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Background: Coronavirus disease 2019 (COVID-19) has upended medical education, and medical students 
have had to take online courses and examinations during this pandemic. However, little is known about the 
impact of proctored online closed-book examinations (CBEs) on medical students’ exam performance and 
test anxiety during the COVID-19 pandemic and the contributing factors.
Methods: This prospective study was conducted among all 134 third-year undergraduate medical students 
from Shanghai Medical College of Fudan University between February 24 and July 10, 2020. Responses to a 
self-designed 12-item online questionnaire about the impact of online examinations were collected. The final 
exam scores for classroom examinations in 2019 were collected for comparison.
Results:	 A total of 120 (45 male and 75 female) students with a mean age of 21 years participated in 
the survey with a 100% response rate. The mean exam scores did not differ by school year, gender, degrees 
of anxiety and impact groups (P=0.931). Almost 97.5% of medical students experienced test anxiety during 
online CBEs. Female students (48.0%) were more vulnerable to a negative impact of online CBEs than male 
students (28.9%) and preferred (68.0%) closed-book classroom or open-book online examinations more than 
male students did (48.9%) (P=0.003 and P=0.019). The contributing factors included poor adaptation to 
online examinations (58.5%) and concerns about the unfairness of online examinations (41.5%).
Conclusions: Test anxiety was common in students who lacked experience with online CBEs. Although 
online CBEs did not impact final exam scores, special attention should be paid to female students who are 
not adapted to online examinations. Sufficient instruction about the exam platform, individual-needs-based 
simulation tests prior to formal exams, and assurance of fairness during the online examination are beneficial 
to alleviate the negative impact of online examinations on exam performance and test anxiety. Future studies 
are needed to confirm these findings.
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Introduction

Since coronavirus disease 2019 (COVID-19) was declared 
a pandemic by the World Health Organization (WHO) 
on March 11, 2020 (1), it has resulted in a huge challenge 
to education systems, leading to worldwide cancellation of 
lectures, placements, and exams and the closure of medical 
schools (2).

Tests are used as an essential and effective assessment 
tool to promote the retention of knowledge. In the midst 
of the COVID-19 crisis, end-of-term examinations are 
challenging when medical students are sent home. It is 
inappropriate to cancel or suspend end-of-year examinations 
since this may cause millions of students to feel left in the 
lurch (3) or even worsen their mental health.

Although alternative methods of assessment via open-
book examination (OBE) are emerging, the validity and 
fairness of remote-access OBE is concerning for final-
year examinations during the pandemic (4,5). At Shanghai 
Medical College of Fudan University, the third-year 
medical students’ pediatric final examination went ahead as 
planned and was completed as a closed-book examination 
(CBE) as usual but from home via an online platform.

Little is known about the impact of end-of-term online 
CBEs on medical students’ exam performance, test anxiety and 
possible contributing factors during the COVID-19 pandemic. 
Evidence-based experience of online CBEs is helpful to medical 
teachers to optimize the setup of online CBEs during this 
pandemic. We conducted this study with the aims of bridging 
this gap, identifying underlying factors that contribute to the 
impact, and providing evidence to help alleviate the negative 
impact of online examinations on exam performance and test 
anxiety. We present the following article in accordance with the 
SURGE reporting checklist (available at https://pm.amegroups.
com/article/view/10.21037/pm-20-80/rc).

Methods

Ethical approval

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and was 
approved by the Research Ethics Committee of the 
Children’s Hospital of Fudan University (NO.:2020-300). 
Informed consent was obtained from all the participants.

Subject selection

A prospective study was conducted among all third-year 

undergraduate medical students from Shanghai Medical 
College of Fudan University who had a pediatric course 
between February 24 and July 10, 2020. Students who did 
not take the online final examinations and those who did 
not consent to participate in the study were excluded from 
the analysis (Figure 1). None of the enrolled students had 
experience with online CBE before the final exam. A total 
of 120 pediatric medical students were included in this 
study, representing 89.6% of all targeted medical students. 
The response rate of the survey was 100%.

Data collection

An online electronic questionnaire was sent to the 120 
study participants after the final exam on July 10, 2020. 
This survey collected information including gender, 
specialty, satisfaction with the online examination platform, 
preference for the online examination for classroom 
examination, how the online examination impacted the 
participants’ exam performance, and anxiety level at the 
time of the online examination using a 10-point self-
assessment scale (anxiety levels were proportional to the 
points from ‘0’ to ‘10’, with ‘0’ representing no change in 
anxiety and 10 representing the highest degree of change in 
anxiety) by comparison with the participants’ experience of 
classroom examinations before the COVID-19 pandemic.

The medical students were also asked to score their 
willingness to participate in future online CBEs from 
–100 to 100. Zero to 100 describes a preference for online 
examination, and zero to –100 describes a preference for 
classroom examination. The higher the absolute value, the 
greater the respondent’s preference for online or classroom 
examination.

According to the curriculum and teaching content of 
pediatrics, the final pediatric examination has a total score 
of 100 points and must be finished within 120 minutes. The 
content of the examination includes 40 multiple-choice 
questions (MCQs) accounting for 40 points that assess 
students’ ability to integrate clinical reasoning and decision-
making skills and four essay questions that assess students' 
comprehensive abilities, such as case analysis and clinical 
thinking, with a total score of 60 points. Each question has 
a unified score point.

The scores for the final examination of the pediatric 
course in the spring semesters of 2020 and 2019 were 
collected at the same time and represented performance in 
online and classroom examinations, respectively.

For the online examination, students were required to 
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set up two electronic devices at home. The first one was 
used to access the exam platform, and the second one was 
used to monitor the home environment. A simulation test 
two days prior to the formal examination was arranged 
to minimize network- or technical-related anxiety, which 
could result in an adverse impact on exam performance. 
Students were required to access the online examination 
and invigilator platforms to become familiar with both 
of them. They also became familiar with the functions of 
the platform. For the MCQ, they had to choose the right 
answer on the exam platform, while for the essay questions, 
they could either type the answer on the device or use the 
device camera to take photos of the written answer sheet 
and upload it to the platform. Their feedback on these two 
platforms was collected after they completed the final exam. 
Seven teachers simultaneously supervised the exam online 
to ensure fairness.

Statistical analysis

Continuous variables are expressed as the means ± 
standard deviations. Categorical variables are presented 
as percentages. Differences in the medical students’ final 
scores via online or classroom examination and their 
anxiety scores according to gender and age were evaluated 
using t-tests. Univariate analyses of categorical data were 
conducted with chi-square and Fisher’s exact tests. One-
way ANOVA was applied to age and the scores of different 
impacts of the online examination. Differences were 
considered statistically significant with a two-tailed P value 
<0.05. The analysis was performed using IBM SPSS 25.0.

Results

Participants and final exam scores

Table 1 shows the baseline characteristics of the enrolled 
participants. A total of 120 and 127 medical students with 
a mean age of 21 years took the online examination in 
2020 and classroom examination in 2019, respectively. 
The participants were from three different specialties: 
preclinical medicine, preventive medicine and pharmacy. 
The percentage of male participants (37.5%) was lower 
than that of female participants (62.5%). Overall, there was 
no significant difference in age (P=0.373), gender (P=0.239) 
or total scores (P=0.216) between the online and classroom 
examination groups.

Impact of online examination on exam performance of 
medical students

Table 2 shows the distribution of age, specialty, gender, 
satisfaction and final exam scores by the nature of different 
impacts (no, positive and negative impact) of the online 
examination on students’ exam performance. There was no 
significant difference in age (P=0.474), specialty (P=0.574) 
or final exam score (P=0.757). There was a significant 
difference in the sex group (P=0.011). The percentage of “no 
impact” was similar in both the male and female groups, 
44.4% and 44.0%, respectively. However, more female 
students than male students thought the online examination 
had a negative impact on their exam performance (48.0% 
and 28.9%, respectively; P=0.003). Moreover, students 
in the negative impact group were least satisfied with the 

136 third-year medical students were assessed for eligibility

2 students didn’t take the online exam

14 students declined to participate

134 students took the online exam in Spring Semester 2020

120 finished the questionnaire

Figure 1 Participant flow.
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online exam platform.

Impact of online examination on medical students’ test 
anxiety

By comparing the experience of classroom examinations 
before the pandemic, medical students were asked to score 
their anxiety level on a 10-point self-assessment scale. The 

participants’ mean anxiety score was 6.28±2.3. The anxiety 
scores of female students were similar to those of male 
students, 6.49±2.56 and 5.91±2.7, respectively (P=0.187). 
The mean anxiety scores for preclinical medicine, 
preventive medicine and pharmacy were 6.23±1.7, 6.24±2.4, 
and 6.75±2.3, respectively. The mean anxiety scores for 
male and female participants were 5.9±2.7 and 6.5±2.1, 
respectively. However, no significant differences were found 

Table 2 Distribution of age, specialties, gender, satisfaction, final exam score by the nature of different impacts of the online examination

Group No impact (N=53) Positive (N=18) Negative (N=49) P-value

Age, year 21.0±0.1 21.0±0.1 21.1±0.4 0.474

Specialties, no./total (%)

Preclinical medicine 7/13 (53.8) 2/13 (15.4) 4/13 (30.8)

Preventive medicine 43/99 (43.4) 16/99 (16.2) 40/99 (40.4) 0.574

Pharmacy 3/8 (37.5) 0/8 (0) 5/8 (62.5)

Scores

Total scores 67.3±15.8 69.8±10.5 67.4±10.0 0.757

MCQ 22.7±5.8 23.8±5.3 23.1±4.6 0.766

Assay questions 44.5±11.7 46.0±7.1 44.3±7.3 0.800

Gender, no./total (%)

Male 20/45 (44.4) 12/45 (26.7) 13/45 (28.9) 0.011

Female* 33/75 (44.0) 6/75 (8.0) 36/75 (48.0)

Satisfaction rate with the online 
platform—no./total (%)

48 (90.6) 18 (100) 39 (79.6) 0.054

Data presented as no./total (%) or means ± SD. There were no significant differences (P≥0.05) between the two groups for baseline 
variables. *, the percentage of the female students who thought the online examination had a negative impact on the final exam was 
significantly higher than that of the male students (P=0.003).

Table 1 Baseline characteristics of the enrolled medical students

Characteristics Online examination§, (N=120) Classroom examination¶, (N=127) P value

Age, year 21.04±0.272 21.02±0.177 0.373

Sex (male), no./total (%)‡ 45/120 (37.5) 57/127 (44.9) 0.239

Preclinical Medicine 7/13 (53.8) 21/33 (63.6) 0.540

Preventive Medicine 35/99 (35.4) 33/80 (41.3) 0.419

Pharmacy 3/8 (37.5) 3/14 (21.4) 0.624

Final exam scores† 67.7±12.9 65.9±9.5 0.216

Data presented as no./total (%) or means ± SD. ‡, there was no significant difference in age, gender and total scores between online and 
classroom exam groups; §, students took the pediatric course in the spring semester of 2020 participated in the online final examination; 
¶, students took the pediatric course in the spring semester of 2019 participated in classroom examination; †, this equals scores of MCQ 
plus Essay questions.
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among specialties (P=0.839) and genders (P=0.187).
Figure 2A illustrates the distribution of the degree of 

changes in the anxiety levels of the 120 medical students. 
Only 3 students (2.5%) did not feel anxious, 20 (16.7%) 
scored less than 3, 55 (45.8%) scored between 4 and 7, and 
42 (35.0%) scored more than 8. Almost 97.5% (117/120) 
of the medical students experienced varying degrees of test 
anxiety.

Figure 2B presents the anxiety scores in different impact 
groups for the online CBE. The mean anxiety score ranged 
from 7.1±2.2 in the ‘negative impact’ group to 5.6±2.3 in 
the ‘no impact’ group. The students who thought the online 
examination had a negative impact on exam performance 
had significantly higher mean anxiety scores than those 
who did not (P=0.011). Moreover, the percentage of female 
students who experienced a negative impact of the online 
examination was significantly higher than that of male 
students (P=0.003).

Correlation of test anxiety and exam performance

Figure 3A illustrates the distribution of gender, the impact 
of the online examination, and the total final exam scores 
by different degrees of anxiety. Students in the no, mild, 
moderate and severe anxiety groups had similar final exam 
scores, 65.6±17.6, 68.9±11.6, 67.0±15.6 and 68.1±9.0, 
respectively. There was no significant difference in the final 
exam scores among the different degrees of anxiety, genders 
and impact groups (F=0.148, P=0.931).

Figure 3B illustrates the medical students’ preference for 
future online examinations by the distribution of gender, 
the impact of online examinations, the degree of severity 
and the impact of online examination on test performance. 
A total of 68.0% (51/75) of female students and 48.9% 
(22/45) of male students preferred classroom exams. Female 
students were more willing to have a classroom exam than 
male students, with preference scores of –29.3±65.4 and 
1.24±72.7, respectively (P=0.019).

Students in the negative, no and positive impact groups 
had significantly different preference scores, –51.04±60.4, 
–6.7±64.4 and 39.8±61.5, respectively (P<0.001).

Forty-one out of 49 students (83.7%) who thought online 
CBEs had a negative impact on their exam performance 
preferred classroom exams in the future, regardless of 
gender, satisfaction or dissatisfaction with the online 
platform or degree of test anxiety. The main reasons for this 
result were that 58.5% (24/41) of the students felt that they 
had not fully adapted to the form of online examinations 
and 41.5% (17/41) were worried about the unfairness of 
online examinations and would prefer online OBEs.

Thirteen out of 18 students (72.2%) who thought the 
online examination had a positive impact on their exam 
performance preferred online examinations in the future, 
regardless of gender, satisfaction or dissatisfaction with the 
online platform or degree of test anxiety. Among the 53 
students who thought the online examination had no impact 
on their exam performance, 25 (47.2%) preferred online 
examinations and 28 (52.8%) preferred classroom exams.

Figure 2 The anxiety level and impact of the online examination. (A) The distribution of the degree of different changes in anxious level of 
120 medical students. No anxiety refers to an anxiety score equal to 0; mild anxiety refers to scores from 1 to 3; moderate anxiety refers to 
scores from 4 to 7; severe anxiety refers to scores greater than 8. (B) the anxiety scores in different impact groups of the online examination. 
Blue and orange bars represent the percentage of female and male students. Grey dotted line represents the trend of average anxiety among 
different impact groups of the online examination. *, students who felt a negative impact on the final exam scores had significantly higher 
average anxiety scores than those who did not (P=0.011); **, the percentage of female students who experienced a negative impact of the 
online examination was significantly higher than that of male students (P=0.003).
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Figure 3 The distribution of gender, the impact of online test, total final exam scores, the preference for future online examination by 
the nature of different anxiety degrees after the online examination. (A) The red, blue, white and green bars indicate mean exam scores of 
the severe, moderate, mild and no anxiety groups. The x-axis represents the nature of the impact and is distributed by gender. The y-axis 
represents the final exam score is distributed by different impact nature of the online examination. The numbers in each bar r signify the 
mean exam score. There was no significant difference in the final exam scores among different anxiety degrees, gender and impact groups 
(F=0.148, P=0.931). (B) the red and blue bars represent female and male students. The numbers in each bar represent the mean preference 
score. The x-axis represents the preference for future examination. Zero to 100 describe the preference for online examination and zero to 
–100 for classroom examination. In other words, the higher the absolute value, the more they preferred to online or classroom examination. 
Females were more willing to have a classroom exam than male students (P=0.019). Students who thought the online examination had a 
negative or positive impact on their final exam performance were more willing to have a classroom or online examination, respectively, 
regardless of the gender, satisfied or not satisfied with the online platform or anxiety degree (P<0.001). 
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Discussion

Tests were found to produce better memory than the lack 
of tests (6,7). Students’ competence and course credit 
scores can also be confirmed by a standardized test or set 
of tests (8). Unfortunately, medical education is currently 
undergoing a significant change. The transformation 
of medical education during the pandemic is difficult 
but essential (8). Questions were raised regarding how 
examinations would take place during this pandemic (9). 
Currently, examinations have transitioned to online settings 
worldwide (10). While there is an increasing requirement 
for remote-access OBEs, the fairness and reliability 
of this assessment format as a comparable educational 
performance measure is concerning (5). There are also 
concerns about how medical students’ mental health would 
fare after months of online content and revision (11).

Under these circumstances, the third-year medical 
students’ pediatric final examination went ahead as planned 
and was completed as a CBE as usual but from home via 
an online platform. The aim of our study was to identify 
the impact of CBE to document and analyze the effects 
of current changes to help educators learn and apply new 
principles and practices in the future (10).

In medical education, especially high-stakes testing, 
there is an emphasis on MCQs that test the application of 
knowledge rather than rote memorizing (12). Over the past 
10 years, the end-of-term pediatric CBEs for third-year 
medical students at Shanghai College of Fudan University 
have remained stable, including MCQs and essay questions 
that assess students’ comprehensive abilities, such as case 
analysis and clinical thinking. Thus, this exam can be 
accepted as a comparable exam performance measure in 
a pediatric curriculum. The mean scores in 2020 were 
comparable to those in 2019, indicating that students’ exam 
performance was not significantly affected by the change 
from classroom to online examination.

According to medical students, the successful delivery of 
online examinations is dependent on satisfactory internet 
connections and the availability of IT support during 
exams5. To minimize technical issue-related stress and 
anxiety during the formal final examination, we organized 
an online simulation test two days before the formal test. 
This simulation test helped to minimize technical issue-
related stress and anxiety and contributed to 59.6% (71/120) 
of the students perceiving a positive or no impact of the 
CBE on their exam performance.

It is an unusual feeling to take an important final 

examination from home. It is common for students to 
experience stress or anxiety about assessment, which might 
be counterproductive to learning and could affect mental 
health (13). It has been suggested that multiple tests should 
be integrated into teaching activities (14). During our 
16-week curriculum of pediatric courses for third-year 
undergraduate medical students, online self-assessed OBE 
was applied once a week to assist knowledge retention, 
familiarize students with the online teaching platform, and 
help them become accustomed to online examinations. 
Nevertheless, in the present study, the majority of students 
(97.5%) felt various degrees of anxiety due to the stress of 
the online CBE. With respect to the mean anxiety score, 
no significant difference was identified among genders 
(P=0.187). However, female students tended to feel a 
more negative impact of the online CBE on their exam 
performance (P=0.003) and were more willing to take 
classroom CBEs than online OBEs than male students 
(P=0.019). The major contributing factors for students to 
feel a negative impact of online CBE on exam performance 
included poor adaptation to the online exam platform 
(58.5%) and concerns about the unfairness of the online 
examinations (41.5%). It is not unusual for female students 
to record higher rates of anxiety than male students (15).

Despite female students’ self-reported negative impact of 
CBE on exam performance, their actual exam performance 
did not differ significantly from that of male students. 
However, special attention should be paid to female 
students’ difficulty adapting to the online examination. 
Encouraging individual-needs-based multiple simulation 
tests prior to formal exams might be an option. Moreover, 
sufficient instruction about the exam platform and assurance 
of fairness during the online examination are beneficial 
to alleviate the negative impact of online examinations on 
exam performance and test anxiety.

Limitations

The findings of this study should be interpreted in light 
of several limitations. First, all the participants were third-
year medical students from Fudan University in Shanghai; 
therefore, they may not be representative of national 
responses. Future research should include other university 
populations of medical students. Second, although there 
was a high response rate in this study, we were unable to 
determine the characteristics of students who declined to 
participate, which could result in selection bias. Third, 
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the self-report survey may lead to response bias, and its 
reliability and validity were not tested. Finally, although as 
of June 10 the COVID-19 pandemic is under control in 
China with only 10 new confirmed cases reported within 
24 hours (16), the impact of this pandemic on test anxiety 
and poor online test performance should be taken into 
account. Follow-up studies are required to obtain more 
comprehensive and objective results by using a valid scale 
for test anxiety.

Conclusions

Test anxiety was common in students who lacked 
experience with online CBE. Although the online 
examination did not ultimately impact medical students’ 
final exam scores, special attention should be paid to 
female students who may have difficulty adapting to the 
online examination. Moreover, sufficient instruction about 
the exam platform, individual-needs-based simulation tests 
prior to formal exams, and assurance of fairness during the 
online examination are beneficial to alleviate the negative 
impact of online examinations on exam performance and 
test anxiety. Future studies are warranted to confirm these 
findings.
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