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ABSTRACT
Objective: To compare the discriminating ability of online assessment tools in the module examinations during the COVID-19
pandemic.
Study Design: Descriptive study.
Place and Duration of Study: Department of Anatomy, CMH Multan Institute of Medical Sciences (CIMS), Multan, from 22 June
to 09 July 2021.
Methodology: In the academic year 2020, the first module examinations of the 2nd-year MBBS anatomy course was conducted
on-campus via multiple-choice questions, short answer questions, and viva-voce. Owing to the COVID-19 lockdown, the following
two module  examinations  were  held  online.  The  effectiveness  of  different  assessment  tools  in  the  three  module  examinations
was compared by calculating the discrimination indices and the area under the curve (AUC), using the receiver operating charac-
teristic (ROC) curve analysis.
Results: SAQs showed the highest discrimination index (0.38) compared to MCQs and viva-voce in the on-campus module exami-
nations but dropped to the lowest in the subsequent online modules (0.24 and 0.18). In contrast, the discriminating power of the
viva-voce increased from marginally (0.23) to very good (0.47 and 0.49) as the mode of assessment shifted to online examina-
tions. The ROC AUC also showed the same pattern. In the second and third module examinations, the viva-voce had significantly
higher (p <0.05) AUC than MCQs alone and both the MCQs and SAQs, respectively.  
Conclusion: Viva-voce had a significantly higher discriminating index than MCQs and SAQs in online examinations. On-campus,
SAQs had the highest discriminatory index. Using this statistical approach, the effectiveness of different components of the online
examinations can be monitored to improve the quality of online examinations amidst the COVID-19 crisis.
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INTRODUCTION

The coronavirus disease (COVID-19) was declared a pandemic
by the World Health Organization in  March 2020.1 In addition to
its  innumerable  healthcare,  economic  and  social  conse-
quences, the COVID-19 pandemic also disrupted the education
sector on a global scale.2 Countless medical schools and univer-
sities halted their on-campus academic activities due to the
government-imposed  lockdown,  leading  to  a  massive
paradigm shift in medical education towards online learning
equivalents.3
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During the early days of the lockdown, the primary focus was to
assure  the  continuation  of  medical  teaching  remotely.  This
virtual learning was achieved by various methods, ranging from
simply sharing written handouts and recorded lectures to the
developing  complex  learning  management  systems,  where
synchronous teaching was carried out using live lectures and
discussion forums.4,5

With the teaching methods in place and lockdown still in effect,
the next big question was the conduction of online examina-
tions. The computer-based examination is not a new concept in
this time and age; and many institutes had already been imple-
menting it all over the globe.6 However, for the majority, the
employment of such new strategies on such short notice posed
a challenge for the faculty and students alike.

Institutes around the world came up with several creative solu-
tions  for  solving  this  conundrum.7,8  For  example,  Columbia
University College of Physicians and Surgeons, New York, intro-
duced the policy of un-proctored, open-book examinations to
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their residents in surgical clerkship. The idea behind this was
that the students would honour the code of conduct, and with a
time limit coupled with specially made questions, the assess-
ment will be reasonably neutral.7 Other institutes introduced
various strategies of remotely invigilated online examination
(RIOE).9 These varied from simple camera monitoring to using
complex  web-based  proctoring  software  that  monitored
webcam, keystrokes, and on-screen activity, as the University
of New England, Australia.10 Moreover, in Pakistan, the govern-
ment  imposed  a  lockdown,  rendering  on-campus  medical
education impossible. Hence, the medical teaching and assess-
ment were shifted to their online equivalents despite the lack of
resources and previous exposure.  

Compared  to  traditional  campus-based  examinations,  the
efficacy and reliability  of  these online assessments is  still  a
topic of debate. Owing to the continually prevailing pandemic,
the need of the hour is to devise some modalities to assess and
improve  the  quality  and  integrity  of  online  examinations.
Researchers have devised various tools to assess this. Jaap and
Elsalem  utilised  post-exam  surveys  from  the  students  to
analyse their experiences.8,11 Other studies focused mainly on
exam-results data analysis, comparing online to on-campus.7,12

These, and most other such analyses, focused on one exam
modality,  e.g.,  multiple-choice  questions  (MCQs);  and  then
compared the mean scores achieved in various situations.8,12

Studies have compared the validity and discriminating ability of
different exam components, i.e., MCQs, SAQs, and viva-voce in
on-campus  exams.13-15  However,  to  the  best  of  the  authors’
knowledge, such studies have not been conducted to assess
online examinations.

This  study  aimed  to  compare  the  discriminating  ability  of
different exam components, i.e., MCQs, SAQs, and viva-voce, in
online and on-campus examinations. The authors intended to
develop a statistical approach that can be utilised in the future
online exams to monitor and improve the constructional validity
of various examinations components best suited to available
resources.

METHODOLOGY

This study was conducted at CMH Multan Institute of Medical
Sciences, Multan, from June to July 2021. Second-year MBBS
course was taught anatomy in three modules, followed by a
summative exam at the end of each module. The modular exam
consisted of  theory  multiple-choice  questions  (MCQs),  short
answer  questions  (SAQs)  and viva-voce  components.  In  the
academic year 2020, the first modular exam was conducted
traditionally on-campus. The theory exam was held in the exami-
nation hall  under continuous invigilation. The viva-voce  was
conducted face-to-face by a single examiner over a period of
three days. The second and third modules were conducted and
assessed online, owing to the lockdown due to the COVID-19
pandemic. Theory exams were held online via Google forms
with  time-restricted  access.  The  identity  of  the  student
attempting the exam was authenticated via video call on Zoom,

followed by continuous video invigilation throughout the exam.
However, no special software was used to invigilate or restrict
their screen activity. Students gave viva-voce on a one-on-one
video call on Zoom to the same examiner as their on-campus
exam.

Data were collected retrospectively from exam scores of all
three  modular  exams  after  approval  from  the  Institutional
Review Board and Ethics Committee (No. TW/51/CIMS). Percen-
tage marks were obtained for MCQs, SAQs, and viva compo-
nents. Total marks were calculated, giving the former three
components equal weightage. Only those students of second-
year MBBS, who had appeared in all three components of every
module exam of the academic year 2020, were included in the
study, i.e., 73 out of 101 students.

The discrimination index (DI) of an item is defined as the degree
to which it discriminates between the students with high and
low scores.16 It ranges between +1.00 and -1.00, with +1.00
being the case where all high scorers answer an item correctly,
and none of the low scorers does. An exam item with a discrimi-
nation  index  of  0.40  and  above  is  considered  very  good,
0.30-0.39 is reasonably good, 0.20-0.29 is marginal (subject to
improvement), and 0.19 or less is a poor item.3 For calculation of
discrimination  indices,  in  each  module  exam,  the  authors
divided the students into high scorers (upper 27th percentile)
and low scorers (lower 27th percentile), using Truman Kelley’s
“27% of the sample” group size.17 Discrimination index of each
item  i  (MCQs,  SAQs  &  viva)  was  then  calculated  using  the
following formula:18

Discrimination index = (ΣHi-ΣLi) / (N ×mi).

Where Σ Hi is the sum of marks in the high scoring group in item
i, Σ Li is the sum of marks in the low scoring group in item i, N is
the number of students in each group, and mi is the total marks
in item i.

To validate further, the area under the receiver operating char-
acteristic (ROC) curve of MCQs, SAQs, and viva voce was calcu-
lated  by  ROC analysis  to  signify  their  ability  to  predict  and
discriminate high and low achievers in the exam (here defined
by the median total marks in that exam). The area under the
curve (AUC) and 95% confidence interval was calculated from
the ROC curve using achievement level as a binary outcome
(high/low  achievers).  AUC  ≥0.9  is  considered  outstanding
discrimination,  0.8-0.9  is  considered  excellent,  0.7-0.8  is
acceptable, 0.5-0.7 poor, and 0.5 suggests no discrimination.19

Area under the curve (AUC) between the ROC curves of each
exam modality were compared using ROC analysis in statistical
package for social sciences (SPSS version 26).

RESULTS

In the first module exam conducted on-campus, SAQs had the
highest  and  reasonably  good  (0.38)  discrimination  index
compared  with  MCQs  and  viva,  which  had  marginally  good
discrimination indexes of 0.27 and 0.23, respectively.
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Figure 1: ROC curve of capacity of MCQs, SAQs and Viva to predict achievement level.
*Represents statistically significant difference of AUC from viva-voce. AUC = area under curve, MCQs = Multiple-choice questions, SAQs = Short answer
questions

In the second module exam, conducted online, viva was a
much better discriminating item (0.47) as compared to the
SAQs (0.24) and MCQs (0.20) that were marginal. The third
module,  also  conducted online,  had viva  as  an excellent
discriminating part  (0.49) of  the exam in contrast  to the
MCQs (0.19) and SAQs (0.18) that showed poor discrimina-
tion power (Table I).

Table I: Discrimination index for MCQs, SAQs and viva for module
exams.

Exam MCQs SAQs Viva
Module 1 0.27 0.38 0.23
Module 2+ 0.20 0.24 0.47
Module 3+ 0.19 0.18 0.49
MCQs = Multiple-choice questions, SAQs = Short answer questions.
+Represents the exam conducted online.

Table  II:  Area  under  curve  (AUC)  with  95%  confidence  interval  for
MCQs, SAQs and viva for three module exams.

 MCQs SAQs Viva

Module 1 0.86
(0.78 - 0.94)

0.93
(0.86 - 0.99)

0.86
(0.77 - 0.94)

Module 2+ 0.73
(0.61 - 0.84)

0.86
(0.77 - 0.94)

0.93
(0.87 - 0.98)

Module 3+ 0.81
(0.71 - 0.91)

0.71
(0.59 - 0.83)

0.96
(0.91 - 1.00)

MCQs = Multiple-choice questions, SAQs = Short answer questions.
+Represents the exam conducted online.

Analysis of the area under the ROC curve showed that SAQs
demonstrated outstanding discrimination between the high
and low achievers in the first module exam with an AUC of
0.93. MCQs and viva also had excellent discrimination, and
there  were  no  statistically  significant  differences  between
the AUC of all three. In the second module exam, conducted
online,  the  exam’s  viva  component  showed  excellent
discriminating ability, with AUC significantly higher than that
of MCQs only (p = 0.003). The third module had viva with an
AUC of 0.96, which was higher than the AUC of both MCQs

(p = 0.007) and SAQs (p <0.001). AUC of MCQ was not
different from that of SAQs (p=0.1, Table II, Figure 1).

DISCUSSION

This study aimed to compare the discrimination indices of
each of the three exam components (MCQs, SAQs, and viva-
voce) in on-campus and online examinations.

In  the  first  module  exam,  conducted  on-campus,  the  short
answer  questions  (SAQs)  had  the  highest  discrimination
index and AUC compared to the other components. AUC of
MCQs and viva  was  less  but  not  significantly  different.  This
showed a relative superiority of SAQs in their ability to differ-
entiate between the high and low scorers in the on-campus
examination. These results were consistent with Dhakal et
al.,14 who found SAQs to have better discriminating ability
than the MCQs in the second year MBBS anatomy exams.
Similar results were found by Thomas et al.,20  who found
very short answer and questions (VSAQs) superior to multi-
ple-choice  questions  (MCQs)  after  comparing  test  perfor-
mance, difficulty and discrimination indices, and feedback by
students  and  lecturers.  Short  answer  questions’  better
discriminating ability can be explained by the fact that the
SAQs employ directly asked questions that require students
to  reply  briefly  and  directly  with  a  little  to  no  scope  of
guessing  or  test-wiseness.

Interestingly,  this  interplay  was  different  for  the  exams
conducted online. In both second and third module exams
(conducted online), viva-voce had a much higher discrimina-
tion  index  and  significantly  higher  AUC  than  the  theory
components, more so in the latter than the former exam.
The more inferior discriminating ability of MCQs and SAQs
can be attributed to several factors. In general, students are
more  comfortable  and  prefer  online  examinations  as
compared  to  paper  exams.6  They  offer  lower  levels  of
during-test anxiety as compared to the traditional exams.21

Last but not the least, there is an increased opportunity for
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cheating during the remote exam. According to one survey,
73.6% of the students believe it is easier to cheat online
than traditional exams.22

To quote Sullivan, “cheating, besides a ‘crisis on-campus’ and
the  ‘most  commonly  reported  challenge  in  online  assess-
ment’ is ‘reaching virtually pandemic proportions’, and the
expanding scale and scope of online education complicate
circumstances.”23  The  lack  of  specialised  software,  while
conducting the exam, provided students with a window of
opportunity to access help online; also, invigilation through
webcam provided a limited field of view to exclude the pres-
ence of any helping material. In the authors’ opinion, this was
one of the principal factors in minimising the discriminating
ability  of  the  theory  component  of  the  examination,  as
discussed in one of their earlier works.24

On the other hand, the conditions of one-on-one viva-voce
were very similar to that of in-person, live interaction giving
little to no opportunity to get outside help. Even in on-campus
examinations,  the viva-voce  is  as  effective or  even better  in
evaluating students’ understanding and application of knowl-
edge than theory exams.13,25  The factors mentioned above
help explain why viva-voce became the chief factor in discrim-
inating between the high and low scoring students in online
examinations.

This study had a few limitations. It was a single-centre study,
reporting results of only the Anatomy Department during one
academic year. The study design was a naturalistic inquiry
rather than a pre-designed cohort. These limitations must be
kept  in  mind  while  interpreting  and  generalising  these
findings. Despite the limitations, this study is unique and perti-
nent in highlighting that viva-voce can serve a better discrimi-
nating component of online exams than on-campus exams in
given  resources.  Thus,  analysing  and  quantifying,  online
exams’  standards  can  help  policymakers  invest  their
resources  in  deficient  areas.

CONCLUSION

Viva-voce  had  a  significantly  higher  discriminating  index
than multiple-choice questions and short answer questions
in online exams. On-campus, SAQs had the highest discrimi-
natory  index.  Using  this  statistical  approach,  the  effective-
ness  of  different  components  of  the  online  exam  can  be
monitored to improve the quality of online exams amidst the
COVID-19 crisis.
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