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Abstract

The advent of the COVID-19 pandemic forced medical schools around the world to adopt emergency remote learning as a resort
to avoid interruption of courses. However, the effectiveness of online classes as an educational strategy has been questioned
by medical educators and students. In a prospective observational study design, students enrolled in a renal physiology and
pathophysiology course were exposed to either face-to-face or remote synchronous classes. Students taught online obtained
significantly higher mean scores than the group who had in-person classes, both groups assessed with identical exams.
Appropriate screening tests suggested that fraud is unlikely to have significantly influenced these results and that the observed
differences in performance reflected increased learning by the remote group. These observations suggest that online classes
can help to maintain the continuity of physiology and pathophysiology courses during periods of social isolation and may con-
tribute to improving learning under normal conditions.

NEW & NOTEWORTHY In this study, we were able to make a rare direct comparison of face-to-face and remote strategies for
the teaching of undergraduate medical students in a specific area, namely, renal pathophysiology. Unexpectedly, students who

attended the remote course had significantly higher grades than those who had mostly in-person classes.
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INTRODUCTION

The COVID-19 pandemic imposed restrictions on mobility,
outdoor and indoor gatherings, as well as in-class activities (1).
Medical education rapidly adapted to the new epidemiological
reality: synchronous and asynchronous remote classes, as well
as online assessments, took the place of in-person activities,
leaving little room for practical face-to-face and “hands-on”
educational strategies (2-4). As a natural consequence, main-
stream technology-mediated teaching evolved to technology-
exclusive teaching, complexifying the definitions of e-learner,
e-teaching, and e-learning (5, 6). In this context, the adoption
of new techniques to maintain students’ routine, motivation,
interaction, and collaboration has become, more than ever, a
necessity (6-8). Indeed, several educational applications were
developed, including virtual learning environments, online
meeting systems, video communication and conferencing plat-
forms, interactive polls and gamification presentations, as well
as proctored and unproctored e-assessment software (3, 6-10).

In this unprecedented scenario, teachers around the globe
were motivated to create, adapt, and incorporate new educa-
tional technologies quickly (3). Despite the innovations that
sprouted, great uncertainty remains as to the efficacy of
remote strategies in medical education (11-13). Students tend
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to perceive online teaching as less interactive and less effec-
tive for professional qualification (12). By contrast, a recent
meta-analysis suggested that remote teaching may even be
superior to face-to-face activities (14). In the same study, an
important limitation was underlined: the scarcity of studies
featuring direct comparisons between remote and face-to-
face learning; such studies are hard to develop because of
obvious ethical constraints.

In our institution, the challenges imposed by the emerging
COVID-19 pandemic also led us to develop a prospective
observational study, comparing in-person and remote strat-
egies for the teaching of a specific area, namely, renal patho-
physiology (15).

METHODS

In the School of Medicine of the University of Sao
Paulo, the traditional Physiological Basis of Nephrology
(PBN) core course is offered to third-year medical stu-
dents. During 2 mo of the first semester, the following
topics are discussed in 11 modules: Glomerular Filtration
and Its Disorders; Renal Sodium Handling and Diuretics;
Disorders of Water Balance; Mechanisms of Dehydration;
Mechanisms of Edema; Mechanisms of Hypertension;
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Potassium Disorders; Calcium and Phosphorus Disorders;
Fundamentals of Acid-Base Equilibrium; Acid-Base Disorders;
and Mechanisms of Nephrolithiasis.

For each module, the educational strategy consists of a 1-h
face-to-face lecture using PowerPoint animations as a tool to
illustrate complex processes such as ion transport, urine acidi-
fication, and bone remodeling, followed by a session of hands-
on small-group activities. In these “practical” classes, carried
out in a room with 45 computer stations, the students are di-
vided in groups of up to five and instructed to use software,
developed locally with Excel, Visual Basic, and Delphi plat-
forms, to change physiological variables such as fluid intake,
acid production, and arteriolar resistances, observing instanta-
neously the resulting change of parameters such as urine out-
put, blood pH, and glomerular pressure. These dynamic
exercises always referred to the topics that were addressed
during the respective lectures. The students were encouraged
to perform virtual “experiments” and to discuss the results
among themselves. In addition, students were allowed addi-
tional study time (8 h per week), predefined in their syllabus.

At the end of the course, students are assessed through a
face-to-face proctored summative exam (SE), consisting of 50
multiple-choice questions (MCQs), with five alternatives and
one right answer each. The students are given 3 h to complete
the exam. Both the questions and their respective alternatives
are arranged in random order. All questions are assigned the
same weight. The final grade is calculated as simply the per-
centage of right answers, with no penalty imposed for wrong
or blank answers. We adopt an open-book examination (OBE)
format, based on the assumption that the future professionals
will have access to a wealth of information and tools when
dealing with real-life health care situations. Therefore, the
exams focus on problem solving and critical knowledge,
rather than on simple memorization. Accordingly, the MCQs
are designed to assess higher levels of competency, such as
applying knowledge in clinical scenarios, interpreting varia-
tions in physiological variables, analyzing physiological tests,
and even proposing treatments. None of the required answers
is readily obtained by consulting books or other materials.
Students are not allowed to contact each other or seek advice
from the teachers (16-19).

All these educational activities and assessment methods
had to undergo urgent adaptation as of March 2020, as a con-
sequence of the social restrictions adopted to contain the
pandemic.

Study Design

About 170-180 students are admitted to this medical
course once a year. Because of the large number of students,
classes are divided into two groups, named A and B. Since
this assignment is entirely random, these two groups are
expectedly comparable.

From March to June 2020, group A (designated “control”)
had 8 out of the 11 classes of the PBN course in the traditional
model and 3 remote, synchronous classes, with the 1-h
PowerPoint lectures delivered with Google Meet. Group B (des-
ignated “intervention”) began classes in April and attended all
11 classes remotely. Given the impossibility of keeping the
“practical,” hands-on activities in the remote context, the
teacher instead demonstrated to the class the effects of
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varying selected renal parameters, exposing graphically the
pathophysiological reasoning. Before each lecture, both
groups were granted access to the respective slide presenta-
tion. In addition, both groups had unrestricted subsequent
access to the video recordings of the remote classes (lectures
and graphical demonstrations). Since such recordings were
not performed before the pandemics, group A was able to
watch the video recordings of the last three classes only.

The final assessment was based on the same type of 3-h
50-MCQ OBE applied under normal circumstances. In view
of the circumstances, the exam was unproctored and held
remotely, with Google Forms. Both groups sat the exam 11
days after the last class.

The differences between groups A and B regarding the
teaching and assessment strategies adopted during the first
semester of 2020 are summarized in Table 1.

All 173 students enrolled in the course in 2020 were
invited to join the study. To participate, written informed
consent was required. No incentive or direct advantage was
offered. The study was approved by the Ethical Committee
of the Faculty of Medicine of the University of Sdo Paulo (467
12913 0000 0068).

The grades obtained in the SE, i.e., the proportion of correct
answers in the 50-MCQ OBE, were utilized as a proxy for
knowledge acquisition. The 2020 SE, focused on critical knowl-
edge and problem solving, is given as Supplemental Material
(available at https://doi.org/10.6084/m9.figshare.21861939.v2).
Scores varied between 0 and 10. Hit rates (HRs) for each MCQ
were defined as N/T x 100, where N is the number of students
answering the question correctly and T is the total number of
students taking the test. A discrimination index (DI) was calcu-
lated as well. This index is intended to evaluate the question’s
ability to discern students with the best scores (HR of top 27%)
from those with the worst ones (HR of bottom 27%). The DI is
calculated as (HR top 27% — HR bottom 27%)/(HR top 27%)
x100. The questions of the 2020 SE with the top 10 DIs are
given as Supplemental Material.

We compared the mean scores of groups A and B with
those obtained in previous and in subsequent years, using
pairwise Wilcoxon rank-sum tests and Holm P-value adjust-
ment for multiple comparisons. Until 2020, all classes were
held face to face (Table 2). Whereas in 2021 the PBN course
was entirely remote, all classes were delivered in person in
2022. However, the SE, conceived and designed in the same
way as described above, was remote and unproctored in
both these years. In this manner, the performance of third-
year students exposed to face-to-face (in 2022) and remote
(in 2021) classes could be directly compared.

To assess whether possible differences in test performance
could be ascribed to unsuspected inherent differences
between groups, we developed a linear regression model to
predict scores based on previous performance. The inde-
pendent variables were the weighted mean of previous
grades (WMPG), which is analogous to grade point average,
and scores from two prerequisite courses [Kidney Anatomy/
Physiology (KAP score) and Membrane Physiology (MP
score)], all retrieved from medical school records (20-22).
The corresponding equation is given as Supplemental
Material. Based on this equation, it was possible to calculate
the residuals, defined as the differences between the
observed and predicted 2020 SE scores.
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Table 1. Summary description of groups and of teaching/assessment strategies

Traditional

Control/Group A

Intervention/Group B

11 face-to-face classes 8 face-to-face classes
0 remote synchronous classes
Hands-on computer simulation classes in

small groups, using computer stations

3 remote synchronous classes
8 hands-on computer simulation classes in
small groups, using computer stations

0 face-to-face classes

11 remote synchronous classes

11 “practical” classes with demonstration of the
effect of changing physiological variables

3 “practical” classes with demonstration of the
effect of changing physiological variables

Classes not recorded
asynchronously.
Face-to-face proctored open-book
examination
50 multiple-choice questions
5 alternatives, 1 best answer

3 recorded remote classes available

11 recorded remote classes available
asynchronously.
Remote unproctored open-book examination

50 multiple-choice questions
5 alternatives, 1 best answer

We also calculated the coefficient of determination (R?)
value for the model, as a measurement of the variation of
2020 SE scores that can be explained by variation of the
WMPG and the KAP score (23). If the latter explains the differ-
ences found in the 2020 PBN test scores, the residuals are
expected to have a similar distribution in groups 2020/A and
2020/B. Deviations from this behavior could only be ascribed
to differences in variables that are external to the model, such
as the adapted teaching methods utilized in 2020.

Differences in the performances of groups A and B could
simply reflect fraud, rather than any disadvantages (or
advantages) brought about by the forced adoption of remote
classes. Considering the remote and unproctored context in
which the e-assessment was carried, the possibility of cheat-
ing during the exam cannot be ignored. It is also conceivable
that students of the intervention group, who took the test 2
mo later, might have been tipped as to its content by col-
leagues in the control group. To assess whether fraud could
account for possible differences between groups, we used
the U3 person fit statistics as proposed by Van Der Flier (20,
24). With the U3 technique it is possible to analyze responses
and identify the degree to which they deviate from an
expected pattern, based on the deterministic Guttman
model. Briefly, this model assumes that the ideal pattern of
answers for a student who has obtained, for instance, an 8.0
score (on a 0-10 scale) should be that his/her right answers
concentrate among the 80% easiest questions, while the 20%
hardest ones are missed. The U3 statistic measures the
extent to which the response patterns diverge from the
Guttman model: deviance is rated from O to 1, with O repre-
senting exact fitting to and 1 representing maximal depar-
ture from the model. In the example of the student with the
8.0 score, a U3 of 1 means that 80% of the hardest questions

Table 2. Adjusted P values for each paired comparison

were hit, while the 20% easiest ones were missed. This could
be explained by lucky guessing or, more likely, by cheating
(20-22, 25, 26).

Categorical variables were expressed as proportions, with
corresponding 95% confidence intervals (95% CIs). Chi-square
and Fisher’s exact tests were used whenever appropriate. Since
the continuous variables were not normally distributed, differ-
ences between groups A and B were assessed by Wilcoxon
rank-sum tests. All analyses were performed with R software
and the PerFit R package (27, 28). Significance level was set at
0.05.

RESULTS

One-hundred fifty-one students agreed to participate. Of
the 22 students who did not provide written informed con-
sent, none declared the reasons for the refusal. Five students
were excluded because of missing test data (failed to answer
1 or more items), leaving 146 students for the final analysis
(81 from group A and 65 from group B). To the best of our
knowledge, no selection bias was introduced as a result of
missing data or refusal to participate, as grades were similar
between included and not included students (data not
shown).

Scores obtained by groups A and B in the PBN SE are
shown in Fig. 1A. The median score obtained by group A was
7.8 (interquartile range 7.0-8.4). Group B’s score was signifi-
cantly higher (median 8.6, interquartile range 8.2-9.0; P <
0.001). Group B obtained a significantly higher mean HR in
19 of 50 MCQ test items. Of these, the HR difference was
higher than 30% in questions with the highest DI.

A slight but significant difference in the WMPG score
was observed between groups A and B (7.88 and 8.06,

2018A 2018B 2019A 2019B 2020A 2020B 2021A 2021B 2022A
2018B 1.000
2019A 0.201 0.392
2019B 1.000 1.000 0.467
2020A 0.467 1.000 1.000 1.000
2020B <0.001 <0.001 <0.001 <0.001 <0.001
2021A <0.001 <0.001 1.000 <0.001 0.171 <0.001
2021B 0.001 0.001 1.000 <0.001 0.149 0.045 1.000
2022A 1.000 1.000 0.018 1.000 0.063 <0.001 <0.001 <0.001
2022B 1.000 1.000 0.489 1.000 1.000 <0.001 <0.001 <0.001 1.000

Significant differences are in bold.
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respectively; P = 0.034) (Fig. 1B). Comparison of grades
obtained by groups A and B in prerequisite courses (Kidney
Anatomy and Physiology and Membrane Physiology) showed
no significant differences (Fig. 1, C and D, respectively).

Only two students could not be included in the linear
regression model, because their predicting grades were
unavailable. The R? coefficient, which measures how accu-
rately the independent variables (WMPG, KAP and MP
scores) predict the PBN test grades, was 0.155. This indicates
that previous performances explained only 15.5% of the var-
iance of the PBN exam scores. This first evidence supports
our hypothesis that the groups are not inherently different.

The distribution of residuals is shown in Fig. 2. The mean
residual for group B was significantly higher (P < 0.001) than
that observed for group A, corroborating the notion that the
better performance of group B in the SE is not due to preex-
isting differences between groups.

Figure 3 shows the hits (light rectangles) and misses (dark
rectangles) registered for each student (organized in rows)
and each question (organized in columns). Students are or-
dered from the lowest (bottom) to the highest (top) grades.
Test items are organized from the easiest (left) to the hardest
(right) questions. The continuous black line in both panels of
Fig. 3 indicates, according to each student’s grade, which
questions he/she was expected to hit (left side of the line) or
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miss (right side of the line). In this manner, it is possible to
visualize whether the performance of each student deviates
from the expected pattern of hitting the easiest questions
and missing the hardest ones. This representation shows
clearly that groups A and B behaved similarly and that, if
anything, group B’s performance was closer than group A’s
to that expected of an ideal noncheating class. Group B’s
mean U3 statistic was significantly lower than that
observed in group A (0.121 and 0.162, respectively, P =
0.003). These observations argue strongly against the hy-
pothesis that the better performance of group B in the
summation test was due to fraud.

Attendance was higher in remote classes. In the first
eight (on site) classes, group A’s mean attendance was
87.0 £7.7%. During the last three (remote) classes, group
A’s mean attendance (93.9£1.6%) was similar to that of
group B (93.2 +4.8%), which had online classes only.

Mean grades obtained by groups A and B during the first
semester of 2020 (excluding PBN) were 8.1+ 0.6 and 8.3+ 0.6,
respectively (P > 0.05). Accordingly, third-year students of
groups A and B obtained similar mean grades in the PBN
course in 2021 (all classes synchronous and remote). Of note,
these grades were significantly higher than in 2018 and 2019
(except for group B’s grades in 2020). Additionally, after
return to face-to-face classes in 2022, with the SE still in the
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Figure 2. Distribution of residuals in the summative 2020
Physiological Basis of Nephrology (PBN) test (actual minus
predicted scores) for groups A and B.

Density
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unproctored OBE format, grades returned to levels similar to
those obtained by group A in 2020 and by both groups in pre-
vious years (Fig. 4).

In a post hoc comparison of the performance of the same
students in Clinical Nephrology (in 2021, when these stu-
dents were in the fourth year), groups A and B obtained
mean grades of 8.1+1.4 and 8.1+1.6, respectively (P > 0.05).

A

T T T T
-4 -2 0 2
Observed minus predicted

DISCUSSION

Social restrictions imposed by the COVID-19 pandemic cre-
ated an unusual scenario: half of the 2020 third-year medical
students had the majority of the PBN course in a conventional
face-to-face fashion (group A), whereas group B was exposed to
an exclusively remote educational strategy with synchronous

TTT
NNNNNNNNNN 2EHRARAERRITIIICITIIE

Test item (in ascending difficulty), Group A

NNNNNNNNNNNNNNNNNNNNNNNNNNN

Test item (in ascending difficulty), Group B

Figure 3. Hit-and-miss plot for the study sample in the 2020 Physiological Basis of Nephrology (PBN) test. A: group A. B: group B. In these diagrams,
each row represents an individual student, whereas each column represents 1 of the 50 multiple-choice questions (MCQs) constituting the summative
exam. Hits are represented by the light rectangles and misses by the dark rectangles. For each student (rows) the short vertical black line indicates the
total number of hits (and therefore the score) obtained by that particular student. The distribution of hits and misses indicates that both groups behaved
as would be expected in the absence of cheating, with hits tending to concentrate to the left, and misses to the right, of these vertical lines, which are

joined to constitute a single line, thus facilitating visualization.
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Figure 4. Physiological Basis of Nephrology (PBN) test scores from 2018 to 2022. In this graph, each box plot represents mean test scores for groups A
and B in the respective year. The distance learning groups (2020B, 2021A, and 2021B, represented in gray) had considerably higher mean scores com-
pared with the classes of 2018, 2019, 2020A, and 2022 (P < 0.001). Group 2020A, which had only 3 in-presence classes, is represented with a lighter

shade of gray.

classes. This context allowed us to design a prospective observa-
tional study, with direct comparison between the two schemes.

We hypothesized initially that remote teaching would
prove inferior to conventional educational strategies, which
are expected to allow direct interaction of students with both
teachers and colleagues in lectures and practical activities.
Unexpectedly, group B’s scores in the summative exams
were significantly higher than group A’s and PBN historical
mean grades. The PBN course had followed the same model
since 2018. From 2018 until group A’s course in 2020, classes
had a relatively constant performance in the SE. The rede-
signed course offered to the group B in 2020 was maintained
in 2021, now for groups A and B, both of whom exhibited bet-
ter performances than in previous years, albeit with slightly
lower grades than those of group B in 2020. Interestingly,
when in 2022 PBN returned to the conventional face-to-face
model, grades obtained by both group A and group B third-
year students fell to the levels obtained in 2018, 2019, and (in
group A) 2020.

The better performance of group B in the first semester of
2020 could indicate that, despite the random distribution,
this group was intrinsically more competent than group A.
This explanation becomes less likely when we consider
that 1) the previous difference between groups regarding
WMPG, though significant, was trivial (slightly above 2%); 2)
variations in WMPG and prerequisites explain only 15.5% of
the test scoring dispersion; 3) the distribution of residuals
(observed minus predicted scores) in group B was distinc-
tively shifted to the right, indicating that because of the
intervention of some new factor the scores obtained by this
group were higher than would be expected by its retrospect;
and 4) no grade differences were seen in other courses
offered during the first semester of 2020.
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Another explanation for the observed differences could be
the occurrence of fraud. Given the unproctored nature of the
SE, it is conceivable that students might have communicated
with each other, sharing the resolution of the tests, especially
the most difficult ones. Additionally, since group B took the
exam 2 mo later, students of this group might have been
favored by previous knowledge of the tests provided by col-
leagues in group A. However, these possibilities are not sup-
ported by the U3 statistics, since group B had lower deviance
scores and a pattern of hits and misses that, if anything, was
closer to that expected for noncheating students compared
with group A. Moreover, it must be stressed that in both
groups U3 statistics were relatively low, which is inconsistent
with the existence of a significant degree of cheating.

Although this aspect could not be evaluated in the present
study, the better performance of group B in 2020 might be
linked to the impact of social isolation, with time previously
spent in commuting and extracurricular activities now chan-
neled into studying and attending remote classes and even
social activities. In addition, at least part of the students may
have felt protected, under social isolation, from the risk of
becoming ill (4, 29). On the other hand, social isolation may
have exerted a negative impact as well. In a specific study of
our institution, students reported feeling anxious and inse-
cure with the sudden change, fearing not having an
adequate formation. In addition, they deplored the loss of
social interaction and community daily life, considered
essential to the development of professional identity (30).
Thus, the real impact of the social isolation imposed by the
pandemic is uncertain at this time.

Since the superior performance of group B cannot be
ascribed to either preexistent differences between groups or
fraud, it seems reasonable to conclude that the differences
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between groups reflect the distinct educational strategies to
which the groups were exposed. The reasons for this appa-
rently higher efficiency of online classes are unclear and
warrant further investigation. Students attended classes
more regularly and may have found fewer reasons for dis-
traction when individually focused on online activities, espe-
cially during the (forcefully) expositive “practical classes,”
when the concepts addressed in the lectures are reviewed
under a different angle and solidified, without collateral talk.
Another possible explanation is the different exposure of
groups A (3) and B (11) to the recorded classes, although we
were unable to quantify the utilization of this resource or to
assess the individualization of the learning tracks (4, 13). In
addition, it should be noted that students of both groups had
access to all the slide presentations. Thus, the role of the
recorded lectures is uncertain. A final possibility is that the
computer simulations such as those utilized in the PBN
course work better as a teaching tool in a remote learning
context, although evidence in favor of this concept is pres-
ently lacking. At any rate, it is not possible at this time to as-
certain whether the apparent superiority of remote classes
would still be observed if they were part of a planned teach-
ing strategy rather than adopted as an emergency measure
in the context of social isolation.

Whatever the mechanisms underlying the higher grades
obtained by group B, the knowledge acquired in the 2020
PBN was not reflected in a better subsequent performance in
2021 Clinical Nephrology (CN), since no difference was seen
in the mean grades obtained by these students in that disci-
pline, which is offered in the fourth year of medical school.
This finding should be interpreted with caution, however,
since the CN course is heavily based on anamnesis and ex-
amination of hospitalized patients under investigation for
renal disease. Moreover, the students are assessed differently
in the CN course, with a closed-book, open-ended, written
SE. At any rate, the similarity of the grades obtained in CN is
consistent with the notion that, in the long run, remote
teaching is noninferior to face-to-face classes.

Remote learning cannot permanently and completely
replace face-to-face activities, which are essential to build
teacher-student and student-student relationships and de-
velop discipline and self-regulation skills, communication,
and teamwork competencies (4, 13, 31). Nevertheless, online
activities may represent an important complement to tradi-
tional classes, with blended systems, or even exclusively
online classes, finding their way into the future teaching of
renal physiology and pathophysiology (30).

Limitations

This study adopted an observational design, with limita-
tions due to the impossibility of directly randomizing stu-
dents to either method. In addition, the study assumes the
idea of a closed system: any change in learning outcome
derives directly from applied interventions (32). This reduc-
tionist conception, based on linearity and causality, may be
questioned in view of the variety and complexity of the avail-
able educational systems and of the factors involved in the
process of learning itself (32, 33).

Another possible limitation is the highly contextualized
nature of the present findings: they may not be applicable
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outside the setting of a basic science discipline taught in a
Brazilian medical school amidst a raging pandemic. In a
properly preorganized remote learning environment, in
opposition to the emergency remote scenario, results may be
different (34).

Moreover, the present study was focused on the assess-
ment of knowledge, with no comparison regarding the acqui-
sition or development of attitudes and skills. The use of
exam scores as a proxy for knowledge is a simplistic way of
evaluating the whole learning process. Although limited, the
data correspond to the second level of Kirkpatrick’s model,
which is a widespread evaluation framework. In addition,
scores correspond to an easily reproducible outcome that
allows comparison with other studies (15, 35).

Finally, we could not establish the long-term impact of the
remote learning strategy. The similar grades obtained by
groups A and B in a subsequent course suggest noninferiority
of remote classes.

Conclusions

In this study, the adoption of an online synchronous edu-
cational strategy appeared to be superior to conventional
face-to-face activities. Multiple analyses indicated that fraud
is unlikely as a relevant factor, suggesting that the difference
in performance between groups may indeed reflect more ef-
ficient learning.

By directly comparing face-to-face and remote learning,
this study may contribute significantly to the development
of strategies for medical education. Although the present
results are not to be construed as unequivocal evidence that
online classes are superior to in-person activities, this
method may become a valuable ancillary tool in the future
teaching of renal physiology, and possibly other disciplines
as well.
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