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The effectiveness of scaffolded, research-based instruction in physics has been documented 
extensively in the literature1. However, much less is known about the development of students’ 
reasoning skills in these research-based instructional environments. As part of a larger collaborative 
project, we have been designing and implementing tasks to assess the extent to which introductory 
physics students are able to logically follow and evaluate hypothetical student reasoning chains in a 
variety of physics contexts. With this poster, we describe a “Following Reasoning” (FR) task in which 
students were asked to infer the conclusions that would be drawn from different lines of reasoning 
articulated by hypothetical students.

Introductory, calculus-based physics course
•  284 students, mostly STEM majors
•  Lecture: 2 hrs/week; recitation: 2 hrs/week; laboratory: 2 hrs/week
•  Research-based instructional materials and strategies employed

Project data collected via ungraded, online exam reviews

This material is based upon work supported by the National Science Foundation under Grant 
Nos. DUE-1431857, DUE-1431541, DUE-1431940, DUE-1432765, DUE-1432052, and 
DUE-0962805. 

Following  Reasoning  (FR)  Task:  Forces

Student  Performance  - Results

S2
[1] mB = mA/2

[2] Objects with half the mass have twice the 
acceleration

[3] so aB = 2aA

[4] F(net) = ma implies that ...

S3
[1] A and B are moving at constant speed (Δv = 0)

[2] so aA = 0 and aB = 0

[3] and therefore...

S4
[1] Smaller masses accelerate more than bigger 
masses

[2] so aA < aB

[3] and F(net) is proportional to a

[4] so …

Two blocks, A and B, are pushed to the right across a table at constant 
speed as shown above. The hand pushes horizontally. The mass of 
block A is twice that of block B,
or mA = 2mB.

Is the net force on block A greater than, less than, or equal to the net 
force on block B?

Student  Justification  – Coding  Scheme

S1
[1] The acceleration of A and B must be the same 
because the blocks move together, or aA = aB

[2] F(net) A = mAaA and F(net) B = mBaB

[3] and mA > mB

[4] so ...

After each prediction made on the basis of the provided HSRC, the student was also asked to justify 
his or her prediction. 

These explanations were analyzed using four codes: (1) engagement with/critiquing of the HSRC, (2) 
commentary on the correctness of the HSRC, (3) explicit reference to the hypothetical student, and (4) 
the type of physics arguments used (e.g., arguments provided in the HSRC or external physics 
arguments) to justify the prediction. Sample coded student justifications are provided below.

1. Engagement with/Critiquing of the HSRC
“He is assuming that there is an acceleration acting on the system, and since the two blocks are 
being pushed together that this acceleration would be equivalent. Thus the only difference in their 
force would be due to their masses, and a has a higher mass than b. However the problem states 
that the blocks are moving with constant speed in the rightward direction, so there is no 
acceleration.” [S1]

2. Commentary on the Correctness of the HSRC 
“Because the student clearly states that the mass of A is bigger than the mass B and the 
acceleration is constant. However he does not express that the acceleration is zero so this answer 
will be wrong.” [S1]

3. (No) Explicit Reference to the Hypothetical Student
“Because the two blocks are moving at the same constant speed, which means that the 
acceleration is constant. If a is constant then the mass is the only thing that plays a part in figuring 
out the Fnet.” [S1]

4. Use of External Physics Arguments 
“Because the acceleration is 0 because the velocity is constant, therefore with equations that 
student 1 used the net force on both blocks will be 0.” [S1]

A greater percentage of students who made correct predictions engaged with the HSRC
• Students are generally successful at using someone else’s reasoning

Very few students spontaneously critiqued or commented on the correctness of the HSRCs
• FR task designed to reveal student tendencies, not capabilities

No apparent connection between performance on prediction and source of physics arguments used 
in associated justification

• No advantage to drawing upon physics arguments articulated in the HSRC

No apparent connection between performance on prediction and explicit references to hypothetical 
student

• “Distancing oneself” from the HSRC seemingly does not provide any advantage

Students generally appear to be capable of accurately predicting conclusions when using HSRCs 
• Performance does not seem to depend on correctness of prediction

Students appear to have greater difficulty following the reasoning of student 2, which was circular 
in nature

• Evidence of difficulties with multi-variable algebraic expressions2, including the 
“algebra reversal error3” documented in the literature

• Incorrect predictions often based on either lines 1 & 4 or lines 3 & 4 of S2

You will be shown four students’ explanations (which may or may not be correct) in support 
of their answers to the question shown above. In each case, (1) identify the answer choice 
corresponding to the student’s explanation, and (2) explain why you think the student’s 
explanation will lead to that answer.

The student’s reasoning leads to the following conclusion:
o F(net) A > F(net) B

o F(net) A < F(net) B

o F(net) A = F(net) B

Hypothetical  Student  
Reasoning Chain  (HSRC)

Correct
Prediction*

Students  
Predicting  
Correctly
[N  =  144]

S1  – Reasoning  that  omits a  =  0 F(net)A  >  F(net)B   76%

S2  – Circular  reasoning F(net)A  =  F(net)B   54%

S3  – Correct  reasoning F(net)A  =  F(net)B   88%

S4  – Inconsistent  reasoning F(net)A  <  F(net)B   83%

Student  Performance  - Findings Preliminary  Synthesis  Across  FR  Tasks
How does student prediction performance vary across multiple physics contexts?
Examining physics-context dependency

• Additional FR tasks administered on Lenz’ Law, work-energy theorem, and wave-pulse 
superposition

• Typically about 2/3 of students could accurately predict

To what extent does conceptual understanding play a role in prediction performance? 
Specifically, can students more easily predict when they know the correct reasoning?
Examining the relationship between the FR task and student conceptual understanding

• Modified implementation of FR task has students answer physics question prior to 
making predictions

• Results from one student population (the one shown on poster) under similar conditions 
(exam review) suggests no connection

• Results from a similar student population at a different institution under different 
conditions (weekend after relevant instruction) suggests possible connection

• Discrepancy possibly stems from differences in proximity of task to instruction, but further 
studies are needed

To what extent does student prediction performance depend on the authenticity of the 
reasoning? Are students better able to predict when provided with more authentic 
reasoning chains?  
Examining the impact of authenticity of the HSRC on student prediction performance

• Additional versions of FR task administered using authentic student quotes as well as 
lightly modified student work

• Student prediction performance varied from 33% to 94%, but typically about 2/3 of 
students could accurately predict 

To what extent does answering the physics question first affect student ability to 
accurately predict using the HSRC?  Specifically, does student performance on prediction 
improve after students answer the physics question?
Effect of prior exposure to physics question on the FR task

• Results from analogous population show improved prediction performance after
answering the relevant physics question

Physics problem: Forces and Newton’s second law. 

FR task prompt

2 See, for example, Rozier, S. and L. Viennot (1991). “Students’ reasoning in thermodynamics,” Int. J. Sci. Ed., 13(2), 159-170. 
3 See, for example, Cohen, E., & Kanim, S. E. (2005). Factors influencing the algebra ``reversal error’'. American Journal of Physics, 73(11), 1072–1078.http://doi.org/10.1119/1.2063048

*Red font indicates an incorrect answer to the physics question; green font indicates the correct physics answer

1 See, for example, Finkelstein, N. D., & Pollock, S. J. (2005). Replicating and understanding successful innovations: Implementing tutorials in
introductory physics. Physical Review Special Topics - Physics Education Research, 1, 010101. http://doi.org/10.1103/PhysRevSTPER.1.010101.


