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ORIGINAL ARTICLE

Validation of Final Residency Tests Based on the Classical Model
in Medical University of Mashhad (A Case Study Improving
Dermatology, Ophthalmology, Obstetrics and Gynecology)

Background: Evaluation of students’ educational progress is one
of the main goals of universities. One of the most important
means to this end is the final test. In this study, the results of the
final residency tests for dermatology, ophthalmology and
Gynecology and Obstetrics of Medical University of Mashhad in
(Tir 1391) have been examined.

Methods: in this applied study, the analysis of 113 answer sheets
was performed through the classic model, our results which
include difficulty Index and the coefficient of question
determination.

Results: the questions at either extremes were introduced. The
vague questions or the ones lacking the discriminant index as well
as other incompatible questions were excluded; the rest of the
questions were regarded as the basis for decision-making and
ranking of the test takers.

Conclusion: 1) the ranking of test takers, being influenced by
group changes was studied 2) All the questions of each test are
compatible regarding both form and content so that all of them
share a common feature 3) The questions were screened out
through certain formulae and the final test questions were
determined 4) The questions are chosen so as to make the test
taker produce an answer rather than to pick an alternative from
among others 5) Those questions which were left in the final test
reflect a general scientific progress rather than a certain course
belonging to that particular science

Key words: Educational Evaluation, Difficulty Index, discriminant
index, validity index, Residency Test
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Validation of Final Residency Test in MUMs

INTRODUCTION

Evaluation of students’ educational progress is one of the
main goals of universities as this can help assess the rate of
students’ learning and finally, the rate to which educational
goals have been fulfilled (1). Assessment is one of the major
aspects of the educational process to figure out the
strengths and weaknesses of education and to increase the
strengths, correct deficiencies and take some further
positive steps in the modification and correction of the
educational system (2). Educational evaluation is meant to
determine quality and in achievement evaluation, quality is
defined as the rate of students’ achieving knowledge, skills,
and abilities (4). The most essential means to his end is test
(3).In general; two types of exams are used in educational
evaluationto overlap. 1) Formative tests which are usually
used for step-by-step assessment. The main goal is to
improve learning, modify teaching methods, and correct
educational deficiencies; this is usually given by the teacher
or professor on one or some sections of the educational
content. 2) Summative test which is usually given at the end
of a course by the specialized department in order to
distinguish and rank the test takers, and issue certificates
(5). In this study, the results of the final residency test in
Mashhad University of Medical Sciences are considered as a
summative test.

In the field of medical education, educational progress is of
greater significance; thus, it not only does it pursue the
goals to be achieved by other common tests in other fields,
but it also must investigate further details like the decision-
making competence, the competence to retrieve memorized
information and to use them well, and open-mindedness in
dealing with the patient’s problem. Another important
aspect of these tests in medicine is the investigation of
students’ practical skills since excellence in medicine means
obtaining great knowledge along with skillful usage;
therefore, those tests which can assess the above-mentioned
skills are the most indispensible (6).Medical universities are
responsible for training skillful professionals; that makes
medical education to be repeatedly investigated and correct
deficiencies to improve itself (7).

The goal of this study is to investigate the validation of
residency test questions

METHODS

This research is classified as a descriptive evaluative study
and an applied research.

The measuring tool, used in this research, was the students’
answer sheets in the final residency test (totally 113) of
Mashhad Medical University in Tir 1391, which were
handed in by obtaining the university and the department
of education sanction. Moreover, due to moral reasons, the
names and specifications of students are not indicated; in
other words, the results were merely used for implementing
the study. In this study, the annual final residency test of
students of Mashhad medical University in three fields,
namely Dermatology, Ophthalmology, and Gynecology and
Obstetrics, were taken as the sample, in which 150 multiple-
choice questions, which were equally the same for all

residents, but the passing score of which depended on the
study level, respectively 65, 75, 85, and 95 for four
successive years, were the basis of this research. The total
score was 150.

The questions with as low level of difficulty as 0.1 or less
were considered as very hard, and the ones with as high
level of difficulty as 0.9 or more were regarded as very easy.
Besides, the questions with O<R,< 0.1, lacked the
discriminant index and the ones with Ry< - 0.1,
represented a negative correlation between the question
and the whole test, which meant that weak students had
answered the question right more than the strong ones;
such questions lacked the discriminant index. In both of the
former cases the questions were considered as invalid and
required modification or removal, after which the final
score is determined. The raw score before and after are not
comparable as the total number of questions is lower than
150. Therefore, the achievement scores of the test takers
before and after elimination of invalid questions have been
reportedas a percentage.

In answering the question “to what extent can a question
with two values (namely zero and one) contribute to the
total score?” a two-point correlation coefficient will serve as
an appropriate model. This coefficient is the index of the
correlation of two variables, one of which has only two
values while the others score distribution is continuous; it
can be calculated from the following formula:

p= the ratio of the participants who answered the question
correctly

q= the ratio of the participants who answered the question
incorrectly

Mp= the average number of all the participants who
answered the question correctly

Mt= the average number of all the participants

St= the standard deviation of all the scores

The distribution of the scores of 113 participants in the final
residency test of Dermatology, Ophthalmology and
Gynecology and Obstetrics of Tir 1391, announced by the
department of education reveals that:

17 participants sat the final residency test of Dermatology,
including 7 men and 10 women; 41 participants sat the final
residency test of Ophthalmology, including 31 men and 10
women; and finally, 55 participants sat the final residency
test of Gynecology and Obstetrics, all women. Given the
slight discrepancy between the final scores calculated in this
study and the ones announced by the department of
education, the scores obtained in this research were taken
as the basis for further analysis.

RESULTS

As mentioned above, if p<<0.1, then the question is very
hard and if p>0.9, then the question is very easy. If
I <0.1, the question is unable to discriminate, hence
invalid, and must be modified or omitted. As a result, the
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very easy, very hard, and invalid questions were specified.
The final results for the residency test of these 3 fields are
presented below:

9 questions from the Dermatology residency test were very
easy but still valid, the level of difficulty of which was
illustrated as p=0.941 and the discriminant index as
0.111<R;;<0.433, all of which is valid. On the other
hand, there was only one very hard, but valid question with
the level of difficulty of 0.059 and discriminant index of
0.107. However, 41 items with the level of difficulty,
ranging from 0.118 (items: 44 and 79) to 0.882 (items: 16,
97, 99, and 100), and discriminant index, ranging from -
0.358 (item: 135) to 0.097 (items: 1 and 63) were regarded
as invalid. 11 items with the level of difficulty, from 0.941
(items: 47, 134) to 1.000, and the discriminant index, from -
0.273 (item: 134) to 0.093 (item: 47) were very easy but
invalid. Totally, 52 items from Dermatology test were taken
as invalid (indiscriminant), and there remained 98 perfectly
valid items.

14 items from the Ophthalmology residency test were very
easy but still valid, the level of difficulty of which was
illustrated as 0.902 <p< 0.976 and the discriminant index
as 0.106 (item: 93) <R, < 0.424 (item:121), all of which
were valid. On the other hand, there were no very hard
items; consequently discriminating the much stronger
participants from the rest was not possible.In addition, 28
items with the level of difficulty, ranging from 0.244 (item:
9) to 0.878 (items: 43, 70, 90), and discriminant index,
ranging from -0.260 (item: 35) to 0.097 (items: 63 and 94)
were regarded as invalid. 3 items with the level of difficulty
of 0.976 (items: 85, 110, 142), and the discriminant index,
from -0.158 (item: 110) to 0.037 (item: 142) were very easy
but invalid. In general, 31invalid items from Ophthalmology
test wereremoved, hence there remained 119 perfectly valid
items.

11 items from the Gynecology and Obstetrics residency test
were very easy but still valid, of which the level of difficulty
was ranging from 0.909 (items 66 and 41) <p< 0.964
(Items: 26, 37, 76) and the discriminant index was between
0.143 (item: 131) <R, < 0.434 (item:41).In contrast,
there were 2 very hard but valid items (25 and 68) with the

level of difficulty between 0.073 and 0.091, and the
discriminant index from 0.132 to 0.369. 19questions with the
level of difficulty, ranging from 0.145 (item: 137) to 0.891
(item: 118), and discriminant index, ranging from-0.260
(item: 35) to 0.097 (items: 63 and 94) were regarded as
invalid. 3 items with the level of difficulty of 0.976 (items: 85,
110, 142), and the discriminant index, from -0.311 (item: 51)
to 0.093 (item: 89) were invalid. Another 11 questions with
the level of difficulty between 0.909 (items: 21, 101, 106, g43)
and 1.000 (items: 9, 50, 56, 67) and the discriminant index
between -0.064 (item: 21) and 0.094 (item: 40) were very
easy but invalid; hence lacking the discriminant index. This
test included a hard bbut invalid item. In general, 31 invalid
items from Ophthalmology residency test were omitted,
leaving 119 perfectly valid items behind.

After removing the invalid items, the final evaluation was
conducted. In order for making a better comparison of
scores before and after the elimination of invalid questions,
the percentage of correct answers, before and after
omission, are illustrated for each group in a separate table.
As can be seen in table 1, the test takers (No. 7 and 17)
passed the test before removing the invalid items but failed
afterwards.Although, the participant in the 12® row failed,
both before and after the modification, and the rest of them
passed under both circumstances, the ranking of top
students might as well be different.

As can be seen in table 2, the test taker (No. 39) was the
only one who passed the test before removing the invalid
items but failed afterwards. Although, the participant in the
23 row failed, both before and after the modification, and
the rest of them passed under both circumstances, the
ranking of top students may as well change.

As can be seen in table 3, the test takers in the 1, 3™, 8™
34™ and 54™ rows passed before removing the invalid items
but failed afterwards. The ranking of top students may as
well change under either circumstance, so that although the
participants in the 11" and 36" row were jointly ranked as
the top students (1/5) and the ones in the 18" and 25" row
held the 3" rank (3/5), the 25" test taker was announced as
the only top student, followed by the 36" and the 11" as
the second-best and the third.

Table 1. The percentage of initial and ultimate success in Dermatology residency test (n=17)

ultimate percentage of  initial percentage of
result ultimate result result initial result
pass 76.53 pass 72.67 10
pass 75.51 pass 69.33 11
fail 43 .88 fail 54 12
pass 69.39 pass 68 13
pass 65.31 pass 64 14
pass 58.16 pass 60.67 15
pass 58.16 pass 60 16
fail 39.80 pass 48 17

ultimate percentage of  initial  percentage of
result ultimate result result initial result
pass 58.16 pass 60.67 1
pass 74.49 pass 69.33 2
pass 61.22 pass 62 3
pass 53.06 pass 56.67 4
pass 70.41 pass 67.33 5
pass 88.77 pass 77.33 6
fail 36.73 pass 48 7
pass 93.88 pass 80.67 8
pass 73.47 pass 71.33 9
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Table 2. The percentage of initial and ultimate success in Ophthalmology residency test (n=41)

ultimate percentage of initial percentage of
result ultimate result result initial result
pass 79.832 pass 76.667
fail 26.891 fail 37.333
Pass 83.193 Pass 77.333
Pass 89.076 Pass 84.667
Pass 78.992 Pass 76.667
Pass 66.387 Pass 63.333
Pass 88.235 Pass 84.667
Pass 72.269 Pass 69.333
Pass 46.218 Pass 50.667
Pass 57.983 Pass 57.333
Pass 69.748 Pass 70.667
Pass 82.353 Pass 79.333
Pass 59.664 Pass 60.667
Pass 70.588 Pass 70.000
Pass 58.824 Pass 58.667
Pass 88.235 Pass 83.333
pass 75.630 Pass 72.000
fail 38.655 Pass 45.333
Pass 54.622 Pass 54.667
pass 67.227 Pass 64.667

22
23
24
25
26
27
28
29
30
31
32
33
34

36
37

39
40
41

ultimate percentage of initial percentage of

Z
4

result ultimate result result initial result
Pass 57.983 Pass 60.667 1
Pass 79.832 Pass 72.667 2
Pass 79.832 Pass 75.333 3
Pass 59.664 Pass 60.667 4
pass 65.546 Pass 66.000 5
Pass 76.471 Pass 72.667 6
Pass 60.504 Pass 62.000 7
Pass 66.387 Pass 66.667 8
Pass 67.227 Pass 66.000 9
pass 80.672 Pass 76.667 10
Pass 83.193 Pass 78.000 11
Pass 61.345 pass 62.667 12
Pass 46.218 Pass 47.333 13
Pass 86.555 Pass 80.667 14
Pass 84.034 Pass 80.000 15
Pass 73.950 Pass 71.333 16
Pass 68.908 Pass 67.333 17
pass 48.739 Pass 52.667 18
Pass 47.899 Pass 50.667 19
Pass 66.387 Pass 66.000 20
pass 60.504 pass 60.000 21

The column representing the percentage of the ultimate
success is based on the items which truly discriminate
students’ achievements and progress. These summative
tests include 150 multiple-choice questions, which are the
same for all the residents but the minimum pass level varies
due to the educational level. Simply put, these minimum
scores are 65, 75, 85, and 95 for first- to fourth-level
residents. For instance, the university does not let a third- to
fourth-level student, who has not yet received the score of
85 reach a higher level.In the column before the last, the
percentage of residents’ ultimate success is illustrated (after
the omission of invalid questions).

In table 1, the 7" test taker managed to pass the test when it
contained 150 items, but after the removal of invalid ones
and calculating the percentage of ultimate success was
banned from going on to the next level. On the other hand,
the percentage of success increased effectively for the 2™,
5% 6™ 8" and 11™participants in Dermatology so that they
are placed in better and more realistic professional
positions.

Table 2 presents the results of the Ophthalmology residency
test, in which the 4™ column on the left represents the
initial percentage of success in a 150-item test. The figures
in the 2" column on the left, however, illustrate the
ultimate percentage of success in a 119-item test. After
initial calculations, the 39™ test taker managed to pass the
test when it contained 150 items, but after the removal of

invalid ones and calculating the percentage of ultimate
success was banned from going on to the next level. In
contrast, the 25™ and 28" participants scored the same
based on the initial percentage of success (84.667); though
after the ultimate calculations, the 25" test taker received
the highest rank in the group.

Table 3, representing the Gynecology and Obstetrics
residency test results, depicts the changes which took place
after the removal of 31 items. According to the 150-item test
scores, all the residents managed to pass and go on to the
next level; however, the 1%, 3 8" 34™ and 54™ participants
failed after the removal of invalid ones and could not get a
promotion to the next level. Furthermore, the 11" and 36"
participants scored equally the highest, based on the initial
percentage of success (86.000); though after the ultimate
calculations, the 25™ test taker received the highest rank in
the group (89.831).

DISCUSSION

The purpose of this study was to further the quality of
achievement tests, applied for students’ evaluation in
upgrade residency tests, through recent theories in
analyzing the questions, such as the classical test model as
well as applying technology to increase the accuracy of
classical model-based calculations for residency students.
The analysis was carried out to reduce the sources of errors,
determine proper items, identify the questions in need of
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Table 3. The percentage of initial and ultimate success in Gynecology and Obstetrics residency test (n=55)

ultimate percentage of initial percentage of
result ultimate result result initial result
pass 62.712 Pass 63.333 29
Pass 71.186 Pass 71.333 30
Pass 84.746 Pass 82.000 31
Pass 51.695 Pass 55.333 32
Pass 54.237 Pass 60.667 33
fail 33.898 Pass 44.000 34
Pass 50.847 Pass 55.333 35
Pass 88.983 Pass 86.000 36
Pass 74.576 Pass 72.667 37
Pass 71.186 Pass 70.000 38
Pass 50.000 Pass 55.333 39
Pass 85.593 Pass 82.667 40
Pass 80.508 Pass 78.667 41
Pass 80.508 Pass 78.667 42
Pass 65.254 Pass 66.000 43
Pass 63.559 Pass 65.333 44
Pass 67.797 Pass 70.000 45
Pass 72.034 Pass 73.333 46
Pass 63.559 Pass 66.000 47
Pass 59.322 Pass 64.667 48
Pass 69.492 Pass 70.000 49
Pass 58.475 Pass 60.667 50
Pass 40.678 Pass 47.333 51
Pass 81.356 Pass 78.667 52
Pass 83.051 Pass 81.333 53
fail 42.373 Pass 50.000 54
Pass 68.644 Pass 69.333 55

ultimate pe.rcentage of initial Rel:c.entage of No.
result ultimate result result initial result
fail 36.441 Pass 44.000 1
Pass 81.356 Pass 79.333 2
fail 42.373 Pass 49.333 3
Pass 77.119 Pass 76.667 4
Pass 64.407 Pass 64.667 5
Pass 79.661 Pass 78.000 6
Pass 54.237 Pass 58.000 7
fail 49.153 Pass 55.333 8
Pass 70.339 Pass 71.333 9
Pass 82.203 Pass 82.000 10
Pass 87.288 Pass 86.000 11
Pass 73.729 Pass 73.333 12
Pass 72.881 Pass 72.000 13
Pass 81.356 Pass 78.667 14
Pass 75.424 Pass 72.667 15
Pass 63.559 Pass 65.333 16
Pass 49.153 Pass 55.333 17
Pass 86.441 Pass 84.667 18
Pass 57.627 Pass 60.667 19
Pass 61.017 Pass 64.000 20
Pass 83.898 Pass 82.000 21
Pass 62.712 Pass 64.667 22
Pass 81.356 Pass 78.667 23
Pass 55.085 Pass 59.333 24
Pass 89.831 Pass 84.667 25
Pass 72.881 Pass 73.333 26
Pass 66.102 Pass 67.333 27
Pass 61.864 Pass 62.667 28

modification and discriminant index, and finally, to validate
items and assess the relicompetence of the test.

This study was meant to evaluate 3 multiple-choice
residency tests of Mashhad Medical University held in 1391.
The evaluation included Dermatology, Ophthalmology, and
Gynecology and Obstetrics residency tests of 113
participants. The results indicated that in Dermatology test,
9 items were very easy but valid, which means 6% of the
items assessed the lowest educational goal (Bloom), i.e.
awareness. Only one item, on the other hand was very hard
but valid (item:12), capable of assessing the highest
educational goal (Bloom), i.e. evaluation and judgment.
However, this is not sufficient for discriminating the very
strong students from the rest. Indeed it is necessary for the
very hard questions (p<<0.1) to be as many as the very easy
ones. Besides, 41 items were invalid, 11 of which were very
easy and not able to discriminate. For instance in item 134:
134. A person suffering from dental Periapical abscess has

FME]J 4;4 mums.ac.ir/j-fmej

consequently developed headache, dysphasia, fever, and
adenopathy. Which complication is not observed in this
phenomenon?

a. Ludwig Angina

b. Sepsis

c. Cavernous sinus thrombosis

d.Gingivitis descamativa

the level of difficulty (0.941), that is over 94% of the test
takers have picked d and answered correctly, but the
discriminant index (-0.273) with a minus reveals that the
weaker participants have answered this item (134) correctly
more in comparison to the stronger ones; thus, this item is
incapable of discriminating the strong ones from the rest
and has to be reviewed or removed. The most serious
licompetence to items such as 134 is that the negative verb
is not noticed. In specialized sources for multiple-choice
test development, avoiding them is strongly recommended.
Likewise, in the Ophthalmology test, 14 items were
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considered to be very easy but valid so that around 9% of
the items assessed the lowest level of educational goal, i.e.
awareness. Surprisingly, there were no items for the
assessment of the highest level. Moreover, 28 items were
invalid, 3 of which were very easy; despite which, these
items are incapable of discriminating the strong test takers
from the rest. For instance, item 110:

110. In distinguishing toxoplasma retinochroiditis in HIV
patients and immunocompetent ones, all the following
options are true, except for :

a. The toxoplasma retinochroiditic wastes are bigger in size
in HIV patients

b. The toxoplasma retinochroiditic waste pattern in HIV
patients looks milliary and multifocal

c. the ocular toxoplasmosis can be accompanied by cerebral
toxoplasmosis in HIV patients

d. Generally speaking, Choroidal vitreous and retin
inflammatory reaction is stronger in HIV patients

The level of difficulty (0.976) indicates that over 97% of the
test takers have chosen d and answered the
questioncorrectly. However, the discriminant index (-0.158)
with a minus reveals that the weaker participants have
answered this item (110) correctly more in comparison to
the stronger ones; thus, this item is incapable of
discriminating the strong ones from the rest and has to be
reviewed or removed from the Ophthalmology test. The
most serious drawback of items such as 110 is that the word
“except” is not noticed.

Also, in the Gynecology and Obstetrics test, 11 items were
considered to be very easy but valid so that about 7% of the
items assessed the lowest level of educational goal, i.e.
awareness. On the other hand, only 2 items (25, 68) were
very hard and valid to assess the highest level. Moreover, 19
items were invalid, 11 of which were very easy and only one
was very hard; despite easiness, these items are incapable of
discriminating the strong test takers from the rest. For
instance, item 21:

21. According to College of Obstetriciansand Gynaecologists
ofAmerica, the kiwi uterine systole is:

A. a kind of increase in uterine activities leading to fetal
acidosis

B. the extension of a single uterine contraction for more
than 2 minutes

C. the occurrence of 6 or more contractions in 10 minutes
D. the extension of a single uterine contraction for more
than 1 minute

The level of difficulty (0.909) indicates that over 91% of the
test takers have chosen ¢ and answered the question
correctly. However, the discriminant index (-0.064) with a
minus reveals that the weaker participants have answered
this item (21) correctly slightly more in comparison to the
stronger ones; as a result, this item is incapable of
discriminating the strong ones from the rest and has to be
reviewed or removed from the test.

In the residency tests of Dermatology, Ophthalmology, and
Gynecology and Obstetrics, 52, 31, and 31 items need to be
removed as they are invalid; hence, it is advisable to design
tests so as to assess the test takers properly and avoid any
interference in their actual scores.

In a research by Macdonad &Paunonen for investigating the
question parameters and competence, the Monte Carlo
technique was applied. The results suggested that the
anticipation of variable parameters, based on IRT, was
mostly exact while the same anticipation, based on CTT,
was in some cases less accurate.

In a study by Stage, results indicated that modern and
classical models of a measurement are equally capable of
predicting the test data systematically. Nevertheless, due to
the significant resistance existing between the two, in
theory and in practice, and hence, the more exact
evaluations of question and competence parameters
through IRT in comparison to CTT, the IRT theory is
remarkably superior.

Another research by Mam sharifi 1391 was performed to
investigate the psychological features of the theoretical
driving test items. To analyze the test, the classical model
and question-answer were used. The results indicated its
one dimensionality and its local independence. Moreover,
the two-parameter model is more in line with the collected
data. The analysis of item parameters and the test takers
revealed its simplicity and capcompetence in segregating
the participants’ competence, based on which the items
showed a higher accuracy and coordination for less capable
test takers. The estimated competence in the IRT theory was
closer to the actual results than the one estimated through
the classical model. Using the appropriate items for
evaluating the competence of test takers can result in a
question bank.

Amiriyan 1391 applied the IRT model to determine the 3
parameters, namely a,b,c as well as the achievement scores
(0) in the residency tests in Mashhad Medical University.
The findings depicted that in the 1% residency test (10%),
the 2" residency test (6.06%), the 3"internship test (0%),
the 4™ residency test (1.39%), the 5"clerkship test (0%), and
the 6"clerkship test (1.67%) of all the items were
considered as invalid and must be removed.
Taghizadeh1390 studied 6 variables (in-service test) among
the staff of education and research of Tehran County. The
questionnaire included 50 multiple-choice items, the level
of difficulty and discriminant index of each of which were
identified. Regarding the personal manners variable, 24
items were considered as invalid and another 17 items on
Quranic upbringing and its methods were not valid enough.
With regards to access to information 12 invalid items,
social communication 6 items, and family relations 16 items
were not valid. The last variable, a survey on the political
views of the West and Islam, 32 invalid items were
identified and needed to be removed. The results indicated
that the test on the survey on the political views of the West
and Islam was invalid.

The test items parameters in this study were defined by the
classical model; therefore the probability of random correct
answers is not calculated. This limitation means that this
study is only applicable to the sample group, and the valid/
invalid items do not separately make sense; consequently,
the classical model cannot be employed for the question
bank. The limitation is caused by the number of subjects in
the sample group, which is not generalizeable. Provided
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that the 150 items of residency tests in the above-mentioned
3 departments do not simply evaluate the level of residency,

they will be content invalid.

The investigated tests are far from the standard condition.

Final test evaluations should be based on discriminating
questions and without extremely hard or easy items so that
the evaluations can be reliable. Needless to say, using the

classical model was valid and reliable enough in the exclusive

case of the three studied fields. However, in order toidentify

the particular twist in every item and excluding the test takers
and total reliability, the IRT model should be applied.
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