Learning Vectors Onllne Comparing

Multiple-Choice to Drawing Vectors

Michael Kline
Andrew Heckler

|\

f(//’[,f\ \\_'"‘.
This material is based upon work supported by the

\\ <
A > National Science Foundation under DUE IUSE Grant -~
No. 1914709

2022 AAPT Summer Meeting

THE OHIO STATE UNIVERSITY



Vector Addition
Answer Format

What is the vector sum A + B?
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Free Response

Multiple Choice

Draw Vectors in the grid or enter the values below.
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Background

* Many studies have demonstrated and investigated difficulties with
student’s understanding of vector addition, particularly vectors on a

grid [1-10]
 Carefully structured and graded multiple-choice physics assessments

have been shown to be viable replacements to free-response
guestions requiring algebraic calculations [11, 12]

* In other contexts, the figural response answer format has been shown
to be more difficult, slightly more discriminating and reliable, and had
higher omit rates than multiple choice [13]

e Paperis from 1991, we haven’t found more recent work
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Students who answered quickly on
more than 20% of the questions

Experiment SChEdUle were not included (based on

response time effort score [14])
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Pre- and Post-test Questions

Multiple Choice Free Response
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Assessment

Differences Between MC/FR Answer Formats
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Pre-test Score
Distributions

Algebra-Based Course 50 1

0 20 40 60 80 100
Score %

The distribution of scores in FR format is bimodal, peaking at 0% and 100% 7
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N FR
200 A

150 7

Pre-test Score
Distributions

100 A

Number of students

Algebra-Based Course 50 1

0 20 40 60 80 100
Score %

The distribution of scores in FR format is bimodal, peaking at 0% and 100% ’
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Pre-test Score
Distributions
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Number of students

50 A

Calculus-Based Course .

0 20 40 60 80 100
Score %

The distribution of scores in FR format is bimodal, peaking at 0% and 100% :
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Calculus-Based Course .
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Score %
The distribution of scores in FR format is bimodal, peaking at 0% and 100% 10
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Test Reliability -W

(Cronbach’s Pre-test
Alpha)

Algebra-Based Course

Post-test 0.58 0.75

FR format has higher test reliability
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Test Reliability -W

(Cronbach’s Pre-test
Alpha)

Calculus-Based Course

Post-test 0.47 0.60

FR format has higher test reliability
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Learning

Differences Between Practicing in MC/FR Answer Formats
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Score Gains _50-
(Post % - Pre %) 5
Algebra-Based Course 10 -

MC Format FR Format

Training in FR format leads to higher gains in FR format and in MC
format in algebra-based course
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Training in FR format leads to higher gains in FR format and in MC
format in algebra-based course
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logit(pij) = Bo + Bpre * Prejj + Beona * Condition; + Brorm * Format;
+ Bint1 * Pre;j * Condition; + Bintz * Format; * Condition;

+ qu + Voi
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0

MC Format FR Format

Students are more likely to answer correctly on the post-test if they
practiced in FR format
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logit(pij) = Bo + Bpre * Prejj + Beona * Condition; + Brorm * Format;
+ Bint1 * Pre;j * Condition; + Bintz * Format; * Condition;

+ qu + Voi
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Students are more likely to answer correctly on the post-test if they
practiced in FR format
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Conclusions

* Assessment
* FR format has higher discriminatory power than MC format
* FR format has a higher reliability than MC format

* Learning
* We see higher gains when practicing vector addition in FR format

* These results are true for both algebra-based and calculus-based
students
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Quasi-Experimental Design

Algebra-Based Course Calculus-Based Course
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Hierarchy
Between MC/FR
Formats

Algebra-Based Course
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Hierarchy
Between MC/FR
Formats

Calculus-Based Course
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