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Abstract

Aim: Automatic item generation is "a process of using models to generate items using computer

technology". The use of automatic item generation typically involves one of three primary methods:

syntax-based, semantic-based, and template-based. Non-template automatic item generation approaches

leverage natural language processing techniques. A study showed the potential of using template-based

automatic item generation to create high-quality multiple-choice questions for assessing clinical reasoning
in Turkish, marking a first in the field. However, the findings of the study
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were based only on expert opinions, necessitating further research to
examine the psychometric qualities of Turkish items. The aim of this
study was to reveal psychometric characteristics of the first Turkish case-
based multiple-choice questions generated by using automatic item
generation in medical education.

Methods: This was a psychometric study. Three Turkish case-based
multiple-choice questions generated using template-based automatic item
generation on essential hypertension were included in an exam that 281
fourth-year medical students participate in. This examination was carried
out in-person in classroom settings under proctor supervision. Item
difficulty and item discrimination (point-biserial correlation) were
calculated, and non-functioning distractors were determined.

Results: All three items had acceptable levels (higher than 0.20) of point-
biserial correlation (p<0.001). The item difficulty levels indicated the
presence of one easy, one moderate, and one difficult question. Each item
had 2-3 non-functioning options among five options. All three items had
acceptable levels (higher than 0.20) of point-biserial correlation

(p<0.001). The item difficulty levels indicated the presence of one easy, one moderate, and one difficult
question. Each item had 2-3 non-functioning options among five options.
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Education. World of Medical Education. 2023;22(68):154-161

Tip Egitimi Diinyas1 / Eyliil-Aralik 2023 / Say1 68 154



Conclusions: The results indicated that the items successfully discriminate between high and low
performers, providing validity evidence on the quality of the questions in evaluating students'
comprehension of the subject. Additionally, the findings suggest that it is feasible to create multiple-choice
questions with different difficulty levels in Turkish using a single automatic item generation model. This
study demonstrated for the first time that automatic generation of case-based multiple-choice questions in
Turkish produces acceptable psychometric characteristics in an authentic assessment setting in medical
education. The ability to automatically generate effective multiple-choice questions in Turkish holds
promise for enhancing the efficiency of written assessment in Turkish medical education.

Ozet

Amacg: Otomatik soru (madde) iiretimi "bilgisayar teknolojisini kullanarak madde iiretmek i¢in model
kullanma siireci” olarak tanimlanir. Otomatik soru iiretimi kullanimi tipik olarak ii¢ temel yontemden
birini igerir: sézdizimi tabanl, anlamsal tabanli ve sablon tabanl. Sablon tabanli olmayan otomatik soru
tiretimi yaklagimlar: dogal dil igleme tekniklerinden faydalanir. Bir ¢alisma, Tiirkgede klinik akil yiiriitme
becerisini degerlendirmek igin yiiksek kaliteli ¢oktan se¢meli sorular olusturmak tizere sablon tabanli
otomatik soru tiretimi yontemi kullaniminin potansiyelini gostererek bu alanda ilk ¢alisma olmugstur.
Bununla birlikte, ¢calismanin bulgulari yalnizca uzman gériiglerine dayanmaktadwr ve Tiirkce sorularin
psikometrik niteliklerini incelemek icin daha fazla arastirma yapimas: gerekmektedir. Bu ¢aligmanin
amaci, tip egitiminde otomatik soru iiretimi kullanilarak olusturulan ilk Tiirk¢e olguya dayali ¢oktan
se¢meli sorularin psikometrik ozelliklerini ortaya koymaktir.

Yontem: Bu ¢alisma psikometrik bir ¢alismadir. Esansiyel hipertansiyon konusunda sablon tabanli
otomatik soru iiretimi kullanilarak olusturulan ii¢ Tiirkce olguya dayali ¢oktan se¢meli soru, 281
dordiincii simf tip ogrencisinin katildigi bir sinava dahil edildi. Bu sinav gozetmen denetiminde sinif
ortaminda yiiz yiize ger¢eklestirildi. Madde giighigii ve madde ayirt ediciligi (point-biserial korelasyon)
hesaplandi ve islevsel olmayan ¢eldiriciler belirlendi.

Bulgular: Her ii¢ madde de kabul edilebilir diizeyde (0.20'den yiiksek) point-biserial korelasyona sahipti
(p<0.001). Madde giicliik diizeyleri bir kolay, bir orta ve bir zor sorunun varligina isaret etmekteydi. Her
madde bes segenek arasinda 2-3 iglevsel olmayan segenege sahipti.

Sonug: Bulgular, maddelerin yiiksek ve diisiik performans gésteren ogrencileri bagarili bir sekilde ayirt
ettigini ve ogrencilerin konuyu anlamalarini degerlendirmede sorularin kalitesine iligkin gegerlilik kaniti
sagladigini gostermigtir. Ayrica bulgular, tek bir otomatik soru iiretimi modeli kullanarak Tiirkcede farkli
zorluk seviyelerine sahip ¢oktan se¢meli sorular olusturmanin miimkiin oldugunu gostermektedir. Bu
calisma, Tiirkge olguya dayali ¢coktan segmeli sorularin otomatik olarak olusturulmasinin tip egitiminde
otantik bir degerlendirme ortaminda kabul edilebilir psikometrik ozellikler iirettigini ilk kez gostermigtir.
Kaliteli ¢oktan se¢meli Tiirk¢e sorularin otomatik olarak iiretilebilmesi, Tiirkce tip egitiminde yazili
ol¢me-degerlendirmenin verimliligini artirma konusunda umut vaat etmektedir.

INTRODUCTION

Clinical reasoning stands out as a crucial skill in
medical education, and evaluating this higher-
order skill can be carried out through diverse
assessment tools, including but not limited to
multiple-choice questions (MCQs), key feature
questions, script concordance tests, oral
examinations, and more (1). Assessing clinical
reasoning skills through case-based MCQs is
both highly useful and common (2). However,
writing  process of high-quality items
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(questions) places a substantial demand on the
resources of medical schools. Specifically,
writing a single context-rich MCQ to evaluate
higher-order skills can consume hours of a
medical teacher's time (3). A vast quantity of
MCQs are required in medical schools. Even a
question bank designed solely for progress
testing may need to incorporate thousands of
questions (4). Given the extensive effort and
resources involved in generating just one MCQ,
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the significant challenge for writing thousands
of questions becomes apparent. To address this
challenge, researchers developed automatic
item generation (AIG) as "a process of using
models to generate items using computer
technology” (5).

The use of AIG typically involves one of three
primary methods: syntax-based, semantic-
based, and template-based (6). Non-template
AIG approaches leverage natural language
processing (NLP) techniques that demand
advanced processing capacity and a corpus of
data closely aligned with the test's purpose (7).
In health professions education, a template-
based method pioneered by Gierl et al. has been
in use for over a decade (7). Grounded in
cognitive models and question templates built
by subject matter experts, this augmented
intelligence  approach employs  software
assistance to generate hundreds of MCQs at
once (5).

The template-based AIG method encompasses
three sequential stages (7): the formulation of a
cognitive model, the establishment of an item
model, and the generation of items using
software. In the initial phase, a cognitive model
is constructed to delineate the content for item
generation. The structure of this cognitive
model includes the problems and scenarios,
sources of information regarding the problem,
and features of the information. This model
reveals the approach of subject matter experts
when confronted with a clinical problem.
Subsequently, in the second stage, an item
model is formulated based on the previously
established cognitive model. The item model
comprises a stem, which is the question that
students are expected to answer, and options.
Within the item model, specific components of
the stem are identified for manipulation by
considering potential variables based on the
cognitive model. Finally, in the third stage, a
computer-based assembly system generates all
plausible combinations via iterative processes.
The literature showed that only a few item
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models and a few hours of work could result in
the generation of hundreds or even thousands of
questions (8), not only in medical education but
also in other health professions, such as
pharmacy (9). This substantiates the template-
based AIG’s capability to produce high-quality
MCQs that assess higher-order skills rather than
factual recall (10). Case-based items created for
clinical medicine using AIG exhibit
psychometric properties, such as item difficulty
and item discrimination, similar to those MCQs
written in a traditional way (11). Furthermore,
successful demonstrations of the template-
based AIG method's efficacy in various
languages, including English, French, Chinese,
Spanish, and Korean, have been presented in the
literature (7). Subsequently, for the first time in
the literature, a study revealed that the use of
AIG in Turkish to generate high-quality MCQs
to assess clinical reasoning is possible (12).
Subsequently, another study showed the
feasibility of AIG in Turkish in a non-medical
(Turkish literature exam for high-school
graduates) area (13). However, these studies’
findings were only based on expert opinion.
Therefore, further research on Turkish items to
examine  psychometric  characteristics is
necessary.

The aim of this study is to reveal psychometric
characteristics of the first Turkish MCQs
generated by using AIG in medical education.

METHODS
Study Design
This was a psychometric study.

Setting and Participants

This research was conducted during the
academic year 2023-2024 at Gazi University
Faculty of Medicine, Ankara, Turkey. As part of
the fourth year in the six-year undergraduate
medical program, a series of five-day small
group activities were implemented to train
students on the fundamentals of rational
prescribing. The training was based on the
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WHO 6-Step Model (14). It used cases related
to essential hypertension and type-2 diabetes
mellitus in adults to teach rational drug
prescribing. Subsequent to the training, students
take a theoretical examination consisting of
MCQs. All 281 fourth-year medical students
who took the rational drug prescribing clerkship
exam were eligible for participation in the
study. Considering our goal to include all
students, we opted not to conduct a formal
sample size calculation. None of the students
were excluded, 281 students who participated in
the exam were included in the analysis.

Items

In a previous study, Turkish MCQs on essential
hypertension were generated by using AIG (12).
Among these questions, three randomly-chosen
MCQs were included in rational prescribing
exam, without making a single change in the
questions (Figure 1). The questions were
approved by the board of rational
pharmacotherapy to be included in the exam.
The questions can be found in the Appendix.
The written exam comprised of single-best
answer MCQs, including those written in a
traditional way. This examination was carried
out in-person in classroom settings under
proctor supervision.

Statistical analysis

We carried out a psychometric evaluation based
on Classical Test Theory. Utilizing Microsoft
Excel, we performed item analysis to determine
two main metrics: item difficulty, calculated by
dividing the total score of test-takers by the
maximum  possible  score, and item
discrimination, indicated by the point-biserial
correlation value. In order to calculate point-
biserial correlation values, Spearman
correlation was employed in SPSS 22.0 for
Windows (Chicago, IL, USA). This analysis
allowed us to determine whether an individual
test item effectively differentiated between
students who performed well overall and those
who did not. Typically, large-scale standardized
Tip Egitimi Diinyas1 / Eyliil-Aralik 2023 / Say1 68

test developers require an item's point-biserial
correlation to be at least 0.30 or higher for
effectiveness  (15). However, in locally
developed classroom-type tests, values in the
mid to high 0.20s could be considered
satisfactory (15). Additionally, we computed
the percentages of responses for each answer
option to identify poorly functioning distractors.
We considered the conventional threshold for
functional distractors as those selected by
participants at a rate exceeding 5% (15).

Generation of
1600 items using
template-based
Automatic ltem
Generation in a
previous study

FRandom
selection of three
iterms among
1600 items

281 Year-4
medical students
answered the
three questions
in a written exam

Figure 1. The Process Regarding Items
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Ethical Approval
Gazi University Institutional Review Board
approved the study (code: 2023-1116).

RESULTS
All three items had acceptable levels (higher

than 0.20) of point-biserial correlation. The

Table 1. Item Indices and Response Percentages

correlation values were statistically significant
(p<0.001). The item difficulty levels indicated
the presence of one easy, one moderate, and one
difficult question. Each item had 2-3 non-
functioning options among five options. Table 1
presents the values of indices and response
percentages.

Indices Response Percentages in Options

Question L

Number Discrimination

(in the Difficulty (Point-Biserial A B C D E
Appendix) Correlation)
1 0.21 0.39* 0,00 21,71 2456 53,02 0,71
2 0.46 0.28* 0,00 0,00 0,71 53,02 46,26
3 0.85 0.22* 85,41 4,27 9,25 0,71 0,36

* p<0.001, Bold options are correct.

DISCUSSION

The aim of this study was to determine whether
the first automatically generated MCQs in
medical education have acceptable
psychometric characteristics. We found that
item discrimination values (point-biserial
correlation) are in a range of acceptable levels
and the difficulty of the items is diverse.
Additionally, each item presented two or three
non-functioning options among the five
provided.

The findings showed that the items effectively
discriminate between high and low performers
that affirms the quality of the questions in
assessing students' understanding of the subject
matter. The findings also indicate that it is
possible in Turkish as well to generate MCQs
with varying difficulty levels by using a single
model in AIG, as previous studies showed the
similar findings in another language (11).
However, there were non-functioning options,
which is an anticipated finding because subject-
matter experts already recommended minor
revisions to make each option more
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discriminative, as pointed out in the previous
study (12). This issue can easily be solved by
benefitting from the flexibility of AIG method.
Proposed revisions by subject matter experts,
informed by the literature on creating more
effective distractors in AIG (16), can be
universally applied to hundreds of questions at
once by revising the model. This flexibility is an
important advantage that eliminates the need for
individual revisions of each question in
traditional item writing.

This research could provide particular
advantages in generating Turkish items. In
medical schools globally, there is a strong need
for a rich question bank evaluating higher-order
skills. By mirroring the global need, creating
such a high-quality resource is challenging in
Turkish medical schools (17). Considering
these challenges, the first advantage of
template-based AIG is the efficiency (18). It
allows for the rapid generation of a large
number of assessment items (7,8). This is
especially beneficial in medical education,
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where a significant volume of questions is
required. The second advantage is consistency.
AIG ensures a consistent format and structure
for assessment items, reducing variations in
question quality and format (7). Therefore, AIG
enables the standardization of items, making it
easier to design fair and equitable assessments
for all students. It also ensures that the generated
items are closely aligned with the educational
objectives because the items rely on cognitive
models and question templates constructed by
subject matter experts. Given the successful
implementation of AIG in Canada's high-stakes
medical licensure exam (11), Turkish medical
institutions and national exams might find
significant value in adopting this useful method.
However, the use of this method has some
disadvantages as well (7). Initial development
costs may hinder its widespread use.
Developing the templates and cognitive models
for AIG can be time-consuming for subject-
matter experts at the beginning. However, once
amodel is established, it can be used to generate
thousands of items. While AIG generates items
quickly, there is a need for ongoing monitoring
and revision to ensure that the quality of
generated items meets educational standards.
However, the revisions can be applied to
thousands of questions with just a “click”.
Another disadvantage would be the lack of
creativity. Template-based AIG relies on
predefined templates and models, which may
limit the diversity of the generated assessment
items. Finally, resistance to change would be the
most prominent obstacle. Faculty and staff may
be resistant to adopting AlG, particularly if they
are accustomed to traditional item-writing
methods.

Despite the promising findings, the results
should be interpreted considering the limitations
of the study. It focused only on a single disease,
essential hypertension, and the generalization of
the results to other medical topics requires
caution. Additionally, the specific
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characteristics of the student population might
influence the generalizability of the findings.
However, since we did not collect data on
demographic characteristics of the participants,
we could not analyze the relationship between
these characteristics and the outcomes. To build
upon this first Turkish AIG study conducted in
real-world educational setting, future research
should explore the applicability of AIG in
Turkish to a broader range of medical topics.
Another limitation is that the predominant use
of point-biserial correlation as the primary
indicator of item quality is challenging to
encompass all aspects. However, it is an
important first step to lead a more common use
of AIG in Turkish.

CONCLUSIONS

This study demonstrated that automatic
generation of case-based MCQs in Turkish is
feasible in authentic assessment settings in
medical education. It contributed to the
literature by showing that an AIG model is able
to generate hundreds of case-based MCQs in
Turkish with acceptable discrimination levels
and various difficulty levels, such as easy,
moderate, and difficult. Successful
implementations of AIG had been demonstrated
in five languages. Our study provided the first
psychometric evidence from the field in the
sixth language as Turkish. The ability to
automatically generate effective MCQs in
Turkish holds promise for enhancing the
efficiency of written assessment in Turkish
medical education.
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using template-based automatic item generation
method.
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1. 38 yasinda kadin hasta, bir klinikte yapilan
sabah ve aksam olmak iizere bir giinliik tansiyon
Ol¢limii  sonucuyla aile sagligi merkezine
bagvuruyor. Daha Once hipertansiyon tanisi
almamig hastanin 6lglimlerindeki ortalamanin
150/95 mmHg oldugu saptaniyor. Hasta
herhangi bir sikayeti olmadigini sdyliiyor.
Hastanin sigara kullanimi giinde bir paket. Fizik
muayenede viicut kitle indeksinin 34 kg/m2
oldugu hesaplaniyor.

Herhangi bir ek hastah§i olmayan bu
hastada, asagidaki secenekler arasinda
digerlerine gore en uygun yaklasim
hangisidir?

A.Herhangi bir ek oneride bulunmadan, yilda
bir kan basinci dl¢iimil dnerisi yeterlidir
B.Miidahale edilmeden, en az bes giinlik
tansiyon Ol¢limii yaparak tekrar bagvurmali
C.Yagam tarzi degisiklikleri  Onerisinde
bulunulmasi yeterlidir

D.Antihipertansif ilag regete edilerek bir ay
sonra kontrole ¢agirilmali

E.Gerekli ilk miidahale yapilarak hemen acil
servise gonderilmeli

Dogru Cevap: B

2. 38 yasinda kadin hasta, bir klinikte yapilan
bir haftalik (sabah-aksam) tansiyon Ol¢limii
sonucuyla aile sagligi merkezine bagvuruyor.
Daha oOnce hipertansiyon almamig
hastanin 6lglimlerindeki ortalamanin 190/130
mmHg oldugu saptaniyor. Hasta bazen hafif bag
agrismin oldugunu sdylityor. Hastanin sigara
kullanim1 giinde bir paket. Fizik muayenede
viicut kitle indeksinin 28 kg/m2 oldugu

tanisit

hesaplantyor.
Herhangi bir ek hastahgl olmayan bu
hastada, asagidaki secenekler arasinda
digerlerine gore en wuygun yaklasim
hangisidir?

A.Herhangi bir ek 6neride bulunmadan, yilda
bir kan basinci 6l¢limii Onerisi yeterlidir
B.Miidahale edilmeden, en az bes giinlik
tansiyon Ol¢iimii yaparak tekrar bagvurmali
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C.Yasam tarzi  degisiklikleri  Onerisinde
bulunulmas: yeterlidir

D.Antihipertansif ila¢ regete edilerek bir ay
sonra kontrole ¢agirilmali

E.Gerekli ilk miidahale yapilarak hemen acil
servise gonderilmeli

Dogru Cevap: E

3. 56 yasinda kadin hasta, bir klinikte yapilan
bir haftalik (sabah-aksam) tansiyon Ol¢limii
sonucuyla aile sagligi merkezine bagvuruyor.
Daha o©nce hipertansiyon tanist almamis
hastanin bu 6lglimlerindeki ortalamanin 110/70
mmHg oldugu saptaniyor. Hasta herhangi bir
sikayeti olmadigini sdylilyor. Hastanin sigara
kullannm1 yok. Fizik muayenede viicut kitle
indeksinin 23 kg/m2 oldugu hesaplaniyor.

Herhangi bir ek hastah@1 olmayan bu
hastada, asagidaki secenekler arasinda
digerlerine gore en uygun yaklasim
hangisidir?

A.Herhangi bir ek 6neride bulunmadan, yilda
bir kan basinci dl¢iimii dnerisi yeterlidir
B.Miidahale edilmeden, en az bes giinlik
tansiyon Ol¢iimii yaparak tekrar bagvurmali
C.Yasam tarz1  degisiklikleri  Onerisinde
bulunulmasi yeterlidir

D.Antihipertansif ilag regete edilerek bir ay
sonra kontrole ¢agirilmali

E.Gerekli ilk miidahale yapilarak hemen acil
servise gonderilmeli

Dogru Cevap: A
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