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Abstract

Introduction To alleviate some of the burden associated with the development of novel quality questions on a regular
basis, medical education programs may favour the use of item banks. This practice answers the real pragmatic need of
having to create exams de novo at each administration while benefiting from using psychometrically sound questions to
assess students. Unfortunately, programs cannot prevent trainees from engaging in cheating behaviours such as content
sharing, and little is known about the impact of re-using items.

Methods We conducted an exploratory descriptive study to assess the effect of repeated use of banked items within an
in-house assessment context. The difficulty and discrimination coefficients for the 16-unit exams of the past 5 years (1,629
questions) were analyzed using repeated measure ANOVAs.

Results Difficulty coefficients increased significantly (M= 79.8% for the first use of an item, to a mean difficulty coefficient
of 85.2% for the fourth use) and discrimination coefficients decreased significantly with repeated uses (M=0.17, 0.16,
0.14, 0.14 for the first, second, third and fourth uses respectively).

Discussion The results from our study suggest that using an item three times or more within a short time span may cause
a significant risk to its psychometric properties and consequently to the quality of the examination. Pooling items from
different institutions or the recourse to automatic generated items could offer a greater pool of questions to administrators
and faculty members while limiting the re-use of questions within a short time span.
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What this paper adds suggest the practice is feasible when limiting the number
of times a question is re-used within that time span.

The re-use of written exam questions answers pragmatic
needs in many health professions educational programs.
However, this practice puts programs at risk for questions

and exam content being leaked from one cohort of exam-

Introduction

inees to the next cohorts. We examine here the concrete
effect on question difficulty and discrimination of re-using
written exam questions over a 5-year period. Our results
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The increased interest in competency-based education
(CBE) and programmatic assessment has had an effect
on assessment practices within medical education. One of
those consequences is the increase in assessment frequency
to provide feedback regularly [1-4]. A frequently used and
feasible form of assessment to provide feedback opportu-
nities to trainees is the written exams. As such, multiple
choice questions (MCQ) and short-answer questions (SAQ)
have a prominent role in CBE and programmatic assess-
ment. These and other types of written exam questions
may be used to determine progress, identify strengths and
weakness in students or to make decisions in terms of
success or failure for a unit, course or clerkship rotation

[1].
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The development of assessment that appropriately and
purposefully assesses students’ knowledge and skills, pro-
vides feedback, and that yields reliable scores, challenges
even the best educators [5-7]. Even more so when one has
to limit effects of potential content leakage and thus has
to construct new items yearly [8]. The observed increase
in assessment frequency is undoubtedly an important addi-
tional strain on medical education program administrators
and faculty members who may already struggle to develop
quality assessment. Thus, the increase in assessment oppor-
tunities creates a wicked problem (as defined, for example,
in Varpio et al. [9]) for educators and administrators where
there is no easy solution when wanting to build-in more
assessment opportunities within a program.

To alleviate some of the burden associated with the
development of novel quality questions on a regular ba-
sis, medical education program administrators and faculty
members may favour the use of item banks [10]. Usually,
an item bank represents a collection of items or questions
used by an organization for their testing or examination
purposes. Items in the banks have been previously used and
have known psychometric properties such as discrimination
and difficulty coefficients [11]. An obvious advantage of
item banks is the possibility to use items that have known
item properties, only selecting those that meet the highest
standards of quality. Consequently, the use of banked items
with established psychometric properties could allow un-
dergraduate medical education program administrators and
faculty members to control for item quality, overall exam
difficulty and hopefully reliability.

The use of banked items creates, however, a risk of
item disclosure. The known use of banked items in as-
sessment often leads to strategies such as content sharing
[12—14]—Dbetween trainees—and are an unfortunate real-
ity in medical education [14]. Content sharing goes beyond
the context of written exams to also be observed in the
context of performance-based assessment [15] and is per
definition detrimental to the validity of assessment data in-
terpretation [16]. Unfortunately, self-reports for cheating
behaviours range from 5 to 94% of students adopting some
sort of cheating behaviours [14, 17-21]. The creation of
unofficial item banks, or braindump sites [12], can lead to
a significant proportion of a given test being leaked to future
examinees and can consequently impact items’ psychome-
tric properties (questions become easier with exposure and
less discriminant) and thus the integrity of future exams
[12].

While there are limited studies about the impact of item
disclosure in the context of classroom-based assessment,
several studies have tackled the issue of item disclosure
in the context of repeated exposure to the same items for
repeat examinees on certification or licensure exams [10,
22-26]. Most of these studies have shown an increased per-
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formance at a subsequent sitting of the test [10, 22-26]. In
one study on the topic of repeated questions’ psychomet-
ric properties, Wagner et al. [8] concluded that there was
little impact of question exposure in the context of a forma-
tive assessment, however they lacked the power to observe
a statistical difference.

Park and Yang [27] argue against item disclosure in the
context of certification and licensure exams because of po-
tential risks to the validity of assessment score interpretation
and added onus on exam developers having to develop new
questions each year. Given the ubiquitous nature of assess-
ment in health professions education and its increased use
in the context of programmatic assessment and CBE, we
need empirical data about the impact of re-using written
exam questions on their psychometric properties. Classical
theory can be used to document psychometric properties;
while it may not be as precise and robust as models in the
item response theory family it is often used in the context
of classroom-based assessment due to the smaller samples
[28-30].

The aim of this study was to assess the effect of re-
peated use of banked end of unit exam questions on their
psychometric properties (difficulty and discrimination in-
dices) over a 5-year period in a Canadian undergraduate
medical education (UGME) program.

Methodology
Study design

We conducted an exploratory and descriptive study to inves-
tigate the effect of re-using written exam questions on their
psychometric properties. The study was conducted within
a Canadian undergraduate medical education program that
uses a problem-based learning (PBL) approach. The cur-
riculum has been organized in sequential blocks. During the
first two years, students are exposed to 16 separated system-
organ blocks in addition to a block dedicated to biomedi-
cal knowledge and a block serves as introduction to their
future profession as physicians. These blocks are almost ex-
clusively taught through PBL and mobilize 25-35 tutors per
block. Each unit has a formal written and oral assessment.
At the time when the study was conducted, the Canadian
Tri-Council policy statement on ethical conduct for research
involving humans stated that consent was not required from
participants for a secondary analysis of anonymized data.

Data
Written exams for the 16 system-organ PBL blocks within

the UGME program are comprised of some banked (i.e.,
previously used) and some new, MCQ and SAQ. New ques-
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Fig.1 Number of items re-used two-, three-, and four-times in a five
year period

tions (or significantly modified questions) are written by
a faculty member and are subsequently vetted by two fac-
ulty members for appropriateness, purposefulness and dif-
ficulty (minimal-pass-level cut score). Questions are not
pretested. Questions are vetted after each administration,
any significant change (e.g., re-phrasing an option) would
make that question ‘significantly modified’ and categorized
as a new question. There is no washout period for questions,
meaning a question could be used two years in a row. Block
exams vary in length and ratio of new/used items, as there
are no definite standards of practice. More specifically, the
written exams can comprise about 50 to 90 questions, with
25 to 60% of re-used questions. MCQ answers receive ei-
ther O or 1 according whether the candidate correctly identi-
fies the appropriate answer. SAQ are marked on a scale of 0
to 1, given a weighted mark, depending on the number of
sub-questions answered. For example, if the SAQ requires
a list of three diagnoses, each correct diagnosis would be
given a 0.33 mark.

We collected data for the 16 different block exams ad-
ministered to five different cohorts (2007 to 2011 (n=972
students)). In that period, and for all cohorts and exams
combined, 1,629 were identified as re-used questions mean-
ing that they were used more than once in that period. These
questions were thus included in our analysis. In other words,
we pooled data from 90 different exams, with 16 exams ad-
ministered to each of our five cohorts over the 2.5 years of
their pre-clinical training.

Difficulty and discrimination coefficients calculated us-
ing the Classical Test Theory were gathered for those 1,629
re-used questions. Although Item Response Theory is rec-
ognized for its greater parameter estimate stability, larger
sample sizes are required to achieve said parameter invari-
ance [28, 29]. Difficulty and discrimination coefficients, al-
though computed per administration, were calculated on
samples of 180 to 200 students which gives the statisti-

cal estimation some stability, although it cannot prevent
nor correct for group variability as could equating done us-
ing IRT modelling. The difficulty coefficients correspond to
the mean percentage of candidates who correctly answered
the question, and are presented in percentages. A higher
value means a higher success rate and thus represents an
easy question. The discrimination coefficient represents the
corrected point-biserial correlation. Higher values represent
more discriminant questions.

Analysis

Descriptive statistics were computed for difficulty and dis-
crimination coefficients per number of times a question was
used. We conducted repeated measure ANOVAs on 1- dif-
ficulty and 2- discrimination coefficients (dependent vari-
able) for the different number of times used (1st, 2nd, 3rd,
and 4th) as a within-subject comparison (independent vari-
ables). In other words, using the number of times a question
was used as a within-subject comparison (where questions
are treated as the subjects of interest), we investigated the
impact on two dependent variables, that is, the difficulty
and the discrimination coefficients. A total of six ANOVAs
were computed. Analyses were done using SPSS 21 [31].

Results

Questions were only categorized in one of the three cat-
egories (two, three or four uses) as illustrated in Fig. 1.
More specifically, our sample included 1,182 questions used
twice, 364 questions used three times and 83 questions used
four times. Some questions had missing discrimination co-
efficients (because of difficulty coefficients of 1) which ex-
plains the lower sample sizes presented in Tab. 1.

Overall difficulty and discrimination coefficients

We observed an increase in question difficulty with re-
peated use, and independent of the number of uses. The
overall mean difficulty coefficient of 79.8% for the first use
of a question, to an overall mean difficulty coefficient of
85.2% for the fourth use of a question within a 5-year pe-
riod (with mean difficulties of 82.2%, and 84.5% for 2nd
and 3rd uses respectively). We observed a decrease in dis-
crimination coefficients with repeated use, from an overall
mean discrimination coefficient of 0.16 on the first use to an
overall mean discrimination coefficient of 0.14 for the last
use (M=0.16, and 0.13, for 2nd and 3rd uses respectively).
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Table1 Average difficulty and discrimination coefficients per number of time questions were used
Average difficulty Average discrimination
(standard deviation) (standard deviation)
Number of 2 3 4 2 3 4
uses
N 1,182 364 83 1,102 349 80
Ist use 80.18 (17.69) 79.13 (16.85) 78.06 (18.30) 0.173 0.165 (0.115) 0.184 (0.104)
(0.114)
2nd use 81.69 (17.13) 83.80 (16.18) 80.18 (18.82) 0.171 0.141 (0.111) 0.149 (0.115)
(0.114)
3rd use 84.48 (15.94) 84.31 (14.25) 0.135 (0.107) 0.149 (0.126)
4th use 84.92 (14.77) 0.140 (0.115)
p value <0.0001 <0.0001 <0.0001 0.227 <0.0001 0.004

Difficulty and discrimination coefficients per number
of times the question was used

Tab. 1 more specifically presents the effect of re-using
questions on their psychometric properties per number
of times a question was used. The increase in ques-
tion difficulty was significant for questions that were
used twice (F[1,1,181]1=34.444, p<0.001), three times
(F[2,363]=36.545, p<0.001) or four times
(F[3,82]=12.989, p<0.001). The decrease in question
discrimination was significant for questions that were used
three times (F[2,348]=15.590, p<0.001) or four times
(F[3,80]=4.572, p<0.001).

Discussion and conclusion

The use of in-house item banks answers a real pragmatic
need of having to create exams de novo at each admin-
istration. Re-using items, however, comes with potential
disclosure risks which can be a real threat to the validity
of assessment data interpretation. This study analyzed the
psychometrics properties of 1,629 re-used questions within
a S-year span in the context of a PBL UGME program at
a Canadian University.

We observed a change in question property with an in-
creased use of the question. More specifically, items which
were re-used over a 5-year period became decreasingly dif-
ficult and less discriminating over time. The increase in
difficulty coefficients, or the appearance of questions get-
ting easier, may have several underlying contributors. As
suggested earlier, item repeat increases the risk of item
disclosure and there is evidence in the literature [12—14]
for such behaviour. Another potential explanation would be
that teachers became better at preparing the students for the
examinations. However, the exams in our study were end
of PBL blocks tutored by 25-35 different faculty members
who do not participate in the exam development which is
overseen by one professor per PBL block. Last, differences
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in item properties, because these coefficients were com-
puted using the Classical Test Theory which is prone to
group differences [30], might have been due to real group
differences.

Whether the observed change in psychometric proper-
ties is pedagogically significant—and can thus impact the
validity of assessment data interpretation—is debatable. To
assess the pedagogical impact of these results, one should
consider what an overall 6% increase in difficulty coeffi-
cient and a 0.02 drop in discrimination coefficient repre-
sents. In most Canadian universities, the grading system
translates a score (number) to a letter with an increase (in
qualification) at each 5% increments (e.g., from B to B+
to A-). Thus, creating an exam with frequently re-used
banked questions could potentially increase students’ scores
and consequently their final grade (which could be an over-
estimation of their real performance level). The effect of de-
crease in discrimination may not be as impactful; it seems
the discrimination coefficients were only minimally influ-
enced by question re-use.

This study has limitations. The study was conducted
within only one program, for a limited time span (5 years),
where only a small sample of questions (n=_83) was used
four times, and no question was used more than four times.
We cannot posit on what happens when a question is used
more than four times. We pooled data from 90 different ex-
ams (18 blocksx 5-year span) and thus had a large sample
of re-used questions. Moreover, each exam is comprised
of questions written by 2 to 3 different faculty members.
We could not access frequency for MCQ options, which
also would have been very interesting data to study. If op-
tions become less attractive through time, we could specu-
late about content/questions leakage from one cohort to the
next. Although the results of this study cannot generalize
beyond similar contexts, the significant changes in psycho-
metric properties should not be overlooked.

Pragmatically, our results suggest that using a question
three times or more within a short time span (5 years)
can impact the question’s psychometric properties. Pooling
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questions from different institutions could be an interesting
way to increase item-bank size and thus access to questions
with known psychometric properties, while limiting the re-
use of a specific question within a short time span, as also
suggested by Gotzman and colleagues [15]. Gierl and col-
leagues [32-35] have also proposed, and demonstrated, the
potential for automated item generation which could reduce
the burden on exam developers to create new questions
each year. More specifically, using established parameters
(such as patient characteristics and presentation), cognitive
models, and a programmed algorithm, users can rapidly
generate several exam questions [35, 36]. Some universi-
ties, and even licensing authorities, are already engaging in
this practice to reduce the burden of creating questions de
novo each year. However, pooling questions from different
universities and the automatic generation of items should
be done with great consideration for differences in learner
levels, curriculum and teaching practices.

Acknowledgements Christina St-Onge holds the Paul Grand’Maison
de la Société des Médecins de 1’Université de Sherbrooke Research
Chair in Medical Education.

Conflictofinterest S.X. Joncas, C. St-Onge, S. Bourque and P. Farand
declare that they have no competing interests.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. Jozefowicz RF, Koeppen BM, Case S, Galbraith R, Swanson D,
Glew RH. The quality of in-house medical school examinations.
Acad Med. 2002;77:156-61.

2. Holmboe ES, Sherbino J, Long DM, Swing SR, Frank JR. The role
of assessment in competency-based medical education. Med Teach.
2010;32:676-82.

3. Norman G, Norcini J, Bordage G. Competency-based education:
milestones or millstones? J Grad Med Educ. 2014;6:1-6.

4. Wiliam D. What is assessment for learning? Stud Educ Eval.
2011;37:3-14.

5. Haladyna TM, Downing SM, Rodriguez MC. A review of multi-
ple-choice item-writing guidelines for classroom assessment. Appl
Meas Educ. 2002;15:309-34.

6. Wallach PM, Crespo LM, Holtzman KZ, Galbraith RM, Swanson
DB. Use of a committee review process to improve the qual-
ity of course examinations. Adv Health Sci Educ Theory Pract.
2006;11:61-8.

7. Vachon-Lachiver E, St-Onge C, Cloutier J, Farand P. La rédaction
de questions a choix multiple et de questions a réponse ouverte et
courte pour les examens écrits dans les programmes de formation
en santé: une étude docimologique des consignes de rédaction. Ped-
agog Med. 2017;18:55-64.

8. Wagner-Menghin M, Preusche I, Schmidts M. The effects of
reusing written test items: a study using the Rasch model. ISRN
Educ. 2013; https://doi.org/10.1155/2013/585420.

9. Varpio L, Aschenbrener C, Bates J. Tackling wicked problems:
how theories of agency can provide new insights. Med Educ.
2017;51:353-65.

10. O’Neill TR, Sun L, Peabody MR, Royal KD. The impact of re-
peated exposure to items. Teach Learn Med. 2015;27:404-9.

11. Haladyna TM, Rodriguez MC. Developing and validating test
items. New York: Routledge; 2013.

12. Smith RW, Prometric T. The impact of braindump sites on item
exposure and item parameter drift. Annual meeting of the American
Education Research Association; San Diego. 2004.

13. Veerkamp W1IJ, Glas CAW. Detection of known items in adaptive
testing with a statistical quality control method. J Educ Behav Stat.
2000;25:373-89.

14. Baldwin JDC, Daugherty SR, Rowley BD, Schwarz MD. Cheating
in medical school: a survey of second-year students at 31 schools.
Acad Med. 1996;71:267-73.

15. Gotzmann A, De Champlain A, Homayra F, et al. Cheating in
OSCes: the impact of simulated security breaches on OSCE perfor-
mance. Teach Learn Med. 2017;29:52-8.

16. Downing SM. Threats to the validity of locally developed multiple-
choice tests in medical education: construct-irrelevant variance and
construct underrepresentation. Adv Health Sci Educ Theory Pract.
2002;7:235-41.

17. Sierles F, Hendrickx I. Cheating in medical school. Acad Med.
1980;55:124-5.

18. Rennie SC, Crosby JR. Are ‘tomorrow’s doctors’ honest? Ques-
tionnaire study exploring medical students’ attitudes and reported
behaviour on academic misconduct. BMJ. 2001;322:274-5.

19. Hrabak M, Vujaklija A, Vodopivec I, Hren D, Marusi¢ M, Marusi¢
A. Academic misconduct among medical students in a post-com-
munist country. Med Educ. 2004;38:276-85.

20. Henning MA, Ram S, Malpas P, Shulruf B, Kelly F, Hawken SJ.
Academic dishonesty and ethical reasoning: pharmacy and medical
school students in New Zealand. Med Teach. 2013;35:e1211—€7.

21. Hafeez K, Khan ML, Jawaid M, Haroon S. Academic misconduct
among students in medical colleges of Karachi, Pakistan. Pak ] Med
Sci. 2013;29:699.

22. Raymond MR, Neustel S, Anderson D. Retest effects on identical
and parallel forms in certification and licensure testing. Pers Psy-
chol. 2007;60:367-96.

23. Wood TJ. The effect of reused questions on repeat examinees. Adv
Health Sci Educ Theory Pract. 2009;14:465-73.

24. Raymond MR, Neustel S, Anderson D. Same-form retest ef-
fects on credentialing examinations. Educ Meas Issues Pract.
2009;28:19-27.

25. Friedman H. Repeat examinations in introductory statistics courses.
Teach Psychol. 1987;14:20-3.

26. Geving AM, Webb S, Davis B. Opportunities for repeat test-
ing: practice doesn’t always make perfect. Appl HMR Res.
2005;10:47-56.

27. Park YS, Yang EB. Three controversies over item disclosure in
medical licensure examinations. Med Educ Online. 2015;20:28821.

28. Reise SP, Revicki DA. Handbook of item response theory mod-
eling: applications to typical performance assessment. New York:
Routledge; 2014.

29. Hambleton RK, Swaminathan H, Rogers HJ. Fundamentals of item
response theory. Thousand Oaks: SAGE; 1991.

30. Crocker L, Algina J. Introduction to classical and modern test the-
ory. Boston: Cengage Learning; 2006.

31. IBM Corp. SPSS statistics for Windows, version 22.0. Armonk:
NY; 2013.

32. Gierl MJ, Lai H. Evaluating the quality of medical multiple-choice
items created with automated processes. Med Educ. 2013;47:726-33.

33. Gierl M, Hollis L, Zhang X. Automatic item generation. In: Ency-
clopedia of information science and technology. 4th ed. Hershey:
IGI Global; 2018. pp. 2369-79.

2


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2013/585420

378

S. X. Joncas et al.

34. Gierl MJ, Zhou J, Alves C. Developing a taxonomy of item model
types to promote assessment engineering. J Technol Learn As-
sess. 2008;7. https://ejournals.bc.edu/ojs/index.php/jtla/article/
view/1629/1664

35. Pugh D, De Champlain A, Gierl M, Lai H, Touchie C. Using cog-
nitive models to develop quality multiple-choice questions. Med
Teach. 2016;38:838-43.

36. Gierl MJ, Lai H, Turner SR. Using automatic item generation to
create multiple-choice test items. Med Educ. 2012;46:757-65.

Sébastien Xavier Joncas MD, is a cardiologist at Hotel-Dieu de
Québec. The work was completed when he was a resident (trainee
in postgraduate medical education) in the Department of Medecine,
Faculty of Medicine and Health Sciences, Université de Sherbrooke.

Christina St-Onge PhD, is an associate professor at the Department
of Medicine, Faculty of Medicine and Health Sciences, Université
de Sherbrooke and holds the Paul Grand’Maison de la Société des
Médecins de 1’Université de Sherbrooke Research Chair in Medical
Education, Sherbrooke, Canada.

Sylvie Bourque MSc, is a psychometrician at the Undergraduate Med-
ical Education program at the Université de Sherbrooke.

Paul Farand MD, MSc, is an associate professor at the Department
of Medicine and Health Sciences at the Université de Sherbrooke and
chief of service in Cardiology at the Sherbrooke University Hospital.


https://ejournals.bc.edu/ojs/index.php/jtla/article/view/1629/1664
https://ejournals.bc.edu/ojs/index.php/jtla/article/view/1629/1664

	Re-using questions in classroom-based assessment: An exploratory study at the undergraduate medical education level
	Abstract
	What this paper adds
	Introduction
	Methodology
	Study design
	Data
	Analysis

	Results
	Overall difficulty and discrimination coefficients
	Difficulty and discrimination coefficients per number of times the question was used

	Discussion and conclusion
	References


