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Abstract

Background
COVID-19 pandemic brought on new challenges to medical education with regards to the transition to
online education and examination methods. The purpose of this study was to understand the issues
encountered during the implementation of a remote online system of examination and the student
satisfaction, in undergraduate settings of a low-income country.

Methodology:
Our study includes data from a diverse population of �ve undergraduate classes of medicine and four
classes from dentistry of a private medical school. A Remote Online Assessment (ROA) system was
designed using free software to transform the traditional in-person high-stakes examination into an online
equivalent. The �rst phase consisted of three principal activities with appropriate student training leading
to a summative online exam at the end of it. Each activity was coupled with student feedback the detailed
analysis of which guided the implementation process.

Results
More than 800 students took part in the implementation process of ROA. Feedback at all three intervals
showed a signi�cantly higher level of satisfaction in the clinical year students than in the preclinical. The
overall satisfaction rate was lower among female students. The highest level of satisfaction was achieved
after online one-on-one training of students in smaller groups with mini-mock exams. The most commonly
identi�ed obstacles were the insu�cient time for exam completion (n = 614) and internet speed and
connectivity issue (n = 470). While the majority of the students regarded this novel ROA not better than the
traditional in-person examination, they acknowledged its signi�cance in helping them continue their
studies and prepare for their mid-term summative exam syllabus.

Conclusions
Unfamiliarity with online learning systems could impede the implementation of ROA in low-income
countries. Conducting multiple online mock activities coupled with training in short groups with more
focus on females and preclinical students can lead to satisfaction regarding such an online examination
system.

Introduction
Coronavirus disease 2019 (COVID-19) pandemic impacted various vocations including the �eld of medical
education.(1) The CDC guidelines emphasized social distancing as primary prevention that hindered the
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standard operations of teaching in undergraduate medical education (UME) leading to discontinuation of
in-person classes and bedside clinical teaching.(2) This guided in developing remote learning systems
through the virtual classroom and video conferencing tools.

The quick adaptation to modern online strategies assisted in building unconventional ways to restore the
teaching and learning process in UME. However, the transition of summative assessments from traditional
in-person and paper-based exams to virtual remote online assessments constituted another formidable
challenge for medical educators, especially in the low-income developing countries with limited resources.
(3) Meanwhile, this pandemic also provided an opportunity for the stakeholders in medical education to
revisit the assessment and evaluation strategies and exploration of new avenues di�cult to search for
otherwise.(4) The medical educators in our settings were facing a similar challenge when it became
imperative to transform the summative assessments into remote online format Table 1. These high-
stakes, end-of-academic-year assessments are mandatory for promoting students to the next level of their
UME after ensuring that the learner has su�ciently acquired the learning outcomes of their academic
curriculum.

Nevertheless, developing countries have a myriad of issues and impediments in the way of successful
implementation of a ‘never experienced before’ online teaching, learning and assessment system. Studies
from several parts of the world have described different assessment strategies which were adopted in the
COVID-19 lockdown as well as modi�cations of old assessment methods to align with the pandemic.(5)

These studies give an insight into the different modes of assessment in UME which are a makeshift
solution to the unforeseen pandemic. However, to the best of our knowledge, none of the studies in the
literature has discussed the implementation process of such a novel remote online examination system in
the developing world’s UME settings. More importantly, feedback from the students on such novel
interventions and their satisfaction with the newly implemented online assessment system is imperative
to make improvements and to facilitate the students who are the actual stakeholders.(6),(7)

The present study describes the implementation process of the remote online assessment (ROA) program
which was designed to restore curricular evaluations and assessments during the COVID-19 pandemic in
our medical school. The objective was to develop a standardized, valid and reliable system of ROA and
curricular evaluation which was cost-e�cient, user-friendly while also retaining the essentials of
traditional in-person assessments at the same time.(8) The whole implementation process accompanied
student feedback and was guided by the student satisfaction level at each stage of implementation. We
studied factors that correlated with the student’s satisfaction with this unconventional ROA program in
UME of a developing country.
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Table 1
Operational De�nitions

Assessment or
examination

An evaluation of the learning from an outlined syllabus on written, verbal and
practical formats

Summative or
high-stakes

Assessments that have a weight in the �nal grading and promoting system e.g.
term examinations, end-of-year �nal examinations

Formative Assessments which are carried throughout the year to promote learning e.g.
informal class tests

Mock exam Practice or model examination simulating real exam situation and pattern

Mini-mock exam Practice exams comprising of items less than the actual exam

Remote Physically away or at a distant location

Online Utilizing a computer or internet

e-Proctoring Virtual monitoring and invigilation of the examinees

Methodology

Data Source & Participants
This observational study includes data from the �rst phase of the implementation process of a new
remote online assessment (ROA) program at FMH College of Medicine and Dentistry, Lahore, Pakistan.
The implementation process took place from June to August 2020 and included three principal activities
including two mock examinations followed by a summative mid-term exam. All students from the
Bachelor of medicine (MBBS) and bachelor of dentistry (BDS) programs who participated in the
implementation process were included in the study. Students absent from any of the three principal
activities of the implementation process were excluded. Informed consent through online forms was
sought from the participants of this study and the ethical approval was granted by the institutional review
board (FMH-03-2021-IRB-876-M). This study was carried out in accordance with the Declaration of
Helsinki.

Remote Online Assessment Program
The Remote Online Assessment (ROA) program was designed to transform the traditional in-person high-
stakes examinations into a completely online examination system that can be administered to the
students remotely in their homes. The Medical Education department, Health Informatics and the
Evaluation and Assessment Unit collaborated to shift the learning and assessment of undergraduate
medical and dental students online after the COVID19 lockdown was imposed. As a result of it, a learning
management system (LMS) was created using open-source software and a cloud database was formed.
This LMS along with a video conferencing tool provided adequate restitution of all teaching and learning
activities online. Later on, this LMS was also utilized to conduct the high-stakes curricular assessments.
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The ROA program utilized a format comprising of three tools:

1. An LMS i.e. a web-based platform to administer the examination
2. A secure web browsing software to lock the examinee’s display screens at the examination interface
3. A videoconferencing software for real-time e-proctoring or invigilation of the examinee

The Implementation Process
The ROA format was piloted on a group of faculty members and students who were assigned to identify
potential problems and limitations. A unanimous proposition made was to exclude the third component of
the format i.e., thee-proctoring from the �rst phase of implementation at it was deemed complicated for
the students. Also, there was a lack of proper equipment and internet bandwidth to handle the video
streaming for invigilation. Therefore, to ensure student compliance and cooperation without
overburdening them in times of a crisis and to stir up their con�dence in the online examination system,
the ROA format was implemented in two phases. The �rst phase focused on getting the students
accustomed to the online format of examination without the e-proctoring which was planned to be
introduced in the second phase of implementation. The �rst phase of implementation involved preparing
the students through two principal mock examination activities before subjecting them to the third
principal activity which was the summative mid-term examination.

The class representatives from each academic year of medical and dental courses were selected for one-
on-one training by the experts from Health Informatics and Medical Education department. This was the
�rst in-person student training which was possible with only a few students as the COVID-related public
health guidelines did not allow larger gatherings. These master trainers were then assigned the task to
train their colleagues via video conferencing. To aid the understanding of the format, a video tutorial and a
student guidebook were shared with the students.

The �rst mock exam was conducted with all students attempting the exam at the same time of the same
day and consisted of 30 multiple-choice questions (MCQs) and �ve short essay questions (SEQs) from
one subject of the relevant courses. The student feedback (1st Student Feedback) after the �rst mock
exam necessitated more student training followed by a second mock examination. The second mock
exam was individualized for each separate class at a time. Students from each class were given an
exclusive live remote online training session by the medical educationists followed by a mock exam
consisting of the same number of items as the �rst mock exam. Following the second mock exam, the
students of each particular class were invited to a live video conference session to discuss issues faced
by them. Comprehensive feedback (2nd Student Feedback) was also taken afterward and all issues faced
by the students were addressed and resolved by the experts from the health informatics department at the
spot. The mock exams were then left open for unlimited time and attempts, to allow students to
familiarize themselves with the program before the mid-term examination.

After the mid-term summative examination, the �nal student feedback (3rd Student Feedback) was also
taken to devise future quality improvement measures Fig. 1.
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Data Collection
Feedback data were collected after all the three principal activities of the �rst phase of the implementation
process to improve the ROA program through necessary revisions and to make the format more user-
friendly. These online feedback survey forms were administered after each mock exam activity and the
�nal mid-term summative examination. After the mid-term summative examination, the students were
also administered a special online survey form to ascertain the educational impact and usefulness (EIU)
of this novel ROA program. This questionnaire was devised by the authors and face-validated by the
experts in medical education.

Study Outcomes
The primary study outcomes comprised of subjective and objective categories. The objective measure
was the number of total students who were able to complete their remote online assessment without
interruption. Students’ satisfaction with this new form of ROA was the subjective outcome measure.

The secondary outcome measure was the educational impact of this ROA program implementation on the
academic progress of the students during the COVID-19 lockdown.

Statistical Analysis
The data were entered into Microsoft Excel and IBM SPSS v.22 for analysis. Descriptive statistics were
reported as percentages. Ordinal variables were examined for the normality of distribution, and the
skewness along with kurtosis was checked. The ordinal variables were treated as non-normally distributed
data. Kruskal Wallis-H test was used for comparative analysis and mean ranks were generated for the
ordinal data. Multivariate regression models were built for the identi�cation of factors contributing to the
student’s satisfaction and the adjusted odds ratios (aOR) were calculated. For achieving an optimal
calibration and sensitivity of the regression model, �ve-point Likert scale was recategorized to a three-
point scale where ‘strongly satis�ed’ and ‘satis�ed’ were pooled in a single group i.e. combined satis�ed
group and similarly, ‘extremely dissatis�ed’ and ‘dissatis�ed’ were grouped into ‘combined dissatis�ed
group’ leaving the ‘neutral’ as it is. A p-value of < 0.05 was considered statistically signi�cant for the study
analysis.

Results
A total of nine classes; �ve from the school of medicine (1st to �nal year MBBS) and four from the school
of dentistry (from 1st to �nal BDS) participated in the ROA implementation process. The faculty members
from 33 departments participated in the student training activity to prepare them for the summative mid-
term assessment. The overall satisfaction level was highest after the second mock examination and
training session activity Table 2. At all the three principal activities, the preclinical students had
signi�cantly lower satisfaction rates with this new form of ROA than the clinical students i.e., the mean
ranks for satisfaction level were higher among the clinical students after the �rst and second mock and
the mid-term assessment, p < 0.001, p = 0.005 and p < 0.001, respectively.
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Table 2
Comparison of Overall Satisfaction of Clinical & Preclinical Students with the Remote Online Assessment

System at various Intervals of the Implementation Process
Feedback
Interval

Satisfaction Means
Ranks

p
valuea

Extremely
dissatis�ed

n (%)

Not
Satis�ed

n (%)

Neutral

n (%)

Satis�ed

n (%)

Very
Satis�ed

n (%)

Total

n (%)

Feedback-
1

              < 
0.001*

Preclinical 88 (27.4) 91
(28.3)

115
(35.8)

25 (7.8) 2 (0.6) 321
(38.6)

372.81

Clinical 70 (13.7) 202
(39.6)

108
(21.2)

109
(21.4)

21 (4.1) 510
(61.3)

443.18

Total 158 (19.0) 293
(35.3)

223
(26.8)

134
(16.1)

23 (2.8) 831
(100)

 

Feedback-
2

              0.005*

Preclinical 8 (2.5) 13 (1.4) 119
(37.8)

151
(47.9)

24 (7.6) 315
(36.0)

409.00

Clinical 7 (1.3) 17 (3.0) 171
(30.5)

312
(55.7)

53 (9.5) 560
(64.0)

454.31

Total 15 (1.7) 30 (3.4) 290
(33.1)

463
(52.9)

77 (8.8) 875
(100)

 

Feedback-
3

              < 
0.001*

Preclinical 12 (3.8) 157
(50.0)

52
(16.6)

79
(25.2)

14 (4.5) 314
(37.9)

380.13

Clinical 10 (1.9) 220
(42.8)

54
(10.5)

177
(34.4)

53
(10.3)

21
(4.1)

435.50

Total 22 (2.7) 377
(45.5)

106
(12.8)

256
(30.9)

67 (8.1) 828
(100)

 

a p-value generated using Kruskal-Wallis H test

First Mock Assessment
Out of a total of 864 students, 831 successfully attempted the exam. Thirty-three students were unable to
attempt the exam due to incompatible devices. Several problems were identi�ed following the �rst mock
assessment with most students �nding time allotted for the exam insu�cient, 614 (73.9%) and facing
internet speed and connectivity issues, 470 (57%). The solutions of all the identi�ed issues were devised
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later on before moving to the second mock assessment Table 3. The overall satisfaction rate with this
new form of ROA was extremely low after the �rst mock assessment with only 156 (18.9%) students
opting for ‘satis�ed’ and ‘very satis�ed’, combined. Students from the preclinical years were more likely to
fall into the combined dissatis�ed group, (aOR: 3.00, 95%CI: 1.88–4.81). Similarly, students who did not
�nd the exam format& interface user-friendly (aOR: 3.21, 95%CI: 2.17–4.75), the allotted time su�cient
(aOR: 1.91, 95%CI: 1.25–2.90), and those who did not face an internet speed or connectivity issue (aOR:
1.90, 95%CI: 1.26–2.87) were more likely to be in the combined ‘dissatis�ed’ category Table 4.

Table 3
Problems Identi�ed along with the solutions devised during the First Mock Remote Online Examination
Problem(s) indenti�ed* Solution(s) devised

Incompatible devices or software;
Students unable to attempt exam
(n = 33)

All students urged to use personal computers or laptops &
facilitate them with compatible software

Internet connectivity or speed
issues (n = 470)

Students to arrange a standby internet source e.g. cell phone’s
mobile data (4G) & enable students to switch network
connections during the exam

Power/Electricity loss (load
shedding phenomena that is
common in developing countries);
Students facing interruption (n = 
197)

Split exam into smaller components with break-time in between.
Won’t affect overall exam and will allow student to make
arrangements for next exam component

Complexity of exam interface;
Students �nding interface less
user-friendly (n = 301)

Make relevant changes in the exam interface to make it more
user-friendly

Total time allotted for exam
completion; Students �nding time
insu�cient (n = 614)

Give an extra time period window to access the software and log
in; also to account for minor delays in navigating exam
questions

Access and attempt; Students
�nding it di�cult to access and
attempt the exam through laid
procedure (n = 258)

Conduct separate live online training sessions smaller groups
and administer mini-mock exams with troubleshooting sessions
afterwards; address students’ problems & queries at the spot

Grievance redressal for those
students who will face genuine
issues leading to exam disruption
or rendering their exam
incomplete

Formulate mechanism to address such grievances and make an
alternate mode of retaking the exam e.g. online viva voce or
written on-campus in-person exam. Allow students to retake
exam in only those components which were affected

* Based on analysis of feedback and exam data gathered after 1st mock exam

N = 864, Attempted Exam = 831
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Table 4
Multinomial regression analysis of Feedback 1 i.e. after the �rst mock exam†

Independent (Predictor) variables Outcome variable (Students’ satisfaction)a

Not Satis�edb Neutralb

OR (95% CI) p
value

OR (95% CI) p
value

Gender        

Female (n = 576) 1.17 (0.78–
1.75)

0.456 2.01 (1.24–
3.29)

0.005*

Male (n = 255) Ref   Ref  

Professional Year        

Preclinical (n = 321) 3.00 (1.88–
4.81)

0.000* 4.84 (2.90–
8.08)

0.000*

Clinical (n = 510) Ref   Ref  

Did you �nd the Exam format a user-friendly?        

No (n = 530) 3.21 (2.17–
4.75)

0.000* 4.24 (2.67–
6.73)

0.000*

Yes (n = 301) Ref   Ref  

Do you �nd the allotted time for Exam
su�cient?

       

No (n = 614) 1.91 (1.25–
2.90)

0.003* 1.32 (0.81–
2.13)

0.264

Yes (n = 217) Ref      

Did you face an Internet speed or connectivity
issue?

       

No (n = 361) 1.90 (1.26–
2.87)

0.002* 3.03 (1.90–
4.82)

0.000*

Goodness-of-�t test of overall model (Likelihood ratio): Chi-square x2 = 142.88, df = 10, p value = 0.000.
Pseudo-R-Square = 0.183

Ref: Refers to categories taken as reference in the Multinominal Logistic Regression analysis

OR (95% CI): Odds ratio (95% Con�dence Interval), calculated from exponentiation of the coe�cients
(B)

† Sample size = 831 students

a Reference category is ‘Satis�ed’
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Independent (Predictor) variables Outcome variable (Students’ satisfaction)a

Not Satis�edb Neutralb

OR (95% CI) p
value

OR (95% CI) p
value

Yes (n = 470) Ref   Ref  

Goodness-of-�t test of overall model (Likelihood ratio): Chi-square x2 = 142.88, df = 10, p value = 0.000.
Pseudo-R-Square = 0.183

Ref: Refers to categories taken as reference in the Multinominal Logistic Regression analysis

OR (95% CI): Odds ratio (95% Con�dence Interval), calculated from exponentiation of the coe�cients
(B)

† Sample size = 831 students

a Reference category is ‘Satis�ed’

b Categories are merged for the ease of analysis and interpretation. The combined group ‘Not Satis�ed’ is
equal to ‘Extremely dissatis�ed’ plus ‘Not satis�ed’ (Likert item values 1 and 2 respectively). Combined
group ‘Satis�ed’ is equal to ‘Satis�ed’ plus ‘Very Satis�ed’ (Likert item values 4 and 5 respectively).

* p value is considered statistically signi�cant at less than 0.05

Second Mock Assessment
A total of 875 students attempted the second individualized mock assessment/training session. All
students completed the mock exam. After the completion of the second mock activity, the overall student
satisfaction with this new form of ROA improved with the majority of the students, 540 (61.7%) opting for
‘satis�ed’ and ‘very satis�ed’ Table 2. Students from the preclinical years (aOR: 0.69, 95%CI: 0.52–0.92),
those who did not �nd the exam easy to access (aOR: 0.07, 95%CI: 0.04–0.14), those who did not have a
standby alternate source of the internet (aOR: 0.20, 95%CI: 0.11–0.38) were less likely to be in the
combined ‘satis�ed’ and ‘very satis�ed’ category Table 5.
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Table 5
Ordinal Logistic Regression analysis of Feedback set 2 i.e. after the second mock exam†

Independent (Predictor) variables Outcome variable (Students’
satisfaction)a

OR (95% CI) p value

Gender    

Female (n = 590) 0.90 (0.67–1.22) 0.491

Male (n = 285) Ref  

Professional Year    

Preclinical (n = 315) 0.69 (0.52–0.92) 0.011*

Clinical (n = 560) Ref  

Did you �nd it easy to access the Exam?    

No (n = 38) 0.07 (0.04–0.14) 0.000*

Yes (n = 837) Ref  

Did you have a standby alternate source of internet?    

No (n = 44) 0.20 (0.11–0.38) 0.000*

Yes (n = 831) Ref  

Was your alternate source of internet the mobile phone
data?

   

No (n = 536) 1.16 (0.88–1.55) 0.297

Yes (n = 339) Ref  

Goodness-of-�t test of overall model (Likelihood ratio): Chi-square x2 = 150.60, df = 5, p value = 0.000

Pseudo-R-Square = 0.128

Ref: Refers to categories taken as reference in the Ordinal Logistic Regression analysis

OR (95% CI): Odds ratio (95% Con�dence Interval), calculated from exponentiation of the coe�cients
(B)

† Sample size = 875 students

a Reference category is ‘Satis�ed’

b Categories are merged for the ease of analysis and interpretation. The combined group ‘Not Satis�ed’ is
equal to ‘Extremely dissatis�ed’ plus ‘Not satis�ed’ (Likert item values 1 and 2 respectively). Combined
group ‘Satis�ed’ is equal to ‘Satis�ed’ plus ‘Very Satis�ed’ (Likert item values 4 and 5 respectively).
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* p value is considered statistically signi�cant at less than 0.05

Summative Mid-Term Assessment
A total of 828 students attempted the mid-term assessment and the same number of students responded
to the feedback sought after this summative activity. The overall satisfaction rate fell with only 323 (39%)
of students opting for the combined ‘satis�ed’ and ‘very satis�ed’ category Table 2. Female students (aOR:
1.50, 95%CI: 1.09–2.05), students from the preclinical years (aOR: 1.68, 95%CI: 1.21–2.32) and those who
did not �nd the mock exams and training sessions helpful (aOR: 5.67, 95%CI: 2.18–14.76), were more
likely to fall into the ‘combined dissatis�ed’ category Table 6. Grades scored in the mid-term summative
assessments had no signi�cant correlation with the satisfaction level.
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Table 6
Multinomial regression analysis of Feedback 3 i.e. after the mid-term exam†

Independent (Predictor) variables Outcome variable (Students’ satisfaction)a

Not Satis�edb Neutralb

OR (95%
CI)

p
value

OR (95%
CI)

p
value

Gender        

Female (n = 556) 1.50
(1.09–
2.05)

0.012* 2.20
(1.31–
3.70)

0.003*

Male (n = 272) Ref   Ref  

Professional Year        

Preclinical (n = 314) 1.68
(1.21–
2.32)

0.002* 1.85
(1.15–
2.99)

0.011*

Clinical (n = 514) Ref   Ref  

Do you �nd the Mock Exams and Training Sessions
helpful in attempting this formal exam?

       

No (n = 62) 5.67
(2.18–
14.76)

0.000* 13.81
(4.97–
38.39)

0.000*

Yes (n = 766) Ref   Ref  

Grades scored in the Mid-Term exams        

  1.49
(0.47–
4.70)

0.499 0.64
(0.12–
3.39)

0.597

Goodness-of-�t test of overall model (Likelihood ratio): Chi-square x2 = 67.015, df = 8, p value = 0.000

Pseudo R square = 0.090

Ref: Refers to categories taken as reference in the Multinominal Logistic Regression analysis

OR (95% CI): Odds ratio (95% Con�dence Interval), calculated from exponentiation of the coe�cients
(B)

† Sample size = 828 students

a Reference category is ‘Satis�ed’

b Categories are merged for the ease of analysis and interpretation. The combined group ‘Not Satis�ed’ is
equal to ‘Extremely dissatis�ed’ plus ‘Not satis�ed’ (Likert item values 1 and 2 respectively). Combined
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group ‘Satis�ed’ is equal to ‘Satis�ed’ plus ‘Very Satis�ed’ (Likert item values 4 and 5 respectively).

* p value is considered statistically signi�cant at less than 0.05

Educational Impact & Usefulness (EIU)
A total of 828 students responded to the educational impact and usefulness (EIU) questionnaire after the
completion of summative mid-term ROA. The majority of the students, 367 (44.3%) disagreed with the fact
that this new remote online version of assessments was better than the traditional in-person, face-to-face
examinations. Moreover, a higher number of the students agreed to the statements ‘I prepared the syllabus
for the mid-term exam very well’, ‘It is a reliable way to formulate the GPA based on this ROA’ and ‘This
ROA motivated me very much to study for the mid-term exams’. However, a smaller number of students
agreed to the statements asking whether this ROA program is suitable for conducting the �nal end-of-year
professional exams and whether this ROA is appropriate to assess the capability to pass the �nal end-of-
year professional exams Fig. 2.

Discussion
COVID19 pandemic challenged undergraduate medical education where all in-person teaching and
learning activities were disrupted. The healthcare systems were overwhelmed and faced shortages of
frontline workers including doctors and nurses. It became imperative to continue the UME courses to
ensure the timely graduation of the medical students. Given that, we went through a well-organized and
comprehensive implementation process of the ROA program which aimed at transforming all in-person
summative curricular assessments into remote web-based assessments during the lockdown. Our
�ndings and �rst-of-its-kind experience in a developing country’s UME system gives a larger perspective
into the feasibility of making such a transition from in-person learning to remote online; a system on
which the future of medical education heavily relies.(9)

The overall satisfaction with the ROAs was lower among the preclinical students as compared to the
clinical students. This was an important �nding that led us to focus more on the preclinical students who
are in the initial phase of their medical studies. Additional teachers from the faculty and experts from the
IT department were allocated to the preclinical year classes for time to time troubleshooting and guidance.
(10) After the �rst mock assessment, several technical aspects and problems were identi�ed that were
causing the students to experience unsuccessful attempts at the exam, problems completing them or
interruptions during the remote online exams.

Incompatible devices, power outages due to load shedding, poor internet speed and connectivity were the
major problems that were identi�ed. One of the major problems is the lack of uninterrupted power supply
and adequate internet connectivity which are the backbone of any online educational activity or
assessment.(11) These problems are common and prevalent in the developing world with limited
resources.(12)(13) Lack of an alternate source of the internet was identi�ed as a major impediment to
smooth exam completion and resulted in frequent interruptions encountered by the students. Our
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regression analysis after the �rst feedback also showed that students’ dissatisfaction with ROA was
signi�cantly associated with the complexity of the exam interface as the students found it di�cult to
access and attempt their assessments online. Similarly, dissatis�ed students found the allocated exam
time insu�cient which was mainly because they were given SEQ type questions requiring typing in of
answers through keyboards and pads which they never practiced before.

The IT experts made relevant changes in the exam interface following the preferences shared by the
students (like adding a Wi� button that allowed them to change their internet connection during the
exam). Also, we split an entire exam into three short components, each of which can be attempted and
submitted separately. This allowed the students to take small breaks in between and safely submit their
exam components once they were complete. This prevented the whole exam to be jeopardized due to any
interruption like a power outage or internet breakdown. This also led us to formulate a student-friendly and
lean redressal policy for those who experienced technical issues and interruptions during their exams.
Such students were allowed to re-take a new exam later on but only in that component that was affected
during their primary exam. Also, a few minutes were added to the total allocated time to account for the
time consumed in logging in and accessing the exam.

The second training activity comprised an online tutorial session to demonstrate the process of
attempting and submitting the exam by teachers and IT experts. These sessions were conducted with a
smaller group of students and were followed by a mini-mock exam. The students were then asked to
share their concerns and issues which were dealt with and resolved at the spot. This led to the highest
satisfaction afterward as all the problems that were previously faced by the students were recti�ed. Our
�ndings also suggest that having an alternate source of internet other than the 3G or 4G mobile data
leads to higher satisfaction among the students with online assessments.(14) These are important
considerations to make online assessments successful in developing countries.

After the �rst online summative mid-term exam, more than forty-�ve percent of the students showed
dissatisfaction which was higher than the second mock exam feedback. This indicates that the students
had concerns with taking summative assessments online which were to be counted in their �nal GPA
grading calculation. Further exploration into the 3rd feedback showed that the females and preclinical
students were more likely to be dissatis�ed which reiterates the �ndings of earlier feedback. Females in
our cultural settings are less computer-friendly and are inexperienced with the technology. This calls for
attention towards their training and guidance in computer technology.(15) The grades scored in the mid-
term exams were not associated with the satisfaction level which authenticates our �ndings as the scores
achieved in examinations can be a potential confounder to satisfaction with the exam system.(16) The
students, while responding to the educational impact and usefulness (EIU) questionnaire, did not agree
that these online assessments were better than traditional online exams, by large. However, the majority of
the students agreed to the fact that these ROAs are reliable to formulate their GPA and that this
assessment program motivated them to study for the exam and prepare their curriculum.(17)
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Collectively, these �ndings suggest that students are satis�ed with the ROAs as far as these are formative.
This also highlights the importance of designing formative assessments in such a way as to promote
learning throughout the year. Overall, this ROA program in our settings achieved its goal by a continuation
of the remote learning and assessment process through a combined effort of the technical staff, teaching
faculty and the students. This yielded productive outcomes for undergraduate medical education which
thrived remotely during the period of complete social isolation and lockdown. This implementation
process and the �ndings from our students’ feedback provide a fertile ground for designing and
conducting advanced remote online assessments in the future.

This study is limited by the availability of data from the �rst phase of implementation which tested a
remote online assessment system without live online proctoring and invigilation. Our second phase of
implementation included online proctoring using the examinee’s mobile phone camera, however, the data
regarding satisfaction with the ROA after incorporating the online proctoring was not available at the time
of this study. Also a broad horizon geographically and inclusion of multiple institutions can provide us
with even more substantial results that can help enhance the virtual learning and assessment systems.

Conclusion
Developing countries have indigenous issues that require a thorough consideration throughout the
planning and implementation phase of remote online assessments in the medical education system.
Preclinical and female students are more likely to be dissatis�ed with the online exam system thereby
requiring special attention and training. Institutions need to allocate more resources on live one-on-one
online training of the students in smaller groups followed by a series of mock examinations. A user-
friendly exam format and interface along with individualized troubleshooting sessions lead to higher
satisfaction among the students and better outcomes of remote online assessments.
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Figure 1

Outline of the First Phase of Implementation Process of Remote Online Assessment System
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Figure 2

100% Stacked Bar Chart showing the Educational Impact & Usefulness of Remote Online Assessment
Implementation during the COVID19 lockdown


