Effects of Group Interactions on Student Cognitive Load in Vector Tests
Diego

1
Valente ,

Xian

1
Wu ,

and Tianlong

2
Zu

1Department

of Physics, University of Connecticut, Storrs, Connecticut 06269, USA
2Department of Physics and Astronomy, Purdue University, West Lafayette, Indiana 47906, USA

The Experiment

Introduction

q Data was collected in the 2018 Fall semester from a first semester calculus-based (mechanics)
introductory physics course with approximately 200 students.

Group-based work has been adopted by various educational scenarios to promote conceptual and problemsolving skills development. Many previous studies have probed different aspects of group work benefits. In the
present study, we have employed Cognitive Load Theory as the lens to examine the effect of group interaction
as students solve problems testing their knowledge of vectors. A pre-validated cognitive load survey was
facilitated to measure cognitive load in problem-solving while comparing the cognitive load in individual work
with that in group work.

q The student population consists primarily of life-sciences students, many of which are pre-meds.
q The experiment has a 2 by 2 design: students were asked to take the TUV-lite twice and filled the
cognitive load survey immediately after each time they took the test. The first “2” means half of the
students took the two tests all individually while the second half took the first test individually and
the second test in groups. The second “2” means half of the students took the physical context test
and half took the no-context test, resulting in 4 data groups.

The Reduced Test of Understanding of Vectors (TUV-lite)
LAST NAME (PRINT):__________________ FIRST NAME (PRINT):________________________
PEOPLESOFT NUMBER: _____________________________________________________________
Please write down your answer to each question in front of the question number.
"⃗. Which option is the
1. The figure shows a force "!⃗ exerted on a box. The box moves a displacement $
"⃗ )?
"⃗ · $
best interpretation of the work done by the force "!⃗, defining this work as the dot product ( !
"⃗ and "$⃗ pointing up to
(A) The magnitude of a vector between !
the right.
"⃗ multiplied by the
(B) The projection of vector "!⃗ onto vector $
"
⃗
magnitude of displacement $.
"⃗ pointing up to the right.
(C) A vector between "!⃗ and $
(D) A vector perpendicular to the force and the displacement.
(E) A vector in the direction of the displacement "$⃗.

"⃗ = 5)̂ (m). Which option
2. A force "!⃗ = 1)̂ + 3-̂ (N) acts on a box and this box moves a displacement $
"⃗, defining this work as the dot product ( !
"⃗ · "$⃗ )?
is the work in joules (J) done by the force !
(A)
(B)
(C)
(D)
(E)

5
−1501
5)̂ + 3-̂
6)̂ + 3-̂
5)̂

The tests administered are reduced
versions of the TUV designed by
Barniol and Zavala. We have two
reliable, isomorphic versions of the
TUV
evaluating
students’
understanding of dot product and
cross product: one with physics
context, the other without. Each test
has 6 questions.
Test Performance
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LAST NAME (PRINT):__________________ FIRST NAME (PRINT):________________________
PEOPLESOFT NUMBER: _____________________________________________________________

q Students completed the tests in the lab with their TA.

Data

Please write down your answer to each question in front of the question number.
"⃗ and "$
"⃗. Which option is the best interpretation of the dot product
1. The figure below shows vectors !
"
⃗
"
"⃗
(!·$) ?
""⃗ pointing up to the right.
(A) The magnitude of a vector between "!⃗ and $
""⃗ multiplied by the
(B) The projection of vector "!⃗ onto vector $
""⃗.
magnitude of vector $
"⃗ and "$
"⃗ pointing up to the right.
(C) A vector between !
(D) A vector perpendicular to both vectors.
""⃗.
(E) A vector in the direction of $

"⃗ · "$
"⃗)?
2. Consider the vector "!⃗ = 1'̂ + 3+̂ and the vector "-⃗ = 5'̂. Which option is the dot product (!
(A)
(B)
(C)
(D)
(E)
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""⃗ that forms an angle θ. 3!
"⃗3 is the magnitude of vector "!⃗ and
3. The figure below shows vectors "!⃗ and $
""⃗3 is the magnitude of vector $
""⃗. Which option is the magnitude of the cross product ($
""⃗×!
"⃗)?
3$

2
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(E)

1.5
1

"⃗3456 73$
""⃗3689 7
3!
"⃗33$
""⃗3
3!
"⃗33$
""⃗3689(90° − 7)
3!
"⃗33$
""⃗3689 7
3!
"⃗33$
""⃗3456 7
3!
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Cognitive Load Surveys
LAST NAME (PRINT): ________________FIRST NAME (PRINT): ________________PEOPLESOFT NUMBER: _____________________

PLEASE ANSWER THESE QUESTIONS INDIVIDUALLY EACH TIME

PLEASE ANSWER THESE QUESTIONS INDIVIDUALLY EACH TIME

4

For each statement below, circle a number that best describes your agreement on a scale that ranges from
1 (not at all the case i.e. completely DISAGREE) --------------------- 9 (completely the case i.e. completely AGREE).

For each statement below, circle a number that best describes your agreement on a scale that ranges from
1 (not at all the case i.e. completely DISAGREE) --------------------- 9 (completely the case i.e. completely AGREE).

3

You will do this TWICE: 1st time after taking test INDIVIDUALLY. 2nd time, after taking test in a GROUP.

You will do this TWICE.

1

The questions on the physics test had
confusing language that was not clear to
me.

2

3

I concentrated a lot as I answered the
questions on the physics test.

3

I concentrated a lot as I answered the
questions on the physics test.

4

The physics test covered formulas that I
perceived to be very complex.

4

The physics test covered formulas that
I perceived to be very complex.

5

It was very hard to identify what
information is relevant to answering the
questions on the physics test.

5

It was very hard to identify what
information is relevant to answering
the questions on the physics test.

6

I devoted a lot of mental effort in finding
and applying the relevant concepts
needed to answer the questions on the
physics test.

6

I devoted a lot of mental effort in
finding and applying the relevant
concepts needed to answer the
questions on the physics test.

7

The test covered concepts and
definitions that I perceived as very
complex.

7

The test covered concepts and
definitions that I perceived as very
complex.

8

There was a lot of distracting information
in the question statements on the
physics test.

8

There was a lot of distracting
information in the question statements
on the physics test.
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ICL: The inherent complexity
of the task determined by the
number of interactive elements
of the task
ECL: The instructional
representation (including the
design, wording, graphical or
audio information) of the task

PHYS1401-F18

GCL: The effort dedicated to
learning (i.e., constructing the
new schema/model)

Posttest (Group)
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1

The questions on the physics test had
confusing language that was not clear
to me.

Germane Load

Germane Cognitive Load
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Pretest (individual)

3

The topics covered on the physics test
were very complex.

Extraneous Load

Posttest (Group)
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Intrinsic Load

Extraneous Cognitive Load
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LAST NAME (PRINT): ________________FIRST NAME (PRINT): ________________PEOPLESOFT NUMBER: _____________________

Posttest (individual)
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Germane Load

Intrinsic Cognitive Load
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Germane Load

4. Cognitive Load of Students with Group Physics Cotext Test
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Pretest (individual)

Extraneous Load
Pretest (individual)

Posttest (individual)
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The topics covered on the physics test
were very complex.
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Germane Load

3. Cognitive Load of Students with Group No Context Test

2.5

"⃗4cos 9|3"⃗|sin 9
4!
"⃗4|3"⃗|
4!
"⃗4|3"⃗|sin(90° − 9)
4!
"⃗4|3"⃗|sin 9
4!
"⃗4|3"⃗|cos 9
4!

Extraneous Load
Pretest (individual)

3

"⃗ is applied to loosen a bolt. "3⃗ is
3. The figure below shows a wrench. At point P of this wrench, a force !
"
⃗
"⃗4 is the magnitude
the position vector of point P with respect to point O. ! and 3"⃗ forms an angle θ. 4!
"⃗ and |3"⃗| is the magnitude of vector "3⃗. Which option is the magnitude of the torque of the
of vector !
"⃗ with respect to point O, defining this torque as the cross product (3"⃗×!
"⃗)?
force !

2. Cognitive Load of Students with Individual Physics Context Test

1. Cognitive Load of Students with Individual No Context Test
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Reflections
1. Students working in group appear to have significantly higher intrinsic and germane loads than
students working individually with the no context test in the first run.
2. We hypothesize there is a main within-subjects effect on the numbers of tests, i.e., the cognitive load
in each category will display a significant decrease between pre-test and post-test.
3. We hypothesize further that this main within-subject effect interacts significantly with the test setups
for intrinsic and extraneous cognitive loads, but not germane cognitive load.
4. Physics context decreases the cognitive load, suggesting the additional information from the physics
context may help students connect the information pieces they feel isolated in the no-context
questions.

