
majors and other non-technical students

� Investigation of factors underlying individual 
variability in physics learning 
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New Projects

� Instruction and Assessment of Problem-
Solving Skills
� Collaboration led by Craig Ogilvie, with David 

Atwood  (grant proposal to National Science 
Foundation)

� Development of Visually Based Active-
Learning Physical Science Course
� Collaboration with Departments of Chemistry, Art 

and Design, and Curriculum and Instruction (grant 
proposal to Department of Education)
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Interactive Simulations of Thermal Phenomena





Conclusion:
Prospects for Growth of PERG

� Experience suggests that PER is an attractive 
field for prospective graduate students (but 
good English-language skills required)

� Recent employment prospects for PER 
graduates have been extremely favorable

� Small numbers of personnel can have 
disproportionately large national impact
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