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Abstract
 Background: Amongst all other educational institutions, medical schools suffered
 the consequences of the COVID-19 pandemic. Medical education requires a
 great deal of interaction between instructors and students, and in the final years,
 patients as well.  In response to the pandemic, the College of Medicine and
Medical Sciences at the Arabian Gulf University has applied virtual teaching/
 learning since March 2020 as an alternative to face-to-face teaching. The
 college used Moodle and Zoom as online methods for education. The aim of
 the present study was to evaluate the effectiveness of virtual medical education
 by comparing students’ performance in final exams in face-to-face and virtual
settings.

 Methods: Following the college’s ethical approval, this longitudinal study was
 performed on 183 medical students. Those students experienced 2 different
 successive methods of teaching/learning; Unit V as face-to-face followed by
 Unit VI as virtual settings. Students’ performance in theoretical component of
the final exams for both units was analyzed and compared.

 Results: There was no significant difference in student performance between
 Units V and VI. Students’ performance in the physiology part was equally
 effective in both units, while the difficulty index of both exams was insignificantly
different.

 Conclusion: Our results demonstrate that students’ performance in final exams
 could serve as an objective parameter when comparing different educational
 settings. Our results also support the idea that, in certain aspects, virtual is
equal to face-to-face medical education strategies.

 Key words: COVID-19, Shift to online learning, Students’ academic performance
evaluation.
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Introduction
 In January 2020, the World Health Organization (WHO) announced worldwide the
 outbreak of COVID-19, which is a new strain of coronavirus.  Two months later, in March
 2020, the disease was declared as a pandemic (Liu et al., 2020). COVID-19 has thrown
 its immense impact on all areas of our life. The field of learning and teaching is of no
 exception. Schools and universities were compelled to adopt new ways of teaching,
 as students were unable to come to classes and share the space and place with other
 colleagues. Almost all educational institutions applied distant or virtual learning, i.e.,
 online learning as a substitute to face-to-face learning.

 In response to this unprecedented event, the government of the Kingdom of Bahrain
 imposed strict and draconian precautious measures to hinder the spread of the
 coronavirus disease. All educational institutions all over the Kingdom of Bahrain were put
 on suspension including the regional Arabian Gulf University-College of Medicine and
 Medical Sciences (AGU-CMMS). AGU is a regional university under the financial support
 of 6 Arabian Gulf countries, i.e., United Arab Emirates, Kingdom of Bahrain, State of
 Kuwait, Sultanate of Oman, State of Qatar, and Kingdom of Saudi Arabia. CMMS at AGU
 adopted the Problem Based Learning (PBL) method for its medical program (Bindayna
 & Deifalla, 2020; Hamdy et al., 2001). The AGU students are mainly from this region
 of the world. After the suspension of classroom teaching, AGU students went back to
 their countries in the hope of returning soon, but governments have issued stay-at-home
 directives, and it was decreed that students should resume their classes from home by
 e-learning or what is recently known as virtual or online learning. Hence, virtual classes
 for medical undergraduate students at AGU were commenced on 21st March 2020, as
almost all AGU students have no access to AGU campus or face-to-face learning.

 Virtual or online learning has made the process of communication between students and
 their lecturers easier and more convenient. For the last twenty years distance learning
 has played a significant role and created a severe competition among universities to
 expand their scope of teaching (Blouin et al., 2009; Bolliger & Erichsen, 2013; Buchanan
 et al., 2013; Chapman, 2010). To validate this adoption of online teaching/learning
methods, many comparative studies have been carried out to explore whether face-to-
 face or traditional teaching methods are more productive or whether online learning is
 better (Lockman & Schirmer, 2020; Pei & Wu, 2019). Results of the studies show that the
 students perform much better in online learning than in traditional learning.

 In medical education, studies have recently been carried out on the impact of COVID-
 19 on clinical practice (Felder et al., 2013; Tabatabai, 2020), and on how e-learning is a
 conducive way and an interactive method during the COVID-19 pandemic (Gaber et al.,
 2020). It is worth to mention that the shift to online learning for the pre-clinical curricula
 is a pre-COVID phenomenon, and medical students have already been engaged in
 their medical education while staying at home. Few studies have reported that a greater
 percentage of pre-clinical medical students relied on online learning instead of attending
 class, with the majority of students indicating that online lectures are just as effective
 as or more effective than live class lectures (Ikonne et al., 2018; Lovell & Plantegenest,
 2009). However, not many studies have evaluated the COVID- enforced abrupt shift to
online learning for medical students in their pre-clinical phase.

 As this experience of teaching is a novel method of teaching at AGU, and the shift to
 virtual online learning was quite abrupt during the pandemic, it was necessary to assess
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 and examine the outcome of the last six months of online learning at AGU. We determined
 through this study to evaluate the effectiveness of our enforced virtual teaching-learning
 strategies on our medical students’ performance in final exams at AGU-CMMS amid
COVID-19 pandemic, when compared to their performance in a conventional face-to-
face teaching-learning environment.

 Methods
 The Arabian Gulf University - College of Medicine and Medical Sciences (AGU-CMMS)
 has applied the virtual teaching since March 2020 as an alternative to face-to-face
 teaching. The university used Moodle and Zoom as an online way of teaching. It is worth
 mentioning that during the pandemic, our medical students were supplemented with
 recordings of the lectures for asynchronous learning as a supplement or alternative to
real-time attendance, since attendance was not mandatory.

 AGU-CMMS medical curriculum consists of three phases, phase I, as year one with
 basic and fundamental courses in science and English. Phase II, which consists of 9
 units: unit I, II and III are taught in year two, units IV, V and VI in year three, and units VII,
 VIII and IX are given in year four. Each unit contains several cases or disease-scenarios
that tackle a specific system, i.e., cardiovascular, respiratory, gastrointestinal, renal...
 etc. From the weekly cases, students can come up with learning needs or objectives that
 they are obliged to find the answers for and discuss them with their tutors.

In this study during the academic year 2019-2020, year 3 students took unit V as face-
 to-face learning. However, after the COVID-19 pandemic, the same group of students
 were forced to take their resources and lectures for Unit VI online, which provoked our
 team to carry out a study to compare the students’ performance under these two ways
 of learning.

 This is a longitudinal study that attempts to shed some light on the efficiency of AGU
 experience in online learning for year 3 students. The study is an evaluation of the
 outcome of online method of teaching as compared to face-to-face traditional learning.
 The group of students (192 students, 20-22 years old) experienced face-to face teaching
 from the end of December 2019 to mid-March 2020 studying gastrointestinal and renal
 concepts and cases (unit V). The same group of students after the outbreak of the
 pandemic were compelled to take unit VI, concepts and cases of hematology, in an
  online method of learning.

 For each student out of a cohort of 192 students, and for both Unit exams, the number
 of A-Type multiple choice questions (MCQs) that each student answered correctly was
 calculated, and then transformed to a percentage of the total number of questions. Data
 is expressed as mean ± SD. Kolmogorov-Smirnov test was used to test for normality of
data. Statistical tests were selected according to the normality of data.

Results
 Unit V (Gastrointestinal and Renal System) was delivered with face-to-face educational
 methods, while Unit VI (Hematopoietic and Immune System) was conducted remotely
 online due to the restrictions of the COVID-19 pandemic,

 For each student out of a cohort of 183 students, and for both Unit exams, the number
 of A-Type multiple choice questions (MCQs) that each student answered correctly was
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 calculated, and then transformed to a percentage of the total number of questions. Data
is expressed as mean ± SD.

 For both Units, the data on percentage of MCQs answered correctly (scores) for each
 student passed the normality test (Kolmogorov-Smirnov test), so parametric analysis
 was utilized. The score data ranged between 41.3 % to 95.8% for Unit V and 45.8% to
 95.8% for Unit VI. The mean MCQ score was 76.0 ±10.4% and 75.6 ± 10.9% for Units V
 and VI, respectively (Figure 1).  A paired t test revealed that the mean MCQ scores were
 not different between the two Units (t (182) = 0.66, P = 0.51). Additionally, Chi-square
 test of independence revealed no association between Unit and percentage of MCQs
answered correctly: X2 (1, 4) = 5.88, P = 0.21.

Figure 1. The number of students who answered a certain percentage of MCQs correctly for 
Units V and VI end-Unit exams. The exam for Unit V was paper based, and teaching was face-to-
face. For the same cohort of students, the exam during pandemic academic year (2019-2020) for 
Unit VI was online, and instruction was also through online distance methods. Chi-square test of 

independence: X2 (1, 4) = 5.88, P = 0.21.

The Physiology component in the end of Unit exam comprised of 21 MCQs in Unit V 
and 9 MCQs in Unit VI. One Physiology MCQ in Unit V had a negative discrimination 
index and was discarded from the analysis. The data of scores for correctly answered 
Physiology MCQs by each student failed the normality test in Unit V. The mean score 
was 64.9 ± 13.5 % (Range: 28.6 – 95.2 %) and 77.4 ± 18.4% (Range: 22.2 – 100.0 %) 
for Units V and VI, respectively. A Wilcoxon Matched-pairs Signed-Ranks Test showed 
that the median Unit VI score ranks were significantly higher than the median Unit V 
score ranks (P < 0.0001). Chi-square test of independence revealed a strong association 
between Unit and percentage of MCQs answered correctly: X2 (1, 4) = 85.45, P < 0.0001. 
This is obvious in Figure 2, which reveals that the number of students answering 85 – 
100 % of the Physiology MCQs correctly was high (n =79/183 or 43% of the total student 
cohort).
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Figure 2. The number of students who answered a certain percentage of Physiology MCQs 
correctly for Units V and VI end-Unit exams. Units V and VI had 21 and 9 Physiology MCQs 

respectively. Chi-square test of independence: X2 (1, 4) = 85.45, P < 0.0001.

 We examined other factors that may have culminated in such a result. We compared
 mean MCQ difficulty index for Physiology MCQs between the two Units. Difficulty index
 data passed the normality test for both Units. The mean difficulty index for Unit VI
 Physiology MCQs was 0.67 ± 0.24 (Range: 0.30 – 0.95) and 0.77 ± 0.14 (Range: 0.58
 – 0.97), however unpaired t test analysis revealed no significant difference between the
 means (t (27) = 1.09; P = 0.28). However, Figure 3 shows that for Unit V, there were
 7 MCQs (35%) with difficulty index well below the minimum value for Unit VI (value of
0.58).

Figure 3. Plot of Physiology MCQ difficulty index data in increasing order for both Units 
(V and VI).
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Discussion
 The rapid transition of COVID-19 into a worldwide pandemic has had serious
 consequences on the higher education institutions with special concerns for the medical
 schools. The necessity of commitment, discipline, and acquisition of clinical skills
 underline the challenging nature of medical professionalism.  The traditional face-to-face
 learning format have stood the test of time providing direct interaction with the instructor,
 commitment to participate, and attention in small group teaching (Ward et al., 2008). The
 responsibility of the medical schools to follow the advice of the local health authorities,
 as well as the accountability of the institutions to execute students’ assessment and
 graduation timely, have seriously impacted decisions to promptly adopt online medical
 education strategies.

 In the present study, the same cohort of the 3rd year medical students was followed up
 during units V (gastrointestinal and renal systems) and VI (hematopoietic and immune
 systems), with the earlier being delivered face-to-face before the COVID-19-induced
 shut down of university premises. This provided an almost optimal scenario to compare
 students’ achievement independent of the method of teaching. Our results demonstrated
 that student’s overall performance in both units was not statistically different implying no
 negative effect of shifting to online teaching strategies even within the same academic
 year. Our results were in agreement with previously published data which demonstrated
 that the effectiveness of e-learning in different medical education settings appeared to
 be as efficient as (Ruiz et al., 2006) or even superior to (George et al., 2014) traditional
 face-to-face learning approaches. In fact, few studies have reported that there is no
 apparent association between face-to-face attendance or online learning and academic
 outcomes in majority of pre-clinical medical courses (Doggrell, 2020; Franklin et al.,
2011), especially when online tools are prepared and delivered well.

 We focused then on the physiology component in both units for the interest of the
 physiology department. The overall students’ performance in the physiology questions
 followed the pattern seen in the whole exam; no significant difference was observed
 between both groups. No doubt that there was fear of the shift from face-to-face to on-line
 methods, specially that physiology typically deals with mechanisms and interpretations
 which need proper student-instructor interaction. Previous reports demonstrated the
 effectiveness of online-physiology teaching methods in mandatory physiology modules
 when compared to the traditional instructor-dependent methods (Felder et al., 2013).
 We notice substantial increase in the number of students answering 85-100% of the
 physiology questions correctly in unit VI when compared to the corresponding value in
 unit V. To eliminate the possibility of relative easiness of unit VI exam, we compared the
 difficulty indices of both physiology exam questions which were insignificantly different.
 We concluded that although there was no statistical difference in student’s performance
 in the physiology component between both units, yet student’s performance in unit VI
 tended to be superior to their performance in unit V, and this was not due to easiness of
 the unit VI exam.

Our results highlighted an objective parameter denoting the students’ performance in the 
final exam. Most published data comparing traditional to e-learning methods in medical 
education has focused primarily on students’ acceptance, motivation and satisfaction 
(Felder et al., 2013; Keis et al., 2017; Popovic et al., 2018). However, few reported on 
the effect of e-learning on the medical students’ performance in final exams. Our results 
not only support the idea that e-learning could be as effective as face-to-face medical 
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education in the preparation of the students for better performance in final exams, but 
it also proves that shifting from one method to another even within the same academic 
year is possible and has no drastic effect on students’ performance in final exams. A 
possible contributing factor to such findings is our medical students’ involvement in a 
PBL setting, in which they are accustomed to self-directed learning and ability to take 
more responsibility in their learning process (Malan et al., 2014). 

Strengths and limitations
 Strengths of the study include the evaluating of the same cohort of students in two units
 with different teaching methods but with the same instructor. The focus on students’
 performance in the final exam remains an important topic this study challenged.

 Limitation of the study include the unequal weight of the physiology component in both
 units, and therefore the unequal number of physiology questions in each final exam. As
 such, it would also be interesting to compare in a cross sectional design the performance
 of two cohorts of students on the same Unit or learning content: one cohort pre-COVID
 and undergoing face-to-face learning and another post-COVID cohort undergoing
 distant online learning. Another limitation is that we did not evaluate student satisfaction
 and perceptions on the effectiveness of the online strategies and tools we adopted for
teaching theoretical content of the physiology module.

Conclusion
 COVID-19 pandemic raised the necessity to incorporate technology into the medical
 education process. In fact, without virtual learning facilities, the drastic impact of the
 global crisis on medical education could have been greater. Our results demonstrated
 that students’ performance in final exams was not different in face-to-face and online
 environments. This indicates that our online delivery tools were effective for student
 learning and for their achievement of the intended learning outcomes for the theoretical
 content in physiology. Unquestionably, a blended system seems to be the inevitable
 future of medical education, with online teaching methods probably supplementing or
replacing face-to-face teaching of theoretical content, and traditional in-person teaching/
 learning for activities involving psychomotor skills, such as laboratory and Professional
skills components of the medical curriculum.
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 مدى تأثير جائحة كوفيد-19 على أداء الطلاب في نظام التعليم القائم على حل
المشكلات: دراسة مقارنة بين التعليم الافتراضي والتعليم وجهاً لوجه

المُـسـتخَـلصَ  
لقــد طبقــت كليــة الطــب والعلــوم الطبيــة بجامعــة الخليــج العربــي نظــام التعليــم الافتراضــي 
)عــن بعــد( منــذ مــارس 2020 كبديــل لنظــام التعليــم وجهــاً لوجــه. ولقــد إســتخدمت 
الجامعــة نظــام مــوودل وزووم كطريقــة التعليــم الإفتراضــي نظــراً لانتشــار لجائحــة 

كورونــا )كوفيــد - 19).  

تتنــاول هــذه الدراســة وخــال العــام الدراســي 2019-2020 طلبــة الســنة الثالثــة الذيــن قــد 
اتمــوا دراســتهم للوحــدة الدراســية الخامســة مــن المنهــج التعليمــي الطبــي لمقــرر ســنة ثالثــة 
ــم وجهــاَ لوجــه، ولكــن  بنظــام حضــور المحاضــرات بقاعــات الجامعــة الدراســية اي التعلي
وبعــد انتشــار وبــاء كوفيــد - 19 عالميــاً، وللحــد مــن انتشــار المــرض إحترازيــاً، فــإن نفــس 
الطلبــة قــد ألُزِمــوا لأخــذ الوحــدة العلميــة السادســة مــن مقــرر الســنة الثالثــة افتراضيــا وذلــك 
للحفــاظ علــى ســامة الطلبــة ومنــع انتشــار الوبــاء. وهــذا هــو الســبب الــذي أدى الــى القيــام 

بهــذه الدراســة المقارنــة لأداء الطلبــة باســتخدام هاتيــن الطريقتيــن التعليميتــن.

ــق  ــة بتطبي ــي أداء الطلب ــرق يذكــر ف ــاك أي ف ــم يكــن هن ــه ل ــج الدراســة أن ــد أظهــرت نتائ لق
أيٍ مــن طريقتــي التعليــم فــي كا الوحدتيــن )الخامســة والسادســة(. كمــا أن أداء الطلبــة فــي 
ــن نظامــي  ــارق بي ــم تظهــر أي ف ــم وظائــف الأعضــاء )الفســيولوجيا( ل ــة عل امتحــان جزئي

ــم وجهــاً لوجــه. ــم الافتراضــي والتعلي التعلي

ــي،  ــد، الأداء الطاب ــم عــن بع ــم الافتراضــي، التعلي ــد - 19، التعلي ــح الكلمــات: كوفي  مفاتي
ــم وجهــاً لوجــه. ــم علــى حــل المشــكات، التعلي ــم القائ التعلي

طارق أحمد الشيباني 1، يحيى محمد نجيب 2،1*، ريما لطفي عبد الرزاق 1 وفؤاد عبد الله علي 4،3
 1 قسم علم وظائف الأعضاء، كلية الطب والعلوم الطبية، جامعة الخليج العربي، المنامة، البحرين

 2 قسم علم وظائف الأعضاء الإكلينيكي بكلية الطب، جامعة المنوفية، المنوفية، مصر

 3 قسم طب الأطفال بكلية الطب والعلوم الطبية، جامعة الخليج العربي، المنامة، البحرين

4 رئيس وحدة الامتحانات بكلية الطب والعلوم الطبية، جامعة الخليج العربي، المنامة، البحرين
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