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There has been little information about how the COVID-19 pandemic has 

impacted medical students’ knowledge acquisition. The aim of the study 

was to identify the impact of the COVID-19 pandemic on medical students’ 

knowledge acquisition by comparing the students’ performance on two 

Progress Test exams administered in 2019 (pre-pandemic) and 2020 (during 

the pandemic). We included data from 1,491 students at two medical schools 

in Brazil. Both schools had experienced interrupted preclinical classes and 

clinical clerkship rotations in March 2020 but had resumed remote preclinical 

classes with online activities within 1  month after the interruption and clerkship 

rotations within five to 6 months after the interruption. We analyzed the data 

with the Rasch model from Item Response Theory to calibrate the difficulty 

of the two exams and calculated the performance of the students, with 

comparison of the differences of mean knowledge for each year and between 

the two cohorts. We  found that the students’ knowledge in the cohort of 

2019 was higher than those in the cohort of 2020, except in the second year. 

Also, the students did not show any increase in knowledge between 2019 and 

2020 in the clerkship years. It appears that the pandemic significantly impaired 

the knowledge acquisition of medical students, mainly in the clerkship years, 

where practical activities are the central part of training. This is of special 

concern in low- and middle-income countries where graduated medical 

doctors are allowed to practice without further training or are required to have 

continuing professional development.
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Introduction

The COVID-19 pandemic dramatically changed how medical 
schools provided teaching, especially for clinical training. Early in 
the pandemic, some schools stopped all preclinical practical 
activities and transitioned to online teaching, other schools 
maintained the clinical clerkship rotations provided that safety 
measures were incorporated into clinical practice, and other 
schools interrupted all preclinical and clinical teaching activities 
until the situation was clarified (Ahmed et al., 2020; Rose, 2020; 
Theoret and Ming, 2020). Consequently, there has been a major 
concern regarding the impact of these various approaches on 
medical students’ learning, and ultimately the impact on doctors’ 
future professional competence due to their restricted clinical 
learning experiences (Lucey and Johnston, 2020). At the same 
time, medical schools faced the challenge of assessing students’ 
learning, especially with the application of technology for which 
most low- and middle-income countries had little experience 
(Alsoufi et al., 2020; Cecilio-Fernandes et al., 2020; Dost et al., 
2020; Bączek et al., 2021).

Despite the major changes in medical school teaching during 
the pandemic, there has been little information about the impact 
of the transition from face to face to online activities and the 
suspension or reduction of clinical training on students’ 
knowledge acquisition. Some high-stake tests, such as the 
United States Medical Licensing Examination Step 2 Clinical Skills 
examination (Hammoud et al., 2020), that could have provided 
important information were canceled and there have been 
concerns about the knowledge and clinical competence of 
graduating students, including their readiness for practice 
(Lazarus et  al., 2021). There have been several studies about 
assessment, both knowledge and clinical skills, during the 
pandemic but the focus has been limited to a specific discipline 
(Daniel et al., 2021). For example, one study with a small sample 
of students, focused on surgery and identified a decrease in the 
National Board of Medical Examiners’ examination scores, but 
this difference was not significant (Kronenfeld et al., 2020).

Progress Tests are frequently used in medical education to 
provide repeated assessments that can longitudinally measure 
students’ knowledge acquisition over time (Schuwirth and van der 
Vleuten, 2012). An important feature of Progress Tests is that they 
contain questions that focus on graduate level knowledge and also 
cover a broad range of medical knowledge domains (Schuwirth 
and van der Vleuten, 2012). Progress Tests offer the opportunity 
for comparisons both within and across schools, and also for 
monitoring curriculum changes within medical schools, since 
Progress Tests are designed to assess the final knowledge 
irrespective of the curriculum design (Muijtjens et  al., 2008; 
Schmidmaier et al., 2010; Schuwirth and van der Vleuten, 2012). 
Progress Tests also provide information about the longitudinal 
progress of an individual student or a cohort of students over the 
duration of the course. Importantly, a lack of improvement in 
students’ scores may suggest inadequate academic training (Given 
et al., 2016).

The aim of the study was to identify the impact of the 
COVID-19 pandemic on medical students’ knowledge acquisition 
by comparing the students’ performance on two Progress Test 
exams administered in 2019 (pre-pandemic) and 2020 (during 
the pandemic). To our knowledge, there have been no previous 
similar studies.

Materials and methods

Settings

The study was conducted at two public medical schools, 
Universidade Estadual Paulista (UNESP) and Universidade Estadual 
de Campinas (UNICAMP), which are situated in São Paulo State, 
Brazil. Both medical schools have similar 6-year curriculums: 
preclinical, with basic sciences in the 1st and 2nd years and applied 
sciences in the 3rd and 4th years, and clinical with clerkship rotations 
in the 5th and 6th years. Clerkship rotations are organized in five areas: 
internal medicine, pediatrics, surgery, obstetrics and gynecology, and 
public health (even though the distribution of time is not the same 
across the areas). Clinical training is provided at primary care 
centers, general hospitals, clinic hospitals (with specialized wards 
and outpatient clinics), and emergency units.

Both schools had to interrupt preclinical classes and clinical 
clerkship rotations in March 2020 because of the COVID-19 
pandemic. Remote teaching for preclinical years started with 
online activities within 1 month after the interruption. Clerkship 
rotations resumed between August and September 2020, 
respecting the safety recommendations for social distancing and 
personal protective equipment. Face to face clinical training 
opportunities were significantly limited during the pandemic, as 
the volume of hospitalized patients with non-COVID-19 
diagnoses sharply decreased and outpatient clinic activities were 
reduced or stopped. In addition, grand rounds for case-based 
discussions were changed to online methods. At UNESP, face to 
face preclinical teaching for the 1st to 4th years resumed only in 
2021. At UNICAMP, face to face preclinical teaching for the 3rd 
and 4th years resumed between September and October 2020, 
whereas teaching for students in the first 2 years resumed in 2021.

Progress test

Since 2005, both medical schools had been using a Progress 
Test for all preclinical and clinical students to provide an annual 
formative assessment, with the students’ performance not being 
considered in progression decisions. The Progress Test is 
developed and administered once a year by a consortium that 
includes eight other public medical schools (Bicudo et al., 2019). 
The consortium continually revises the annual Progress Test with 
new items that are aligned to a fixed blueprint covering six content 
areas: basic sciences, internal medicine, pediatrics, surgery, 
obstetrics and gynecology, and public health (20 items per area, 
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with a total of 120 items). All of the items are multiple choice 
questions with four options and a single correct answer; the items 
are clinical vignette-based with the intention to assess applied 
knowledge rather than knowledge recall (Hamamoto Filho et al., 
2020). Differently from 2019, the 2020 cohort of students took a 
computerized progress test, with a safe exam browser instead of 
the previous paper-based question book.

Design

Data from 1,491 students (639 from UNESP and 852 from 
UNICAMP) were eligible to be included. Students who did not 
take the Progress Test were excluded (81  in 2019, and 127  in 
2020). The Progress Test assessment data from both UNESP and 
UNICAMP were compared between the cohorts of the calendar 
years of 2019 and 2020 at both UNESP and UNICAMP (Figure 1).

Regarding the exams, two items from the 2020 exam were 
deleted from the analysis due to errors in formatting the questions.

Data analysis

We used Item Response Theory with the Rasch model to analyse 
the data (Linacre, 1994; De Champlain, 2010). The Rasch model 
requires two assumptions: unidimensionality and local 

independence. Unidimensionality refers to the property of a test to 
measure only one construct (in this case, medical knowledge). Local 
independence analyses to what extent the items are related to each 
other (Downing, 2003; Baghaei, 2008; Christensen et al., 2017).

We divided the analysis in three phases: in the first phase, 
we  investigated whether the data would meet two Rasch’s 
assumptions; in the second phase, we performed a linking and 
equating procedure in order to make two different tests with 
different difficulties comparable to each other (calibration of the 
exams); in the third phase, we calculated the performance of the 
students and compared the differences of mean knowledge for 
each year and between the two cohorts (2019 and 2020).

First phase: Preliminary analysis

Unidimensionality was tested using principal-component 
analysis of residuals and a fit-only approach (Tennant and Pallant, 
2006). The optimal infit and outfit values are 1.00, ranging from 
0.50 to 1.50 (Wright and Linacre, 1994; Bond and Fox, 2001). 
When the value is higher than 2.00, then the item is considered a 
threat to validity (Wright and Linacre, 1994) and exclusion is 
recommended. We also calculated the root of the square mean, 
with a value below 0.05 indicating a unidimensional instrument 
(Schilling, 2007). Compliance to the local independence 
assumption was verified according to the correlation coefficients 
between item residuals. A correlation lower than 0.7 between 
items means that the assumption of the local independence holds 
(Downing, 2003; Baghaei, 2008; Christensen et al., 2017).

Second phase: Linking and equating

For this procedure, we  included 188 students from each 
medical school who had sat both the fifth (2019) and sixth year 
(2020) Progress Tests. After checking whether these Progress Tests 
were fit for linking and equating, we calculated the slope of the 
empirical line of both tests. The optimal value of the slope should 
be  around 1.00. The value of the slope of the empirical line, 
without linking and equating, of the 2019 and 2020 tests were 0.61 
and a correlation of 0.36.

For the linking and equating process, we  conducted 
concurrent equating (or one-step) in which we calibrated all 
items at once with the common persons (students). 
We followed the process proposed by Yu and Osborn-Popp 
(2005) in plotting the two sets of thetas with the 95% 
confidence band based on the standard errors. This provides 
a way of evaluating the extent to which the two Progress Tests 
are measuring the same construct within a reasonable degree 
of measurement error. Although there were some outliers, 
we  decided to maintain them for the linking and equating 
since the slope and correlation indicated the procedure was 
successful. After this procedure, we calculated the new value 
of the slope of the empirical line.

FIGURE 1

Comparisons performed. Black arrows: point comparisons 
between 2019 and 2020 for each academic year. Grey arrows: 
comparisons of the same cohort on subsequent academic years.
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Third phase: Cohort comparison

For the data analysis, we used the Rasch model to compare the 
students’ scores on their Progress Tests. The scores are in a 
logarithmic scale ranging from negative to positive values. The 
higher the value of the score, the higher the students’ knowledge.

We compared students’ scores from 2019 and 2020 with a 
two-way ANOVA followed by a post hoc analysis with an 
independent t-test to verify differences between the same years of 
graduation (2020) in the two different cohorts.

Data were analyzed using Winsteps 3.70.1.1 (Portland, 
Oregon), SPSSv. 21.0(IBM Corp, Armonk, NY, United States), and 
Graph Pad Prism 8.2.0 for MacBook (GraphPad Software, La Jolla, 
CA, United States).

Results

First phase: Preliminary analysis

For the Progress Test of 2019, the explained variance by items 
and persons were 12.6 and 3.9%, respectively. The eigenvalue of 
the first contrast was 3.7 with an explained variance of 2.6%. The 
root of the square mean = 0.0059. For the Progress Test of 2020, 
the explained variance by items and persons were 15.7 and 10.8%, 
respectively. The eigenvalue of the first contrast was 4.1 with an 
explained variance of 2.6%. The root of the square mean = 0.007. 
The variance explained by the items in the 2019 and 2020 Progress 
Test was higher than five times the variance explained by the first 
contrast and the explained variance in the first contrast was 
smaller than the variance explained by persons and items.

There were only two items in the 2020 Progress Test with an 
outfit, which included outliers in the fit parameter, higher than 
1.50, but only one higher than 2.00. Since it was only one item, 
we decided to maintain the item for subsequent analysis. There 
were some person parameters (students) with a value higher than 
2.00. Values of person parameters higher than 2.00 are more 
acceptable, and because of the low number, we included them in 
the analysis.

Regarding local independence, the highest correlation of the 
standardized residual was 0.31 for the 2019 test, and 0.41 for the 2020 
test. For the 2019 progress test, the highest value of the Yen’3 Q3 
index was 0.28, minimum of −0.26, and with mean of −0.008 
(sd = 0.076). For the 2020 Progress Test, the highest value of the Yen’3 
Q3 index was 0.46, minimum of −0.29, and with mean of −0.008 
(sd = 0.082). All values were lower than 0.7, when considering the 
correlation between either the standardized residual or raw residuals. 
Therefore, the data fulfilled the Rasch model’s assumptions.

Second phase: Linking and equating

Since we conducted the concurrent equating, the parameters 
are presented as a single test. Both infit and outfit parameters are 
in the adequate range. Subsequently, the new value of the empirical 
slope was 0.98 and correlation of 0.79, suggesting that linking and 
equating was successful. Therefore, we could compare students’ 
knowledge from 2019 and 2020.

Third phase: Cohort comparison

In the comparison between the years of study within the same 
cohorts, we  found significant differences in student’s scores 
(knowledge) across the years of study in 2019 (F = 596.1, p < 0.001) 
and 2020 (F = 148.9, p < 0.001); the students’ scores for each year of 
study progressively increased from the 1st to the 6th year of study. 
The post-hoc analysis revealed significant differences between each 
year of study, except by the 2nd and 3rd years in 2020 (Table 1).

In the analysis on the effect of year of study and cohort, we found 
a significant effect of year of study (F = 617.389, p < 0.001), cohort 
(F = 110.758, p < 0.001) and interaction between year of study and 
cohort (F = 33.293, p < 0.001). In the comparison of each year of study 
between the two cohorts (2019 and 2020), we found a significant 
difference between the cohorts in all years of study, except the first 
year. For the second year, the scores of students in 2020 was higher 
than in 2019, and for all the other years of study, the scores of 
students in 2020 was lower than in 2019 (Table 1; Figure 1).

TABLE 1 Measures of knowledge calculated by the Rasch model for each year of study in 2019 and 2020.

Year of study 2019 cohort (mean ± sd) 2020 cohort (mean ± sd) value of p Cohen’s d

1 −0.698 ± 0.296† −0.661 ± 0.322‡ 0.237 0.120

2 −0.562 ± 0.306† −0.481 ± 0.365 0.020 0.241

3 −0.246 ± 0.407† −0.371 ± 0.472 0.005 0.284

4 0.215 ± 0.455† 0.015 ± 0.442‡ <0.001 0.446

5 0.710 ± 0.562† 0.270 ± 0.687‡ <0.001 0.701

6 1.403 ± 0.678† 0.679 ± 0.922‡ <0.001 0.895

F and p-values* 596.1; <0.001 148.9; <0.001

Etta-squared 0.714 0.393

*Refers to intra-cohort comparison.
†These values are statistically different between each other on post-hoc analysis.
‡These values are statistically different between each other on post-hoc analysis.
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Finally, the comparison of students’ scores across 2019 and 
2020 (i.e, the first-year students in 2019 and the second-year 
students in 2020, and so on), showed significant differences in the 
preclinical years, but no differences in the clinical clerkship (5th 
and 6th) years. This suggests that the 5th year students’ scores in 
2020 was similar to the 4th year in 2019 (and the 6th year students’ 
scores in 2020 was similar to the 5th year in 2019 (Figure 2).

In conclusion, we found that students’ scores (knowledge) in 
the 2020 cohort was below the expected result in the clerkship 
years, with a large reduction between the fifth- and sixth-year 
medical students’ scores. Further analysis demonstrated that the 
students did not show a significant increase in scores between the 
2019 and 2020 cohorts from the 4th to 5th year and 5th to 6th year.

Discussion

Our study shows differences in knowledge scores that suggest 
a negative impact on knowledge acquisition by medical students as 
a result of the changes required in the educational program at both 
medical schools due to the COVID-19 pandemic, mainly during 
the clinical clerkship years. The students’ knowledge was 
significantly lower in 2020 than in 2019 (inter-individual 
comparisons) but also the curve of knowledge acquisition stabilized 
(intra-individual comparisons) in the clerkship years, with the 
student’s knowledge not increasing significantly between the 4th to 
5th and the 5th to 6th years, indicating that there was a lack of 
knowledge acquisition during the clinical training. This finding is 
not surprising because during clinical training there is exposure to 
a variety of practical activities that are essential for the development 
of applied knowledge, which is assessed in the Progress Test.

Our findings have major implications for the competence of 
newly qualified doctors who qualified during the COVID-19 
pandemic. The efforts to minimize the virus spread were 

undoubtedly initially necessary to keep society safe from the 
devastating consequences of the virus. However, after a more 
advanced understanding of the disease, many countries reopened 
primary and secondary schools for face-to-face teaching since there 
were increasing concerns about the major educational, well-being 
and social impact of school closures (Fantini et al., 2020; Kuhfeld 
et  al., 2020; Sharfstein and Morphew, 2020). In contrast, many 
Universities, and medical schools, did not reopen for face-to-face 
teaching at the same time. An important consideration for medical 
schools was to keep their students safe at a time when COVID -19 
was spreading in a variety of healthcare environments between 
acutely ill patients and healthcare staff (Yamey and Walensky, 2020; 
Leidner et al., 2021). This concern for safety had to be balanced with 
the need for students to have practical experience in managing 
acutely ill patients (Yamey and Walensky, 2020; Leidner et al., 2021). 
In many low- and middle-income countries, such as Brazil, final year 
students have a major responsibility for managing patients, including 
outpatient consultation, minor surgical procedures, and daily 
examination of inpatients. This clinical experience is also very 
important since several low- and middle-income countries, 
including Brazil, do not have a national licensing examination and 
standard to assure that graduating students have met minimum 
requirements before they enter practice, with the consequence that 
these students need to have adequate readiness for clinical practice. 
We recommend further research to identify if our findings from 
Brazil are also confirmed in other global contexts, especially low- 
and middle-income countries.

Our findings also raise important questions about the 
effectiveness of online teaching during clinical training, especially in 
low- and middle-income countries. In Brazil, like many low- and 
middle-income countries, clinical training is mainly focused on 
work-based training with a focus on developing applied knowledge 
in which medical students have high exposure to clinical practice, 
including taking responsibility for making a diagnosis, planning 
treatment, and performing technical procedures under supervision. 
During work-based training, students develop their applied 
knowledge, such as assessed in the Progress Test, by seeing large 
numbers of patients, with different presentations and approaches to 
management. Most online teaching in low- and middle-income 
countries, especially during the COVID 19 pandemic, cannot 
replicate the development of applied knowledge through clinical 
practice (Cecilio-Fernandes et al., 2020; Bastos et al., 2021). High- 
income countries are increasingly using immersive technologies, 
such as virtual reality, and live streamed clinical rounds to replicate 
clinical practice but this requires access to both affordable technology 
and development expertise but also adequate internet provision 
(Emanuel, 2020; Gaur et al., 2020). This is in contrast to low- and 
middle-income countries where the main approaches have been 
with simple synchronous activity, either as a face-to-face lecture or 
case-based discussion in which teachers create cases for discussion. 
Asynchronous activity has also mostly relied on recorded videos, 
reading material such as articles and books, and PowerPoint 
presentations (Cecilio-Fernandes et al., 2020; Bastos et al., 2021). 
Medical educators in low- and middle-income countries are likely to 

FIGURE 2

Curves of measure of knowledge for each graduation year. The 
mean scores of the students in the clerkship years are statistically 
lower in 2020 compared to 2019.
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benefit from improved resources and training to ensure that the 
design and delivery of online clinical teaching can be more effective 
(Cecilio-Fernandes et al., 2020; Sandars et al., 2020).

Our study was limited in the extent to which it could identify 
whether the students that graduated at the end of 2020 are less 
competent in terms of professionalism, skills and attitudes than 
their predecessors. However, our study highlights that students 
finished their undergraduate training with a major deficit in their 
knowledge. Two concerns arise from this finding: first, how can 
the 2020 cohort of recently graduated doctors increase their 
knowledge? Second, since the pandemic is not yet fully resolved, 
how can medical schools make changes to ensure that current 
students can develop knowledge acquisition?

To overcome the deficits in knowledge, all recently-graduated 
doctors could be  offered continuing professional education 
programs. An important approach for these doctors has been the 
implementation of supervised practice with increased clinical 
training (Choi et al., 2020). However, in several low- and middle-
income countries, including Brazil, recently graduated doctors 
work independently. These doctors often provide urgent and 
emergency care or work in primary health care centers, often 
without supervision and the opportunity for further clinical 
training (Santos and Nunes, 2019). We  recommend that an 
important priority in the near future is to ensure that there are 
systems for all newly graduated doctors that can allow them to 
continue with practical clinical teaching (Pravder et al., 2021).

A strength of our study is that it is the first to demonstrate the 
impact of the COVID 19 pandemic on students’ knowledge 
acquisition, especially in low- and middle-income settings. 
Additionally, the study presents data from two medical schools 
and by using an Item Response Theory approach we can reduce 
possible biases due to heterogeneity between the level of difficulty 
of the Progress Tests. However, our study has several limitations. 
First, we obtained data from only two medical schools that may 
not represent the context of medical education in Brazil but also 
in other low- and middle-income countries. However, most 
medical schools in these contexts were required to make similar 
changes to their clinical training during the COVID-19 pandemic 
Second, our Progress Test was administered once a year and 
we are aware that single measures provide information with less 
reliability than repeated measures. Finally, there was a 
methodological change in the test administration, from the 
computerized progress test instead of the traditional paper-based 
question book. However, we  do not believe that this change 
significantly impacted the data since there are numerous studies 
demonstrating equivalence of both tests, even for high stake 
examinations (Hochlehnert et al., 2011; Boevé et al., 2015).

Conclusion

By comparing the students’ scores on the Progress Tests 
administered before and after the COVID 19 outbreak, 
we  identified that the pandemic significantly impaired the 

knowledge acquisition of medical students, mainly in the 
clerkship years, where practical activities are the central part of 
training. There are major implications of this knowledge deficit 
for newly qualified doctors, especially in Brazil and other low- 
and middle-income countries. Online teaching also does not 
appear to satisfactorily replace real clinical training for medical 
students and we urgently recommend that all medical schools, 
especially in low- and middle-income countries, implement 
systems of continuing professional education for newly graduated 
doctors to develop their applied knowledge through further 
supervised clinical training.
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