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Abstract
Formulating good quality multiple choice questions (MCQs) is a demanding assignment, especially devoid
of faculty development. Precisely constituted MCQs and item statistics are able to judge students’ advanced
cognitive domains and allied with enhanced grading preciseness and reliability. The study aims toevaluate
impact of faculty development program (FDP) on creation of good quality single best MCQ and on the
process of item analysis.
Methods and Material: This was quasi-experimental, pre-post test design, interventional study.FDP
conducted for the 11 faculty members of Pharmacology department.Each item was analyzed for difficulty
index (Df I), discrimination index (DI) and distractor effectiveness (DE), item inscription flaw and cognitive
level, both pre and post training. Kirkpatrick’s four level model was employed to evaluate participants
satisfaction level (level1), learning (level 2) and behavior change (level 3) after workshop.
Chi square test, paired t-test were applied and effect size calculated by Cohen’s d test
Results: All participants were satisfied with FDP. Their knowledge and skills were enhanced with a significant
increase noted in learning (level 2: p=0.001:effect size=0.99) and mean scores of MCQ quality (level 3;
p=0.001; effect size =0.735) in post-training test. Significant improvement in all indices were reported after
FDP [Df I (p=0.001), DI (p=0.02) and DE (p<0.0001)]
Conclusions: There is significant improvement in the quality of MCQs constructed by faculty following FDP.
A greater number of higher cognitive MCQs were reported and majority MCQs were found within acceptable
and recommended standards for construction of MCQs. FDP is necessary for acquisition of skills for MCQ
construction and item analysis.
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Introduction
Multiple-choice questions (MCQs) are one of the
popular and accepted means of evaluation in medical
education. MCQ test items are advantageous as they
can cover wider section of lessons and scrutinize
large num bers of students in lesser tim e
simultaneously. The tests can be employed for both
paradigms of assessment (formative and summative).
Colleges are incorporating MCQs tests in their
examinations as there is rising trend of adopting
MCQs for postgraduate m edical entrance
ex am inations . Its ac c eptanc e is based on its
objectivity, feasibility, high internal consistency and
accuracy.
Good quality MCQs com pel students to apply
advanced level of cognitive processing rather recalling
the solitary information (1). Numerous studies have
reported that the quality of MCQ test items that
medical institutes built are often of poor quality (2).
Creating good MCQs are time consuming, challenging
and difficult to construct but are effortlessly and
consistently scored (3). Characteristics of good
quality MCQs are mentioned in terms of item, the
stem, and the distractors. MCQs having imperfect
stem and unconvincing distractors hinder accurate
assessment (4).
Item analysis provides quantitative data at the itemlevel through knowledge about item statistics and is
used extensively to improve test value (5). Difficulty
index or facility value (Df I), Discrimination index
(DI) and distractor (DE) are the foremost item
statistics relevant for estimating the quality of MCQs
(6) Abundance of MCQ books of diverse subjects
are existing in the market. Many of us either built up
test items by ourselves or trusted on questions
specified in these books. Nonetheless Shah et al (7)
in scrutiny of such MCQs taken straight from such
books reported that these MCQs might not be of
better-quality and need to be to be analyzed prior to
their use for assessment.
Medical faculties often perform those duties for which
no formal training has been received by them. Item
development and its analysis are one of the duties
in which they have no experience and training. There
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is more possibility of error in framing items if their
s t a f f m e m b e r s a r e n o t w e l l s e n s i t i ze d a n d
professionally trained enough for the development of
test items (8) which leads to lack of quality of many
examinations.
Steinert et al. (9) in their systematic review in health
professions education reported that faculty training
were found to be associated positively with teaching
effectiveness both immediate and long term. FDPs
for that reason is crucial for development of valid
and reliable assessm ent m aterial. Very few
res earc hes have been carried out f or f ac ulty
development particularly for item writing and it’s
analysis in India.
W e at our department have been executing MCQ
based internal exams for undergraduate medical
students but faculty members are not trained either
in item writing or item analysis. Hence this study
was undertaken with the aim of creating valid MCQs
bank with the faculty development and the objectives
to be achieved were assessment of the impact of
FDP and overall satisfaction of the participants. This
was the first effort of this kind at our institute.

Methodology
The study was approved by Ethical committee of the
institution. The aim was to assess the impact of
training on developing high quality single best MCQs
and on the process of item analysis. The target
population was eleven faculty members of department
of Pharmacology. The secondary purpose was to
evaluate the perception on these training workshops.
W e made use of Kirkpatrick’s level of evaluation
which comprised of four levels: the trainee’s reaction
or level of satisfaction with the workshop ( level 1),
their learning (level 2), their behavior change (level
3) and long term impact of workshop (level 4) (10).
Study desi gn

This was a quasi experimental, pre-post test design,
interventional study. Preceding to the set up of study
the validated faculty satisfaction questionnaire were
developed (alpha =0.7196) as per AIMME (11). Eight
pre and post short answer questions were developed
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regarding MCQ creation and item analysis which were
validated by the medical education unit of the
institution.
W e used structured checklists (12) to review the
quality of MCQ item s before and after the
in terv enti ons to r edu c e t he s ubj ec ti vity whi le
assessing test items. The checklist consisted of 21
markers for assessing MCQ scores. Each marker
was allotted one mark thus total marks came out to
be twenty one. Each item was scored according to
the checklist and scores were calculated out of ten
by diving the scores obtained by twenty one and
then m ultiplied by ten. Interventions on three
successive days for a period of 3 hours were planned
in the department during this project. Before the
interventions, departmental meeting was organized
and all the faculties were requested to select 30
MCQs on the topic Autonomic nervous system
(ANS), what they considered as the best MCQs given
in the exam examination with common consensus.
Day 1: Pretest (8 short answer questions SAQs)
was administered to the participants to assess their
knowledge, attitude and perception regarding MCQ
framing and item analysis. This was followed by
session on MCQ item developing guidelines by
i m p a r ti n g t h eo r e ti c al b ac k gr o u nd a nd al l th e
participants were taught to construct good quality
single best answer MCQs.
Day 2: Participants were divided into 2 groups. Each
group was requested to frame five single best MCQs
for practice, and checklist was provided to both
groups followed by demonstration by each group
which was subsequently peer reviewed by second
group and feedback was given.
Day 3: Session on item analysis was organized via
short interactive lecture. Subsequently participants
were requested to fill up the faculty perception
questionnaire to evaluate level 1 and post-test was
administered to assess learning (level 2)
Following training, the participants were again
requested to frame at least 5 MCQs each based on
the guidelines discussed in the workshop and submit
a total of 30 new MCQs on ANS with final agreement
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among themselves. Consequently sample of 30
MCQs each before and after the workshop were
obtained and analyzed for item quality and item
statistics. The results were measured in terms of
items of recall and higher cognitive domain, stem
flaw, Df I, DI and DE or NFDs.
For interpretation MCQs test paper was administered
to second professional M.B.B.S students. Students
were divided into two groups. All odd roll numbers
are allocated in group A (n=100) and even roll
num bers in group B (n=100). Group A was
administered 30 MCQs (pre-training) which were
subm itted by the participants earlier attending
workshop .Group B was administered 30 recently
framed MCQs (post-training).
Each MCQ comprised of a stem and four choices
(one key and three distractors) and students were to
opt for one best answer from these four alternatives.
Each right answer was allotted one mark and no
negative marking for incorrect answer. The answer
sheets were collected and grouped according to merit
in descending order into three groups. The first group
was from the top of the merit (high achiever group,
33%) and third group was bottom of the students
(low achiever group, 33%,). The middle 33% were
excluded and not used in the item analysis.
Working Definition formula

(i) Difficulty Index (Df I) or facility value (FV) : It is
calculated using the formula :
FV = (HAG + LAG) × 100 / N
HAG = number of students answering the item
correctly in the high achiever group, LAG = number
of students answering the item correctly in the low
achiever group, N = Total number of students
(ii) Discrimination index (DI): This index signifies the
ability of a question to discriminate between a
higher and a lower achiever student. This is
calculated by applying the formula: DI = 2 X (HAG LAG)/N where the symbols HAG, LAG and N
represent the same values as mentioned above.
In general, the recommended DI value is >0.25
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and DI value 0.15-0.25 is acceptable with revision
whereas DI value <0.15 is discarded (13).
(iii) Dis trac t or ef f ic ie nc y ( D E) : N on Fu nc tio nal
Distractor (NFD) in an item is the choice, other
than the k ey selected by less than 5% of
students and functional distractor is the option
chosen by 5% or more students. On the basis of
number of NFDs in an item, DE ranges from 0 to
100%. If an item contained three or two or one
or nil NFDs then DE would be 0, 33.3%, 66.6%
and 100% respectively (14).
Statistical analysis

The data was analyzed in microsoft excel. Chi square
and paired t-test were used to evaluate the level of
significance. The statistical significance value was
specified as p<0.05 all through complete analysis.
Cohen’s d test was adopted for calculating effect
size to compare scores obtained in pre and post
tests and MCQS ratings pre and post- training.

Results
All the faculties participated the workshop. The FDP
was evaluated according to Kirkpatrick’s level of
evaluation up to level 3.

Fig. 1 :

Level 1 (reaction) : All the participants filled the
faculty satisfaction questionairre .On an average all
the participants were satisfied (rating 4-5) with the
FDP on a Likert’s scale of 1-5. The faculty perception
questionnaire and their responses are shown in bar
diagram (Fig. 1).
Level 2 (learning): Pre-test and post-test responses
were analyzed to assess this level. 8 SAQs were
administered both pre and post tests. Mean pre-test
score was 2 whereas mean post-test score was 9.38
(p=0.001). The effect size was 0.99 which was large
according to Cohen’s classification (0.2=small;
0.5=medium and 0.8=large). This reflects significant
learning (Table I).
Level 3 (behavior change or transfer): This level was
assessed by comparing scores of MCQs and different
indices of item analysis pre-training versus posttraining.. The results are tabulated below from Table
II to Table IV. Flow chart showing evaluation across
Kirkpatrick’s level is displayed in Fig. 2.
Table I shows mean scores and effect size of MCQs
to demonstrate improvement in quality of MCQS as
per checklist scoring pre-training versus post-training.
The quality of MCQS before training was low
(6.06±1.225) but higher in post-training (8.07±0.465)
with effect size of 0.735 which signified medium to

Showing faculty perception.
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Participants’ pre-test and post–test scores to assess learning and mean MCQ
scores as per checklist to assess quality of MCQs pre and post training.
Pre-test and post–test scores to assess learning

Number of participants
N=11

Pre-test mean

Post-test mean

2.00±0.632

9.36±0.203

P value
*

0.001

Effect size
0.99

Mean MCQ scores as per checklist

Fig. 2 :

Mean MCQ score
Pre-training

Mean MCQ score
Post-training

P value

Effect size

6.06±1.225

8.07±0.465

0.001*

0.735

Showing flow chart showing evaluation across Kirkpatrick’s levels of evaluation.

large effect size.
Table II shows that the number of moderate MCQS
were more (n=23) in post-training as compared to
pre-training (n=11). The number of easy and difficult
MCQs were reduced. There is overall improvement in
the Df I with significant p value (chi square=8.93;
p=0.01). There is increase in number of MCQs having
recommended DI (n=12) post-training as compared
to pre-training (n=3). Discarded and negative DI
MCQs have been reduced (n=6 and n=1 respectively)
pos t-training than pr e- tr aining ( n=12 and n=6
respectively). The overall DI showed significant
improvement (chi square=7.73; p=0.02). Table 2 also
depicts that the number of NFDs were also reduced
post-training and MCQs having 100% DE were
increased to 25(84%) as compared to 6 (20%) and

there is highly significant improvement in DE (chi
Square=35; 9<0.001).
Table III shows the matrix of the number of items
f alling in dif f erent ranges of dif f ic ulty vers us
discrimination indices both pre and post-training. We
found that in post-training 15 out of 30 items were
such that they were in the acceptable ranges of
both Df I and DI as compared to pre-training in which
only 5 out of 30 items were in acceptable range of
both DfI and DI . All other items need revision either
for Df I and DI.
Table IV shows post-training higher domains MCQs
were more (n=22) as compared to pre-training(n=6),
whereas recall MCQs were reduced from 24 to 8
after training (chi square=17.14; p<0.001). The MCQs
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TABLE II : Ranges of difficulty index, discrimination index and
distractor efficiencypre-training vs post-training.
Difficulty index

<30 (difficult)
30-70 (moderate)
>70 (easy)

Pre-training
(n=30)

Post-training
(n=30)

8 (26.66%)
11 (36.66%)
11 (36.66%)

5 (16.66%)
22 (73.33%)
3 (10%)

TABLE IV : Different characteristics associated with items.
Different characteristics
associated with Items

Pre-training
(n=30)

Post-training
(n=30)

Items as per Bloom’s cognitive value
Recall
Higher cognitive domains

24
6

8
22

Chi square (2=17.14); p=0.00003

2

Chi square ( =8.93 ); p=0.01*

Stem Flaw

Discrimination index

Pre-training
(n=30)

Post-training
(n=30)

>.25(Recommended)
.15-.25(Acceptable)
<.15 (Discarded)
Negative

3 (10%)
15 (50%)
7 (23.3%)
5 (16%)

12 (40%)
12 (40%)
5 (16.7%)
1 (3.33%)

Unfocussed stem
Unnecessary information
Chi square (2=1.639); p=0.2008

8
5

1
3

Discussion

Chi square (2=8.73); p=0.03*
Distractor efficiency

Pre-training
(n=30)

Post-training
(n=30)

100% (NFD=0)
66.66% (NFD=1)
33.33% (NFD=2)
0% (NFD=3)

6 (20%)
10 (33.3%)
8 (26.7%)
6 (20%)

25 (84%)
4 (13%)
1 (3%)
0 (0%)

Chi square (2=35.46); p=0.000003515*

TABLE III : Distribution of items over the range of Df I and DI.
(Pre-training) (n=30)
Difficulty index (Df I)
Discrimination
index (DI)
>0.2
0.15-0.2
<0.15
Negative
Total

<30

30-70

>70

Total

0
6
1
1
8

5
2
2
2
11

1
4
4
2
11

6
12
7
5
30

(Post-training) (n=30)
Difficulty index (Df I)
Discrimination
index (DI)
>0.2
0.15-0.2
<0.15
Negative
Total

<30

30-70

>70

Total

0
4
2
0
6

15
3
3
1
22

1
1
0
0
2

16
8
5
1
30

having stem flaw were also decreased after training
but statistically non-significant (chi square=1.639;
p=0.2008).

In the present study FDP was evaluated utilizing
Kirkpatrick’s model of outcome. Participants were
satisfied with the workshop. Although satisfaction
level is very preliminary for any evaluation but it is
must for any positive change to occur (i.e. long term
impact) (15). Many studies (9, 16) also reported that
participants were satisfied with the FDPs as it was
found to be highly useful and of much relevance (17).
Having framed MCQs according to the guidelines, it
is important to analyze the quality of these items
and whether these are able to discriminate high and
low ability students (18).
In the study, knowledge of the participants improved
significantly after training, as mean post-test scores
were higher than mean pre-test scores (p=0.001 and
effect size=0.99). Our results are coherent with the
other studies (9, 16, 19).
The study also noted that FDP significantly improved
the overall quality of MCQ items. Several studies (2,
8, 12) are in line with our observations.
It is important to ensure reliability of the test items
(20). Classical test theory (CT) item analysis is one
of the m ost com m on m ethod to c alc ulate the
reliability of the test item (21). In this study both DF
I (chi square=8.93; p=0.01) and DI (chi square=7.73;
p = 0 . 0 2 ) i m p ro v e d s i g n i f i c a n t l y a f te r t r a i n i n g .
Jozefowicz et. al. (2) reported that trained faculties
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had higher mean scores in comparison to untrained
faculties when they drafted the United State Medical
Licensing Examination (USMLE) Step-1 questions.
Items which discriminate poorly or having high and
low Df I should be reviewed by content experts as it
decreases the validity of the test (22).
DI gives us information about items which effectively
discriminated students who were of higher ability or
who were of lower ability. Higher the DI more it an
effectively discriminate. In our study 16% of the pretraining MCQs were of negative DI while post-training
it decreased to 3.33%. Few studies reported negative
DI in 20% and 4% of the test items (11, 23). The
explanation of negative DI might be ambiguous
framing of questions, wrong selection of distractors
,besides poor preparation of students (21). Items
having negative DI must be removed from the question
bank as it decreases the validity of the test.
W hen we analyzed distribution of items over the
range of Df I and DI, it was observed that maximum
discrimination occurred (n=12, DI>0.25) occured with
the acceptable difficulty level (30%-70%) in posttraining MCQ items. While in pre-training MCQ items
only 5 item s discrim inated m axim ally between
acceptable range of Df I. Si Mui Sim et.al (24)
also supported our obs ervation that m axim um
discrimination had occurred between 40-70% Df I.
Teachers often spend much time and concentration
in framing stem than choosing plausible distractors.
However the most difficult task in framing MCQs is
selecting appropriate distractors other than the
answer key. W ith the help of distractor analysis we
can easily identify the student’s responses to different
options and any NFD should be removed, revised or
replaced from the item (25). In this study the
percentage of NFDs in pre-training MCQ was 80%
which reduced to 16% post-training. Items having
zero NFD were 20% pre-training which increased to
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84% post-training. Items with three NFDs were
decreased to 0% from 20% post-training. Our findings
are supported by the results by Abgulghani et al (8).
W e also analyzed the quality of MCQs in terms of
cognitive level and item writing flaws. Because of
simplicity we followed the taxonomy by Tarrant et.al
(26). In the current study, higher cognitive domain
MCQs (22) were more post-training in comparison to
pre-training (8) whereas recall type MCQs were
reduced to 6 from 24 after training (chi square=17.14;
p<0.001; statistically significant). The MCQs with
item writing flaws (IW Fs) were reduced to 4 from 13
(chi square=1.639; p=0.2008; however statistically
non significant. Our findings are supported by a
number of studies (8, 12, 18). Vyas and Supe (27)
stated that lack of faculty training and less time
devoted by faculty in MCQ framing mainly contributed
to item writing flaws. In the present study we also
scored the MCQs pre-training against post-training
with structured checklist. There was significant
increase in the mean scores of MCQs subsequent
to training (p=0.001and effect size=0.74). Former
researches supported our observations (12, 28, 29).
L im i tati on s

One limitation of the study is the smaller sample
size. Another limitation is that the FDP was focussed
mainly on MCQs, so future workshop is required for
other assessment tools. Internal consistency was
also not calculated. Moreover, long term impact (level
4) of FDP was not assessed.
Conclusion

FDP had significantly improved faculty’s competence
to develop valid MCQs. Kirk patrick ’s model of
evaluation provided an effective framework for the FDP.
However further research is required to interpret long
term impact of the program.
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