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ABSTRACT KEYWORDS
We analyse the impact on student performance of scrambling the Forward sequencing;
order of multiple choice questions (MCQs) in examinations. We test ~ multiple choice
if students perform better on a question if it is preceded by a ~ 9uestions; test-item
question that relates to either the same or the preceding lecture ~ 2nalysis

in the course (forward sequenced). Previous research has been JEL CODES
unable to find clear evidence of a forward sequencing effect, A20; C93; 121
which we argue could be related to their focus on test level out-

comes. By considering test-item level results instead, using a sam-

ple of 16,127 MCQ scores from 12 Microeconomics examinations at

Radboud University, the Netherlands, we find strong evidence that

the forward sequencing of MCQs on examinations positively

impacts student performance at the test-item level. An average

student has a higher likelihood of answering correctly a MCQ that

is in sequence than one that is not. This result holds after con-

trolling for student ability, question difficulty, and a range of other

determinants of student performance. The positive effect of for-

ward sequencing builds up in case of a streak of sequenced MCQs.

We conclude that the scrambling of MCQs on examinations is not

innocuous and we call for consistent scrambling practices across

examination versions.

Introduction

Does the rate of success of answering a multiple-choice question (MCQ) in an
examination depend on the content of the questions preceding it? This is the main
question we address in this paper. If true, this could have consequences for the
common practice to make different versions of examinations by changing the order
in which MCQs appear (scrambling).
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There are strong reasons to believe that the particular content of a test item
could affect the performance of students on the next question. The main mechanism
that has been forwarded is that of contextual cues, which facilitates memory retrieval
(e.g. Frankland, Josselyn, and Kohler 2019; Pettit, Baker, and Davis 1986; Tulving
and Pearlstone 1966). If a previous question is related in terms of content, as in
forward sequenced examinations, this will make it easier for students to access the
part of their memory that is needed to answer the next question correctly.
Furthermore, content-ordered questions reduce cognitive load and examination
fatigue (Bone and Prosser 2021; Schroeder, Murphy, and Holme 2012). Finally, order
association could benefit students when questions are ordered by content, particularly
if the forward sequencing mimics the order of treatment in the course (Sue 2009).

Students could therefore be expected to perform better on a test item if it is
preceded by a test item on either the same topic or a topic closely related to it.
Hence, the scrambling of MCQs could disadvantage students who receive a version
of the examination in which such content-related ordering is reduced.

We investigate this issue by comparing the MCQ scores of a total of 745 students
who participated in one or more of 12 identically structured Microeconomics exam-
inations at Radboud University, the Netherlands, between 2013 and 2019. Each
examination has three versions, which are the same in terms of structure and content
but differ with respect to the ordering of the MCQs. The MCQs in Version 1 of
the examination typically follow the order of the course, whereas the order of the
MCQs in Versions 2 and 3 is scrambled. Once students have received the examina-
tion, they know which version they have, but they do not know which versions
have been scrambled. It is also nowhere made explicit that the ordering of questions
in one of the versions follows the order of the course.

Previewing our results, we see that students perform better on a question if it is
preceded by a question that relates to either the same or the preceding lecture in
the course. Ordering examination questions in line with the course order thus has
a positive effect on student performance. The results indicate that an average student
has a higher likelihood of correctly answering an MCQ that is in sequence than
one that is not. This result holds after controlling for student ability, question dif-
ficulty, and a range of other determinants of student performance. Furthermore, we
find that the positive effect of MCQ ordering builds up in case of a streak of
sequenced MCQs. If the length of a streak doubles, an average student has a 5
percentage point higher likelihood of answering successfully.

These results are new to the literature, where the impact of distorting the
content-related ordering of MCQs on test-item results has received little empirical
attention. The literature has focused mainly on the impact of scrambling MCQs on
overall test results. A few exceptions aside, the vast majority of papers finds no evidence
that MCQ scrambling affects students’ overall test results. This outcome holds for papers
addressing the scrambling of MCQs in forward sequenced examinations, as well as for
examinations where MCQs are ordered by level of difficulty, for instance from easy to
hard. See Leary and Dorans (1985), Davis (2017), Hauck, Mingo, and Williams (2017),
and Undersander et al. (2017) for overviews of these and other results in the literature.

From a methodological perspective, the main improvement we make is to zoom
in on a more detailed level of analysis. The literature focuses on test-level outcomes,
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distinguishing between different versions of tests that have different levels of scram-
bling. Firstly, differences in student capacities, ways of learning, and preparation
strategies across students can introduce noise to the analysis (Davis 2017; Gurung
and McCann 2012; Mozer and Lindsey 2017; Phan 2008). By using a test item-level
analysis, we can control for such effects. Secondly, even within examinations that
are not perfectly forward sequenced, there will still be some questions that are in
sequence. By looking at test item-level data, we can zoom in on how sequencing
affects the results on individual MCQs.

For the practice of scrambling MCQs on examinations, our results imply that
testers should be aware that scrambling has consequences for student results. If
fraud prevention requires the scrambling of MCQs, testers should thus make sure
to design examination versions with a comparable degree of forward sequenced test
items. As we will argue, this is particularly relevant for examinations in courses
with a logical build-up of the treated material.

We structure our article as follows. The next section provides a treatment of the
theoretical relation between MCQ scrambling and examination results, leading to
our main hypothesis. We then delve deeper into our data and illuminate the method
of our empirical analysis, including the construction of our main variables of interest.
After presenting the results of our analysis, we conclude with a discussion and
conclusion.

Theory

Theoretically, there are grounds to expect an impact of scrambling MCQs on student
performance. One reason is order association (Sue 2009), which could make students
perform better on examinations in which the order of MCQs follows the order of
treatment in a course (forward sequencing). This could particularly hold for students
who prepare for examinations in context, ordering their thoughts in line with the
order of the course (Baldwin and Howard 1983). This order association effect is
expected to be especially strong if the questions are also thematically related. A
content-related preceding question can, therefore, prime the student to think in the
relevant direction. Likewise, a content-related preceding question could provide
students with contextual cues, facilitating memory retrieval (Davis 2017; Frankland,
Josselyn, and Kohler 2019; Hauck, Mingo, and Williams 2017; Pettit, Baker, and
Davis 1986; Tulving and Pearlstone 1966). Priming and contextual cues will also
reduce the cognitive load for students, enhancing their chance of success (Bone and
Prosser 2021; Schroeder, Murphy, and Holme 2012). Furthermore, ordering exam-
ination items from easy to hard could affect student performance positively by
bolstering their confidence and/or decreasing test anxiety (Hodson 1984; Vander
Schee 2013).

As we discussed, these theoretical effects are not corroborated by empirical anal-
yses that focus on overall test results. But also for analyses at the test-item level,
finding an impact of test item scrambling on student performance can be problem-
atic. The reason is that the theoretically expected impact of sequencing ignores the
fact that in most cases, students are allowed to browse. This will allow students to
answer questions in any order they prefer and to review their answers before handing
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in the examination. This could mitigate any potentially negative effect of MCQ
scrambling on student performance. The impact of browsing will be greater when
questions are ordered from easy to hard and when a strict time limit applies (Becker
et al. 2022; Leary and Dorans 1985).

However, the importance of priming and contextual cues for memory retrieval
reduces the impact of browsing. Priming and contextual cues will help stimulate
memory retrieval only when a student actively engages with the material before
answering a (next) question. Such a level of engagement is not engendered when
students browse through the examination. For instance, in the realm of the micro-
economics course that we focus on, students could be expected to do better on a
question regarding profit maximisation in a two-firm setting (duopoly) if it is pre-
ceded by a question on profit maximisation in a one-firm setting (monopoly). But
for this benefit to materialise, the student should have endeavoured to answer the
monopoly question first.

These theoretical notions imply that when considering the impact of scrambling
on item test scores, we expect that, everything else being the same, a student will
perform better on a test item if its contents relate to that of the preceding question
in the same order as their treatment during the course. We will refer to this effect
as the forward sequencing effect. The effect arises because of order association and
ease of memory retrieval.

Data and method
Course and examination set-up

We consider test results from six consecutive years of the compulsory first-year
bachelor course Microeconomics (in Dutch: Micro-economie) in the Economics and
Business Economics program at Radboud University, the Netherlands. The course
has been set up by the third author, who has also been the main lecturer during
the entire sample period. The contents of the course are based on selected sections
of the book Microeconomics: Theory and Applications with Calculus (Global Edition)
(Perloff 2018). The ordering of the content in the course has not changed over the
years. Furthermore, there is no clear ordering regarding the (perceived) difficulty
of course components. Table Al in the online appendix provides an overview of
the course and its contents for all years in the sample.

Each yearly edition of the course has two pen and paper examinations. The first
examination takes place approximately 2 weeks after the end of the 7-week teaching
period, the second examination (retake) takes place 10 weeks later. Students pass
the course when they pass either of these two examinations. Generally, most students
attempt the first examination, such that the retake has fewer students and the best
students are concentrated in the first examination. Both examinations cover the
same material and have the same structure, also across years. The maximum possible
test score is 100 points. The examinations start with a question covering five defi-
nitions of microeconomic concepts (Question 1 for 10 points). Then there is a
question with 11-14 MCQs (Question 2, totalling around 40 points), followed by
four open-ended questions (Questions 3-6, totalling around 50 points). Before
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students enter the examination, they have access to a digital information sheet with
information on what the examination will look like in terms of structure and types
of questions. The information sheet also contains examples for each type of question
on the examination, including some MCQs. However, the information sheet is not
a mock examination. Except for some minor details, the contents and set-up of the
information sheet have not changed over the years.

All questions are integrated in one examination paper and students can freely
browse between questions. The number of points a student can receive for a question
is stated at the beginning of the question. Students write their answers to the MCQs
on a form that allows for the automatic processing of MCQ results. The grading of
the MCQs involves no correction for guessing. The number of points students can
receive for MCQs varies, with a minimum of 2 points for simple reproduction ques-
tions and a maximum of 5 points for questions requiring extensive calculations.

The empirical design adheres to the principles of a quasi-experiment. Both exam-
ination design and examination logistics were not fully random, but were plausibly
exogenous to the other variables of our regression.

The scrambling and sequencing of questions is never fully random. Each exam-
ination has three versions. All versions are the same regarding structure and content
but differ with respect to the ordering of the MCQs. The answer options to the
MCQs are not scrambled. This makes the order of MCQs the only factor that varies
across the different versions. Version 1 of the examination typically has the MCQs
ordered according to the thematic ordering in the course, particularly for the first
examination within a year (see Table A2 in the online appendix). The MCQs of
examination versions 2 and 3 are scrambled. See Table A3 in the online appendix
of how ordering of MCQs in examination versions 2 and 3 relate to the ordering
of examination version 1.

Similarly, the version students receive on the examination is not fully randomised
but is assigned based on plausibly exogenous factors. Students first take a seat in
the examination hall, after which their position in the examination hall determines
the examination version. It is implausible that students could manipulate their
examination version through a seating strategy. After entering the exam hall, students
are in principle free to choose one of the designated places. This could be the entire
room or a specific area allotted to them. The particular set-up of a room may force
students to take the next available seat. The exams are handed out in such a way
that students that sit next to each other have different versions. Hence, the student
would have to be aware of how invigilators will hand out exams, their own position,
and they would have to form expectations about the perceived advantage of version 1.

The version type is prominently displayed on the front page of the examination,
along with the examination instructions and an overview of the point distribution
per question. The examination versions were distributed quite evenly over the entire
sample period: of a total of 1270 administered examinations, 432 had version number
1, 419 had version number 2, and 419 had version number 3. Students do not know
which versions of the test have been scrambled. They are also unaware that the
ordering of one of the examination versions follows the order of the course. This
takes out any potential biases due to student expectations regarding the examination
(Bard and Weinstein 2017; Miller and Andrade 2020).
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Data construction and method

The dataset used comprises 12 examinations organised over 6years. All MCQs from
the sample period have been given a unique question ID. Due to the reusing of
questions in later years, this amounts to a total of 103 unique MCQs that have
been used for a total of 462 MCQs during the sample period. MCQs are given a
unique ID when the questions differ in any way, no matter how small. The distri-
bution of the MCQs over the different themes is uneven, see Table 1. The point
distribution of the MCQs used is given in Table 2.

A total number of 745 students took part in any of the examinations during the
sample period. The number of students taking more than one examination is 302,
resulting in a total of 1270 unique student-examination participation events producing
a sample of 16,127 observations at the student-examination-item level. Table A4 in the
online appendix presents summary statistics for the sample and variables discussed next.

Dependent variable

The dependent variable is a dummy variable (0/1) indicating whether a particular
MCQ on a particular examination has been answered correctly by a particular
student. It takes a value of 1 if it has been answered correctly. As highlighted earlier,
the scope of the analysis is on the student-item level. 52.1% of 16,127 observations
have been answered correctly. However, there are sources of variation across the
sample. For example, this average is as low as 44.1% for the first examination of
2016 and as high as 61.4% for the second examination of 2015. We correct for these
confounders with a large vector of control variables.

Independent variables

First, we construct the independent variable sequenced, which identifies whether two
consecutive questions appear in the same order on the examination as they were
dealt with during the course. Specifically, we define a question to be sequenced if:

« the question is from the same lecture as the preceding question, or
« the question is from the nearest lecture after that of the preceding

question.

Table 1. Number of MCQs by theme.

Theme
1 2 3 4 5 6 7
Frequency 10 26 14 15 20 12 6
Table 2. Frequency of points per MCQ.
# Points Frequency
2 17

3
4 21
5
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When there are multiple questions that originate from the same lecture, we do
not distinguish different orderings within the lecture because it is often unclear
which question should come first. The second property states that the question is
from the nearest lecture. This means that if a lecture does not have a MCQ asso-
ciated with it in the examination, then the questions associated with the lectures
before and after the missing one could be in sequence. To illustrate, suppose Lecture
6 does not have a MCQ on the examination, and Lecture 5 and 7 have one MCQ
in the examination, respectively. Then, if the MCQ associated with Lecture 7 appears
directly after that of Lecture 5, we consider Lecture 7's MCQ to be sequenced. The
logic is that the ordering of MCQ on that particular examination follows the struc-
ture of the course as closely possible. A stricter definition of sequencing disallowing
gaps is explored as a robustness test.

Second, we construct the main independent variable streak, which indicates how
many consecutive questions are in sequence. Streak starts at the minimum value of
1 and simply adds one to the previous value of streak when a question is sequenced.
It resets to one when a question is not in sequence, starting a new streak. For
instance, if MCQs 9, 10, and 11 are in the same order as in the course, their
respective streak values are 1, 2, and 3, assuming question 9 starts a new streak.
We evaluate whether the hypothesised positive effect of forward sequencing accu-
mulates in case of a streak. The idea is that cognitive load could decrease not only
because of the preceding question, but also because questions before the preceding
question follow the learned order. We expect this effect to build at a decreasing
rate as the streak builds. Therefore, we take the natural logarithm of the streak as
the main independent variable.

Table A5 in the online appendix provides an example of how the independent
variables sequenced and streak are constructed using the first examination of the
year 2013-2014.

Control variables

The empirical model controls for potential confounders. To mitigate potential cohort
effects, we include examination fixed effects for each year-examination combination.
These capture unobserved factors impacting student performance, such as skill/
quality of tutors, cohort composition, environmental disturbances or external factors
that may affect performance, and other year-specific phenomena. Controlling for
these factors ensures that the variation in student performance stemming from
uncontrolled variation in teaching, student population, and examination circumstances
does not bias the findings.

Another set of variables accounts for student ability. Specifically, we consider
student scores for open-ended Question 1, focusing on the definitions of microeco-
nomic concepts, along with open-ended Questions 3 to 6. These open-ended ques-
tions cover all major concepts of the course meaning that a students score on these
questions is a strong indication of their ability.

Furthermore, we control for MCQ difficulty. MCQs that award more points are
generally more elaborate, granting more opportunities for mistakes. Hence, the
number of points per MCQ to correlate negatively with the chance a student answers
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it correctly. Additionally, some themes in the course are considered easier (e.g.
Theme 1). A categorical variable indicating theme is included to proxy question
difficulty. This variable also measures a potential spacing effect of memory retrieval
(Mozer and Lindsey 2017). The longer the time between the treatment of a topic
during the course and the examination, the harder it is for a student to retrieve
information on that topic from memory. It could mean that the likelihood of
answering a question correctly increases when it concerns themes later in the course.

Clearly, assessing question difficulty is complex, and student and teacher percep-
tions of difficulty may vary (Lingard et al. 2009). We, therefore, use item response
theory (IRT) instead of the controls to estimate question difficulty as a robust-
ness test.

Finally, we capture all unobserved student-specific characteristics by including
student fixed effects in the baseline specification.

Empirical method of analysis

We employ a probit model, which assesses how predictor variables affect the prob-
ability of a binary dependent variable. Our analysis estimates the effect of forward
sequencing on the likelihood a student answers a MCQ correctly. The interpretation
of coefficients’ magnitudes differs from linear regressions techniques such as OLS.
In a probit model, the coefficients indicate the effect of a one unit change in a
predictor variable on the latent variable that determines the probability of a student
answering the MCQ correctly. The regression equations are as follows:

P(Yijt :1|X):(D(ﬁo +ﬂ16/’t+ﬂ2Et+ﬂ3Ai +B4Dj+ai)

P(Yijt :1|X):(D(ﬁ5+ﬂ65jt+ﬂ7Et+ﬂ8Ai+ﬁ9Dj+ai)

where P(Y =1| X) represents the probability of the dependent variable (Y) equalling 1
given the values of the independent variables. Y, is a binary variable, expressing
whether student i answered question j in examination t correctly or not. @ is the
cumulative distribution function of the standard normal distribution. § and S rep-
resent the main independent variables: § is a dummy variable that indicates whether
the MCQ is sequenced or not; S is a continuous variable for streak. £ represents
the vector of examination-related controls. A is the vector of control variables indi-
cating student ability. D indicates the remaining vector of control variables that
indicate question difficulty. «; indicates the student fixed-effect. Finally, we cluster
standard errors at the item level to address heteroskedasticity.

We consider two alternative ways of clustering the standard errors as sensitivity
analyses: (1) at the student-examination level and (2) merged item level. The original
set of MCQs contains some questions that are arguably virtually identical. In the
sensitivity analysis, we then assign the same ID to these questions. A final sensitivity
analysis runs various subsamples to assess the stability of the main coefficient and
employs the narrower definition of the main streak variable.
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All empirical analyses are done using Stata 18.0 MP; codes and anonymised data
are made publicly available online.

Results
Main results

Table 3 presents the empirical results. Model (1) displays the baseline results without
the independent variables sequenced and streak. Models (2) and (3) include a dummy
variable for a sequenced question and the natural log of the streak variable, respec-
tively. Results show that forward sequencing (Model 2) does not have a statistically
significant positive effect on the probability that students answer a MCQ correctly.
Accordingly, the results do not suggest that a single, sequenced MCQ results in a
measurably larger likelihood of answering a particular item correctly. The main empir-
ical result of Model 2 cannot rule out a positive, negative, or null effect of sequenced
on the likelihood that a student answers correctly the MCQ. Nevertheless, the coef-
ficient could be interpreted as suggestive evidence of a small positive effect. Specifically,
a sequenced question has a 2.9% higher probability of being answered correctly.

In contrast to previous studies, we find that streaks - consecutive sequenced
MCQs - increase the average student’s likelihood of answering correctly with sta-
tistical significance. Model (3) shows that more sequenced questions are associated
with a higher probability of correct responses. Effect sizes cannot be inferred directly
from Table 3, as is typical for probit models. Instead, Figure 1 shows marginal

Table 3. Main empirical results: the effect of forward sequencing on student performance.
Dependent variable: Correct answer on MCQ (0/1)
Model (1) Model (2) Model (3)

Independent variables: Ordering
Sequenced (0/1)

Streak (natural log)

Control variables

0.0736 (0.0586)
0.130** (0.0488)

Score Open Question 1 (%) 0.168 (0.0874) 0.173* (0.0873) 0.182* (0.0878)
Score Open Question 3 (%) 0.152* (0.0769) 0.153* (0.0772) 0.157* (0.0773)
Score Open Question 4 (%) 0.0566 (0.0727) 0.0542 (0.0730) 0.0489 (0.0732)
Score Open Question 5 (%) 0.0850 (0.0810) 0.0821 (0.0813) 0.0804 (0.0818)
Score Open Question 6 (%) 0.186** (0.0615) 0.183** (0.0611) 0.177** (0.0612)

Points available

—0.153 (0.0822)

-0.153 (0.0819)

—0.157 (0.0808)

Theme (0/1) 2 —0.442% (0.187) —0.465* (0.182) —0.480** (0.183)
3 —0.327 (0.182) —0.346 (0.179) —0.367* (0.176)
4 —0.271 (0.183) —0.289 (0.181) —0.313 (0.180)
5 —0.268 (0.165) —0.294 (0.164) —0.325* (0.162)
6 —0.354 (0.278) —0.384 (0.278) —0.414 (0.278)
7 —0.259 (0.233) —0.280 (0.230) —-0.301 (0.229)
Examination Fixed Effects Y Y Y
Student fixed effects Y Y Y
Observations 15,927 15,927 15,927
Clusters (Variable: Item-ID) 98 98 98
Students 745 745 745
McFadden’s R? 0.077 0.078 0.079
% Correctly Classified 62.46 62.55 62.66

Notes: *p <0.05 **p <0.01 ***p <0.001.

The table presents results for a probit regression. Standard errors in parentheses are clustered at the item-level.
The table includes student fixed effects for all students but ones that answered all MCQs correctly. For the cate-
gorical variable Year and its interaction with retake, the reference category is 2014. The reference category for
categorical variable Theme is 1. (0/1) indicates that the variable is a dummy variable.
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Figure 1. The effect of streak on the likelihood of answering a multiple-choice question correctly.
Notes: The graph illustrates the probability that the average student answers a MCQ correctly as
a function of the streak of forward sequenced MCQs.

effect estimations. The figure illustrates that each doubling of the streak increases
the chance of a correct answer by about 5 percentage points. From a streak of 3
onwards, the likelihood of a correct response exceeds the confidence interval for a
non-sequenced question. Thus, forward sequencing of MCQs enhances student
performance.

Although the effect is not yet statistically significant at 1- or 2-question streaks,
it is implausible that no effect exists. The implication is that one or two sequenced
questions have no effect, and suddenly from the third question it jumps dispropor-
tionally before steadily increasing by 5 percentage points every time the streak
doubles. Instead, it is plausible that the point-estimate slightly overlaps with the
non-sequenced question confidence interval, while the effect is continuous across
the streak range from 1 to 10.

In Model (3), some control variables have a statistically significant effect on the
dependent variable. For example, among the years and retakes, only the first attempt
of 2019 increases the likelihood that a student answered a MCQ correctly compared
to the reference category. An explanation could be an easier exam, the removal of
the ‘general equilibrium analysis’ topic from the course, unlikely random variation,
or some other unmeasured factor. Higher scores on open-ended questions 1, 4, and
5 indicate a higher chance of answering a MCQ correctly. These coefficient signs
are consistent with the idea that performances on non-MCQs are indicative of stu-
dent skill. Furthermore, MCQs relating to Themes 2-7 score lower than those
associated with Theme 1. This reveals that the first week is comparatively easy. So,
although not all controls turn out statistically significant, the coefficient signs are
consistent with the underlying logic.
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Sensitivity and robustness analyses

Alternative operationalisation sequencing

We assess the sensitivity of the empirical results to various sampling choices and
empirical specifications, focusing on the stability of the coefficient of streak. We
construct subsamples across several dimensions to assess whether the main results
are driven by sampling choices. Specifically, we test the stability of the streak coef-
ficient by removing academic years, excluding themes, and selecting student sub-
populations. In general, subsamples have fewer observations and inflates confidence
intervals. Nevertheless, the main takeaway is that the positive coefficient of streak
is ubiquitous and stable across all analyses. Table A6 in the online appendix provides
an overview of coefficients, standard errors, p-values of the streak, and the number
of included observations in the reduced samples.

Furthermore, we cluster standard errors at the student-attempt level (i.e. every
distinct attempt of each student) instead of at the item level. Variation in the
likelihood that a student answers a question correctly comes from variation in
the MCQ and variation related to the student. The baseline regression opts for
clustering at the item level because it allows the inclusion of student-fixed effects.
However, clustering at the student-attempt level delivers much more precise stan-
dard errors given that it is a more granular and better measured source of vari-
ation. The downside is that student-fixed effects must be excluded, introducing
potential omitted variable bias. Clustering errors at the student-attempt level
shows a highly statistically significant effect, similar to all previous
specifications.

Finally, we explore how the main results change when the definition of sequenc-
ing, the independent variable, is narrower. Our original definition allowed for ques-
tions to be called sequenced even when the lectures did not directly follow each
other (e.g. jump from lecture 5 to 7). Alternatively, we can define sequencing
narrowly:

o the question is from the same lecture as the preceding question, or

o the question is from the lecture directly after that of the preceding
question.

Figure 2. Histograms of streak original and narrow criteria.
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Table 4. Robustness check: Main regression with a narrow definition of forward sequenced.
Dependent variable: Correct answer on MCQ (0/1)

Model (4) Model (5) Model (6) Model (7)
Sequenced (0/1) 0.0453 (0.0679) 0.0381** (0.0225)
Streak (natural log) 0.0769 (0.0734) 0.0659** (0.0236)
Control variables All All All All
Student fixed Y Y N N
effects
Observations 15,927 15,927 15,986 15,986
Clustering variable Item-ID (98) Item-ID (98) Student-examination Student-examination
(1270) (1270)
Students 745 745 745 745
McFadden’s R? 0.077 0.078 0.042 0.042
% Correctly 62.56 62.65 59.91 59.81
Classified

Notes: The table displays the probit regression results akin to the main analysis. The independent variables sequenced
and streak use the narrow definition. Models (4) and (5) display the results akin to the main regression, with
errors clustered at the item-level and including student fixed effects. Models (6) and (7) display the results akin
to the sensitivity analysis, with errors clustered at the student-examination level without student fixed effects.

This narrow definition implies fewer observations of the variable sequenced, as
illustrated by Figure 2.

Table 4 displays the alternative regression output of using the narrow definition
of the independent variables. Models (4) and (5) show results mimicking the main
results, with errors clustered at the item level and including student fixed effects.
Models (6) and (7) show the results when errors are clustered at the
student-examination level but without fixed effects. The results show that there is
still a positive effect of forward sequencing on student performance on MCQs.
However, using the narrow definition decreases the statistical significance of the
main effects. This is expected because fewer items are now considered sequenced,
and streaks become shorter on average, meaning the effect is more difficult to
detect. Although the main effects are not statistically significant in Models (4) and
(5), the positive effect remains statistically significant in the specifications with
more accurate standard errors in Models (6) and (7). Accordingly, it is plausible
that the operationalisation of our main definition does not explain away the positive
effect of forward sequencing.

Alternative and mediation estimation of difficulty

The main analysis uses control variables to account for MCQ difficulty by including
the MCQ’s theme, number of points, and, main variable streak. However, other unob-
served factors can determine a questions difficulty. In this extension, we use item
response theory (IRT) to extract each MCQs difficulty from the data. IRT assigns a
score to each MCQ depending on how many students answered the item correctly
and factoring in the student’s ability. This approach comes with a benefit and a sig-
nificant drawback. The benefit is that it estimates item difficulty more accurately. By
using the difficulty score as a control variable, the chance of omitted variable bias
decreases, making the estimates more efficient. The drawback is that the explanatory
variables that measure forward sequencing (partially) determine difficulty. Consequently,
the IRT scores absorb the average effect of streak. The main variable’s interpretation
is then no longer ‘the effect of forward sequencing’ but becomes ‘the effect of forward
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sequencing compared to the mean streak across versions and examinations. This
operationalisation not only deviates from the research question but is also impossible
to interpret because the average streak differs across MCQs.

We model the estimation with IRT using Two-Stage Least Squares-probit estima-
tion, where the first stage estimates the linear effect of forward sequencing on
estimated item difficulty (values from IRT, mean=-0.171, sd = 1.88). The second
stage then estimates the (predicted) effect of item difficulty on the probability of
answering an MCQ correctly using the main probit model. It is identical to the
main probit regression, except that streak is substituted by the predicted values of
estimated difficulty from the first stage. As a result, streak does not overlap with
difficulty, but rather explains its variation. Estimated difficulty, in turn, is the medi-
ating variable to the dependent variable: correct answer on MCQ.

Table 5 presents the results from the Two-Stage Least Squares-probit estimation.
The first stage results indicate that streak has a negative effect and statistically signif-
icant effect (—0.432) on estimated item difficulty. Accordingly, the more forward
sequenced a question is, the lower the difficulty of the question. The effect is roughly
one-fourth of a standard deviation of estimated difficulty. Furthermore, the control
variables that were otherwise statistically significant in the main approach but do not
determine difficulty, such as those controlling for student ability, do not have a statis-
tically significant effect on estimated difficulty. This underscores that these controls
explain student performance for reasons other than difficulty. Similarly, with the excep-
tion of one year, the time- and student fixed effects do not explain question difficulty.

The second stage results indicate that item difficulty has a negative effect on the
probability that a student correctly answers a MCQ. The coefficient (-0.381) is
statistically significant. Moreover, the control variables we included previously to
approximate difficulty become statistically insignificant. This indicates that estimated

Table 5. Two-stage least squares-probit estimation: Mediating relationship of estimated
difficulty.

First stage: Estimated Second stage: Correct
Difficulty answer MCQ
Independent variables: Ordering
Streak (natural log) —0.432** (-2.84)
Estimated difficulty (instrumented) —0.381%** (—6.63)

Control variables

Score Open Question 1 (%) 0.276 (0.60) 0.199* (2.01)
Score Open Question 3 (%) —0.145 (-0.34) 0.163 (1.87)
Score Open Question 4 (%) —0.001 (—0.00) 0.102 (1.22)
Score Open Question 5 (%) -0.316 (-0.87) 0.062 (0.77)
Score Open Question 6 (%) 0.116 (0.65) 0.207** (2.96)
Points available 0.516 (1.92) 0.008 (0.24)
Theme (0/1) 1 —0.645 (-0.77) 0.139 (0.84)
2 0.386 (0.49) —0.000 (-0.01)
3 0.150 (0.22) —0.000 (-0.01)
4 —-0.079 (-0.11) —0.011 (-0.43)
5 0.014 (0.02) —0.013 (-0.56)
6 0.230 (0.22) —0.002 (-0.06)
Examination fixed effects Y Y
Student fixed effects Y Y
Observations 15,927 15,927
Clusters (Variable: Item-ID) 98 98

Students 745 745
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difficulty absorbs their effect. It confirms that indeed these control variables are
necessary in the main analysis.

To conclude, these results make clear that the main results cannot be explained by
an omitted variable bias from unobserved factors determining MCQ difficulty. Difficulty
is determined jointly by the control variables and forward sequencing, highlighting
that difficulty plays a mediating role, consistent with our theoretical prediction.

Discussion and conclusion

The analysis of 16,127 MCQ scores of students taking microeconomics examinations
at Radboud University provides strong and robust evidence that the ordering of
MCQs matters for the performance of students at the test-item level. On average,
a student has a higher chance of providing a correct answer to an MCQ if it is
preceded by a question from either the same lecture or the preceding lecture in the
course. Furthermore, the chance of answering sequenced MCQs correctly increases
in the case of a streak of MCQs that appear in the same order as their treatment
during the course. These effects of forward sequencing hold after controlling for
student ability, question difficulty, and a range of other determinants of student
performance. Furthermore, the results are robust across subsamples such as academic
years, course content, and student subpopulations. A robustness test supports the
conclusion that the empirical results are not an artefact of our definition of a streak
or the way we control for the difficulty of questions.

These results are particularly convincing because we find a positive effect despite
how the examination was administered. Specifically, during the examination students
could easily go back to previously answered MCQs or simply answer them in their
preferred order. This ability to browse could undercut the positive effects of forward
sequencing, which are (ease of) memory retrieval, order association, and a reduction
of cognitive load. Despite these potentially mitigating examination circumstances,
we find a robust positive effect of forward sequencing.

Our results progress the empirical literature on the effects of forward sequencing
of MCQs, the findings of which were previously inconclusive (e.g. Davis 2017;
Hauck, Mingo, and Williams 2017; Undersander et al. 2017). Our paper innovated
the empirical approach in two substantial ways. First, whereas previous studies
measured outcomes as students’ overall test results, our paper considers individual
test-item results, providing a more granular view of student performance. Second,
the question-level approach allows the inclusion of a wide range of control variables
to root out confounding factors. The importance of these innovations is underlined
by the fact that we too find inconclusive results when considering students’ overall
test results.

What do our results imply for the practice of administering MC examinations?
The most important implication is that testers should be aware that the scrambling
of the order of MCQs on examinations has consequences for student results.
Normally, scrambling could help reduce the risk of students copying answers from
each other (Chirumamilla, Sindre, and Nguyen-Duc 2020). But if fraud prevention
requires the scrambling of MCQs, testers should take great care to make different
versions that are comparable in terms of (the number of) forward sequenced test
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items. Forward sequencing gives an advantage to students who get the unscrambled
version of the examination. By order association, this may be particularly relevant
for courses where lectures follow up on each other in terms of content and in
courses with a logical build-up of the treated material. Because of contextual cues
and associated ease of memory retrieval, however, caution is also due in courses
that consist of stand-alone lectures and topics, particularly if the examination has
more than one MCQ per topic/lecture.

These implications extend to the practice of digital test platforms that order
examination content per individual or per group. Our results may imply that the
algorithm to ‘individualize’ tests used in digital platforms need to limit variation in
the number of forward sequenced items across the student population.

The scrambling of the order of MCQs on examinations is not innocuous. It is
therefore imperative that all versions of the examination bestow a similar advantage
to students.
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