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Abstract

Background The burden that COVID-19 has brought to the economy, healthcare systems, and education

is unmatched. Public health and social measures were implemented to halt transmission. Thus, social gathering

and in-person learning, core aspects of medical education, were interrupted. Studies have documented the detrimen-
tal impact students graduating during the pandemic have had on their confidence and skills. However, data compar-
ing pre-pandemic, pandemic, and post-peak students still lack. This study aimed to identify senior medical students’
attitudes regarding their education and compare them according to the three previously described periods.

Methods |n this cross-sectional study, the survey employed was designed based on a previous questionnaire
and applied to senior medical students before graduating between January 2018 and June 2022. Answers were
collected using a three-point Likert scale and Yes/No questions. Associations between variables were examined
using Chi-squared, Fisher’s Exact tests, and ANOVA, employing logistic regression to calculate odds ratio (OR)
when appropriate.

Results A total of 679 responses were analyzed. Most students (59%) were women. Up to 383, 241, and 55 sen-

ior medical students answered the survey before, during, and in the post-peak period of the COVID-19 pandemic,
respectively. There was a staggering decrease in the percentage of students in the post-peak compared to the pre-
pandemic period that considered certain factors such as being taught about the doctor-patient relationship (62% vs
75%), practicing teamwork (33% vs 54%), preclinical & clinical subjects (44% vs 63%), and being taught to conduct
research (22% vs 32%) as “very useful”to their professional traineeship. There was a significant difference between pre-
pandemic, pandemic, and post-peak students when asked if the study curriculum accomplished the goal of training
a professional with integrity (89% vs 66% vs 64%, p <0.001), respectively. In a multivariate analysis graduating dur-

ing the pandemic (OR 3.92; 95% Cl, 2.58-5.94) and in the post-peak period (OR 4.24; 95% Cl, 2.23-8.07) were inde-
pendent factors for the appreciation that the study curriculum did not meet its objective.

Conclusions The pandemic has hindered medical education. Students'appreciation of their instruction has dete-
riorated. Urgent interventions that halt the negative impact on training, ensure readiness for future problems
and improve schooling worldwide are needed.
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Introduction

The emergence of a novel coronavirus and its associ-
ated disease named coronavirus disease 2019 (COVID-
19) brought an unprecedented burden to the economy,
education, and healthcare systems around the globe. The
COVID-19 pandemic uncovered not only the deficiencies
within the medical system, but also disrupted medical
education and clinical care systems globally [1].

Most medical education programs in Ecuador are
six-year programs. In the first two years, students learn
about preclinical subjects, followed by three years of
clinical education where they can practice in primary
and secondary care facilities. The sixth year is an intern-
ship program where students rotate in the core areas of
medicine such as internal medicine, surgery, gynecology
and obstetrics, pediatrics, and the pre-rural service [2].
Before the COVID-19 pandemic, in-person learning was
the only teaching modality in most medical schools in
Ecuador.

To mitigate the impact of the ancestral severe acute
respiratory syndrome 2 (SARS-CoV-2) strain, its asso-
ciated variants, and sublineages, health authorities and
governments implemented measures such as quarantine,
isolation, and social distancing to halt transmission and
decrease infections. Thus, social gathering and in-per-
son learning, core aspects of the traditional education
system, were interrupted [3]. For instance, the Associa-
tion of American Medical Colleges decided to suspend
clinical rotations [4]. While in many other countries like
Ecuador, medical students were reassigned from in-per-
son healthcare delivery to providing medical attention
through telemedicine [5]. Thus, prompt and innovative
educational measures had to be implemented, transition-
ing from bedside training to simulation-based instruc-
tion, asynchronous and synchronous distance education
for guaranteeing continuity in medical education [6].

However, there are several limitations to online medical
distance education aside from the inherent technological
issues. Medical students develop limited communication
skills and empathy due to the lack of opportunities to
practice interviewing [6]. Also, online learning prevents
medical students from acquiring the necessary hands-on
training [6]. Moreover, several studies have documented
the negative impact that the COVID-19 pandemic has
had on medical students’ training [7-9]. Most students
believed that online learning could not be used for clini-
cal training, felt less prepared for postgraduate instruc-
tion, or considered their education inferior to that of
prior generations [7-10].

To accurately evaluate the impact that the COVID-19
pandemic has had on medical students’ training in Ecua-
dor, we surveyed senior medical students who completed
their training before, during, and in the post-peak period
of the COVID-19 pandemic. This study aimed to identify
the attitudes of senior medical students regarding their
education and compare them according to the three peri-
ods previously described.

Methods

In this cross-sectional study, senior medical students
from Pontificia Universidad Catdlica del Ecuador were
asked to complete a web-based survey that was available
between January 2018 and June 2022. Eligible responses
were those of medical students that had completed the
questionnaire.

A questionnaire designed to evaluate the medical cur-
riculum from Pontificia Universidad Catdlica del Ecuador
was used as a reference to develop the survey used in this
study [11]. A multidisciplinary team of faculty members
from that university selected specific questions from the
original questionnaire to assess medical students’ atti-
tudes toward their medical career. The survey under-
went a review process, during which the team evaluated
its clarity and appropriateness and made any necessary
amendments based on student feedback. The survey con-
sisted of 19 questions that collected sociodemographic
data, the modalities for obtaining the medical degree (i.e.,
final examination, thesis, essay), and the perception of
medical students toward educational factors that aided
in their professional traineeship. It also inquired if the
university’s curriculum fulfilled the objective of “train-
ing a professional with integrity, academic excellence,
research abilities, and social responsibility” Besides, it
explored if the university aided them to develop certain
skills such as acting efficiently and within responsibility
in society, becoming a leader and prone to solve primary
care problems, diagnosing and promptly treating medical
problems, promptly referring patients, assessing cost—
benefit and risk—benefit care for patients, solving admin-
istrative and legal issues, using educational technology
resources for work, and conducting research. Moreover,
the questionnaire explored the attitudes that senior med-
ical students had toward professors’ level of proficiency
in medical subjects. And how satisfied they were with
their academic formation. Responses were recorded on
a three-point Likert scale (“slightly useful’; “moderately
useful’, and “very useful”) or Yes/No questions.
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Participants were classified into three groups consider-
ing their graduation year, the declaration of the COVID-
19 pandemic by the World Health Organization (WHO)
[12], and return to in-person classes in Ecuador [13]. The
first group, from now on referred to as “pre-pandemic”
were those medical students who graduated between
2018 and 2019. The second one, denominated “pan-
demic” were those who graduated between 2020 and
2021. The last group denominated “post-peak” where
those who graduated in 2022 and returned to in-person

learning.
As this study complies with the National Health
Authority — Research Ethics Committee in Human

Subjects regulations for observational studies, ethical
approval for this study was not required [14].

As a secondary analysis of an existing dataset, we could
not perform an a priori sample size calculation. However,
we estimated the required sample size using the sam-
ple size calculator from the University of California San
Francisco [15]. We used data from Manzar et al. and Al-
Balas et al., who reported satisfaction rates among medi-
cal students of 42.8% and 26.77%, respectively [16, 17]. To
detect a minimum difference in proportions of 16.03%
of medical students satisfied with their education, with a
statistical power of 80% and a type I error probability of
5%, a minimum of 300 participants were necessary.

Data analysis

Descriptive statistics were used, including frequencies
and percentages for categorical variables and means
for quantitative variables. The Pearson’s chi-squared
and Fisher’s exact tests were used to determine the
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association between medical students’ perception of their
education and their COVID-19 group classification. Dif-
ferences in mean values were analyzed using the one-way
analysis of variance (ANOVA) test.

A binary logistic regression model was used to pre-
dict the risks of not feeling that the academic curricu-
lum fulfilled the objective of training a professional with
integrity based on independent variables such as soci-
odemographic characteristics, modalities for obtaining a
medical degree, and the COVID-19 group classification.

The statistical analysis was carried out using IBM SPSS,
version 25. All analyses were based on two-sided p-val-
ues, with p <0.05 considered statistically significant.

Results
A total of 804 responses were collected. After excluding
duplicates and incomplete answers, 679 were consid-
ered valid and analyzed. The population included 281
(41%) men and 398 (59%) women with a median age of
25 (range 22-41). Most students considered themselves
as mestizo (n=666; 98%) and were single (n=620; 91%).
Senior medical students’ sociodemographic characteris-
tics and their classification according to the declaration
of the COVID-19 pandemic are detailed in Table 1. Up
to 383, 241, and 55 senior medical students answered the
survey before, during, and in the post-peak period of the
COVID-19 pandemic, respectively. There were no signifi-
cant differences in baseline sociodemographic character-
istics between groups.

Regarding the modalities for obtaining the medical
degree, most students chose to take a final examination

Table 1 Senior medical students’baseline sociodemographic characteristics

Variables Overall population  Pre-pandemic Pandemic Post-peak p-value
n=679 (100%) n=383 (%) n=241 (%) n=55 (%)
Sex 0.561
Male 281 (41) 161 (42) 101 (42) 19 (35)
Female 398 (59) 222 (58) 140 (58) 36 (65)
Age (median, range) 25 (22-41) 25 (23-35) 25 (23-41) 24.5 (22-32) 0.182
Race 0.230
White 9(1) 5(1) 1(0) 3(6)
Mestizo 666 (98) 375 (98) 239 (99) 52 (94)
Indigenous 2 (0) 1(0) 1(0) 0(0)
Afro-descendant 1(0) 1(0) 0(0) 0(0)
Other 1(0) 1(0) 0(0) 0(0)
Marital status 0.308
Single 620 (91) 350 (91) 217 (90) 53 (96)
Married 39 (6) 24 (6) 13 (5) 2(4)
Domestic partnership 16 (2) 6(2) 10 (4) 0(0)
Divorced 4(1) 3(N) 1(1) 0(0)
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(n=352; 52%), followed by writing a thesis (n=296; 44%).
Pre-pandemic students were less likely (49%) to take
the final examination to obtain a medical degree com-
pared to those from the post-peak period (69%) but
more likely to write a thesis than the latter (48% vs 27%)
(p=0.003).

When senior medical students were asked about the
factors that helped them during their professional train-
eeship, the top three features that were rated as “very
useful” by most of the respondents were 1) being taught
about the doctor-patient relationship (n=>518; 76%), 2)
having problem-based learning (n=496; 73%), and 3)
tertiary care practices (n=420; 62%). Also, there was a
notable decrease in the percentage of students who con-
sidered certain factors as “very useful” during the post-
peak period, compared to those from the pre-pandemic
era. The subjects and factors with a significant decrease
between the post-peak and pre-pandemic periods were
being instructed about the patient milieu, being taught
about the doctor-patient relationship, practicing team-
work, preclinical and clinical subjects, and being taught
to conduct research. While having problem-based learn-
ing, primary, secondary, and tertiary care practices had a
lower proportion of medical students considering “very
useful” in the post-peak period than before the beginning
of the pandemic. Figure 1 shows the students’ attitudes
toward these factors and the differences according to the
COVID-19 group classification.

Figure 2 shows the appreciation of senior medical stu-
dents toward professors’ level of proficiency in medical
subjects and the differences according to the COVID-
19 group classification. The top three subjects where
professors were rated as “very good” by most of the stu-
dents were internal medicine (n=475; 70%), gynecology
and obstetrics (n=468; 69%), and pediatrics (n=417;
61%). There was a significant decrease in the percentage
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of students who appreciated professors’ proficiency
as “very good” in the post-peak period, compared to
their pre-pandemic counterparts for pediatrics (51% vs
62%; p=0.009) and tertiary care practices (42% vs 59%;
p=0.026). Additionally, there was a reduction in this
same perception for other subjects such as gynecology
and obstetrics, internal medicine, and primary and sec-
ondary care practices. Whereas basic sciences were the
only theme that increased the percentage of students
who appreciated professors’ proficiency as “very good”
in the post-peak compared to the pre-pandemic period
(51% vs 49%, p=10.610).

Moreover, students from the post-peak period and
pandemic were less likely than pre-pandemic students to
consider that the study curriculum accomplished the goal
of training a professional with integrity, academic excel-
lence, research abilities, and social responsibility (64% vs
66% vs 89%, p<0.001), respectively. Furthermore, there
was a significantly higher proportion of students from the
pre-pandemic period that had high satisfaction with the
medical career they cursed (75%) compared to those from
the pandemic (60%) and post-pandemic (45%) period
(p<0.001). Univariate analyses showed that the variables
associated with the perception that the study curriculum
did not accomplish its primary goal included graduating
during the pandemic (odds ratio [OR] 3.9; 95% CI, 2.58—
5.89), graduating in the post-peak period (OR 4.4; 95%
CI, 2.34-8.29), being male (OR 1.48; 95% CI, 1.02-2.14),
and taking the final examination for obtaining the medi-
cal degree (OR 1.76; 95% CI, 1.21-2.57). Whereas the age
and being single were not significant predictors (OR 0.99;
95% CI, 0.91-1.07) (OR 1.65; 95% CI, 0.76—3.58), respec-
tively. Significant variables were included in a multivari-
ate model and remained independent predictors for the
perception that the study curriculum did not accomplish
its primary goal (Fig. 3).
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Fig. 2 Appreciation of senior medical students toward professors' proficiency

Furthermore, there was a dramatic decrease in the per-
centage of post-peak students compared to those from
the pre-pandemic period who thought that the univer-
sity aided them to develop certain skills such as 1) act-
ing efficiently and with responsibility in society (82% vs
91%; p=0.001); 2) becoming a leader and prone to solve
primary care problems (56% vs 81%; p<0.001); 3) diag-
nosing and promptly treating problems related to medi-
cal care (73% vs 91%; p<0.001); 4) promptly referring
patients (84% vs 91%, p<0.001); 5) adequately assessing
cost—benefit and risk—benefit care for patients (75% vs
87%, p=0.005); 6) solving administrative and legal issues

(38% vs 68%, p<0.001); 7) using educational technology
resources for work (65% vs 75%, p=0.012); and 8) con-
ducting research (56% vs 72, p<0.001). The percentages
of medical students who believed that the university
aided them to develop certain skills and the differences
according to the COVID-19 group classification are
shown in Fig. 4.

Nevertheless, as shown in Fig. 5, there were no signifi-
cant differences between students graduating before the
beginning of the pandemic, during the pandemic, and in
the post-peak period when asked if they were aware that
1) when providing medical services they should not have

OR Favors accomplisment Favors lack of accomplishment
Source (95% CI) of curriculum’s objective of curriculum’s objective P value
Final examination vs Thesis/Essay 1.61 (1.08-2.39) —B— 0.018
Men vs Women 1.51(1.03-2.23) —i— 0.037
Post-peak vs Pre-pandemic 4.24 (2.23-8.07) = < 0.001
Pandemic vs Pre-pandemic 3.92 (2.58-5.94) = <0.001

]
OR (95% Cl)

10

Fig. 3 Multivariate logistic regression analysis to identify predictors for feeling that the study curriculum did not fulfill its objective
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Fig. 4 Appreciation of senior medical students toward the aid of the university to develop certain skills

any type of discrimination to the patients (97% vs 95%
vs 96%, p=0.387); 2) knowing the ethnicity of the com-
munity they were providing medical services to, avoids
affecting patients’ cultural beliefs (91% vs 90% vs 85%,
p=0.451); 3) practicing in a public healthcare system
should be done without any particular interest (88% vs
88% vs 95%, p=0.333).

Discussion

To the best of our knowledge, this is the first study to
assess the attitudes of medical students toward their edu-
cation before, during, and after the post-peak period of
the COVID-19 pandemic. The results of this study add
to the vast literature about the profound negative impact
that the pandemic has had on medical education. And
it raises concern regarding the lack of improvement in
students’ education despite returning to pre-pandemic
learning strategies.

The doctor-patient relationship has been the back-
bone of medicine. Learning about its importance is
essential in the formation of a medical doctor. This
sacred bond is a keystone of care due to the positive
impact it has on medical decision-making and patient
healing [18]. Moreover, another pillar in medical for-
mation is problem-based learning. This learning
modality has already proved to be superior to tradi-
tional methods for teaching medicine [19]. Addition-
ally, tertiary care practices and hands-on training are
a cornerstone in medical formation. As well known,
medical students acquire essential clinical skills
through observation, practice, and repetition under
the guidance of mentors in clinical settings [7, 9, 20].
Despite these three factors being crucial to learning
how to treat a patient, there was a decrease in the per-
centage of students who consider them helpful during

their professional traineeship, particularly among
those who have undergone training during the pan-
demic and post-peak period. Medical schools and
authorities should take notice of these findings and
foster the learning and implementation of these pillars
in the current education models.

Although there is still an ongoing debate regard-
ing the best learning modality (i.e., online vs in-per-
son learning vs hybrid), it is well known that the lack
of hands-on training has had a staggering detrimental
impact on medical formation. While some studies have
documented the repercussion that the pandemic has
had on clinical training [6, 9, 21], it is important not
to assume that only this group of students has been
affected. As shown by this study, there was an over-
whelming decrease in the percentage of students who
perceived their preclinical and clinical training as “very
useful” during the pandemic and post-peak period,
compared to those from the pre-pandemic era. This
could be attributed to several factors, which include the
lack of interactive learning, limited patient exposure,
increased academic burden, technological barriers, lack
of motivation from students and professors, and insuf-
ficient online training for professors [1, 6, 22—-28].

The astounding decrease in the percentage of students
who appraise that the university curriculum fulfilled
its primary objective in the pandemic and post-peak
groups, compared to the pre-pandemic group, is dis-
heartening and makes one think if the current apprecia-
tion will improve with time or remain unaltered. Data
from this study show that students who graduated dur-
ing the pandemic and post-peak period were 3.92 and
4.24 times more likely than their pre-pandemic coun-
terparts to believe that the study curriculum did not ful-
fill its objective. However, it is paramount to remember
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Pre-pandemic

that post-peak students spent a great part of their train-
ing during the pandemic, albeit graduating after the
removal of public health and social measures. Notewor-
thy, students from the pandemic and post-peak period
showed lower levels of preparedness compared to the
pre-pandemic group in various areas such as diagnosing,
treating, and promptly referring patients, assessing cost—
benefit and risk—benefit care, solving administrative and
legal issues, and conducting research. This is of utmost
importance and should be noted by residency programs,
as their upcoming residents could not have the appropri-
ate skills and should receive training courses along with
their usual instruction.

Pandemic

Post-peak
Pre-pandemic
Pandemic
Post-peak

The preparedness of professors to swiftly transition to
online learning is another crucial factor to explore. Recent
investigations have shown that professors favor in-person
over online lectures due to the improved interaction with
students and feedback received [25, 26]. Additionally, the
lack of training made it more challenging for them to pre-
pare for virtual classes, causing them to spend more time
and effort and resulting in feelings of inadequacy in provid-
ing the theoretical training they aimed to deliver, [26, 27]
which could impact student learning and preparation. A
study by Kim et al. found lower mean examination scores
for students who took exams in 2020 compared to 2018
and 2019 [26]. While correlation does not necessarily imply



Vaca-Cartagena et al. BMC Medlical Education (2023) 23:506

causation, our findings support this reasoning, as students
from the pandemic and post-peak period deemed that pro-
fessors were less proficient in subjects such as gynecology
and obstetrics, internal medicine, primary, secondary, and
tertiary care practices compared to their pre-pandemic
counterparts. Providing professors with the necessary tools
and training for online teaching is urgently required.

Thinking that the pandemic has outgunned only medi-
cal schools in low- and middle-income countries due to
the lack of technological resources (e.g., good internet
quality and access to virtual online communication plat-
forms) is ludicrous. Studies conducted in Libya, Mex-
ico, the United Kingdom, the United States, and Jordan,
upper-middle- and high-income countries according to
the World Bank [29], suggest that even medical students
from those countries consider that their education was
disrupted by the pandemic and felt less prepared to take
postgraduate examinations or practice their profession [7,
9,10, 17, 21, 28]. However, it should be no surprise to any-
body that low-income countries struggled far more than
prosperous economies. Servin-Rojas et al. found these
disparities evident within the same country, where private
schools in Mexico were less likely than public schools to
cancel their rotations due to the pandemic [9]. Likewise, in
Nigeria, a survey involving medical students revealed that
75% of respondents stated that before the pandemic their
institution did not use e-learning platforms, with most of
the remaining percentage were from private schools. Even
more alarming is that when the Government of Nigeria
ordered the closure of educational institutions in March
2020, only 45% of schools could continue providing medi-
cal education [30]. Strategies that tackle these disparities
both between and within countries are eagerly awaited.

Despite the drawbacks and challenges posed by the pan-
demic on medical education, it is pleasant and encouraging
to see that core medical values such as non-discrimination
toward any patient and practicing in the public healthcare
system without particular interest are still deeply ingrained
in medical students, regardless of the period when they
graduated. Thus, highlighting that the commitment,
intrinsic values, and qualities required to become a doctor
have not been affected by this pandemic.

Since the beginning of the COVID-19 pandemic,
global attention has focused on the number of infections,
excessive death toll, and the development of vaccines
and treatments. On September 14th, 2022, Dr. Tedros
Adhanom Ghebreyesus, Director-General of the WHO,
said: “The world has never been in a better position to
end the pandemic. We are not there yet, but the end is
in sight” [31]. Hence, as the light at the end of the tun-
nel finally comes into sight, it is time to focus on ending
the COVID-19 pandemic and targeting problems that
had been put aside. In short, only limited efforts have
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been taken to correctly assess the impact that the pan-
demic has had and will continue to have on medical edu-
cation. As accurately stated by The Lancet Commission
on lessons for the future from the COVID-19 pandemic:
“Success also requires preparedness” [32], and we are in
debt with education. Urgent efforts are needed to under-
stand medical education difficulties, how to tackle them,
and develop innovative solutions that can be replicated
globally.

Limitations

Among the limitations of this study, it should be consid-
ered its cross-sectional nature, reliance on self-reported
data, a single-center experience which could restrict the
generalizability of the results, the absence of a validated
questionnaire which could limit the validity and reliabil-
ity of the data gathered in this study, and the inability to
measure educational outcomes (i.e., the number of appli-
cants who entered residency programs) between groups.
Moreover, the post-peak group had limited in-person
training after the Ecuadorian government lifted remain-
ing public health and social measures which allowed stu-
dents to go back to in-person learning.

Recommendations for future practice

Education authorities and regulators should focus on
providing easy and free online learning resources to
students, train educators, and provide the necessary
resources to optimize online learning and foster hands-
on training and mentorship to senior medical students
in their clinical practices. Of note, residency programs
should identify incoming trainees’ weak areas and pro-
vide the resources to improve them. Henceforth, atten-
tion should focus on designing a solid education system
capable of effectively transitioning from in-person to
online learning in case of the emergence of new viruses
or immune evasive SARS-CoV-2 variants. More studies
are needed to assess if medical education improves in the
forthcoming years, and objectively assess the repercus-
sions that the pandemic has had on students’ training.

Conclusion

The negative impact that the COVID-19 pandemic has had
on medical education and training is staggering. Students’
appreciation of their instruction has remarkably deterio-
rated during this pandemic and most likely will take long
before it could reach pre-pandemic levels. The overarch-
ing repercussions that the pandemic has had on training
are yet to be fully understood, most likely in the upcoming
years. Urgent interventions are needed to improve school-
ing worldwide. Novel educational strategies should halt
the pandemic’s negative impact on training, tackle short-
falls and failures, and ensure readiness for future problems.
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Abbreviations:

ANOVA One-way analysis of variance

COVID-19 Coronavirus disease 2019

cl Confidence intervals

OR Odds ratio

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
WHO World Health Organization
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