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As a result, the total mean score of the structure of the questions increased from 12.67+0.86 to 13.0+06.69,
demonstrating a statistically significant increase in this regard (P<0.001). The comprehension and
knowledge questions had the highest, and evaluation questions had the lowest percentage per Bloom's
taxonomy in each semester. The satisfaction level of the tutors increased more than 50% after the
workshop, and more than 50% of students were satisfied with the quality of the final examination questions.

Given the improved performance and satisfaction of the teachers after the intervention, it is
suggested to run empowerment workshops continuously.

@@ Copyright © 2020, This is an original open-access article distributed under the terms of the Creative Commons Attribution-noncommercial 4.0
il International License which permit copy and redistribution of the material just in noncommercial usages with proper citation
C

Introduction conduct the examinations which contain
The Multiple-Choice Questions (MCQs) are

a significant part of the higher education exam

standardized characteristics such as validity,

reliability, and practicality (3).

questions. Therefore, it is advised to observe the
content validity of knowledge level (taxonomy)
and fundamental rules of the question in
designing final examinations so it will be possible
to distinguish between weak and strong students.
Otherwise, it will reduce learners’ motivation
and waste the efforts of tutors and the education
system (1, 2). Besides, the type and quality of the
final examination are affective on the teacher's
teaching method and credibility. Because of that,

it is recommended to carefully design and

The validity of a test is composed of content
validity, structure validity, and standard validity.
One of the main challenges of test validity is the
fulfillment of educational goals (4). Usually,
MCQs that is designed according to the exam
blueprint is reliable (5, 6). It is possible to design
more appropriate questions and enhance their
content validity by using a test blueprint. The
test blueprint can be prepared in three ways: 1.
An expert panel (the outlines, chapters, and

percentage of questions can be agreed upon in a
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group discussion with members or with peer
group). 2. Task analysis & job description. 3-
Inspiration from the reference books. The
preparation of the test blueprint requires task
analysis. The benefits of task analysis include
appropriate goals, content, teaching methods,
learning experiences, and evaluation (5).

Given the significance of the question
analysis, the studies showed that the quality of
MCQs is not consistent in terms of structure and
learning difficulty. Therefore, each university has
to intervene in the evaluation of MCQs. The
evaluation of the quality of the MCQs in the final
examination of Mazandaran University of
Medical Sciences revealed that 64% of 1478
related questions to 25 exams had one or several
structural defects. The majority of questions had
a similar taxonomy level (7). The results also
showed an unsatisfactory performance for the
score of the final examination for the Isfahan
University of Medical Sciences (8). The question
analysis of the specialized courses at the Isfahan
University of Medical Sciences was also
substandard (9). Based on the study carried out
by Shakoornia et al., more than half of the
questions designed by the faculty members of
Shapur University of Medical Sciences were
correct and with a suitable structure (10). Some
studies confirmed the positive influence of
running empowerment workshops on the quality
of MCQs (11). The importance of teacher
empowerment workshops has been stated in the
study of Abdulghani et al. (2017), in which the
quality of MCQs was improved in terms of
difficulty index, enhancing discrimination index,
presence/absence of grammatical errors, and
improving the Bloom's cognitive level (12).
Furthermore, several other studies {(12-15) have
reported that the knowledge levels of the
students are affected by the higher quality of
MCQs. One of the most important goals of the
Zanjan School of Nursing and Midwifery is to
enhance the quality of the exams and the
teaching-learning process. Given the undeniable
value of theoretical courses in the academic term
for the Zanjan School of Nursing and Midwifery

students, the absence of the required

information from the analysis on MCQs at the
academic term and the necessity for making
appropriate interventions in this regard; The
present study aimed to investigate the impact of
a standardization MCQs workshop on the
performance and satisfaction of nursing and
midwifery faculty members in designing the final
examination questions and student satisfaction

in Zanjan University of Medical Sciences.

Materials and Methods

This was a  pre-post single-group
interventional study; the sample population was
the tutors of Zanjan University School of
Nursing and Midwifery. The sampling
population was selected by a simple random
method. There are 50 faculty members at the
Zanjan School of Nursing and Midwifery. Their
academic rankings were six associate tutors
(12%), five assistant tutors (10%), and 39
instructors (78%). The curriculum of this study
was designed according to Kern's six-step model
(16) of development. The six steps of this
approach include problem identification and
general needs assessment, targeted needs
assessment, goals and objectives, educational
strategies, implementation and evaluation, and
feedback (Figure.1).
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Fig 1: Steps to do the work based on kern model

In order to determine the discrimination
index and needs assessment criteria, the articles

were searched at the English and Persian
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databases of the Scientific Information Database
(SID), Magiram, Eric, Pubmed, and Google
scholar. The English keywords, including
Standardization, Multiple Choice Questions, and
Bloom's Taxonomy and their Persian equivalent,
were used to look up the articles. The review of
these articles revealed that the primary
educational concerns of the educational centers,
such as nursing, were the quantitative and
qualitative evaluation of tests and improvement
of the existing standards by taking corrective
measurements (1, 12-15, 17-19). The needs
assessment of the Monitoring and Evaluation
Committee of the Education Development
Office of the School of Nursing and Midwifery
indicated that the analysis of the final
examination questions was vital. The
examination of the MCQs at the end of the
second semester of 2017-2018 determined the
need for a correction. The main objects of this
study include teachers empowerment for
designing standard questions according to the
results of structural level and taxonomy of
questions by holding a "designing exam
questions” workshop, evaluation of exam
questions quality for all the tutors by Millman
checklist and Bloom taxonomy after running a
workshop, providing tutors and faculty managers
with feedback on the results of the evaluation of
questions, and develop sensitivity in esteemed
tutors for question designing.

After presenting the evaluation report of the
questions of the second semester of 2017-2018
and in the next session of the Monitoring and
Evaluation Committee, the solutions were
revised by brainstorming and by a panel of
experts (PoE). Since the majority of the final
examination was MCQs, it was decided to run an
empowerment workshop on the standardization
of final exam questions for the faculty members.
Teacher
empowerment was performed as a single-session
workshop in which the educational content
consisted of familiarity with the test blueprint,
principles of designing objective questions, face
validity, content validity, and how to examine

the difficulty/discrimination indices of questions.

After each session, the PowerPoint files of the
respected workshop were given to all tutors.
Then, all the final examination questions were
received from faculty by the end of the first
semester of 2018-2019, the exam papers for each
discipline were placed in a row, and one-third of
the questions were evaluated randomly.

The results of the evaluation were reviewed
at the third session of the Monitoring and
Evaluation Committee since the previous
evaluation of the second semester of 2017-2018.
The first semester of 2018-2019 has addressed
one-third of the MCQs; it was probable that
questions with standard taxonomy structure
have been excluded. Therefore, all the tutors
were asked to deliver their exam papers to the
esteemed expert of the Education Development
Office or the executor for the analysis and
assessment. Moreover, the Millman checklist
and Bloom's taxonomy levels were automated to
all the tutors. Both of these suggestions were
applied for the evaluation of the final questions
of the second semester of 2018-2019.

Finally, this approach was assessed according
to Kirkpatrick's levels of reaction, learning, and
behavior. The satisfaction level was evaluated for
both tutors and students. A researcher-made
questionnaire consisted of eight items that were
used to evaluate the level of satisfaction of tutors.
These items consisted of satisfaction with the
content of the workshop (clarity, objectives and
its content relevance to the field of activity and
profession of participants), workshop design (an
appropriate difficulty level of the materials and
their presentation pace during the workshop),
the instructor/instructors of the workshop
(having the required proficiency over the
materials), and the results of the workshop
(fulfillment of the predefined objectives and
applying what has been learned). The questions
were scored on a five-point Likert scale, ranging
from 1 to 5, where a high score indicated a
greater level of satisfaction. Five educational
experts approved the content validity of the
questionnaire and its reliability was confirmed

for 16 tutors with Cronbach'’s alpha coefficient of
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0.855. The level of satisfaction was remeasured
after one session of the workshop.

A researcher-made questionnaire consisted
of seven items that were used to evaluate the
level of satisfaction of students. These items
were practicing the predefined educational goals
of the lesson plan in exam questions, even
distribution of questions among the lesson plan
objectives, the compatibility level of quality of
the questions with the actual taught material,
the
compatibility of the test type with the teaching

even distribution of questions weight,

approaches, and the appropriate exam time. The
questions were scored on a five-point Likert
scale. The content validity of the questionnaire
was approved by eight nursing and midwifery
experts (CVI=0.96 - CVR=0.93), and three
validity. The
reliability of the questionnaire was confirmed for
30 and with Cronbach's
coeflicient of 0.854.

The learning of the faculty members was

students confirmed its face

students alpha

assessed by randomly analyzing one-third of
MCQs of the final exam in one pre-intervention
(932

consecutive post-intervention semesters (1679

semester questions) and for two

questions) were randomly selected and analyzed.
The current study analyzed and the MCQs of
undergraduate and post-graduate for all the
educational groups of medical-surgical nursing,
community health,

psychiatric, pediatrics,

critical care, operating room-anesthesiology

technology, and midwifery. The questions were

analyzed anonymously to comply with ethical

codes, and the results were reported to the tutors
and the Education Development Committee of
the Faculty and Zanjan University of Medical
Sciences. Due to the abnormal distribution of

data in the Kolmogorov-Smirnov test, data

analysis was performed using descriptive
statistics, Kruskal-Wallis tests, the Mann-
Whitney U test, and chi-square at 95%

confidence interval.

Results
A total number of 932 questions were

examined in the pre-intervention semester, in
which  80% of the
undergraduate and 20% to the post-graduate

them belonged to

students. 65.8% of these questions were specific
questions, 28.6% of these were basic questions,
and 5.6% were general questions. From a total
number of 1005 analyzed questions in the first
post-intervention semester, 80.8% belonged to
the undergraduate and 19.2% related to post-
graduate students. 59.4% of the questions were
specialized, 33.2% were basic, and 7.4% were
general questions. From a total number of 674

the
98.8%

undergraduate, and 1.2% were related to post-

analyzed questions in second post-

intervention semester, belonged to
graduate students. 98.8% of these questions were
specialized, and 1.2% were basic questions.
According to Table.l, the frequency of the
Millman checklist in all three stages of analysis
(one pre-intervention semester, two post-
intervention semesters) was usually over 90%

most of the time.

Table 1: Frequency distribution of structural problems and structural level of multi-choice questions in the

second semester of 2017-2018, first and second semester 2018-2019

semester Before the Time 1 after the Time 2 after the
intervention intervention intervention
Phrase Yes NO Yes NO Yes NO
N (%) N (%) N (%) N (%) N (%) N (%)
1. Is the majority of the information included in 907 25 997 8 668 6
the question stem? (97.3) (2.7) (99.2) (0.8) (99.1) (0.9)
2. Does the question assess a specific purpose of 932 0 1005 0 674 0
learning? (100.0) (0.0) (100.0) (0.0) (100.0) (0.0)
3- Are the words used in the stem or options clear 932 0 1005 0 674 0
and directly expressed? (100.0) (0.0) (100.0) (0.0) (100.0) (0.0)
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4- Has the use of negative option for negative 926 6 1001 4 674 0
stems been avoided? (99.4) (0.6) (99.6) (0.4) (100.0) (0.0)
5. Has it been prevented from using options such 869 63 948 57 629 45
as "all items", "none" and "combined options"? (93.2) (6.8) (94.3) (5.7) (93.3) (6.7)
6. Has he been prevented from using each other's 928 4 1005 0 674 0
conflicting options? (99.6) (0.4) (100.0) (0.0) (100.0) (0.0)
7- Have positive words been used in the question 904 28 973 32 659 15
area or if the question stem is negative, negative (97.0) (3.0) (96.8) (3.2) (97.8) (2.2)
words have been specified?
8. Is this question independent of other questions? 932 0 1005 0 674 0
(100.0)  (0.0) (100.0) (0.0) (100.0) (0.0)
9- Are the options also stone in terms of length, 620 312 838 167 610 64
lexical structure and writing style? (66.5) (33.5) (83.4) (16.6) (90.5) (9.5)
10. Have duplicate phrases been avoided in the 924 8 1005 0 673 1
options as much as possible? (99.1) (0.9) (100.0) (0.0) (99.9) (0.1)
11- Are the words used in the stem or options 916 16 1004 1 671 3
correct in terms of spelling? (98.3) (1.7) (99.9) (0.1) (99.6) (0.4)
12. Are options listed vertically? 282 650 362 643 248 426
(30.3)  (69.7) (36.0) (64.0) (36.8) (63.2)
13. Is it clearly a correct option? 932 0 1005 0 674 0
(100.0) (0.0 (100.0) (0.0) (100.0) (0.0)
14. Are the stems of questions and options 805 127 898 107 602 72
positive? (86.4)  (13.6) (89.4) (10.6) (89.3) (10.7)

The lowest frequency belonged to question Based on the results of the Table.2, a total of
932 MCQs was analyzed in the pre-intervention
stage, which 65.8% of them had a favorable

structure.

number 12. The percentage of scores in the first
pre-intervention semester were 30.3% to 100%, in
36-100

percent, and in the second post-intervention

the first post-intervention semester,

semester was 36.8-100 percent.

Table 2: Status Of Structural Rules And Taxonomy Level of Final Multi-Choice Questions of Zanjan Nursing And
Midwifery Faculty Per Semester

Time time
Before the Time 1 after the Time 2 after the
intervention intervention intervention
Structure and Taxonomy N % N % N %
Structure level of Optimal level 613 65.8 826 82.2 563 83.5
questions Undesirable level 319 34.2 179 17.8 111 16.5
Score the structure of questions Mean+SD Mean=SD Mean+SD
12.67+0.86 12.99+0.75 13.06+0.69
Kruskal-Wallis test result X?=110.291
P=0.000
Taxonomy Knowledge & 754 80.9 849 84.5 594 88.1
Questions Comprehension
Application & Analysis 167 17.9 142 14.1 73 10.8
Synthesis. and 11 1.2 14 1.4 7 1.0
Evaluation
Chi-square test result X%=16.59

P=0.002
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The mean and standard deviation for the
score of question structure in the pre-
intervention semester was 12.67+0.86. The
diversity of different types of questions based on
Bloom's taxonomy includes comprehension and
knowledge (80.9%), analysis and application
(17.9%), and synthesis and evaluation (1.2%). In
the two post-intervention semesters, 1679
questions were analyzed in two consecutive
periods. In this regard, the mean and standard
deviation of the structural rules of questions in
the first and second post-intervention semesters
were 12.99+0.75 and 13.06+0.69, respectively.
The result of the Kruskal-Wallis test indicated a
statistically significant difference (p-value less
than 0.001) and an improved mean of structural
rules observed after the intervention.

Based on Bloom's taxonomy, the highest and
lowest types of questions in all three semesters

(one pre-intervention, two post-intervention)

belonged to the pairs of comprehension-
knowledge and synthesis-evaluation, respectively.
The comparison of the pre-post frequency
distribution taxonomy was statistically significant
(p-value=0.002). According to Table.3, the
satisfaction level of tutors was more than 50% in
all parts of the empowerment workshops such as
content, design, and instructors. Subsequently,
the findings of Table.4 indicated an insignificant
relationship between the questions of two post-
intervention semesters in terms of even
distribution of questions among the lesson plan
objectives, the compatibility level of quality of the
questions with the actual taught material, even
distribution of  questions weight, the
compatibility of the test type with the teaching
approaches, and the appropriate exam time.
More than 50% of the students were satisfied with
the quality of final exam questions in both

semesters.

Table 3: Satisfaction status of tutors participating in the workshop

Phrases Mean+SD Level N %
Workshop The objectives of the workshop were 4.06+0.68 Workshop Optimal 9 562
Content clearly stated. Content level

The content of the workshop was related
to my field of activity and occupation.

Workshop design  The difficulty level of the materials
presented during the workshop was

appropriate.

The speed of presentation during the

workshop was appropriate.

Instructor / The instructor / teachers of the

instructors workshop had the necessary mastery and
workshop skills to present the material.
The teacher's behavior during the
workshop was intimate and friendly.
Workshop By attending the workshop, I achieved
Results the goals specified at the beginning of

the program.
I can apply what I learned in the
workshop.

Total score

4.59+0.47 Undesirable 7  43.8
3.94+1.06 Workshop Optimal 11 68.8
design level
4.25+0.68 Undesirable 5 31.2
4.06+0.57 Instructor / Optimal 9 562
instructors
workshop level
4.50+0.63 Undesirable 7  43.8
4.13+0.50 Workshop Optimal 14 875
Results level
4.19+0.65 Undesirable 2 125
33.81+3.83 Total level Optimal 8 50

Undesirable Undesirable 8 50
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Table 4: a- Students’ satisfaction with end-of-semester questions by time

Row Item Time 1 after the Time 2 after the Mann-Whitney
intervention intervention test result
Mean + SD Mean + SD

1 Exam questions covered all the goals mentioned in 3.55+1.18 3.51£1.07 7=0.706
the lesson plan. P=0.480
2 Distribution of questions ratio among the objectives 3.36x1.16 3.44+1.03 7=0.534
of the lesson plan was appropriate. P=0.593
3 The content of the questions was taught in 3.30£1.16 3.28+1.04 7=0.307
accordance with the actual contents. P=0.758
4 The exam questions were clearly adapted to the 3.37+1.23 3.30+1.14 7=0.571
lesson plan's learned and objectives. P=0.568
5 The weighted distribution of the questions was fair 3.47+1.14 3.37£1.08 7-=1.025
according to the objectives of the lesson plan. P=0.305
6 The type of test questions was in harmony with the 3.35£1.17 3.35£1.09 7=0.116
educational method. P=0.908
7 The duration of the exam was appropriate according 3.43+1.40 3.49+1.24 7=0.038
to the number of questions. P=0.907
23.83£6.55 23.75£5.88 Z=0.131
Total P=0.896

Table 4: b- Students’ satisfaction with end-of-semester questions by time

Category Total Student Reviews

Time 1 after the intervention

Time 2 after the intervention

Semester N % N %
Level of satisfaction
Level of Optimal 76 55.1 85 56.3
satisfaction Undesirable 62 44.9 66 43.7
Discussion

The results of this study revealed that running
the empowerment workshops on standardization
of final examination MCQs had increased the
performance and satisfaction levels of the tutors
of the School of Nursing and Midwifery of Zanjan
University of Medical Sciences. After the
workshops, the structural rules of questions were
increased from 65.8% to 83.5%. Similarly, the
taxonomy level of questions in the areas of
knowledge and comprehension has increased
from 80.9% to 88.1%.

Most of the educational studies and
researches focus on the structural rules of
questions and designing questions with a high
level of the taxonomy. If a test has a reduced
taxonomy level and inappropriate structural
rules, then it suffers from an unfavorable content

and construct validity, negatively affects the

learners' motivations, and waste the efforts of
tutors and the education system (1). While the
MCQs are extensively used for the evaluation of
nursing students, the structural quality of
questions is inconsistent (20).

Sanagoo et al. conducted a study (2009) that
investigated the specific course questions in the
educational groups of child and family nursing,
community health, and psychiatric or mental
health nursing. The results indicated that 5.7%
and 94.3% of the questions had moderate and
good structures, respectively. The taxonomy level
of the questions consisted of 96.4% level one
{(knowledge and comprehension) and 3.6% level
two (application and analysis). There was no
question in level three of taxonomy (1).
According to the study of Baghaei et al. in the
Urmia School of Nursing and Midwifery (2015),
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there were three levels of weak, moderate, and
good structure with a frequency of 1.3%, 14.6%,
and 84.1%, respectively. The taxonomy level of
questions consisted of 84.6% level one
(knowledge-comprehension), 13.5% level two
(application-analysis), and 1.9% level three
(synthesis-evaluation) (21). The results of the
current study are in line with previous papers in
terms of the structural rules of questions and
taxonomy level one. Even though there is no
established standard for the percentage
distribution of taxonomy, but in most cases, the
taxonomy level of knowledge should not exceed
50% (1, 19). Since MCQs are mainly designed for
cognitive purposes and the majority of the final
examination questions about undergraduate are
composed of them, it is recommended to address
higher cognitive levels in lesson planning and to
use modern teaching methods for the
development of problem-solving skills and critical
thinking (22). Because designing exam questions
in higher levels of taxonomy are difficult and
time-consuming, it is suggested that tutors
address this issue from the very first semester.

In this study, the final exam questions had a
moderate structural level, which was parallel with
the research of Hijji et al. (2017). The study of
Hijji et al. had analyzed 98 MCQs and reported
377 grammatical mistakes; in other words, the
majority of MCQs (90 items, 91.8%) had one or
more mistakes and only eight questions (8.2%)
followed grammatical rules of MCQs. These
mistakes include verbal errors, various stem
problems, and response options. It should be
noted that most of the faculties did not use
question analysis for assessment of the exam
accuracy (23). Designing high-quality MCQs is
challenging and time-consuming (23); hence by a
hasty and distracted MCQs design, instructors
compromise the quality of the questions (20, 24).
Derakhshan et al. (2015) aimed to reflect the
influence of empowerment programs for the
improvement of the structural rules of questions.
They conducted a three-stage empowerment
program, which in the first stage, the textbooks of
"Principles of Design and Evaluation of MCQs"

were provided to all educational groups. All the

questions of the residency promotion exam of
Qazvin University of Medical Sciences in 2012
were examined per structural rules and according
to the Millman checklist with 19 items. One
hundred fifty questions were reviewed from each
educational group. Subsequently, all of the
educational groups were given the results of each
field. In the third stage, educational specific
workshops were held to review each group's
question before the residency promotion exam of
2013. After examination of these questions, it was
revealed that the highest number of structural
errors of the 2012 and 2013 promotion exams
was related to the negative questions, which
included 178 negative items for 2012 and 176
items for 2013 (13).

The main structural errors of this study were
the horizontal and non-vertical writing of the
options, which contradicted the findings of
Derkhshan et al. (13). The study of Meyari et al
(2013) has assessed the quality of questions for
the residency promotion exam through the use of
intervention feedback techniques in line with
their technical characteristics in medical
education ,such as objectivity, punctuality,
directness, respectfulness, unbiased performance,
and combined with improvement
recommendations. It showed an improved level
of taxonomy of the questions for the experienced
MCQs designers. They have participated in the
previous workshops and complied with the
Millman checklist (14). The study conducted by
Taheri at al. (2013) showed an increased number
of correct questions in line with the Millman
checklist and after running 12 one-day training
workshops for test designers (for each
educational group) (18). Their research

confirmed the findings of this study.

Limitations
Due to the lack of required software, the

difficulty and discrimination indices for MCQs
were unspecified. Besides, this study only
analyzed the MCQs, so other forms of items such
as descriptive and true/false were neglected. The
study team was unable to contain and address

these two constraints.
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Conclusion
The findings of this study indicated that the

performance and satisfaction level of teachers
have improved after workshops; therefore, it is
suggested to hold question designing workshops

for teacher empowerment continuously.
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