
Different types of questions yield different results 
Single Response (SR; see questions 1 and 2) 
Multiple response, single correct (MRS; 14) 
Multiple response, multiple correct (MRM; 9,12,15) 

MRM questions are significantly harder than either  
of the other types, but they do not discriminate  
differently.  

For visualization, MRM responses categorized as: 
 All correct 
 Some (but not all) correct 
 Both correct and incorrect 
 Only incorrect
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Enter: the PIQL 
•We are developing the Physics Inventory of Quantitative Literacy 
(PIQL): a multiple-choice assessment instrument for measuring PQL 
across the physics curriculum. 

•An 18-question prototype was piloted as a pretest in three 
introductory physics courses 
- before Mechanics (N = 441) 
- before E&M (N = 324) 
- before Thermodynamics/Waves (N = 311) 

•Focuses on proportional reasoning [7, 8], and reasoning with 
negative quantities [1, 9-12].

1. PowerRush sports drink is prepared by stirring a powder into some water. 
The directions say 2.5 cups of water should be used with each tablespoon of 
powder. You have N cups of water and want to use it all to make PowerRush. 
Which of the following expressions helps figure out how much powder to use 
(in tablespoons)?  
a. N ·2.5  b. N/2.5  c. 2.5/N  d. (N +1)·2.5  e. None of these is helpful.  

2. You are part of a team that has invented a new, high-tech material called 
“traxolene.” Each gram of traxolene has a volume of 2.2 cubic centimeters. For 
a laboratory experiment, you are working with a piece of traxolene that has a 
volume of Y cubic centimeters. Which of the following expressions could you 
use to correctly calculate the mass of the piece of traxolene (in grams)?  

a. Y/2.2   b. 2.2/Y   c. Y · 2.2  d. None of these is correct. 

References
1. S. W. Brahmia, in PERC 2017, (2017). 
2. P. W. Thompson, New perspectives and directions 

for collaborative research in mathematics 
education , 33 (2010). 

3. A. B. Ellis, Cognition Instruct. 25, 439 (2007). 
4. M. D. Caballero, B. R. Wilcox, L. Doughty, and S. J. 

Pollock, Eur. J. Phys. 36, 065004 (2015). 
5. S. Brahmia and A. Boudreaux, in 20th Annual 

Conference on RUME (2017).  
6. J. Boaler, Mathematical mindsets: Unleashing 

students’ potential through creative math, inspiring 
messages and innovative teaching (2015).  

7. A. Boudreaux, S. Kanim, and S. Brahmia, arXiv 
preprint arXiv:1511.08960 (2015).  

8. A. B. Arons, Phys. Teach. 21, 576 (1983). 
9. J. Vlassis, Learning and Instruction 14, 469 (2004). 
10. S. S. Brahmia and A. Boudreaux, in 19th Annual 

Conference on RUME (2016). 
11. R. R. Bajracharya, T. M. Wemyss, and J. R. 

Thompson, in PERC 2012, (2012). 
12. K. Hayes and M. C. Wittmann, Phys. Teach. 48, 246 

(2010). 
13. R. L. Doran, Basic Measurement and Evaluation of 

Science Instruction. (1980).  
14. W. K. Adams and C. E. Wieman, Int. J. of Sci. Educ. 

33, 1289 (2010). 
15. W. Wiersma and S. G. Jurs, Educational 

measurement and testing, 2nd ed. (1990).

0.00

0.25

0.50

0.75

1.00

Q9 Q12 Q15
Question

Fr
ac

tio
n 

of
 R

es
po

ns
es

Correctness
Only Incorrect

Both

Some Correct

All Correct

0.00

0.05

0.10

0.15

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Score on PIQL

Fr
ac

tio
n 

of
 S

tu
de

nt
s

15. Valeria combs her hair, and as a result the net charge on the comb goes from 
0 to -5 C. Consider the following statements about this situation. Select the 
statement(s) that must be true. Choose all that apply.  

a. Negative charge was added to the comb.  
b. Charge was taken away from the comb.  
c. All of the electric charge in the comb is negative.  
d. The net charge on the comb is smaller after Valeria combs her hair.  
e. The net charge on the comb is larger after Valeria combs her hair. 

12. A hand exerts a horizontal force on a block as the block moves along a 
frictionless, horizontal surface. For a particular interval of the motion, the hand 
does W = −2.7 J of work on the block. Consider the following statements about 
this situation. Select the statement(s) that must be true. Choose all that apply.   

a. The work done by the hand is in the negative direction.  
b. The force exerted by the hand is in the negative direction.  
c. A component of the force exerted by the hand is in the direction opposite 

to the block’s displacement.  
d. Energy was taken away from the hand system.  
e. Energy was taken away from the block system. 

9. Shown at right is a picture of a small flag of the 
Kingdom of Bhutan, which has a dragon along its 
diagonal. A second version of the flag, not shown, is 1.5 
times taller than the smaller flag and is also 1.5 times 
wider. Which of the quantities below are larger by a factor 
of 1.5 for the larger flag compared to the smaller flag? Choose all that apply.  

a. The distance around the edge of the flag. 
b. The amount of cloth needed to make the flag.  
c. The length of the curve forming the dragon’s backbone.  
d. The diagonal of the flag.  
e. None of these quantities is larger by a factor of 1.5 for the larger flag 

compared to the smaller flag.

14. At a location along the x-axis, the electric field is measured to be  
Ex = −10 N/C. Consider the following statements about this situation. Select the 
statement(s) that must be true. Choose all that apply.  

a. The source of the field is a negative charge. b.  
b. The field points in the −x-direction.  
c. In this field, any charged particle will move in the −x-direction.  
d. The magnitude of the electric field is decreasing. 
e. The magnitude of the electric field is 10 N/C less than it is at the origin. 

How well do we teach mathematical reasoning? 
• Physics Quantitative Literacy (PQL): the ability to reason mathematically in 

the context of physics 
• A major goal of many introductory physics courses; development is often less 

than desired [1]. 
• Enhancing PQL development may: 

- improve students’ knowledge of mathematics [2, 3],  
- better prepare them for future demands to think mathematically [4], and  
- promote increased equity and inclusion in physics instruction [5, 6].  

Easier Questions

Harder Questions

Is the protoPIQL a good test? 
Short answer: Meh. It’s OK. 

It’s a little too easy overall 
Average score: 11/18 (62%) 
St. Dev.: 3.0 (16%) 

And it’s not terribly reliable  
Cronbach’s α = 0.67  
(below threshold of α ≥ 0.8 [13];  
may be due to testing two  
different constructs [14]) 

What’s Next? 
  Factor Analysis         Item Response Theory        New scoring scheme          Interviews 
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What’s up with Question 15? 
Reasoning about negative charge and charge 
transfer. 

Taking an E&M course does not help with Q15, 
but taking a Mechanics course does. 

Six questions were given to physics grad 
students (N = 22). Q15 was the ONLY ONE on 
which they did poorly. 

Wording of question may need to be revised.
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Question 15 Results

SR MRS MRM
Difficulty 0.74 ± 0.04 0.64 ± 0.08 0.261 ± 0.003
Discrimination 0.39 ± 0.04 0.42 ± 0.04 0.42 ± 0.06

11. An object moves along a line, represented by the x-axis, and the accel-
eration is measured to be ax = −8 m/s2. Consider the following statements about 
this situation. Select the statement(s) that must be true. Choose all that apply.  

a. The object’s speed is decreasing. 
b. The magnitude of the acceleration is decreasing.  
c. The object is doing the opposite of accelerating.  
d. The acceleration is in the negative x-direction. 

Best Question

*

Classical Test Theory [13,15] 
Difficulty: Some questions are too 
easy (x), and some are almost too 
hard (  ). Few in between. 

Discrimination: Several questions 
are too low (x), BUT they might 
be OK if we adjust the threshold 
based on difficulty. None is 
particularly high ( > 0.6). 

Question 11 (  ) is the best balance 
of difficulty and discrimination: 
interpreting a negative 
component of acceleration. 

Some questions should be revised 
or removed.

*
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Factor 1 Factor 2 Factor 3

proportional 
reasoning?

negativity? co-variation?

Trace lines for Question 18
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2PL IRT Item Plot: Question 11
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