How Do Professors Format Exams?
An Analysis of Question Variety at Scale
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WHAT

* We analyzed questions on nearly 1,800 paper exams graded in
real STEM courses

* We annotated the type of each question (multiple choice, short/
medium/long writing, drawing)

* We found interesting differences by type in position, use across
subjects, student performance, and reliability

*e.g. 5+ binary choice questions are required to match
reliability of 1 long writing question



WHY

* Unique vantage point on exams “in the wild"”

*Near term: get an understanding of what is
happening today

*Longer term: improve exam writing for both
for instructors and students



RELATED WORK

*The trend: oral open-response -> written open-response -> multiple-choice
*Good assessment is valid and reliable.

*Ideally, summative assessment is also discriminative and easy to grade
without bias.

*Many studies on open-response vs. multiple-choice
*Well-written MCs can be as good as essays
*MCs are hard to write, easy to grade. Essays are the opposite.

*Ordering effects are unclear



DATA SOURCE

Question 1
1/3.0 POINTS

Correct
-1 Missing 1/2
- 2 Missing +C

Gradescope: a Fast, Flexible, and Fair System for Scalable Assessment of Handwritten Work
Arjun Singh, Sergey Karayev, Kevin Gutowski, Pieter Abbeel
Learning at Scale 2017



Question 1
1/3.0 ron

Correct
| Missing 1/2 *No constraints on

2 - 2 Missing +C type of questions
illolisnobide * Consistent scoring

due to shared,
modifiable rubric

Submission: 3 of 10 Next Ungraded »




DATA ANNOTATION

*40M+ student answers
*graded by 6,000+ instructors (mostly STEM)
*at 600+ schools (mostly US higher-ed)
* Built special annotation interface, hired educators

* Annotated over 50% of 50,000+ questions that had
at 100+ student answers at the time
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FINAL DATASET

* AlImost 23,000 questions
* From almost 1,800 exams

 Corresponding to graded answers of
120,000+ students
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3. Draw a 7p orbital. Show all nodes and phasing for full credit (6 pts)

A). (4 pts) Use the HA-tag
to purify your favorite protein.

Draw a diagram showing

the purification setup.
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HOW DO SCORES DIFFER BY QUESTION TYPE?



MEAN SCORES BY QUESTION TYPE

Type

binary choice 0.78 (0.17)
other 0.73 (0.20)
multiple choice 0.70 (0.20)
drawing 0.70 (0.18)
medium writing D.69 (0.21)
multi-type 0.68 (0.19)

long writing 0|67 (0.20)
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HOW DO INSTRUCTORS SEQUENCE
QUESTIONS?
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drop with
position in exam.

Position in exam



FIRST HALF VS SECOND HALF

* More frequently occur in first half of exam:
*Binary choice (70%)
* Multiple choice (56%)
*Short writing (53%)

* More frequently occur in second half of exam:
*Long writing (60%)
« Medium writing (53%)
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exam for all
guestion types.



HOW RELIABLE ARE DIFFERENT QUESTION TYPES?



QUESTION RELIABILITY

signal

reliability = — :
signal 4+ noise



QUESTION RELIABILITY

l[deal: give each student an
tnftnite number of questions

signal variance in student ability

reliability = =
Y signal + noise total score variance

/

Observed data |




QUESTION RELIABILITY

Estimate with a linear mixed model

’ ’ ? (Hoyt 1941, Cronbach 1951)
N signal variance in student ability
reliability = — — = :
signal 4+ noise total score variance

/

Observed data |



OUR MODEL

scores gat = Gi+ Kst + Asq + Us g.at

Global question

type average
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OUR MODEL

SCOT€s q.a,t = Gy + KS,t + As,a + Us,q,a,t

- Key assumption is that each effect is independent.
*Many factors not accounted for:
*Students that work hard inspire others to work hard.

Instructors make up for hard questions/assignments with
easy ones.

« Consecutive questions cover similar material



RELIABILITY ESTIMATES

Binary

Multiple Choice
Short Writing
Medium Writing
Long Writing
Drawing

Multi-type

Reliability

0.036
0.061
0.112
0.120
0.170
0.144
0.117

Error

0.002
0.001
0.001
0.001
0.001
0.002
0.001



NUMBER OF QUESTIONS GIVING EQUIVALENT RELIABILITY

5.46 binary choice -
3.14 multiple choice -
1.62 short writing -
1.55 multi-type -

1.51 medium writing -
1.45 drawing -

1.00 long writing -

EEE
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1

EBEL, R. L. Can teachers write good true-false test items?
Journal of Educational Measurement 12, 1 (1975), 31-35.




TO WHAT DEGREE ARE DIFFERENT STUDENTS
SUITED FOR DIFFERENT QUESTION TYPES?



Observed score of student s
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stdewt 2 | |1 L 1 L 1




QUESTION TYPE APTITUDE CORRELATIONS

multiple choice - 0.753
short writing - 0.78
medium writing - 0.762
long writing - 0.995
drawing - 0.796 ).81 0884 0921

multi-type - 0.745
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SUMMARY

» Revealed some common patterns in university STEM exams today
* Start has binary and multi-MC, ending has open response
« Mean score drops with position in exam

* Found significant differences in question type reliability

* Found that student aptitude for question types is largely correlated

 But: binary/multiple choice questions are less correlated with
others

« More interesting findings in the paper!
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