
We have demonstrated that our new chaining methodology effectively probes student
reasoning approaches in a manner that helps decouple reasoning from conceptual 
understanding. The similarity in student performance on tasks administered in both 
traditional and chaining formats indicates that the new format does not significantly alter
student reasoning patterns (at least on the tasks presented), suggesting that insights 
gained may be generalized beyond this format. Finally, we interpreted our results
through the lens of dual-process theories of reasoning (e.g., HAT). In particular, observed
differences in student reasoning on the KGT and the MFT could be explained using HAT.

Introduction

Probing Student Ability to Construct Reasoning Chains: A New Methodology

Isomorphic Task and Results
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Task Description

Similarity in performance on both versions suggests:
(1) the chaining format doesn't significantly alter 
student reasoning patterns, and (2) the presence of
requisite conceptual information does not preclude
the most common incorrect response.
 

Examples of correct and incorrect student responses
are shown at right.  
 

The "struggle" category represents a tension between 
correct conceptual knowledge, actively selected by
the student, and the first-available "intuitive" response 
(B) automatically generated by the heuristic process.
 

The significant percentage of students selecting the
intersection even after indicating that slope is related
to velocity provides further evidence suggesting that
such incorrect responses primarily stem from reasoning
  difficulty — not from conceptual difficulties.
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KGT in Chaining Format

Students are provided with a list of 
reasoning elements and told that they are
all correct statements. They are asked to 
construct a solution by selecting elements
from the list and ordering them, and
including provided connecting words.

The student’s task is to pick from given conceptual pieces and directly assemble a reasoning chain.

Online Format
Task implemented using Qualtrics'
“Pick/Group/Rank” question format as 
shown.
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Overall KGT Results

The Kinematics Graph Task (KGT)
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Regular
(OSU, Ref 3)

Chaining
(UMaine, N = 157) 52%
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Kinematics Task Flux Task

Drawing on first principles

Drawing on
"slope is velocity" alone

We created a second task isomorphic
to the KGT in the context of EM induction,
with identical intersecting graphs showing
magnetic flux vs. time for two loops.

All reasoning elements were directly mapped to the 
E&M context

Students were asked to determine when the induced 
EMF through each loop were the same.

Performance on the MFT was much stronger than on
the KGT, with few students selecting the intersection.

Detailed analysis of reasoning chains revealed a greater
tendency of students to support correct answers with 
first principles on MFT than on KGT.

Through the lens of HAT, our findings seem to suggest that students are approaching
the MFT with their analytic processes more productively engaged, as evidenced by 
fewer students selecting the intersection. It may be that graphs of magnetic flux were
less familiar to students and they did not expect to have an "immediate" answer; instead,
they may have slowed down and reasoned systematically based on first principles (see 
figure above right), thereby avoiding the kind of quick, intuitive responses that were so
prevalent on the KGT. Future studies will investigate this phenomenon in greater depth. 

Items

the integral, , is the
area under the graph of f vs.

x.

the derivative, , is the
slope of the f vs. x graph

slope of position vs time graph
is velocity

slope of velocity vs time graph
is acceleration

area under velocity vs time
graph is the displacement

area under acceleration vs 
time graph is the velocity

the lines intersect at time B

slopes are the same at time A

Car 1 is going faster than Car 2
initially, but eventually is
going slower than Car 2

Reasoning Space

Connecting Words

Conclusions to use in reasoning space

and

and

but

because

therefore

therefore

so

the speeds are the same at time A

the speeds are the same at time B

the speeds are the same at time C

the speeds are never the same

There is a growing body of evidence that students who demonstrate
conceptual understanding may give inconsistent responses across questions.1,3

These findings suggest that difficulties with reasoning may be a key factor; 
there is thus a need to investigate reasoning skills in depth.

Dual-process theories of reasoning, e.g., Evans’ heuristic-analytic theory (HAT)2,
have recently been used to interpret inconsistent student performance on 
several questions.

In our investigation of student reasoning skills, we have developed a new 
methodology that emphasizes the construction of reasoning chains, or 
"chaining".

Data Set Correct
(A)

Intersection
(B)

Kinematics task
(UMaine, N = 157) 52% 40%

Flux task
(UMaine, N = 71) 86% 10%

Conclusions
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Research Context
Calculus-based introductory physics sequence at the University of Maine.

Tasks administered in extra-credit, online exam review assignments after all
relevant instruction.
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Heuristic-Analytic Theory of  Reasoning2

Figure adapted from ref. 2, fig.. 3

Model informed by:
 task features 
current goal

 background  knowledge

The KGT is shown at left.

This is the second half of two-part kinematics
task developed by Heckler3 to study the
impact of salient features on student
performance.

40% of students incorrectly chose time B 
on the task shown, despite using slope
correctly to compare speeds on a task 
with no intersection (not shown).

Impact of salient intersection point on KGT 
performance is consistent with HAT.

Helps disentangle conceptual understanding 
 from reasoning by ensuring students have access to requisite conceptual elements.

Magnetic Flux Task (MFT)

(i.e.,                     ).

Task adapted from ref. 3

Allows students to focus on arranging
conceptual knowledge elements into a
progression of inferences.

DUE-1431857, DUE-1431541, 
DUE-1431940, DUE-1432765,
DUE-1432052, DUE-0962805

Reasoning elements from the 
“Items” column, connecting words
and final conclusions can be dragged 
and dropped into the “Reasoning 
Space” box.


