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Introduction

Teaching and assessment form a crucial feedback loop in higher education. Instructors
invest considerable time and effort in crafting assessments that evaluate students’
understanding and mastery of course material. While proctoring would reduce academic
misconduct among students taking a test, it does not entirely prevent them from
memorizing and leaking the questions to students who will take the exam in the future. To
safeguard the integrity of examinations, educators often resort to offering various versions

of tests to students.
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In many cases, instructors may consider offering different versions of the same exam to
thwart academic misconduct among students. Computer Based Testing (CBT) allows for
the convenience of generating multiple exam versions from a larger set of prepared
questions, often referred to as question banks.

Modern learning management systems also allow instructors to tailor different formats
of questions, such as multiple-choice, sorting, matching, calculation, and essays. Apart
from essay-type questions, CBT provides the convenience of automated grading.
Instructors can also anticipate incorrect responses and provide automated feedback when
setting up tests, such as explaining why a selected choice on a question is incorrect.

Despite the convenience of CBT, crafting test questions remains time-consuming, so
some instructors may reuse previous questions in their assessments. Moreover, a
meticulously designed assessment would have gone through several iterations based on
previous student responses, with each revision refining clarity, balancing difficulty, and
reducing bias. Nonetheless, instructors must maintain a sufficiently large bank of questions
to minimize the chance of a compromised assessment.

To aid students in learning, instructors may assign regular formative assessments in the
form of homework exercises or quizzes. Short, in-class quizzes can have the advantage of
proctoring, and maintaining the integrity of the assessment. However, such quizzes would
also require the formulation of multiple questions to maintain integrity, leading to an
increased burden on the instructor in addition to preparing the summative examination.
Accordingly, an instructor may be tempted to save some effort by using some of the
prepared summative examination questions in these formative assessments. The purpose
of this study was to analyze the viability of such a compromise.

This study aimed to identify a mathematical formula to determine the required size of a
question bank to maintain a sufficient level of integrity, and then to validate it by analyzing
examination data from a university course. The study also aimed to determine if reusing
questions in practice quizzes can benefit students without compromising summative
examinations. The study’s main research questions can be summarized as:

1) How many questions should a bank have to achieve a desired integrity?
2) Does exposing questions ahead of an assessment reduce its authenticity?

3) Does allowing repeated exposure to questions benefit student learning?

Literature review

Computer-based testing

Computer-based examinations have become more accepted by students (Boevé et al., 2015;
llgaz & Afacan Adanir, 2020). A study found that Australian university students from

computer-based disciplines (such as computer science) tended to favor computer-based
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exams, while students from disciplines that are more reliant on multiple calculations and
diagrams tended to be much less enthusiastic about them (Hillier, 2014). The study
proposed that this was likely because examiners for the latter group tend to set such
questions on a learning management system that was not designed for these types of
questions, leading to a negative testing experience for students. Another study of 55
undergraduate students noted their frustration with connection issues, lack of motivation,
scarce time, and insufficient feedback on such exams (Ocak & Karakus, 2021). This is in
contrast to another study (Jaap et al., 2021) that surveyed 119 fifth-year students at a United
Kingdom medical school about their experience with switching campus-based examination
to remote exam delivery during the pandemic, where few students reported technical or
practical issues in completing the exam. Moreover the study noted that remote examination
reduced test anxiety for some students but increased it for others.

Notwithstanding examinee frustrations with such tests, it is worth noting that another
study compared the performance of 45 students on 191 proctored online exams to the
performance of students who took traditional exams at a university site and found no
difference in success rates (Beust et al., 2018). Moreover, an earlier study found that
multiple choice questions were efficient but perceived as unfair, and that the reuse of such
type of questions in computer-based examinations was controversial due to the potential
for students to pass on the questions to other students in future cycles (McCoubrie, 2004).
However, this was in contrast to a different study (Hertz & Chinn, 2003) that analyzed two
groups of candidates taking proctored computer-based exams, with 1001 examinees for a
clinical social work license and 1660 for a couples therapy license. Despite the risk of
earlier examinees exposing exam questions, the study found that there was no advantage
to students taking the exam in a later cycle, provided that there was a sufficiently large set
of questions in the exam bank.

The format of such exams allows for providing a randomized set of questions for each
examinee, which comparatively make better assessments (Santos et al., 2019). However,
proper randomization requires a sufficiently large test bank. Moreover, preparing a fully
randomized assessment is impractical, requiring the instructor to draft a unique question
for each student. For example, a class of 20 students taking an exam with 30 questions
would require drafting at least 600 questions, each assigned to no more than one student,
to ensure randomness (Santos et al., 2019). Properly curating a bank of questions involves
calibrating items to minimize discrimination, monitoring items for exposure, and updating
the items accordingly (Parshall et al., 2002). A recent study (Fowler et al., 2022) created a
simulation model to analyze if randomized question pools were impacting student
performance in CBT and concluded that variances in students’ exam scores were within

tolerable values. The study found that even in the most unfair permutations the simulated



Jarrah and Itani Research and Practice in Technology Enhanced Learning (2026) 21:22 Page 4 of 25

student’s score varied negatively by only five percentage points from their expected

performance.

Examination integrity and issues of cheating

There is some concern that unproctored online examinations may lead to academic
misconduct. According to one study, an “unproctored on-line multiple-choice exam
without backtracking” revealed that students who attempted the same questions at a later
round tended to score slightly higher and complete the questions quicker (Klijn et al., 2022,
p- 1). Another study (Harmon & Lambrinos, 2008) compared student performance on
economics examinations between 2004 and 2005 and found significant differences in
student performance between the three unproctored exams and one proctored exam,
leading to the conclusion that students were cheating on the unproctored exams. A meta
review of the literature published between 2010 and 2021 on the topic of online exam
cheating (Noorbehbahani et al., 2022) analyzed 58 publications for cheating reasons, types
of cheating, cheating detection, and cheating prevention. This study concluded that
lowering student cheating motivation is a very efficient strategy.

To quantify the integrity of an exam, a recent study (Murdock & Brenneman, 2020)
developed a formula to calculate the integrity and reliability of quizzes with the assumption
that students were comparing questions on a randomized (unproctored) test and sharing
answers. The authors defined integrity as “the percentage of questions any pair of students
are guaranteed not to have in common,” while reliability was defined as “the likelihood
that an assessment for an entire class has an integrity” of a set value (Murdock &
Brenneman, 2020, p. 93). In this study, integrity was calculated using two variables: the
questions on the quiz and the desired maximum number of questions in common between
any two students. Reliability, however, was determined by using a hypergeometric function
that included those two variables as well as the number of students taking the quiz and the
quiz bank size. The authors found that maximizing integrity would minimize reliability,
therefore they proposed using the intersection of the two curves as a compromise.

While instructors encourage students to practice the subject material before an exam,
many expect their examination questions to remain confidential. A survey of 340
engineering educators found that frequently reusing exam questions (but not homework
assignments) was significantly correlated with observed academic misconduct in the form
of disclosing exam questions to other cohorts (Gehringer, 2004). While most instructors
tend to reuse their exam questions every year or two, many also seek ways to obtain more
questions for the exams to maintain integrity. The study reported that 86% of respondents
wrote their own questions, 61% used questions from textbooks other than the one assigned
for the course, 24% collected questions online, and 23% borrowed them with permission

from a colleague (Gehringer, 2004).
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The benefits of practice quizzes

Scaffolding a course with continuous assessment through a variety of summative and
formative assessments has a more positive outcome on student learning than relying solely
on a final exam (Paloposki et al., 2024). Summative assessments also improve information
retention and reduce overconfidence (Kenney & Bailey, 2021). In the early days of
adopting computer testing, a study on multiple-choice exams found that students who took
practice exams with feedback performed better than those that were not given the
opportunity to practice (Lee-Sammons & Wollen, 1989). While high-achieving students
did not significantly improve, there was significant improvement for low-achieving
students. Feedback plays a significant role in improving student performance, as a study
(Naujoks et al., 2022) on two groups of undergraduate educational psychology students
found that the students in the group who received individualized feedback on practice test
(111 students) performed better than those in the group who did not receive feedback (201
students).

A different study on high-school and middle-school students (McDermott et al., 2014)
found that frequent quizzes with feedback affected the degree to which students retained
information for the exam. It also found that the format of the questions, whether multiple-
choice or short answer, provided the same benefits. In contrast, a study on college students
(Funk & Dickson, 2011) argued that multiple-choice exams may be inaccurate in assessing
student learning because the questions can only measure the ability to recognize, but not
necessarily recall, relevant information. This study also found that while the average score
on multiple-choice questions was “C,” the average score on short-answer questions was far
below passing. However, the authors contend that lower performance on the short-answer
questions could be due to students studying with the expectation of a multiple-choice exam.

Another study on 1676 students taking four different exams in an online Organizational
Behavior course found that allowing students more practice on quizzes through unlimited
attempts improved exam performance by nearly 6% on all four exams (Davis et al., 2020).
A similar study on 1037 final-year undergraduate nursing students (Hughes et al., 2020)
found that those who regularly attempted the weekly quiz multiple times (with only the
highest scoring attempt contributing to their grade) were more likely to engage during
lectures. The study also found that students’ overall course grade was negatively correlated
with the number of attempts, meaning underachieving students tended to repeat quizzes
more in order to score higher.

A study on medical students (McNulty et al., 2015) set up a practice quiz three days
before an examination and planted twelve questions from the quiz in the exam. There was
no significant change in student performance from earlier exams without practice quizzes,
as students performed better on four questions, the same on four, and worse on four.

However, exam performance was found to be correlated with quiz performance. A different
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study on medical students at a different institution (Chang & Wimmers, 2017) reached the
same conclusion, but added that struggling students benefited from the practice while
excelling students did not. Similarly, a study on 200 computer science students concluded
that students who attempted the practice quizzes performed better, and there was a weak
negative correlation between the time a student spends on a quiz and their performance on
the exam (Fossati & Hashemi Tonekaboni, 2020).

A recent study on engineering students used the same calculation questions on a practice
quiz and an exam, only with different numbers (Cummings, 2020). The author concluded
that while the students’ scores on the quiz did not correlate with their scores on the exam,
participation in the practice quiz correlated with improved exam scores. Similarly, a study
on the impact of providing code-writing assessments in a computer programming class
showed that correctly practicing such exercises led to better performance on exams (Ahadi
et al., 2016).

A major study in Germany analyzed 10,148 multiple choice responses from medical
students on exams across five semesters (Appelhaus et al., 2023). As a change in policy
allowed the reuse and disclosure of some of the exam questions, the Fall 2017 exam had
no repeated questions on their exam, while Spring 2018 had 18.2 % repeated or disclosed
questions, Fall 2018 had 29.3%, Spring 2019 had 36.8%, and Fall 2019 had 48.4%. This
study considered three types of questions in the analysis of the exam: (a) new and never
used before on the exam, (b) used on previous exams but not disclosed to students, and
(c) used on previous exams and disclosed to students. The study’s results indicated that the
reused, disclosed questions lead to higher discrimination. The authors argued that
formative testing with feedback increased transparency and decreased student anxiety, but
necessitated a larger question bank. The study concluded that repeating and disclosing
questions, while benefiting students, would lead to less integrity of examinations.

Yet another study on 130 examinees repeating the Medical Council of Canada Evaluating
Examination (MCCEE) analyzed their performance on 36 reused questions out of a total
of 324 questions on the exam (Wood, 2009). The study found that examinees performed
better on the reused questions just as much as they did on non-reused questions, leading to
the conclusion that the examinees were not advantaged by having reused questions on their
exam. In contrast, a similar study on 1,629 exam questions answered by Canadian
undergraduate medical education students concluded that exposing a question three or
more times in a short period posed a risk to the exam’s psychometric properties (Joncas et
al., 2018).

Another study argues that exam transparency benefits students (Maciejewski, 2021). In
this study, 89 students taking a second year differential equations course were allowed a
“cheat sheet” on one test, while another test allowed students to bring in any resources. The

study found that there was no significant difference in student performance between the
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two tests, and that the open-resource test did not inflate grades. The authors argue that such
exams allow asking more open-ended, conceptual questions, and that the grading is more
focused on problem-solving instead of simply penalizing calculation errors.

As noted from this literature review, there is a noticeable gap in identifying the impact
of reusing questions between assessments. While some studies have attempted to test the
repetition of a few questions, there has not yet been a study on determining the statistically
sufficient bank size to justify using the entire bank between assessments. There is also a

gap in assessing the impact of exam integrity on student performance.

Methods

Data collection and organization

The study collected test performance data from a senior-level undergraduate Construction
Management course. The authors obtained approval from the university’s Internal Review
Board to conduct the study according to ethical research principles, with precautions taken
to ensure privacy and security of the data such as obfuscation of student identifying
information and storage of on a secure cloud server. The course consisted of weekly
practice quizzes, a midterm exam, and a final exam. The quizzes were considered formative
assessments, while the exams were summative assessments. For each response from every
student on every test, the researcher collected data from the course learning management
system (Canvas) comprising the student’s name, the test, the attempt number, the serial
number of the question, and the student’s score on that question. To maintain privacy and
data security, student names were converted into serial numbers. The question serial
numbers were used to determine their bank of origin. The main assumptions of this study
were that students did not share quiz questions, students did not collaborate during quizzes
or exams, and questions within each bank were comparable in difficulty.

The study extracted test performance data from four full semesters of a senior-level
construction management course taught by one of the authors from Fall 2021 to Winter
2023. All the instructional material and examination questions were being offered for the
first time, minimizing the chance that students had prior exposure to the questions beyond
what they saw in the practice quizzes. The course included 10 weekly quizzes to assess
students’ understanding of the material, with each quiz extracting a total of five questions
from two or three question banks. Extracted questions were randomized for each attempt.
Each quiz allowed up to three attempts, with the highest scoring attempt counting towards
the student’s grade. However, quizzes related to scheduling allowed up to five attempts to
account for the difficulty of the material. At the end of each quiz attempt, the learning
management system would automatically grade the student’s submission and display the

instructor’s preset feedback for wrong answers. While the midterm and final exams
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extracted a fixed number of questions from the same banks used in the quizzes, students
were only allowed one attempt and the only feedback they received was the total score on
the assessment. To avoid the issue of different point values been allotted to the same
questions on different assessments (i.e., a question worth two points on a quiz being worth
three on an exam), the study normalized each performance on a question between the
values of 0 and 1. Figure 1 shows a model of how question banks interface with quizzes
and exams (the numbers presented are illustrative only).

For the first three semesters, there were 19 question banks in total, with the midterm and
final examinations sharing some banks in common. By the fourth semester, the banks were
expanded to a total of 25. Note that in Table 1 the sum of question banks used in each exam
across all course offerings was not calculated (instead given an “N/A” value) because the
banks themselves were being reused between semesters. However, the number of student-
banks and student-questions analyzed were summed because each represents a unique
student’s performance on a bank or question.

The number of “Student-Exam Banks Analyzed” in each semester was determined by the
number of “Banks used in Midterm” (or Final) multiplied by the number of students. For
example, in Fall 2021, 17 students were examined with seven banks in the midterm and 14
in the final. 17 students multiplied by 21 banks totaled 357 summative student-banks,

representing each student’s attempt for each bank on a summative assessment. For further

Randomized
selection per Randomized
Quizzes student for Banks selectionper  EXQGMS
each attempt student
————-- 1 I3 iiactimne |
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(3 attempts) [ : : (25 MC questions) Midterm
| |
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(5 attempts) [wk | (35 MC questions)
[ |
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: Stioy R Bank 2b
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I
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|
3 que,, Bank 10b .
L S (35 MC questions) Final
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Fig. 1 Model of question bank exposure
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Table 1 Number of summative and formative questions and banks used in the study

Course Students Question Banks Banks Student-  Student-Exam Student-Quiz

Offering Banks usedin usedin Exam Banks  Questions Questions
Midterm  Final Analyzed Analyzed Analyzed

Fall 17 19 7 14 357 1071 1921

2021

Winter 25 19 8 15 575 1575 2762

2022

Fall 13 19 8 15 299 819 1282

2022

Winter 21 25 9 23 672 1323 2394

2023

Total 76 N/A* N/A* N/A* 1903 4788 8359

*Repeated quantities were not summed

clarification, there were only 19 unique banks, as the midterm and final exams shared two
banks in common. However, as the questions extracted from the banks on each student
attempt were randomized, the midterm and final exam attempts on these common banks
were considered as separate. The midterm contained 24 questions extracted from seven to
nine banks, while the final contained 39 questions extracted from 14 to 23 banks. Adding
the midterm and the final exams together, each student answered a total of 63 summative
examination questions. In Fall 2021, for example, 17 students attempted 63 summative
questions for a total of 1071 “Student-Exam Questions Analyzed”.

Students took 10 quizzes throughout the course, with each quiz containing five questions
(except two scheduling quizzes which had three each), for a total of 48 quiz questions per
student. While students could attempt a quiz up to three times (and the two scheduling
quizzes allowed up to five attempts), not all students choose to use all their attempts, which
resulted in the number of quizzes analyzed being less than the maximum possible 150 quiz
questions per student. Of the 1903 student-banks analyzed, seven were discarded as outliers
due some students being granted one extra quiz attempt when an isolated technical issue
prevented users from inputting an answer, leaving a total of 1896 student-banks analyzed
in total. While blank responses were graded as incorrect, these were retained as students
would still benefit from the feedback after submitting their quiz.

Questions in the study were categorized into three categories: multiple-choice (MC),
scheduling (Sched), and Calculation (Calc). Some distinct multiple-choice questions were
also identified (DMC). These were questions with memorable scenarios or cues that would
make them quite easy to recognize if repeated, such as an ailurophobic contractor trapped
inside a cat shelter or a subcontractor comically named Faster Plaster Caster. The analysis
included the DMC banks as part of the MC banks unless otherwise specified. Sorting-type
and matching-type questions were categorized under the MC category as well.

Scheduling (Sched) questions, while similar to multiple choice questions in offering

students a set of choices from a drop-down menu, were much more difficult to differentiate
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between. While a student could recall the answer to a multiple-choice question from its
prompt, it would be much more difficult to remember the values of durations and the
corresponding correct response values in a scheduling question. These questions were also
distinct from calculation questions in that their values were not randomly generated.
Calculation (Calc) questions utilized the learning management system’s ability to
generate several inputs to be used in a hidden formula to determine the correct answer. Not
only was there randomness in pulling a question from the bank, but the question itself could
have up to 200 different configurations for the input values. It would be exceedingly
difficult to memorize the correct answer for a given input and get the same inputs for a
repeated question of this type. However, since the method to calculate the solution
remained the same, this study considered that a repeated question would lower the bank’s

integrity regardless of whether the question’s inputs changed.

Integrity formula derivation

Integrity was defined in this study as the portion of the questions on a summative
assessment (exam) that had not previously appeared on a formative assessment (quiz). As
questions were grouped in banks and randomly extracted for each attempt in a quiz or
examination, each question bank would have an integrity measure for each student. The
actual integrity of an exam can be determined by calculating the percentage of questions
that have not been exposed to the student before in prior practice quizzes. The theoretical
integrity of an examination is the expected probability that none of the questions presented
in the exam had been exposed in a prior quiz that had used the same question bank.

The probability of a quiz question reappearing on an exam would be the number of
questions from the bank (Q) divided by the size of the bank (B). Taking the complementary
value of this probability (100% minus this probability) would give the probability of a
question not reappearing, thus maintaining integrity. This probability is then multiplied by
itself for each opportunity of exposure, which is the number of quiz attempt given to
students before the exam (N). The integrity of a summative assessment can be calculated

as:

()

Where

I = Integrity of summative exam; probability of no questions being previously exposed
O = Number of questions extracted from the bank for each quiz attempt

B =Number of questions in the question bank

N = Number of previous quizzes students attempted that used the same question bank
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Table 2 Matrix of an exam’s theoretical integrity if practice quiz allowed three attempts

Questions per Quiz

Bank Size 2 3 5 10

10 51% 34% 13% 0%
20 73% 61% 42% 13%
30 81% 73% 58% 30%
40 86% 79% 67% 42%
50 88% 83% 73% 51%
60 90% 86% 77% 58%
70 92% 88% 80% 63%
80 93% 89% 82% 67%
90 93% 90% 84% 70%
100 94% 91% 86% 73%

Therefore, Equation 1 can be used in the general-use case to calculate the integrity of a
question bank based on the size of the bank, the number of questions being extracted on
each attempt, and the prior number of attempts. Naturally, if the bank was never revealed
to examinees in any prior attempts (N = 0), then the integrity would be 100%. Likewise, if
all the questions were extracted from the bank (Q = B), then the integrity would be 0%.
Using this formula, Table 2 provides a matrix of the theoretical integrity of a question bank
used on a summative assessment if that bank was previously used in a formative assessment
that allows up to three attempts.

While viable for most applications, Equation 1 does not account for cases where
examiners wish to expose a specific number of questions in a bank but not have that count
as a reduction in integrity. This might apply in the case of Calc, bonus, or essay questions.
To determine such an equation, the authors applied statistical probability functions. As
assessments are formed by extracting questions from a bank without replacement (i.e., the
quiz or exam will not pull the same question twice on the same attempt), a hypergeometric
distribution adequately defines this probability for theoretical integrity. The probability of
having been exposed a specific number of questions (through quizzes) before the exam can

be calculated as:

K! (B — K)!
(x! (K = X)!) ((Q - )!'B-K-Q+ x)!)
B!

(2)
Where

x = Specific number of exposed questions on an exam

N
K = Probable number of previously exposed questions = B (1 - (1 - %) )
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To calculate the average probability of exposing at least x questions, the above discrete
probability is calculated for each value i ranging from 1 to x and respectively multiplied by
the same value of i. The sum of these values would represent the expected number of
questions exposed. Dividing by the number of questions on an exam would produce the
portion of questions exposed. Therefore, if the definition of integrity is expanded to allow
for up to a specified number of questions to be exposed without impacting integrity, the

modified integrity can be calculated as:

= 1— Z (l'(K l)')((Q—l)'El; ?'Q+1))

Q'(B !

Q

G3)

One concern with using factorials is that some software applications have calculation
issues if the inputs are not whole numbers. In particular, the probable number of previously
exposed questions (K) is not necessarily a whole number, and this value is one of the inputs
in the function. To get around this limitation, a Gamma distribution can be used as a
substitute for a factorial of any value 4 where A! = T'(A + 1). The substitution results with

the formula:

. r(K + 1) I'(B—K+1)
_Z (i!F(K—i+1))((Q—i)!F(B—K—Q+i+1)>

B! 0
Q'(B-Q)!

(4)

Therefore, Equation 3 can be used to calculate the integrity of a question bank with
multiple attempts while intentionally allowing a specific number of questions to be
repeated without considering such repetition as impacting integrity. Equation 4 produces
the same result but can instead be used in software applications that cannot properly
calculate partial factorials.

A Monte-Carlo simulation was conducted to verify the above formulas with 100,000
randomly generated samples, where the number of questions extracted from the bank for
the exam (Q) ranged from 5 to 100 in increments of 5, the number of questions in the
question bank (B) ranged from 10 to 100 in increments of 5, and the number of previous
quizzes students attempted that used the same question bank () varied between 1, 3, and
5. For each iteration, the simulation randomly extracted Q questions from an array
numbered from 1 to B and repeated this process 100,000 (V) times to produce a set of
numbers that represented questions exposed before the exam. The simulation then
extracted another Q questions from the bank array to represent the exam questions and

calculated the portion of these exam questions that had been exposed. Calculating the
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complement of this portion (by subtracting it from 100%) would produce the integrity (/)

of the exam.

Bank integrity impact on assessment authenticity

Most of the responses were graded as either correct (1) or incorrect (0) with the exception
of a few questions that could net a fractional grade such as those in a multiple-selection,
matching, or sorting format. Due to the overwhelmingly polar nature of responses, where
data was mostly clustered around 0 or 1 with very few values between, significant
differences between non-normal distributions were analyzed using non-parametric tests.
The Friedman test was used for the analysis of more than two groups of repeated measures
(such as performance on quizzes vs exams), with the Wilcoxon Signed Ranks test for post-
hoc testing of two groups. Kruskal-Wallis was used to analyze more than two groups of
non-repeated measures (such as comparing theoretical integrity to actual integrity), with
the Brunner-Munzel test used for post-hoc testing of two groups. This post-hoc test was
preferred to the more traditional Mann-Whitney U-test as per recent research (Fagerland
& Sandvik, 2009; Karch, 2021). For all these statistical tests, the study assumed the results
were significant at a p-value less than or equal to 0.05.

While one of the aims of this study was the derivation and verification of the above
formula, the study also aimed to determine if reusing questions in practice quizzes can
benefit students without compromising summative examinations. The study approached
this question by analyzing two key aspects: whether the performance on an exam was
influenced by exam integrity and whether repetition benefited student learning.

To investigate the influence of integrity on exam performance, the study first analyzed
the correlation between integrity and exam performance using the Pearson coefficient.
Each student-bank’s integrity was compared to its highest score on the quiz, score on the
exam, the difference between the exam score and the highest score on the quiz, and the
difference between the exam score and the average score of all quiz attempts. The study
then compared the performance between quizzes and exams using the Friedman test and
the Wilcoxon Signed Ranks tests. This was followed by a Kruskal-Wallis test between
high- and low-integrity scores for each bank of the Midterm and Final exams to identify if
the significance was occurring consistently across all banks or between an isolated set,
starting with a cut-off point of 70% integrity (to define the boundary between high- and
low-integrity) then testing if the results would be affected if the boundary were to be
changed to 50%, 60%, or 80% integrity.

Gauging the benefits of question repetition

To investigate the impact of repetition on student learning, the study tested whether more

attempted questions lead to better performance by subdividing student attempts into five
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categories and conducting a Kruskal-Wallis test followed by a Brunner-Munzel test for
significant pairs. A student-bank with less than three attempts was labeled “Very Low,”
three to five was “Low,” six to eight was “Medium,” nine to eleven was “High,” and twelve
or more was “Very High”. The impact of repetition was also investigated by analyzing the
exam performance of students who had been exposed to a question before to those who
had not using a Brunner-Munzel test. This was further analyzed by subdividing the students
in groups based on number of times a question was repeatedly exposed and comparing
exam performance using a Kruskal-Wallis test followed by a Brunner-Munzel test for
significant pairs.

Lastly, the study investigated whether the improvement of student performance on
quizzes lead to improved performance on exams. The student-banks were divided into two
groups (Groups 1 and 2) based on whether the student-bank’s highest score on the quiz
achieved a set passing grade or not. The passing grade was set at two different levels, one
at 60% to represent a minimum acceptable degree of performance, and again at 80% to
represent a higher expectation of the level of understanding. The groups were further
subdivided into groups based on the number of quizzes attempted. This is not to be
confused with the previous analysis on question repetitions, as this analysis focused on
quiz attempts, where a student who only attempted a quiz once would have had no chance
of any repeated questions (this is expected to be the case where a student was satisfied with
their quiz performance on their first try). The test then conducted a Brunner-Munzel test

on the average student-bank exam score between these two groups.

Results and discussion

The below results address the three main research questions presented in this study. With
a formula derived to address the first question (“how many questions should a bank have
to achieve a desired integrity?”), the study tested the formula’s accuracy and compared it
to the actual integrity of the exams within the study’s dataset. The second question (“does
exposing questions ahead of an assessment reduce its authenticity?”’) was investigated
through examining the correlation between integrity and performance, comparing the
performance on quizzes versus exams, and testing for significance between high- and low-
integrity exams. The third research question (“does allowing repeated exposure to
questions benefit student learning?”’) was addressed through testing of performance versus
the number of attempted questions, comparing performance versus exposed questions,
comparing performance versus multiple question exposure, and testing the effect of

improvements in quizzes on exam performance.
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Formula accuracy

When analyzing the results of the Monte-Carlo simulation, the theoretical integrity
formulas tended to produce inaccurate values (deviations greater than 5%) if the number
of questions on the assessment (Q) exceeded 75% of the bank size (B), and this error
became more pronounced with more quiz attempts (£). However, when all the results of
the simulation were compared against the respective values using theoretical integrity
formulas, the error rate was found to be less than 1% on average. When excluding values
where Q exceeds 75% of B, the error rate dropped to 0.2%. Because integrity would be
quite low (< 25%) in cases where Q exceeds 75% of B, examiners seeking to set a test with
reasonable integrity would anyway avoid such high overlap. Accordingly, these results
indicate that the derived formulas are accurate for most applicable purposes. These results

also align with the verification methods used by Murdock and Brenneman (2020).

Actual integrity higher than theoretical

To further validate the formula, the study compared the actual number of exposed questions
to the student on exams with the theoretical integrity using the derived formula. One of the
early significant findings of this study was that actual integrity tended to be higher than
theoretical integrity. For each bank of questions, actual integrity was calculated by taking
the portion of exam questions for each student that were not previously exposed in a quiz
and calculating the average for the bank, while the theoretical integrity was calculated using
the formula explained earlier. Using the Wilcoxon Signed Ranks test to compare the actual
and theoretical integrity of the 1896 student banks showed that actual integrity was 11%
higher than theoretical integrity at a p-value of 0.007. The likely explanation is that because

students did not use all their attempts, their exposure to questions was lower.

Integrity not correlated with performance

The study used the Pearson coefficient to calculate the correlation of integrity with student
performance. The results in Table 3 indicate that there was no significant correlation
between integrity and any of the four measures of performance, even when the banks were
subdivided by type. A Pearson coefficient less than 0.3 is generally considered a weak

correlation.

Table 3 Pearson correlation coefficient (R) values of integrity with student performance, subdivided
by bank type

Correlation All MC Sched Calc

Integrity with “Highest Quiz Score” 0.057 -0.018 -0.121 -0.010
Integrity with “Exam Score” -0.070 -0.198 -0.209 -0.065
Integrity with “Exam — Highest Quiz Score” -0.101 -0.150 -0.128 -0.053

Integrity with “Exam — Average Quiz Score” -0.211 -0.211 -0.167 -0.214
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Performance on quizzes was better than exams

Another significant finding was that students performed better on quizzes than exams, even
though the exams reused the same banks from the quizzes. Using the Wilcoxon Signed
Ranks test to compare the performance of 1896 student-banks in their quizzes against the
performance in the exams showed a very high significance (p < 0.001) with quizzes
outperforming exams by nearly 15% for all types of banks (see Figure 2). One possible
explanation for this could be students’ ability to reattempt quizzes immediately, while the
exams were scheduled many weeks later. However, the authors do not have sufficient data
to conclusively prove this conjecture. This finding does, however, support the theory that
quizzes by themselves do not necessarily inflate exam grades (but practice quizzes do help

if students learn from their mistakes, as discussed in the later sections of this paper).

No significance in performance between high- and low-integrity banks

In contrast to the above, when the 1896 student-banks were subdivided into high-integrity
(integrity at least 70%) and low-integrity groups (integrity less than 70%), the Brunner-
Munzel test comparing the exam scores between these two groups showed a significant
difference (p < 0.001), with low-integrity exams scoring about 10% higher than high-
integrity ones. To determine the cause of this significance, the student-banks were further
subdivided by Exam Type and then by Bank Type (see Table 4). The Final Exam showed
significant differences for all types, with Multiple Choice banks in the low-integrity group
scoring higher by nearly 10% compared to those in the high-integrity group (Table 5).
Likewise, low-integrity Scheduling and Calculation banks scored higher by nearly 29%
and 14%, respectively, compared their higher-integrity banks.
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Table 4 Subdivision of student-banks

Exam Type Integrity N
Midterm MC Low 219
High 230
Sched Low 11
High 65
Calc Low 49
High 31
Final MC Low 385
High 362
Sched Low 25
High 127
Calc Low 307
High 85

Table 5 P-values of Brunner-Munzel tests comparing high- and low-integrity banks, subdivided by
bank type

Type Midterm Exam Final Exam
All 0.166 <0.001
MC 0.010 0.004
Sched 0.184 <0.001
Calc 0.372 0.029

This analysis revealed that the significance was indeed caused by an isolated set of banks.
Every time a significance was discovered, the significant bank was removed from the set,
and the Kruskal-Wallis test was conducted again. After only seven banks were
systematically excluded, no significance was found between low-integrity and high-
integrity exam scores within any of the remaining banks. Those seven banks consisted of
four multiple-choice banks (BA1B, BA2, BAS, and BA9A), two scheduling banks (BA8B,
BB10B), and one calculation bank (BA7B). Figure 3 compares the final exam score of each
multiple-choice high-integrity student-bank against low-integrity multiple-choice student-
banks, where the deviation of banks BA2, BAS, and BA9A can be seen (BA1B is missing

as it was used in the midterm but not the final exam).

Integrity
-Low
High

1.25

Exam Bank score

BA2 BA3 BA4A BAS BABA BATA BASA BASA BA10A BB01a BBO1b BB02 BB03a BB05a BBO4a BB06a BB0O6b BBO7 BB08a BB0%a BB10a
Bank

Fig. 3 Comparison of final exam scores with confidence intervals between high- and low-
integrity MC student-banks
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The authors identified all these banks as containing sets of questions more challenging
than banks covering similar topics. For example, Banks BA1A and BA1B both cover the
topic of evaluating bids, but BA1B consists of questions where a “best-value” analysis
needs to be conducted on a set of bidders with an outlier that needs to be eliminated first
before setting the lowest price for comparison. With this identified set of seven challenging
banks excluded, the Kruskal-Wallis test was repeated using integrity values of 50%, 60%,
and 80% for cut-off points between high and low integrity, which also resulted with non-
significant p-values of 0.087, 0.360, and 0.427, respectively.

Therefore, while lower integrity led to higher performance on tricky or challenging banks,
the data showed that there was no significance in performance between high and low
integrity banks when controlling for challenging banks, regardless of the cut-off point
between high and low integrity. This would imply that sharing banks between quizzes and
exams allows students to learn from their mistakes on challenging questions without giving

an unfair advantage on the rest of the summative assessment.

More attempted questions do not necessarily lead to better performance

The study analyzed performance based on the number of questions attempted from a given
bank. A student-bank with less than three attempts was labeled “Very Low,” three to five
was “Low,” six to eight was “Medium,” nine to eleven was “High,” and twelve or more
was “Very High” (visualized in Figure 4).

The quizzes would extract between one to five questions from the banks, and students
usually had up to three attempts on quizzes, so the range of attempted questions from a
bank was from one to fifteen. However, quizzes were designed to select five questions from
multiple choice banks but only one or two from scheduling and calculation banks, which
led to limited opportunities to attempt more than five questions from the latter two types.

The analysis detected significant differences (p-value = 0.005) in the average of the banks’
scores on the final exam between students who attempted twelve or more multiple-choice

questions in a bank on their quizzes (83%) and those who attempted less than twelve (75%).
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Fig. 4 Histograms of student-bank scores by attempts and type

Q




Jarrah and Itani Research and Practice in Technology Enhanced Learning (2026) 21:22 Page 19 of 25

0.9 1
D
o 0.81
QO
7}
X
& 07+
a8 Subbank Type
(EU MC
X 0.6 4 Sched
wl

Calc
V Low Low Med High V High
Questions Attempted
Fig. 5 Student-bank scores with confidence interval by attempts and type

This significance was still detected to the same extent when controlling for challenging
banks. However, the average of the bank score on the final exam among students who
attempted three or more scheduling questions (59%) was lower than those who attempted
less than three (72%). The same discrepancy was detected in calculation banks. Figure 5
shows how performance oddly dropped on scheduling and calculation student-banks with
more attempts.

On the other hand, the possibility of repeating the same question over multiple quiz
attempts posed a concern for the above analysis. Students who get the same question over
several quiz attempts would do better on the quizzes but would have been exposed to a
smaller portion of the bank, leaving them with a higher possibility of getting a question on
the exam that they have not practiced before. To control for this, the study repeated the
above analysis but limited the dataset to the number of unique questions attempted (i.e.,
the number of questions across all quiz attempts less any that had been repeated between
attempts). When challenging questions were excluded, no significance was found across
various separation points between the number of attempts and exam performance (see
Table 6). This means that practicing a bigger variety of questions from a bank does not

necessarily lead to better performance on an exam.

Table 6 P-values comparing student-bank final exam scores by unique question attempts, subdivided
by type

Grouping by Unique Attempts All MC Sched Calc
<3vs3ormore 0.288 0.734 0.554 0.723
<5vs5ormore 0.194 0.959 0.231 -
<7vs7ormore 0.869 0.129 - -
<9vs 9 ormore 0.516 0.099 - -

<12vs 12 or more 0.566 0.362 - -
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Table 7 Students’ performance on exposed and unexposed questions

Type Exposed Size Mean Score
MC Yes 998 90.6%
No 1627 75.9%
DMC Yes 442 90.5%
No 733 73.0%
Sched Yes 397 62.2%
No 216 52.8%
Calc Yes 95 88.4%
No 258 70.5%

Students perform better on exposed exam questions

Unsurprisingly, the analysis showed that students who got an exam question that they had
seen before on a quiz tended to do significantly better (p-value < 0.001 for all types), as
shown in Table 7. However, when removing the set of challenging questions, the
calculation questions no longer show significance. The explanation for this is that
calculation questions use a set of randomly generated inputs that are very unlikely to be

repeated on a subsequent generation of the problem.

Exposing a question more than once does not improve exam performance

Taking the previous test a step further, the study analyzed the performance of students on
questions that were exposed more than once in quizzes. The analysis showed that MC and
DMC questions had a significant difference in a student’s performance between questions
that were not previously seen in a quiz (0 exposed) and those that had been exposed once
or twice (p-value < 0.001 for both cases). However, when comparing the performance of
1,627 unexposed MC questions to 22 MC questions that were exposed thrice, the p-value
was 0.10. Similarly, for Sched and Calc questions, significance (p-value of 0.003 and 0.010
respectively) was only detected between unexposed questions and those that were exposed
only once. There was no significance between the 258 unexposed scheduling questions and
the 25 questions exposed twice. Likewise, there was no significance between the 216
unexposed calculation questions and the 89 calculation questions exposed twice nor the
169 calculation questions exposed thrice (Figure 6). This may indicate that any exposure
to MC and DMC questions would significantly improve performance. Furthermore, the
lack of significance for more than one exposure to scheduling and calculation questions
may be due to students repeatedly attempting a question without properly understanding

the process to properly solving it.

Improvement in quizzes leads to better exam performance

To explain the lack of significance in the previous test for repeated question exposure, the

study then conducted an analysis to compare students’ performance on exam questions by
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grouping them according to their performance on quiz questions. The analysis showed that
students who attempted quizzes at least twice and did well enough (>=60%) or even quite
well (>=80%) did significantly better on exams compared to other students. On the other
hand, the analysis did not detect significance between groups for only one quiz attempt.
Considering that more attempts would lead to lower integrity, the authors conducted
another test limited to only student-banks that did not have any exposed questions (100%
integrity). The results showed that students who attempted quizzes at least three times and
did well enough (>=60%) or even quite well (>=80%) did significantly better on exams

compared to other students (Table 8).

Table 8 Full-integrity student-bank performance based on the number of attempts and passing grade

Passing Quiz Size Mean Exam Score

Grade Attempts Group 1 Group 2 Group 1 Group 2 P-value
60% All 588 90 0.672 0.586 0.072

60% 1 156 8 0.719 0.762 0.777

60% 2 133 6 0.683 0.917 0.092

60% 3 213 26 0.650 0.365 0.010

80% All 558 120 0.677 0.587 0.010

80% 1 152 12 0.722 0.708 0.770

80% 2 130 9 0.689 0.752 0.785

80% 3 204 35 0.643 0.479 0.028
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However, no significance was detected when the challenging student-banks were
excluded from the analysis. This indicates that students who persevered at attempting
challenging questions until they answered them correctly by the third try significantly
outperformed their peers who ultimately were unable to correctly answer those questions.
One interpretation of this result is that students who did not grasp the concept after three
attempts tended to underperform on exams. An explanation for this is that students were
aware of the limited number of attempts, leading some students to rethink their approach
and review the topic after two failed attempts, while other students pressed on with their

last attempt without revisiting their strategy.

Conclusions

This study aimed to numerically analyze the benefits and risks of sharing question banks
between formative and summative assessments. While ultimately keeping two separate
banks for formative and summative assessments would be the ideal approach to
maintaining the integrity of summative assessments, this would require substantial
preparation from the instructor. This study has shown that sharing the banks between these
two types of assessments can provide significant learning benefits without significantly
influencing the summative assessment. The study also provided a simple formula for
predicting the integrity of a question bank based on the size of the question bank, the
number of questions extracted from the bank, and the number of exposures before the
summative assessment.

Examiners can use this formula to determine the required question bank size for a desired
integrity in the case where the summative and formative assessments share the same
question banks. Actual integrity was found to be higher than theoretical by 11% when
students were allowed multiple attempts and could opt not to use all attempts. However,
while this difference would increase with more quiz attempts, the integrity would
exponentially decrease. Examiners should therefore be wary that allowing more attempts
would require larger question banks to maintain the same integrity.

The findings of this study have several practical applications. The most prominent benefit
is that it provides educators with justifications to experiment with new ways to help
students practice the material they are learning. It also provides studies on pre-exposing
questions (such as McNulty et al., 2015) with a measure for the impact on the exam’s
integrity. These findings can also aid examiners in determining if a CBT exam is using
sufficiently sized question banks if a failing student is allowed to retake the exam after
receiving feedback on it.

However, one major caveat of this study can be summarized in an alternative version of
a popular saying: “Practice makes permanent.” The study found that students do not

necessarily benefit from just having some questions exposed in practice quizzes, even with
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automatic feedback. While the analysis unsurprisingly revealed that students perform better
on exposed questions, it also revealed that exposing a question more than once does not
significantly impact a student’s performance on exams. Moreover, the analysis showed that
students need to improve and learn from mistakes on quizzes for that to translate into
improved performance on summative assessments; students who did not adapt their
approach continued to incorrectly answer those questions on summative assessments. One
of the main assumptions of this study was that students would receive feedback on quizzes,
but not exams. Examiners should be wary that a lack of sufficient feedback on practice
quizzes might not achieve the same results in learning improvement.

This study has vast potential for further future research. It could be repeated on larger
class sizes, over larger periods, or on other course topics. One particular area of potential
future study could be on courses that rely almost entirely on calculation-type questions,
such as engineering or math courses. However, some types of problems might be
potentially difficult to program proper calculations for the solutions within the limitations

of the learning management system.
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