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Objectives: To evaluate multiple-choice questions of the Medical Licensing Examination. 

Methods: The study design was a cross sectional descriptive and item analysis method was 

used. This study was conducted in Health Development Center of the Ministry of Health. An 

item analysis was done on 1500 multiple-choice questions for the internal medicine licensing 

exam and of 2077 subjects from 2014 to 2016. The item analysis involved identifying reliability 

coef�cient, dif�culty index, and discrimination index for each question in relation to the doctors’ 

exam performance. Microsoft Excel 2010, and SPSS were used for the statistical analyses. 

Results: Reliability coefficient (KR20) of Mongolia’s medical licensing examination 

in 2014-2016 ranged from 0.79 - 0.92. The frequency of multiple-choice questions with a 

negative or zero discrimination index was 11.6 percent and a high dif�cultly index was 21.9 

percent. Conclusion: Even though reliability of Mongolia’s medical licensing examinations 

were good, one-third of the multiple-choice questions used in the exams fail to evaluate 

examinee’s knowledge. 
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Introduction

In 1996, Mongolian government passed health legislation 

focusing on improving the quality of health services by requiring 

medical licenses to quali�ed medical professionals in their action 

plan. In 1997, health legislation required medical professionals 

to obtain an of�cial license to practice nursing, pharmacy, 

midwifery, and rehabilitation. These new laws started licensing 

medical procedures in 19991.

Every year roughly 2500 graduates matriculate from health 

sciences universities in Mongolia and 20-30% of the graduates 

obtain their Bachelor of Medicine degree to become general 

physicians2.

A medical license is an occupational license that permits a 

person to legally practice medicine according to professional and 

educational standards. Licensing is essential for improving the 

skills and performance of the graduates which directly in�uences 

the quality of their patient’s care and safety3.
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State and private medical schools have developed curricula 

based on requirements of Mongolia’s Higher Educational 

Standard and the knowledge base to required to pass the 

medical licensure examination, with the health sector putting 

the same knowledge requirements in front of all graduates. 

Assessment of health workers as students and professionals 

has a profound impact on their learning and is an essential 

safety valve before certi�cation. It is used for their training, their 

placement, their certi�cation, and their promotion. The multiple-

choice question (MCQ) type of tests represents one of the most 

important examination tools that is commonly used in this 

assessment4. 

Today the knowledge of the graduates is rated by their �nal 

exam, which is organized by the school’s internal standards 

and also on the educational objectives of the Center for Health 

Development. 

The medical schools select the tests from their own test pools, 

and the type of exams are similar. The experts monitor the tests 

developed by departments at the university level. Professional 

board members develop the pool of the MCQs for the licensing 

exam under the Ministry of Health and the members consist of 

various specialists from institutions, professional agencies, NGOs, 

physicians from health organizations, faculties of universities. 

Methodology to access the performance of such tests 

is available. An item analysis is typically used to examine the 

response of the students to individual test questions and to 

assess the quality of those questions and their contribution 

to the test as a whole. An item analysis was done on the 

Mongolian National University Medical School matriculation 

knowledge examination by Professor Sumberzul Nyamjav in 

2003. Such reviews not only help improving questions which 

can be used again in later tests but also can be used to eliminate 

ambiguous or misleading items in a single test administration5. 

These analyses allow the examiners to categorize questions 

into categories that include valid and robust questions that 

discriminate between those applicants who have the desired 

knowledge base from those who do not, so that the items can 

be improved, or excluded. These analyses are essential in the 

development and maintenance of stringent standardized tests 

of professional licensure and are necessary to ensure that the 

tests are comparable year after year and produce results that 

are fair to the examinees. However, the methodology to examine 

test performance has not been widely used in Mongolia and to 

our knowledge has not previously been applied to the medical 

licensure examination in Mongolia. 

The purpose of this study is to examine the reliability, 

dif�culty, and discrimination ability of the questions for 

Mongolian medical licensure examination based on exam taker’s 

item results. 

Materials and Methods

Data collection
A cross-sectional descriptive study was carried out of the 1500 

MCQs used for the medical licensing exams in Mongolia between 

2014-2016. Thirteen versions of the Mongolia medical licensing 

exam were used during the study period, and questions for these 

exams were taken from different but somewhat overlapping 

question pools each year. The answers for each item on each test 

were gathered from examinees who graduated from Mongolian 

National University of Medical Sciences (public), “Ach” Medical 

University (private), and “Etugen” University (private) medical 

schools. The correct answers were provided by the Health 

Development Center of the Ministry of Health, who approved 

this study and allowed access to the examination data.

Methods

To quantitatively evaluate each exam question, we determined 

the following for each exam:

1. Reliability of the exam as a group of questions.
2. Dif�culty index of each MCQ
3. Discrimination index of each MCQ.

Reliability: 
There are several statistical methods to quantify the reliability 

of a test. Some of the more common measures used in studies 

are Cronbach’s Alpha, KR20 (Kuder-Richardson 20), and KR21 

(Kuder-Richardson 21)6,7. We used the Kuder-Richardson 20 

method for analyzing reliability. The Kuder-Richardson 20 is 

calculated as follows8:
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Where:

KR20 is the reliability coef�cient

K is the number of MCQs

 is the proportion of correct responses to test item i.

 is the proportion of incorrect responses to test item i.

 is the variance of the total scores of all students that took 

the test.

KR20 values can range from zero to one. The closer the KR20 

is to one, the more reliable an exam is considered because its 

questions consistently discriminate between higher and lower 

performing students.

The KR20 results are typically interpreted as follows:

.90 to 1 Excellent reliability; at the level of the best-standardized 

tests

.80 - .89 Very good for a classroom test

.70 - .79 Suitable for a classroom test; in the range of most tests. 

There are probably a few items which could be improved.

.60 - .70 Somewhat low. This test needs to be supplemented 

by other measures (e.g., more tests or questions) to determine 

grades. There are probably some items which could be improved.

.50 - .60 Suggests a need for revision of the test unless it is quite 

short (ten or fewer items). The test needs to be supplemented by 

other measures (e.g., additional tests or questions) for grading.

0 - 0.50 Questionable reliability. This test should not contribute 

heavily to the course grade and needs revision9.

Dif�culty index
The dif�culty index (P) is the parameter used to evaluate the 

dif�culty of each question in a MCQ examination. 

Since P is the percentage of examinees with the correct 

answer, it can range from 0 to 100. For MCQs, a test item is 

considered acceptable when P is between 60-65. When it is 

more than 90, an exam item should be regarded as too easy, 

and when it is less 30 it is too dif�cult10.

Discrimination index
Item discrimination refers to the ability of an item to differentiate 

among students based on how well they know the material 

being tested. Item discrimination is calculated by ranking the 

students according to total score and then selecting groups with 

the top quartile and the lowest quartile scores. For each item, the 

percentage of students in the top and bottom quartile answering 

the item correctly is calculated. 

 is the Discrimination index.Pu - Percentage of examinees 

in the upper quartile with the correct answer. 

P is the Percentage of examinees in the bottom quartile with 

the correct answer 

p is the Arithmetical average of Pu and P  

q is the Arithmetical average of 1- Pu and 1- P

DI can range from -1 to 1. A positive DI indicates that high 

scorers have a high probability of answering correctly, and low 

scorers have a low probability of answering correctly. A negative 

DI indicates that low scorers got the question correct or that 

examinees with high overall test scores did not get the item right. 

A result near or equal to zero means that the examinees that 

scored in the top and bottom quartiles answered the question 

correctly with the same frequency indicating the item was 

unable to distinguish between highest and lowest performers 

on the exam.

The proportion of students answering an item correctly 

indicates the level of dif�culty of the item, and it is affected by 

the examinees’ knowledge, as well as the clarity and relevance 

of the question. Practically, it is essential to use items with 

positive discrimination level when implementing MCQ in medical 

licensing examination10-16.

Statistical analysis
Data were gathered by entering the answer for each item for 

the 2077 medical doctors who took a medical licensing exam 

over the 2014 to 2016 study period into MS Excel 2010. The 

reliability index (KR20), dif�culty index, and discrimination index 

were calculated. Data analyzed with simple proportions, mean ± 

standard deviations, 95% CI, and the chi-square test was used 

to compare differences in proportions. The linear relationship 

between DIF and DI was assessed using Pearson’s correlation 

test.   The statistical analyses were carried out using MS Excel 

2010 and SPSS version 21, and the signi�cance level was p≤.05. 
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Ethical statements 
Ethical approval and clearance was obtained from the Ethical 

Review Board of the Mongolian National University of Medical 

Sciences on April 16, 2013. 

Results

We assessed MCQs of 2077 graduates from the Mongolian 

National University of Medical Sciences, “Ach” Medical University, 

“Etugen” University in 2014-2016 who took a medical licensing 

examination using item analysis.

The mean medical licensing examination score of all 

graduates from the three medical schools’ in 2014 was 55.5 

± 8.9, 79.5 ± 13.6 in 2015, and 68.61 ± 12.5 CI in 2016. The 

variation in the scores is primarily due to different MCQs, the 

number of MCQ items used, and the number of versions of the 

medical licensing examination. 

The reliability coef�cient of Medical licensing examination 

in 2014 was .79, which is good, .84 in 2015 and .92 in 2016, 

which is considered very good (Table 2). 

Using the discrimination index we identi�ed that 

approximately 3.4% (N = 17) MCQ had a negative DI, 8.2% 

(N = 41) MCQ had a DI near to or equal to 0, and 88.4% (N 

= 442) MCQ had a positive DI, and 11.6% of the used MCQ 

were not able to discriminate high test performers from low 

test performers. Furthermore, the DI was different every year 

(p=.034) (Table 3). 

The graduates from the Mongolian National University of 

Medical Sciences, “Ach” Medical University, “Etugen” University 

found that over the study period 88 (21.9%) of the medical 

licensing items were dif�cult, 684 42.6% were acceptable, and 

198 (43.3%) were easy (Table 4). However, the proportion of 

dif�cult, fair, and easy questions varied signi�cantly depending 

on which year the exam was taken (p=.0001).

Table 5 compares of DIF and DI of the MCQ items from 

2014 to 2016. The overall dif�culty index of the items ranged 

from 55.51 ± 8.8 in 2015 to 80.36 ± 13.6 the following year. 

The discrimination index of the items was more homogeneous, 

ranging from 0.24 ± 0.2 in 2014 and 2015 to 0.28 ± 0.21 in 

2016. 

Table 1. Descriptive results of Medical Licensing Examination Score by year and version 

Years Version* 
Number of 

MCQ

Number of 

examinees
Mean ± S.D

95 % CI
Min score Max score

Lower Upper

2014

A 100 91 52.53 ± 8.2 50.9 54.1 38.0 75.0

B 100 79 56.82 ± 10.6 54.7 58.9 27.0 84.0

C 100 89 54.11 ± 9.1 52.3 55.9 37.0 100.0

D 100 92 54.15 ± 8.7 52.4 55.9 29.0 72.0

E 100 89 59.12 ± 8.2 57.5 60.7 38.0 88.0

F 100 100 56.47 ± 8.4 54.8 58.1 38.0 84.0

Total 600 540 55.5 ± 8.9  53.8 57.3 34.5 83.8

2015

A 150 185 86.48 ± 13.7 84.3 88.7 41.0 134.0

B 150 158 84.59 ± 14.7 82.2 87.0 42.0 132.0

C 150 122 68.04 ± 12.7 66.0 70.1 42.0 118.0

D 150 186 78.76 ± 13.4 76.6 80.9 39.0 111.0

Total 600 651 79.5 ± 13.6 77.3 81.6 41.0 123.8

2016

� 100 297 69.82±12.3 67.4 72.2 22.0 100.0

� 100 272 69.41±12.1 67.0 71.8 28.0 90.0

� 100 287 66.59±13.0 64.0 69.1 27.0 100.0

Total 300 856 68.61±12.5 66.2 71.1 25.7 96.7

*New versions of the exam were used each year, with a total 13 exams from 2014 to 2016.

CI - Con�dence Interval; MCQ - Multiple Choice Questions

Item Analysis of Questions in Medical Licensing Examination
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Table 2. Reliability Coef�cient of MCQ items

Years Number of MCQs items Response of MCQs items Reliability Coef�cient

2014 600 5 .79

2015 600 5 .84

2016 300 5 .92

Mean of Reliability coef�cients .85

MCQ: Multiple Choice Questions; Kuder-Richardson 20 method was used to calculate reliability coef�cient

Table 3. Discrimination Index (percentage) of MCQ items

Years
DI (percentage)

Negative Zero Positive  p-value*

2014 30 (5.0) 48 (8.0) 522 (87.0)

 .034

2015 18 (3.0) 48 (8.0) 534 (89.0)

2016 3 (1.0) 27 (9.0) 270 (90.0)

Average 17 (3.4) 41 (8.2) 442 (88.4)

DI – Discrimination Index; *Chi-Square Test

Table 4. Dif�culty Index of MCQ items. 

Years
DIF (proportion)

Dif�cult Acceptable Easy  p-value*

2014 120 (20.0) 288 (47.6) 198 (32.7)

.0001

2015 120 (20.0) 312 (52.05) 204 (34.0)

2016 24 (8.05) 84 (28.0) 192 (64.0)

Average 88 (21.9) 684 (42.6) 198 (43.3)

DIF- Dif�culty Index Factor; *Chi-Square Test

Table 5. Comparison of Dif�culty Index and Discrimination Index of MCQ items. 

Item analysis parameters Years Dif�culty index Discrimination index

Mean ± SD

2014 55.51 ± 8.8 0.24 ± 0.18

2015 80.36 ± 13.6 0.24 ± 0.17

2016 68.61 ± 12.5 0.28 ± 0.21

Range

2014 27 - 100 -0.24 – 0.73

2015 39 - 134 -0.29 – 0.63

2016 22 - 100 -0.27 – 0.70

SD - Standard Deviation
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Figure 1 shows the relationship between the dif�culty index 

and the discrimination index for each of the MCQs used during 

the 3-year study period. There was a weak correlation between 

the discrimination index and the dif�culty index in 2014 (r 

=.2189, p<.0001), and in 2015 (r =.1965, p<.0001. However, 

there was a moderate correlation between the two in 2016 (r 

=.50, p<.0001) indicating that fewer easy questions were used 

that year. 

Discussion

Our results show that the overall validity of the medical school 

licensure exam varied in recent years, from 0.79 (satisfactory) 

in 2014, 0.84 (good) in 2015, to 0.92 (excellent) in 2016. 

Approximately 11.6 percent of the test questions were had 

negative or near to zero validity scores indicating they were not 

valid questions, while 21.9 percent were extremely dif�cult items 

that could not assess fairly students’ knowledge. The Division 

for Educational Policy and Management of Mongolian National 

University of Medical Sciences has performed internal monitoring 

of its �nal exam every year to improve the quality of the exam. 

As part of this improvement effort, recommendations to upgrade 

or to exclude some questions were given to the medical licensing 

examination organizers. The average of the reliability is now 

excellent and is now above 0.90.

The �nal exam result of the “Ach” medical school during the 

period of time 2015-2016 had a reliability of 0.94-0.96, and it 

was identi�ed that 3% of the test questions were too dif�cult, 

and 4% were too easy. It brought to our attention that their �nal 

exam reliability was excellent, and the percentage of questions 

that were too dif�cult and too easy test were minimal.

The reliability results of the medical licensing exams of 5 

medical schools in Switzerland was 0.9117. This result was higher 

than Mongolia’s exams’ result.

Since 2012, The Korean government started to share 

professional licensing examination items, including the results 

Figure 1. Pearson Correlation of Dif�culty and Discrimination index.

Item Analysis of Questions in Medical Licensing Examination



www.cajms.mn          147Vol.5• No.2• June 2019

of exam takers between 2009 and 2014 (n=20,455) from 41 

medical schools that covered 5548 items. Passing success rates 

were 93.60, 97.02, 94.44, 96.91, 96.22, and 96.65 in 2009 

through 2014, respectively due to the similarity of discrimination 

indices of the items18.

From 2014-2016, the reliability of the exam increased (0.79-

0.92), the proportion of DI of negative and near zero test items 

decreased (13-10 percent), and the number of dif�cult questions 

(20.0-8.05) decreased. This may be due to the corrections and 

improvements in their medical licensing examinations. 

The discrimination index of medical licensing examination 

in Mongolia between2014-2016 correlated positively 

with the dif�culty index (p<.0001), which was statistically 

signi�cant. In a similar type of study reported by Anjali et al., 

the discrimination index did not correlate with the dif�culty 

index (r=.31, p=.053)15. The dif�culty and discrimination indices 

are often reciprocally related. However, this may not always be 

true. Questions having a high P (easier questions) discriminate 

poorly; conversely, questions with a lower P (harder questions) 

are considered to be good discriminators19.

Based on our item analysis, we need to improve the MCQ 

that have dif�culty indexes that are too high or too low and 

questions with negative or near zero discriminatory indices that 

are failing to evaluate examinee’s knowledge.

The medical licensing examination was revamped in 2014 

with WHO’s �nancial support and used for new graduates, and it 

affected the examination’s assessment.

Throughout the world, competency-based educational 

assessments are currently the most acknowledged methodology; 

yet still, many challenges exist for both highly developed and 

developing countries20. Therefore, traditional MCQ based 

knowledge examinations remain the most widely used valid 

student and graduate assessment tool in the world21. 

Furthermore, current review articles demonstrate the 

development directions in global medical licensing examination 

practices; the outcome-based workforce planning is becoming 

the primary arms of this professional assessment22. This study has 

laid the foundation for medical licensing examination validation 

in Mongolia. However, more modern approaches that implement 

sophisticated data mining and arti�cial intelligence technologies 

in item analysis that are time-saving and more ef�cient are being 

used in the developed world, particularly in the United States23. 

Using in-depth, content analysis of professional criteria and the 

item analysis; of�cials in the United States have analyzed over 

550000 exam materials to align exam questions with workforce 

tasks24. 

Globally, skills and performance assessments are an 

inseparable part of medical licensing examinations. In Germany, 

Schickler et al. have demonstrated how practical examinations 

results are correlated with traditional knowledge assessments 

as well as oral examinations25. However, in Mongolia, skill and 

performance exam are not included in the medical licensing 

examination and remain a challenge in medical education of 

Mongolia. 

Our most signi�cant limitation was the absence of 

comparative analytic methods to assess test performance, 

and we plan to include a comparative analysis of the medical 

school examination passing rates with the medical school exit 

knowledge examination to identify associated factors.

Conclusion 

The reliability of medical licensing examinations was quite high, 

but almost one-third of MCQs used in the exam were unable 

to evaluate the examinees’ knowledge. In other words, the 

frequency of MCQs with negative or near zero discrimination 

index and the number of dif�cult questions were high. 
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