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Abstract

The Item Response Theory (IRT) has been extensively used in the development
of tools in recent years. The present study aimed at determining the standard and
cut- off score of the medical basic sciences comprehensive test using the IRT
model, the item-mapping method. The statistical population in this study was all
the candidates for the medical basic sciences comprehensive test of the tenth pole
of Iran (n=324), and the responses of all candidates were analyzed to determine
the standard and cut- off score. The tool used in this research was the basic science
comprehensive test with 200 four-option items that was taken in September of
2016. In this cross-sectional study, Win steps was used to analyze the items. The
findings of this study showed that the test has an item reliability of PR=0/98 and
person reliability of 1P=0/92 which indicated that the sample variance and test
length were appropriate and the items were appropriately selected from the nine
domains. Performance of the reviewers’ panel and evaluation of the items with
the item map method showed that the agreement of the reviewers after three
review stages included a difficulty parameter of b=1/3 and a raw score of 103.
The result of this research showed that the item map method can result in higher
agreement among reviewers to determine the cut score.
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Introduction

Assessing students' professional performance is an important part of
medical education programs and is very important in the field of
medical education. For this purpose, medical students must be able to
pass three sections and three comprehensive exams during their studies.
By successfully passing the basic science reference test, the scientific
competence of medical students to enter the physiopathology and
clinical stages is confirmed (Ministry of Health, Treatment and Medical
Education, 2014). Determining the standard and cut-off score is
considered to be a basic and important, yet difficult and controversial
step in order to determine acceptance in criterion-reference tests
(Schnabel, 2018; Wang, 2003). There are different types of cut scores
(Cizek, 2012; Barron, Sirci and Slater, 2020), the most widely used
standard setting method for multiple-choice tests with the aim of
obtaining a certificate is the Angoff method (cetin and Gelbal, 2013). A
newer method of determining the standard and cut off score that does
not include Item-by-Item judgments is the bookmark, Item-mapping
method.

In this method, using the question-answer theory of single-parameter
Rasch model, the parameter of the individual's ability and the difficulty
of the question are estimated. This method was designed to "reduce the
cognitive complexity of Angoff' method” (Peterson, Schulz and
Engelhard, 2011). In the bookmark method, the judges are given a
booklet in which the test questions are arranged from easy to difficult
(according to the Item-response Theory (IRT) Model). Then the judges
put their mark on a question in this booklet that they think a subject with
minimal ability cannot answer the Items after that correctly (Glaser et
al., 2017; Hambleton and Pitoniak, 2006; Kang, 2022). Hine and
Skaggs (2009) found that the judges faced the problem in the process
of determining the bookmark standard that the difficulty of the Items
was different from their order in the Item book (the non-order of the
Items), so they had trouble placing the mark.

A type of bookmarking method is the Item-mapping method. Wang
(2003) in the Item-mapping method, test Items are measured using the
Rasch single-parameter measurement model. In this method, a
histogram (Item-mapping) is provided to the judges. The histogram
starts from the easiest Item on the right side (from the last column on
the right side of the histogram) and as we move to the left side of the
histogram, the Items become more difficult. After examining the
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relevant Items, the judges are asked the following question: Can the
candidate with the minimum qualification answer the Item correctly
with at least 50% probability? This process is repeated until the judges
agree on which Item (or Items) are on the map that the minimum
qualified candidate has exactly a 50% chance of answering correctly.
In this method, 50% is chosen because when the one-parameter Rasch
model is used to grade the Items, the information of the Item is
maximized at the probability value of 50%. In this histogram, the Items
with the almost similar difficulty parameter are grouped in the unit
column. Instead of estimating the probability of the candidates
answering each test Item, the judges check all the Items at once. The
average number of correct answers is then converted into the minimum
score (Wang, 2003).

Research Question(s)

Considering the advantages of the Item-mapping method, this research
examines the question of what will be the standard and cut off score of
the basic sciences based on the Item-Mapping Method?

Literature Review

In their research, McCann and Stanley (2006) investigated “the use of
Rush modeling to determine standards™ and used Angoff's common
bookmark methods. The results show how informational data can be
presented to judges, before and after Angoff measurement. In addition,
in this research, an example of the method of determining the bookmark
cut score was presented in the form of Item-mapping. The use of non-
Rach methods was also used to determine the standard.

In the research entitled "Using Rasch Model in Standard Setting:
Item-Mapping Method" conducted by Wang (2003), logical and
empirical evidence for using Item-mapping method to determine
passing scores for certification exams and multiple-choice tests. Was
presented, the results of this research showed that the Item-mapping
method provides higher internal group homogeneity.

Buckendahl, et al. (2002) investigated the methods of Angoff and
bookmark scores and came to the conclusion that although the Angoff
method has been widely used, the bookmark method can help in
determining education standards. Emphasize the expectations of
students' performance in the test.
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In his research, Engelhard (2011) examined the judges' judgments
based on the bookmark method and concluded that the use of the Rasch
model has an effect on the judges' judgments. Jiao et al. (2011)
concluded that the Rush model can help judges in identifying
candidates with minimal competence or borderline candidates.

Lewis et al (1996) Stated several issues regarding the bookmark
method. A ceiling or floor effect may occur if the test does not include
questions that represent the full range of ability level desired for the cut
score. In this way, if there are no difficult questions in the exam, the
bookmark does not correctly show the content that these students know
and can do.

Methodology

The current is a combination of quantitative and qualitative studies. The
statistical population of the study consists of all students of basic
sciences who participated in comprehensive examinations of medical
sciences in September 2015, in the number of 324 people (155 women,
169 men).

The instrument of the research is the comprehensive basic science
exam of Qutb-Dah of the country, which was implemented in
September 2015 for medical fields in Tehran, ShahidBeheshti, Iran,
Baghiyatullah, Artesh, Behzisty va tavanbakhshy Universities. This
exam includes 200 four-choice questions with 1 correct and O incorrect
scores in the subjects of physiology, pathology, clinical biochemistry,
medical physics, clinical psychology, parasitology Mycology,
entomology, bacteriology, epidemiology, anatomy, nutrition,
embryology, histology, public health, genetics, immunology, English
language, Islamic revolution. By using Item-response theory (ltem-
mapping) in estimating the cutoff score of the comprehensive exam of
medical sciences, it is possible to achieve the estimation of question
parameters and ability only by using quantitative methods. Therefore,
in this research, the test Items were quantitatively analyzed using
WINSTEPS 3.92.1 software.

Conclusion

The basic purpose of the tests that are used to grant the certificate is
whether the candidates have the appropriate levels of knowledge and
skills to perform the necessary activities in their specialized field. One
of the most difficult steps in the implementation of these tests is
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determining a score that indicates the level of acceptance that indicates
competence. It is very important that the passing score reflects the
appropriate performance standard, the cut-off score should be able to
differentiate between candidates with competence and candidates who
have not achieved the appropriate level of competence. The common
methods of determining the cutoff score, such as Angoff's method, have
problems with the cognitive understanding of candidates with minimal
competency and for this reason, and to solve the cognitive deficiency
of Angoff's method, the Item-mapping method was used in this
research. This method is based on the Item-response theory of the Rasch
model and by estimating the difficulty parameter of the Item and the
person's ability to identify a question in the test where the probability
of the candidates answering that Item correctly is 0/5 (Mitzel et al.,
2006).

The issues that the judges mainly face during the cut-off score
process include: the correct cognitive understanding of the candidate
with the minimum competency and also the accurate knowledge of the
cut-off score determination method, which is the method of determining
the cut-off score of the Item-mapping, the judges need to understand
the concept of the candidate with the least competency. It help the
results of this research showed that the Item-mapping method was able
to help the judges in the field of determining candidates with minimum
competency. The results of the present study are consistent with the
results of Hai Wang (2003) and Buckendhal et al. (2002). Considering
that the Item-mapping uses the Rasch model to determine the difficulty
parameter and the ability parameter, it is able to put this Item difficulty
parameter and the ability parameter on the same scale. Also, in the Item-
mapping method, individual questions are not examined and all Items
are examined together. In this method, the passing grade was
determined by identifying a point on the histogram of the difficulty
parameter of the Item, which showed that the candidate with the
minimum competency had a 50% chance to provide the correct answer
to the Item, and considering that in determining the standard and cutoff
score, determining the level of ability The candidate has a minimum
competency of 50/. The best point for the judges to determine the cut-
off score is that the Item-mapping method with emphasis on the Rush
model provides this estimate to the judges, which helps to determine
the cut-off score more accurately. The results of this research are also
consistent with the results of Schnabel (2018).
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In the process of determining the standard for the basic science
comprehensive exam, during three stages (rounds), the exam Items
were judged and evaluated. In the first and second stages of judging,
there was no agreement between the judges about the cut-off score and
the standard (Item that the candidate with the minimum competency is
not able to answer the Items after) but in the third stage (round), by
providing the Item-mapping The judges had a high consensus on the
difficulty parameter of 1/3 and specified this point as the cut-off point
and standard of the test. At this cut-off point, the ability parameter was
1/31, and the score of the subject with the minimum competency was
103, and the acceptance percentage of the candidates was estimated at
65/84. Actually, based on this finding, candidates with difficulty
parameter less than 1/3, ability parameter less than 1/31 and raw score
lower than 103 are rejected. The study of Buckendhal et al. (2002) and
Schnabel (2018) and Engelhard (1996) also showed that although
Angoff's method has been widely used, the Item-mapping method can
be used in the cut off score and performance expectations of candidates
in certification exams. Those involved in education should help.
Among the limitations of this research, it can be pointed out that
because the Item-mapping method was used for the first time to
determine the standard in medical sciences, the judges had no prior
knowledge of this method.

In order to determine the optimal cut-off score, it is suggested to
conduct a comparative study of the method of determining the standard
and the cut-off score of the Item-mapping with methods such as Angoff
and the traditional method. Also, future researches can examine the
impact of alternative values of 50% probability with other common
values such as 0/67 in determining the cutoff score. It is suggested that
in future researches, a judging session with two groups of expert judges
or more should be held and the results of the two groups should be
compared with each other.
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