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The most important goal of a test is having reliable and valid measurement
tools. The purpose of this study is to conduct item analysis to questions for an
exam which measures the biostatistics knowledge of students and to assess the
Biostatistics Program. The study group consists of a total of 261 students in their
second year of Ondokuz Mayis University Faculty of Medicine. 132 (50.6%) of
the students are female, while 129 (49.4%) are male. Item analysis was assessed
by using classical method and Rasch analysis. The average value of the test
which consisted of a total of 60 multiple choice questions was 47.47+ 6.99; the
lowest score was 15, while the highest score was 57. KR 20 value was found as
0.86. When all the questions were analyzed with Rasch analysis, item difficulty
of 75% of the items was between -1.60 and 1.60. As a conclusion, the exam was
found to be reliable and it was shown to be a moderately difficult exam which
assessed the knowledge of the students. Future studies are planned to assess
Biostatistics teaching in different levels of class.

© 2017 OMU

1. Introduction

enable an easy assessment of the students taking the

Miller’s pyramid is the most important component in
tracking, measuring and assessing the development of
education process and it attracts attention especially
in the assessment of health education. While the base
of the pyramid forms knowledge and comprehension
skills, the top of the pyramid forms performance
(Vegada et al., 2016).

During the process of measuring knowledge,
multiple choice questions are frequently preferred
among different types of measurement tools used
for error-free and objective measurement results
(Mukherjee and Lahiri, 2015). Multiple choice
questions are easy to conduct and classify and they

exam. Suitably created multiple choice questions
measure and analyze knowledge, comprehension and
application. They can measure knowledge from a
narrow field to a wide field and thus they are the type
of questions used most frequently in medicine (Epstein,
2007; Brookhart, 2015).

Having reliable and valid measurement tools is the
most important goal of a test. Thus, item analysis is
conducted by using the application results of the test
(Atlgan et al., 2011; Mukherjee and Lahiri, 2015).
Item analysis of multiple-choice questions first of all
assesses the quality of the items, while at the same
time the test measures the skills in the area. Different
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theoretical methods assess whether the items have
desired characteristics (Abdalla 2011; Tomak and Bek,
2015). The most frequently used method, Classical
Test Theory (CTT) assesses the test as a whole.
This method based on correlation assumes that all
the questions are equal indicators of an individual’s
knowledge in that subject (Allen, 2012; Petrillo et al.,
2015). An alternative method to this is Rasch analysis,
which is one of the Item Response Theory (IRT)
models. This method, which was initially developed
for educational purposes, can also be used especially
to develop psychological assessment tools. When
compared with the classical method, Rasch analysis
is more stable in different populations (Trakman et
al., 2017). In this theory, responses are modeled on
individual items. Individual’s response on test item
shows the characteristics of the item and the individual.
It is assumed that the individual’s response (test taker’s
performance) depends on one or more factors, which
are called latent characteristics or skills. Each item
in the test or questionnaire is assumed to measure an
underlying latent characteristic (De Grutijter and Van
der Kamp, 2008; Pallant, 2016).

In this study, the purpose was to conduct item
analysis and distractor analysis for multiple choice
questions which measured the biostatistics knowledge
of Ondokuz Mayis University (OMU) Faculty of
Medicine students and to assess the Biostatistics
Program.

2. Materials and methods

Participants

The study group consists of a total of 261 students in
their second year of Ondokuz Mayis University Faculty
of Medicine. 132 (50.6%) of the students are female,
while 129 (49.4%) are male.

Measures

The data set used in the study consists of multiple-
choice questions for measuring biostatistics knowledge
of students during the 2015-2016 academic year.
Students’ level of knowledge was assessed with a total
of 60 questions including basic biostatistics subjects.
The topic titles included in the exam were listed as
summary of the data, sample, descriptive statistics,
statistical significance, error types and hypothesis tests.
The questions were prepared by taking the lesson hours
into consideration and with content validity and applied
on the students.

Analysis

Rasch method was used with CTT for the analysis of
multiple-choice questions. In the analysis of the data,
NCSS model was used for CTT model, while RUMM
programs were used for Rasch model (Hintze, 2007;
Andrich et al., 2012).

For multiple choice questions, the stage of creating
and analyzing the distractors is very important for a
healthy measurement. Distractors are choices given
to mislead those who do not know or those who know
little (Tarrant et al., 2009; Deepak et al., 2015). A good
distractor should consist of expressions which are
correct but which do not meet the requirements of the
problem and which are incorrect although they seem
to be correct. Distractors are reasonable, but clearly
incorrect expressions (Collins, 2006; Kilgour and
Tayyaba, 2016).

CTT is the most widely and most frequently used
item analysis method and it connects some existing
structures to hypothetical basis. In this theory, the
degree of having a characteristic is found by adding
up the answers given to items related to that subject
in the scale. The score obtained is the observed score
and it consists of the combination of actual score and
error score (Crocker and Algina, 2008; Cappelleri et
al., 2014). In a reliable measurement, error score will
decrease and the observed score will get closer to the
real score, in other words, reliability is decreasing the
random errors in the measurement on which reliability
is conducted. In order to find out the reliability of a
measurement tool, internal consistency analyses, item
difficulty and item discrimination can be used (Biswas
et al., 2015; Abozaid et al., 2017).

Kuder- Richardson 20 (KR-20) coefficient
was used to assess the internal consistency of the
measurement tool analyzed in this study. KR-20 is used
in the assessment of reliability of tests which consist of
multiple choice questions the correct answers of which
are coded as 1 and the incorrect answers of which are
coded as 0 (Brennan 2011).

In the assessment of reliability in terms of items,
average values of the items, item difficulty and item
discrimination were analyzed (Zaman et al., 2010;
Hingorjo and Jaleel, 2012). Item difficulty is the rate
of individuals who answer the item correctly (Deepak
et al., 2015). Biserial point correlation (rpbis), which is
used to find out item discrimination, is a measurement
which shows the association between test score and the
score of answering the item correctly (Biswas et al.,
2015; Abozaid et al., 2017).

Another method used in the study is Rasch analysis.
It is the only model in Item Response Theory models
which includes item difficulty. The probability of
answering an item correctly can be found with the
function of the rate of that individual’s ability level to
item difficulty (Demars, 2010; Petrillo et al., 2015).
It has two assumptions as unidimensionality and
local independence. The responses given to questions
are defined by a unidimensional latent variable and
the responses given to questions are independent of
each other (Li et al., 2011; Pallant, 2016). With Item
Characteristics Curve (ICC) in Rasch analysis, item
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response possibility of individuals with different ability
levels and difficulty values of the items can be found
with graphs (De Grutijter and Van der Kamp, 2008;
Trakman et al., 2017).

3. Results

The data obtained from the answers given to 60 multiple
choice questions by a total of 261 students were
analyzed. The average value of the test was 47.47+6.99;
while the lowest score was 15 and the highest score was
57. KR 20 value of the test was 0.86. The questions,
which assessed basic biostatistics knowledge, were
assessed with CTT and Rasch analysis. Difficulty
and discrimination of the questions were found, at the
same time how the questions worked was analyzed
with distractor analysis. In terms of analysis of all the
questions with Rasch analysis, there were 45 (%75)
items with an item difficulty between -1.60 and1.60.
The questions which showed different intervals were
analyzed in more detail by taking the difficulty and
discrimination of the questions into consideration. In
variance analysis table, for Item 38 which asked the
equivalent of variance value, the correct answer A was
given by 141 (54%) students, while the other answers
were given as B by 15 (6%) students; C by 49 (19%)
students; D by 16 (6%) students and E by 40 (15%)
students, respectively. In the assessment conducted
with classical method for this question, item difficulty
was found as 0.54, while discrimination was found
as 0.40. Item difficulty was found as 1.87 with Rasch
analysis. Fit residual value was found as -2.02. ICC for
Item 38 is given in Fig. 1.
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Fig. 1. ICC for Item 38.

The correct answer of Item 39 which assessed
hypothesis test was E and it was given by 92 (35%)
students, while the other answers were given as A by
12 (5%) students; B by 28 (11%) students; C by 8 (3%)
students and D by 121 (46%) students, respectively.
With CTT, item difficulty was found as 0.3, while
discrimination was found as 0.31. With Rasch analysis,
item difficulty was found as 2.70. Fit residual value was
-0.42 (Fig. 2).
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Fig. 2. ICC for Item 39.

The correct answer for Item 56 which assessed the
graphic summary of data was C and it was answered
correctly by 76 (29%) students. The other answers were
given as A by 3 (1%) students, B by 81 (31%) students,
D by 15 (6%) students and E by 84 (32%) students.
Item difficulty was found as 0.29, while discrimination
was found as -0.22. Item difficulty was found as 2.92
with Rasch analysis. Fit residual value was found as
0.64. Rasch analysis of the question is given with Fig.
3.
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Fig. 3. ICC for Item 56.

The correct answer for Item 37 which assessed
variation coefficient was C and it was given by 190
(73%) students, while the answer A was given by 42
(16%) students, B by 5 (2%) students; D by 4 (2%)
students and E by 20 (8%) students. CTT assessment
showed that item difficulty was 0.73 and discrimination
was 0.37. Item difficulty was found as 0.87 with Rasch
analysis. Fit residual value was -0.98. ICC for Item 37
is given with Fig. 4.
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Fig. 4. 1CC for Item 37.
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The correct answer B for Item 36 which assessed
hypothesis knowledge was given by 237 (91%)
students, while A was given by 5 (2%) students, C was
given by 3 (1%) students, D was given by 14 (5%)
students and E was given by 2 (1%) students. In the
assessment of this question made with classical method,
item difficulty was found as 0.91 and discrimination
was found as 0.38. Item difficulty was found as -0.63
with Rasch analysis. Fit residual value was 0.12. ICC
for Item 36 is given with Fig. 5.
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Fig. 5. ICC for Item 36.

4. Discussion

In the second year of their 6-year-long education,
students of OMU Medicine Faculty get theoretical and
practical classes about biostatistics in the block which
includes basic information about biostatistics. The
exam at the end of the block which includes multiple
choice questions assesses students’ level of knowledge
and what they have learned.

Multiple choice questions are preferred especially
when there are too many people taking the exam,
when there is a need for selection and placement, when
there are too many questions, when there is a need for
quick results and when high reliability and validity is
required. These questions which are developed for a
specific content provide a consistently tested content
(Collins, 2006; Mukherjee and Lahiri, 2015). The
disadvantages of these questions are the fact that they
are answered by remembering rather than recognizing
the questions, there is the factor of luck in answering
and developing them are difficult and time consuming.
In this question type, since the information is mostly
remembered within the item, it is insufficient to measure
top level behaviors. This in turn causes negative effect
on construct validity (Atilgan et al., 2011).

Atest’s being valid and reliable will help itto reach its
goal. With this study, the test’s analyses were conducted
in general and on the basis of items (questions) and the
characteristics of items which worked well and which
did not work well were assessed over a few items.

In the general assessment of the reliability of the
exam, KR-20 value was found as 0.86 and it is the
equivalent of Cronbach Alpha in the assessment of the

reliability of dichotomous questions (DeVellis 2006).
A KR- 20 value of over 0.80 is required for a reliable
measurement tool and it was found that the exam met
this requirement. For KR-20, it is assumed that the
questions are not equally difficult, while for KR-21,
which is another type of KR, it is assumed that the
questions are equally difficult. Thus, KR-20 is more
reliable than KR-21 (Brennan 2011).

With assessment based on questions, item difficulty,
discrimination and whether the distractors were well
built were assessed. In the classical method, as the item
difficulty level increases, it is understood that the item
gets easier (Abozaid et al., 2017). Although the most
ideal values for item difficulty are between 0.5 and
0.6 in an exam, 0.3-0.7 and 0.2-0.8 are recommended
intervals (Sim and Rasiah, 2006; Hingorjo and Jaleel,
2012; Biswas et al., 2015). For item discrimination
index, values over 0.25 are indicators of discrimination.
Values over 0.40 are accepted as perfect, those
between 0.30 and 0.40 are accepted as good and those
between 0.25 and 0.30 are accepted as acceptable
levels of discrimination (Deepak et al., 2015; Abozaid
et al., 2017). In assessment with Rasch analysis,
as the item difficulty becomes negative, the items
become easier, while they become more difficult as it
increases positively (De Grutijter and Van der Kamp,
2008; Trakman et al., 2017). Within this context,
some questions —which had different difficulty and
discrimination and distractor characteristics- were
analyzed.

For item 38, item difficulty with CTT was 0.54,
which can be accepted as the optimal value and a
discrimination value of 0.40 can be assessed as good
(Deepak et al., 2015; Abozaid et al., 2017). Since Fit
residual values were between -/+ 2.5 for all items, the
items were made fit for the model. With Rasch, item
difficulty was 1.87, which was over the average (De
Grutijter and Van der Kamp, 2008; Pallant, 2016). In
terms of distractors, as ability increases, the rate of
answering the question correctly also increases and the
rate of incorrect answers decreases. According to these,
it can be said that Item 38 is a good functioning, ideal
item.

With Item 39, degree of freedom was questioned.
In the question, degree of freedom (df) was asked for
Student t test, the rate of highest distractor was higher
than the correct answer and here df value was given for
paired t test. With CTT, the difficulty of the question
can be said to be acceptable and it can be said to have
good discrimination (Biswas et al., 2015). With Rasch
analysis, it can be described as a difficult question
(Trakman et al., 2017). The important point here is
the result that more talented students had higher rates
of answering correctly and the highest distractor was
marked by students who had lower levels of talent.
The question was very distractive for students who had
insufficient levels of information.
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For Item 56 which was about graphical summary
(box graph) in categorical data, the correct answer
and the two distractors were answered in similar
rates. According to the results obtained with both
methods, the question is difficult and it does not have
sufficient discrimination (Deepak et al., 2015; Pallant,
2016). It was found that the frequency of the correct
answer increased as the level of talent increased, the
frequency of the distractor in choice B (histogram
answer) decreased as the level of talent increased and
the distractor in choice E (line chart answer) was found
to be high in high talent level. It was found that the
students had superficial knowledge about this subject.

Item 37 which questioned the expression of
variability with percentage had values close to the ones
an achievement exam should have. Its discrimination
can also be considered as good (Hingorjo and Jaleel,
2012). When analyzed with Rasch, it was found that
it was an easy question and with ICC it was found
that the correct answer was marked easily by the
students (Pallant 2016). Since this question about the
subject of descriptive analysis-variability measures is
among the basic subjects students should know about,
the percentage of correct answers can be accepted as
normal.

Item 36, which was for the calculation of the
expected value with Chi-square test, was found to be an
easy question with both methods (De Grutijter and Van
der Kamp, 2008; Trakman et al., 2017). In addition,
discrimination had a value higher than 0.35 (Deepak et
al., 2015; Abozaid et al., 2017). This result shows that
this subject which was repeated in the applied lesson as
well as the theoretical lesson was comprehended well
by the students.
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