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INTRODUCTION

-

~

» There are several visual environments in physics used for learning and/or
assessment which contain both relevant and irrelevant features.

A\

Visual attention may be redirected through the usage of cues.
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In a variety of contexts, cueing has been shown to increase learning in
animations and static problems [1-5].

» We have found that incorrect solvers spend more time than correct
solvers attending to the irrelevant features of a problem diagram [6].

Can visual cueing help students correctly solve and reason about
conceptual physics problems they previously were unable to?
Furthermore, can cueing and feedback promote transfer?

For those students whose performance improved on the transfer
problem relative to the initial problem, how do the eye movements of
the cued students compare with those of the non-cued students on
both the initial and transfer problem?
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METHODS

-

.

Participants: Students enrolled in algebra-based, introductory
mechanics course randomly assigned to a cued (N=38) or non-cued
(N=42) condition.

Materials: Four sets of conceptual physics problems related to energy
and speed. The order of the sets was randomized, as were the order
of the training problems within a set.
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PROBLEM & PROBLEM #1 > > PROBLEM #6 > PROBLEM

Those in CUED condition saw colored shapes overlaid on the
training problem diagrams for 8s at a time.

Procedure: Students participated in individual sessions lasting 50-60
minutes and were randomly assigned a condition. Problems were
presented on a computer screen. Students solved the problems while
their eye movements were recorded and provided verbal answers.
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INITIAL PROBLEM
TRANSFER PROBLEM
How does the final speed of cart A compare to the
final speed of cart B, if the mass of the carts is the Two identical balls roll down a hill. How does the final
same and they both start at rest? (Frictional effects ~ speed of ball A compare to the final speed of ball B if
can be ignored) the masses are the same and they both start at rest?
(Frictional effects can be ignored)
Initial A Final Initial B Final
Q\/ﬁ Q\/\/\/Q Initial A Initial B
Final Final
TRAINING PROBLEM " "
Initial A Final Initial B Final
/

EXAMPLES OF CUES

~
Twc? !oalls roll along t.he paths shown. A snapshot of th.e How does the final speed of cart A compare to the final  The motion of two ob-jects is re.prese‘nted in the graph. Rank the changes in potential energy during the
!oosnltlon of the balls is taken every second. At what point speed of cart B, if the mass of the carts is the same and  When are the two objects moving with the same speed?  ¢yiar's descent down each slope from greatest to
in time does Ball B have the same speed as Ball A? they both start at rest? (Frictional effects can be distance 1 least.
ignored)
Os 1s 2s 3s 4s A
Initial A Final Initial B Final B Slope A
Ball A ‘ ’ ‘ . .................................
e / v w
1,3 24 57 6,8 Slope B
Os 1s 2s 3s 4s
2 4 6 8 ) ............................... Slope C
L Red numbers indicate the order in which the shapes appeared. Each appeared on screen for 1s at a time. time y
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Student Performance Across All % of Students Correctly Solving the Initial Normalized Time Spent in Relevant
Problem Sets There was no significant and Transfer Problems by Condition and I.rr.elevant Areas of Diagram Those who solved the initial
. _ _ Initial Problem for all Sets bl . i
difference in the proportion of 5 Probiem correctiy spenta
=0=Cue (N=38) «<@=No Cue (N=42) students in each group who i Cue (N=38) & No Cue (N=42) < Correct (N=89) W Incorrect (N=231) significantly higher proportion of
100% o 100% g 25 time attending to the relevant
900/2 were able to solve the initial 90% § N ) features of the diagram.
80% problem. 80% 5 | F(1,318) = 13.20, p<.001, d=.445
70% x2(1, N=320) = 2.72, p=.106 20% I o 15 —
60% / . S ~ Those who solved the initial
>0% / - ‘onifi : oo S5 I problem incarrectly spent a
40% A significantly larger proportion 5o« 2 TODI _ _
30% d : = 2 B significantly higher proportion of
o of students who received cues 40% = ) : .
20% o 0% L I . - S o time attending to the irrelevant
10% on the training problems were . I g Expert-Like Area Novice-Like Area features of the diagram.
% | | | | | - able to correctly solve the 20% T - F(1, 318) = 14.85, p<.001, d=.791
&F & & ¢ & {\\o%% | &o%b transfer problem. T o
& & & @ »%(1, N=320) = 38.15, p<.001, V=345 0% - ' Correct problem solvers allocate significantly more
’ ’ ’ Initial Problem Transfer Problem . . i
attention to the relevant features in the diagram.
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Both groups have significant shifts Normalized Time in Expert-Like Area Avg. Fixation Duration in Expert-Like Area Total Dwell Time in Seconds Avg. Fixation Duration for Entire Viewing
towards the relevant features of the Incorrect Initial = Correct Transfer Subset Incorrect Initial - Correct Transfer Subset Incorrect Initial — Correct Transfer Subset Incorrect Initial - Correct Transfer Subset
diagram. ===Cue (N=66) ===No Cue (N=30) ==Cue (N=66) ===No Cue (N=30) ===Cue (N=66) ===No Cue (N=30) ===Cue (N=66) ===No Cue (N=30)
§ 18 450 35 450
No Cue: F(1,94) = 41.63, p<.001, d=1.59 < T T T 400
Cue: F(1,94) = 14.94, p<.001, d=.79 $ 15 _ 400 | 30 | _
g € 350 - g 350
Comparing the proportion of time spent s 12 "g 300 ! E 300
attending to the relevant information, © g a5 20 5 550
. . . e . = 9 1 = - - §
there is no significant difference on the :o a 500 15 a8 200
initial problem, F(1, 94) < 1. ~ o o
£ ° £ 150 10 £ 10
On the transfer problem, the non-cued Eoog £ 100 = 100
group spends a larger proportion of time E 50 > 50
attending to the relevant features, ; 0 . | 0 | | 0 . . 0 .
F(1, 94) = 14.25, p<.001, d=.652 Initial Transfer Initial Transfer Initial Transfer Initial Transfer
The cued group spent a SMALLER proportion of time attending to the relevant features of the transfer Overall both groups spend, on average, the same
problem and had SHORTER fixation durations in the expert-like area than the non-cued group, amount of time solving the problems and have similar
kindicat'ing that cues help students process the relevant information more efficiently. fixation durations. y
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Among students who incorrectly solved the initial problem in a set, those who saw visual cues correctly solved and reasoned about a significantly
greater proportion of training problems.

When asked to solve a transfer problem (without cues), those who saw cues on the training problems are significantly more likely to provide a
correct answer and explanation.

Among students who provided an incorrect response on the initial problem, but were able to solve the transfer problem correctly, those who saw
cues on the training problems were able to more efficiently extract the relevant information from the diagram on the transfer problem.
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