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Background

• Previous research on learning of thermal 
physics: 
– algebra-based introductory physics 

(Loverude, Kautz, and Heron, 2002)

– sophomore-level thermal physics 
(Loverude, Kautz, and Heron, 2002)

– calculus-based introductory physics (Meltzer, 2004)

• This project: 
– research and curriculum development for upper-level 

(junior-senior) thermal physics course



Course and Students

• Topics: Approximately equal balance between 
classical macroscopic thermodynamics, and 
statistical thermodynamics (Texts: Sears and 
Salinger; Schroeder)

• Students enrolled (Ninitial = 20): 
– all but three were physics majors or physics/engineering 

double majors
– all but one were juniors or above
– all had studied thermodynamics
– one dropped out, two more stopped attending
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Course and Students

• Topics: Approximately equal balance between 
classical macroscopic thermodynamics, and 
statistical thermodynamics (Texts: Sears and 
Salinger; Schroeder)

• Students enrolled [Ninitial = 14 (2003) and 20 (2004)]
– ≈ 90% were physics majors or physics/engineering 

double majors
– ≈ 90% were juniors or above
– all had studied thermodynamics (some at advanced 

level)

Course taught by DEM using lecture + interactive-engagement



Methodological Issues

• Small class sizes imply large year-to-year 
fluctuations.

• Broad range of preparation and abilities 
represented among students:
– very hard to generalize results across sub-groups

• Which students are present or absent for a 
given diagnostic can significantly influence 
results.



Threat to Validity: Small Class Size

Small class sizes imply a relatively high 
probability that one particular class may not 
be fully representative of students in other, 
similar classes. [Variance of mean values is 
relatively large.]



Methodological Challenges

When evaluating students’ performance, two 
distinct factors come into play (hard to 
distinguish without extensive pretesting):

(1) students’ knowledge of material previously 
covered in an introductory course;

(2) students’ learning of new material during 
advanced course



Logistical Challenges

• Series of pretests must be administered 
before material is covered in course
– too much ground to cover in one-day test
– cannot be graded for course credit

• Pretests assess knowledge state at particular 
point in time, but not readiness to learn
– they don’t assess rate of knowledge change
– they don’t assess susceptibility to change

Particularly significant (?) in upper-level courses



Performance Comparison: 
Upper-level vs. Introductory Students

• Diagnostic questions given to students in 
introductory calculus-based course after 
instruction was complete:
– 1999-2001: 653 students responded to written 

questions
– 2002: 32 self-selected, high-performing students 

participated in one-on-one interviews

• Written pre-test questions given to Thermal 
Physics students on first day of class
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Initial Knowledge State

Despite the small size of the upper-level 
class, wide range of initial knowledge was 
evident on pretest:
– some students showed good ability to 

apply first-law concepts, others showed 
little or none;

– although most students showed at least 
rudimentary understanding of work and 
heat, some did not. 
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About one-quarter of all students believe 
work done is equal in both processes
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This P-V diagram represents a system consisting of a fixed amount 
of ideal gas that undergoes two different processes in going from 
state A to state B:

Change in internal 
energy is the same  
for Process #1 and 
Process #2.

The system does 
more work in Process 
#1, so it must absorb 
more heat to reach 
same final value of 
internal energy:        
Q1 > Q2 

[In these questions, W represents the work done by the system during a process; Q
represents the heat absorbed by the system during a process.] 
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Performance of upper-level students significantly 
better than introductory students in written sample
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[From Loverude, Kautz, and Heron (2002)]

An ideal gas is contained in a cylinder with a 
tightly fitting piston. Several small masses are 
on the piston. (See diagram above.)

(Neglect friction between the piston and the 
cylinder walls.)

The cylinder is placed in an insulating jacket. A 
large number of masses are added to the 
piston.

Tell whether the pressure, temperature, and 
volume of the gas will increase, decrease, or 
remain the same. Explain.



Correct response regarding 
temperature (2004 student):

“I believe the wall will be doing 
work on the gas thus increasing the 
kinetic energy of the gas and 
raising its temperature.” 

Thermal Physics (Pre-instruction)
Correct responses regarding temperature:

2003: 21% (N = 14)

2004: 20% (N = 20)
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Other Comparisons

• Performance of upper-level students on 
written pretest was not significantly different 
from interview sample (high-performing 
introductory students) on post-instruction 
questions related to:
– Cyclic processes
– Isothermal processes
– Thermal reservoirs



Post-Instruction Results
Final Exam, 2004

Ninitial = 20; Nfinal = 17

[one student dropped course, and two others did not show up for final 
exam (and failed course)]



A system consisting of one mole of a monatomic ideal gas goes through three different processes as shown below.
The initial values of volume (Vo), pressure (Po), and temperature (To) are the same for each process.  Also note 
that the final volume (Vf) is the same for each process, and that Processes #1 and #2 occur very slowly.   

 
             #1: Isothermal Expansion        #2: Adiabatic Expansion        #3: Free Expansion into a Vacuum 
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For each of the thermodynamic quantities listed below,  

i. specify whether the quantity is positive, negative, or zero for each of the three processes 
1, 2 and 3, and briefly explain how you know. 

ii. rank the values of that quantity for each process from greatest to least, keeping in mind 
that positive values are greater than zero, negative values are less than zero, and a larger 
negative value is less than a smaller negative value. Explain your answers. 

a) ∆U, the change in internal energy, W, the work done by the system, Q, the heat 

transferred to the system. 
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