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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



•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

WHY



•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

RELATED WORK



DATA SOURCE



•No constraints on 
type of questions 
•Consistent scoring 
due to shared, 
modifiable rubric



•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

DATA ANNOTATION







•Almost 23,000 questions 

•From almost 1,800 exams 

•Corresponding to graded answers of 
120,000+ students

FINAL DATASET



QUESTION TYPE SAMPLES















HOW DO SCORES DIFFER BY QUESTION TYPE?



MEAN SCORES BY QUESTION TYPE 



Questions

Subject Exams Binary MC Short Medium Long Drawing Multi Other Total

Computer Science 862 697 2,050 3,523 3,752 1,314 229 1,268 438 13,271 58%
Chemistry 288 44 319 469 797 331 745 813 33 3,551 16%
Mathematics 259 20 45 227 767 807 14 128 5 2,013 9%
Statistics 126 83 37 130 774 363 3 167 3 1,560 7%
Engineering 93 30 24 32 376 231 22 148 16 879 4%
Economics 65 7 42 22 344 253 29 37 5 739 3%
Biology 31 4 45 90 279 81 24 31 3 557 2%
Unknown 22 2 5 18 58 45 4 44 3 179 1%
Physics 34 0 2 6 23 45 2 27 0 105 0%

Total 1,780 887 2,569 4,517 7,170 3,470 1,072 2,663 506 22,854 100%
4% 11% 20% 31% 15% 5% 12% 2% 100%

Table 1. Summary of number of exams and question items by subject and question type.

Figure 5. Distribution of mean scores for all questions.

Count Score Mean (std. dev.)

Binary 887 78.4% (17.4%)
1-of-N 1,791 71.2% (20.8%)
K-of-N 718 68.0% (19.0%)

Table 2. Counts and average scores for multiple choice questions.

Multiple choice types
Researchers have reported on the differences in discriminabil-
ity between True-False (TF), or binary choice questions and
MC item types. For instance, as far back as 1941, Cronbach
[5] showed experimentally the bias of students towards choos-
ing True in a TF choice. Frisbie [9] found in one experiment
that TF questions were significantly less reliable than MC
items on the same subject material. But Ebel [7] found in a
controlled experiment that teachers could get about the same
degree of discriminability with TF questions as with multiple
choice questions if they wrote five TF questions for every three
MC questions.

For this dataset, Table 2 presents the detailed counts and av-
erage score mean and standard deviation for Binary, 1-of-N
(exactly one choice must be selected), and K-of-N (several
choices may be selected) multiple choice questions. The bi-

Figure 6. Mean student scores and standard deviations on exams by

question type and course topic (standard errors in parentheses).

nary type has the highest mean score, followed by 1-of-N, and
then K-of-N.

Over 95% of all multiple choice questions offered eight or
fewer choices. The average number of choices for 1-of-N ques-
tions was 5.0; the average for K-of-N questions was 5.7. The
number of choices was inversely correlated with the average
score on the question (correlation strength of 0.18), ranging
from 78.6% mean score for two choices to 66.0 mean score
for eight choices.

K-of-N multiple choice questions are inherently more difficult
due to the expanded answer space, reducing the likelihood
that a guess will be correct, but they are also more amenable
to assigning partial credit to student answers. We found that
33.0% of answers to K-of-N questions were given partial
credit by instructors, in comparison to only 7.7% of answers
to 1-of-N questions.

Exam Composition and Question Type Ordering
We observe that different question types tend to occur in dif-
ferent positions within an exam. As shown in Figure 7, bi-
nary, MC, multi-type, and short writing questions occur more
frequently in the first half of the exam. Drawing and other
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HOW DO INSTRUCTORS SEQUENCE 
QUESTIONS?



•Mean scores 
drop with 
position in exam.

QUESTION SCORE BY POSITION IN EXAM

Position in exam
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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%)



QUESTION SCORES BY POSITION IN EXAM
Figure 7. Frequency of position of question type varies in the first versus

the second half of exams.

Figure 8. Lowess smoothing curves show the decline in mean score from

the start of an exam to the end, broken out by the question type.

question types occur about equally frequently in the first and
second halves. Medium and long writing questions occur
more frequently in the second half of the exam. This sug-
gests a common pattern for exams that use multiple types, in
which fixed-response questions are followed by open-response
questions.

We also observe a substantial difference in scores depending
on where questions appear in an exam. Among questions
that are the very first in an exam, the mean score is 0.79.
Among final position questions, the corresponding mean is
0.65, 15 percentage points lower. Alternately, we can use
linear regression to estimate the average decline in scores
using all questions. With this method, the drop from the start
to the end of an exam is 0.10 (std. err. = 0.005).

One might wonder if the decline in scores can be explained by
the different mix of question types near the beginning and near
the end of an exam. In fact, controlling for question type only
reduces the average drop to 0.09 (std. err. = 0.005), suggesting
that the decline is mainly caused by differences within each
question type. In figure 8, Lowess smoothing curves are used
to show the decline in scores for each question type, from the
start to the end of an exam. The largest declines are found for
long writing (0.12), medium writing (0.12), and short writing
(0.08). The smallest declines are belong to drawing (0.03) and
binary choice (0.04).

As discussed in the Related Work section, the preponderance
of evidence shows that all other things being equal, test out-
come is not affected by order of placement of items on the
exam [14, 4, 13, 17], so these results suggest that on the whole,
instructors are ordering their exams roughly from easier to
more difficult questions. However, other factors, such as test
taker fatigue, and differences in grading of early versus later
questions, cannot be ruled out.

We find differences in exam composition by subject, as shown
in Figure 9, which plots all exams that have more than half of
all their questions annotated. Each exam is placed on a ternary
plot corresponding to its subject, where triangle vertices cor-
respond to exams composed entirely of one of (i) Binary/MC
questions, (ii) Short, Medium, or Long Writing questions, or
(iii) Other (Drawing and Multi-Type) questions. Points located
inside the simplex correspond to mixtures of different question
types, such that the center point is an exactly even mixture.

The figure shows that Computer Science exams in the dataset
are often composed of a mix of all three types, Chemistry
exams have a significant fraction of Other questions (quite
often, chemical diagram drawings), and the remaining subjects
are dominated by Writing questions. Figure 13 provides a
more explicit view of the exams according to the sequence of
question types, for Math and Chemistry exams of length 10 to
20 questions for which at least half the questions have been
annotated.

QUESTION RELIABILITY
Within the literature on educational testing, two primary met-
rics for assessing exam questions are reliability and validity.
[10]. Reliability refers to whether an exam question produces
stable and consistent results when applied to the same students
[8]. Validity refers to whether a question measures the knowl-
edge or ability it is designed to measure and is not measurable
with our dataset.

When measuring reliability, it is important to stress that student
knowledge is inherently multi-dimensional and different types
of questions may measure different aspects of knowledge [16].
In the literature, reliability is often measured with a correlation
coefficient. As explained by Ebel and Frisbie,

The reliability coefficient for a set of scores from a group
of examinees is the coefficient of correlation between that
set of scores and another set of scores on an equivalent
test obtained independently from members of the same
group. [8]

To measure reliability, we perform an analysis of variance
using the lmer package in R [1]. This statistical procedure
allows us to estimate how much of the observed difference in
scores actually represents differences in student ability, and
how much is attributable to noise (e.g., the idiosyncratic nature
of each individual question). In line with the seminal works
of Hoyt and Cronbach, we represent the variation in student
ability using random effects [12, 6].

•Mean scores drops 
with position in 
exam for all 
question types.



HOW RELIABLE ARE DIFFERENT QUESTION TYPES?



QUESTION RELIABILITY

reliability =
signal

signal + noise
=

variance in student ability

total score variance
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QUESTION RELIABILITY
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OUR MODEL
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scores,q,a,t = Gt +Ks,t +As,a + us,q,a,t
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OUR MODEL

•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

scores,q,a,t = Gt +Ks,t +As,a + us,q,a,t
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Reliability Error

Binary 0.036 0.002

Multiple Choice 0.061 0.001

Short Writing 0.112 0.001

Medium Writing 0.120 0.001

Long Writing 0.170 0.001

Drawing 0.144 0.002

Multi-type 0.117 0.001

RELIABILITY ESTIMATES



NUMBER OF QUESTIONS GIVING EQUIVALENT RELIABILITY

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?



scores,q,a,t = Gt +Ks,t +As,a + us,q,a,t
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QUESTION TYPE APTITUDE CORRELATIONS









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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