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Abstract
Background The COVID-19 pandemic has been the source of many challenges for medical students worldwide. The authors
examined short-term effects on knowledge gain as well as shifts in learning behavior and study-related emotional states.

Method The development of knowledge gain was measured comparing the outcomes of shared questions within Progress
Test (PT) pairs. The authors used mixed-effect regression models and compared the absolute variations in the percentage
of correct answers per subject. Three successive test pairs were analyzed in this manner: PT36-PT41 (both conducted
before the pandemic), PT37-PT42 (PT37 took place before the pandemic; PT42 was conducted from April 2020 onwards)
and PT38-PT43 (PT38 was administered before the pandemic; PT43 started in November 2020).

A survey including closed and open-ended questions was also carried out in January 2021 with the purpose of assessing
the learning behavior and emotional state of participants. Open-ended responses were analyzed using Latent Dirichlet
Allocation.

Results The most recent test of each PT-pair showed a higher mean score compared to the previous test in the same pair
(PT36-PT41: 2.53 (95% CI: 1.31-3.75), PT37-PT42: 3.72 (2.57-4.88), PT38-PT43: 5.59 (4.37-6-81)). Analogously, an increase
in the share of correct answers was observed for most medical disciplines, with Epidemiology showing the most remarkable
upsurge.

N=2,715 students from eleven different German-speaking faculties participated in the survey. Respondents were mostly
positive towards online lectures, which were perceived as clearly bene�cial, allowing for more time and �exibility. On the
other hand, the suspension of practical lessons and alleged communicational and organizational shortcomings were seen
as the main disadvantages.

28% of the students did not perceive negative impacts on their emotional state regarding their studies, however, 20% of the
surveyed students found it di�cult to cope with the lack of social contacts, with an additional 8% of them claiming to feel
lonely, demotivated or abandoned.

Conclusion: Overall, PT performance improved during the pandemic. Students see advantages in online lectures, but
disadvantages in the cancellation of practical lectures; they miss their former social interactions and some even show signs
of emotional distress.

Background
The COVID 19 pandemic has impacted almost every area of daily life worldwide; students have also been affected by
changes in their studies due to lockdown measures (1). Undergraduate curriculums in medical schools include usually an
extensive practical component implying regular contact to patients; students would therefore be put at risk for potential
infection if practical lessons were to be held as they were planned before the pandemic (2). The impact of all these
circumstances on the emotional state of students has been subject to research. Mahdy, 2020 found that students do value
some advantages of online learning, �nding it more �exible and convenient than face-to-face tuition; they also point out that
online learning saves time and provides opportunities for self-study. According to this source, this is sometimes countered
by the lack of availability of internet and/or computer equipment, as well as by di�culties in adequately organizing
practical lessons and insu�cient levels of communication and interaction leading to negative effects on study
concentration; all in all, 97% of Mahdy´s respondents stated that the COVID-19 pandemic lockdown has affected their
academic performance (3). Respondents of Meo et al, 2020 con�rmed these �ndings; they also alluded to a decrease in
their work performance and study time, plus a deterioration of their psychological well-being during quarantine. Meo et al.
found that many students felt an emotional workload; 38% of the students they surveyed claimed to feel hopeless,
exhausted, and emotionally unresponsive (4).
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In general, an interaction between environmental and emotional characteristics and academic performance has been
proven to exist (5), however, there is still insu�cient data available to quantify the impact of the pandemic on knowledge
acquisition. We therefore used data from Progress Tests (PTs) in medical education to investigate short-term effects on
knowledge gain; we also conducted a survey of medical students enrolled at the participating faculties with the purpose to
�nd out to what extent the pandemic has impacted student life.

The PT is a formative test of 200 multiple choice questions at graduate level, which provides feedback to students on
knowledge and knowledge gain during their course of study (6). In Germany and Austria, it is provided to about 11,000
students of 14 faculties around the beginning of each semester. The “winter semester PT” takes place usually from October
to December, while the “summer semester PT” is conducted from April to June.

In summary, we intend to address the following three main questions throughout this study using data from PT as well as
survey responses given by participating students on a voluntary basis:

Is there a substantial change in knowledge between tests that took place prior to the pandemic (“pre-pandemic”) and
those conducted after the pandemic began?

Are there differences at specialty level? A relevant question here is whether the observed changes were similar for all
�elds of study or there were remarkable differences in performance depending on the medical discipline considered.

How did medical students react to changes in their study environment due to the pandemic?

Materials And Methods
Since October 2019, our PTs share a considerable amount of questions with the PT that took place �ve semesters before.
This leads to a natural pairing of tests administered �ve semesters (two and a half years) apart from each other. We
conducted our analysis based on the shared questions within each of the pairs. Three consecutive PT pairs were included in
our study; the �rst one comprises PT number 36 and PT number 41 (which in the following will be called “PT36”
respectively “PT41”), which share 122 questions. As both tests took place before the pandemic, starting in April 2017 and
October 2019 respectively, we included this dataset as control. PT37 and PT42 share 155 questions; PT37 started before
the pandemic in October 2017 and PT42 in April 2020, during the �rst lockdown in Germany and Austria. Because the
pandemic began to spread across Europe just a few weeks before the summer semester of 2020 was scheduled to start,
new entrants in medical schools had to face a rather uncertain academic situation, having to adapt themselves to a
completely virtual study environment which had never been implemented on a comparable scale up to that time.

PT38 started in April 2018 and PT43 in November 2020, sharing 134 questions. By November 2020, online lectures had
already become the norm, while practical lessons had been reduced or cancelled in line with mandatory social distancing
regulations. Examination periods were postponed, and prolonged, and sometimes more lenient rating procedures were
applied, counting failed exams as “free shot”.

A total of 9 faculties were included in this study; in addition to consenting to the use of their data, they had to meet two
further requirements. Firstly, their PT exam regulations should not have changed between the summer semester of 2017
and the winter semester of 2020 (e.g., from mandatory to voluntary test-participation), and secondly, they should offer the
test each semester as opposed to once in a year (even if students are not required to take it every semester).

We used a pseudonymized dataset with the shared questions of PT36 and PT41, PT37 and PT42, and PT38 and PT43.
These datasets contained the answers of the students to each question as well as the semester to which they belong, the
faculty where they study and whether their participation in the test is considered as ‘serious’ or not. ‘Non-serious’
participants are excluded from the calculation of comparison groups since the validity of results would be jeopardized
otherwise (8). ‘Non-serious’ is presumed when the number of answered questions is below a previously established
threshold or answers show a pattern of randomness (8, 9).
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Since both tests belonging to the same pair share most of their questions, students who took both tests in a pair were
confronted with the shared questions twice, while the rest were shown these questions only once. To quantify the effect this
might have on test results; we performed a t-Test comparing both groups (“seen twice” vs. “seen once”). We estimated the
effect size using Cohen’s d; signi�cance level was set to 0.01.

Regression Models
For each PT pair, we �tted a linear mixed effect model with random intercept and slope and with the overall PT score as the
outcome variable. Four �xed effects predictors were set: test number, semester of study, interaction between test number
and semester of study, and test modality (electronic PT (ePT) vs. non-ePT). The medical school where each test was
administered (random intercept) and the interaction between medical school and semester of study (random slope) were
chosen as random effect predictors. This choice assumed (corroborated by long-term data from Progress Test) that
curricular differences might lead to dissimilar semestral variations in average scores among the participating medical
schools. Coe�cients were �t with the restricted maximum likelihood approach. We used R and the lmer function from the R-
package lme4 (10) for �tting the models, additionally, the semi-partial R2 was calculated for each �xed effect by using the
“nsj” method from the r2glmm package (11).

Subject Development
All questions included in PT are routinely classi�ed according to the medical discipline or subject to which they are closest;
a list of 27 predetermined subjects is used for that purpose. In order to determine how our student performance data broke
down by subject, we computed the absolute variations in the percentage share of correct answers for the subsets of
questions generated along these lines (these questions are the same for both tests in each PT pair; therefore, a direct
comparison between them is methodologically sound). For every PT pair, only medical disciplines with at least two
associated questions are featured in the corresponding graph.

Survey
The survey was based on the work of Mahdy and Schauber et al. (3, 5) and conducted using the software SoSci Survey
(12). Participation was voluntary and anonymous; medical students enrolled at participating faculties were sent an e-mail
with a link to the survey website. The questionnaire included three closed questions regarding the faculty and semester the
student belongs to as well as their level of satisfaction with their own academic performance (i.e., summative
assessments). It continued with �ve open-ended questions about emotional and environmental aspects (i.e., learning
strategies; advantages and disadvantages of new study environments, and study-related emotional states in the context of
the COVID-19 pandemic; see Additional �le 1 for the complete questionnaire).

Open-ended questions are considered more di�cult to analyze than their closed counterparts, as human coding is almost
always used (7). Topic modelling is increasingly performed with the aid of machine learning algorithms; in its simplest
form, this is an automated, unsupervised process (13) in which each document is supposed to contain a certain number of
themes or topics. These topics are derived by identifying the words that are statistically closest to each other (14).

We used the Latent Dirichlet Allocation (LDA) algorithm, which assigns both words and documents (in the sense of
‘sequences of words’) to one or more topics. This algorithm is based on the idea that documents are represented as random
mixtures over latent topics, where each topic is characterized by a probability distribution over words. The number of words
among which to choose as well as the number of possible topics per document must be determined in advance; topics are
then allocated to their corresponding words following a probability distribution conditioned on the topic. The two
fundamental parameters of the LDA algorithm are known as α and β; α de�nes a Dirichlet probability distribution according
to which topics are selected, while β determines the selection probabilities of each possible word given each possible topic
(15). This approach requires some preparation of the data. We converted all words into lowercase and lemmatized them



Page 5/14

using spaCy (16) Some, but not all stopwords were removed (14); additionally, lemmatization was carried out where
necessary (e.g., „Bibliotheken“ (German for libraries) and its common abbreviation „BIB“).

We used CountVectorizer from sklearn to build feature vectors from the entries and applied LDA for topic modelling, using
Gridsearch for model optimization (15, 17, 18).

It is known that topic modelling does not always deliver results that are easy to understand or correlate with human
judgements(19). We therefore adjusted the number of topics, starting with the ideal number given by the algorithm until
reaching a good �t from a human perspective, and provided afterwards a description for each topic.

Statistical Analysis
Data were analyzed using IBM SPSS Statistics for Windows, version 27 (IBM Corp., Armonk, N.Y., USA), R for Windows,
version 3.6.1 (R Core Team, Vienna, Austria) and Python, version 3.8 (Python Software Foundation, Beaverton, USA).

Results

General results
The �nal datasets consisted of 13,365 tests for pair PT36-PT41, 13,107 for pair PT37-PT42, and 13,808 for pair PT38-PT43.
Only serious test takers from 9 faculties were kept; that is, a mean of 65.6% of tests included in the initial dataset remained
in our study after non-serious test takers and students from non-participating universities were removed from the datasets
(see Additional �le 2 for the exact �gures).

An overview of the correctly answered questions of each PT pair per semester can be seen in Fig. 1.

Furthermore, students who were shown the shared questions twice did not outperform students who were shown these
questions only once (t-statistic − 0.71, p-value 0.87 and effect size (Cohen’s d) -0.01 for pair 36–41; 1.97, 0.05, 0.07 for pair
37–42, and 2.43, 0.02, 0.09 for pair 38–43, respectively) (Additional �le 3).

Regression
The most recent test of each PT pair showed a higher mean score compared to the previous test in the same pair, with this
difference becoming more pronounced over time (pair PT36-PT41: 2.53 (95% CI: 1.31–3.75), pair PT37-PT42: 3.72 (2.57–
4.88), pair PT38-PT43: 5.59 (4.37–6.81), Fig. 2).

However, the semi-partial R2 for these variables never exceeded 0.01. As expected, the variable “semester” was proven to be
the most in�uential �xed effect regarding student performance (> 4.3 difference in mean between tests for every PT pair).
As for the interaction between test and semester, the results for each pair do not show a uniform picture; in pairs PT36-PT41
and PT38-PT43 we see that the growth of mean scores is stronger in earlier semesters and dwindles somewhat for more
advanced students, while this is not true in the case of pair PT37-PT42, where mean scores increase evenly throughout all
semesters.

According to the intraclass correlation of all three models, university-related random effects do not generally add much
variance to the obtained scores (pair PT36-PT41: 0.14, pair PT37- PT42: 0.06, pair PT38-PT43: 0.04), which means that test
results from the same university show comparatively low levels of within-cluster correlation. For all three models, the
marginal and conditional R2 lie around 0.48 and 0.54, respectively (see Additional �le 4 to 6 for complete mixed regression
model output).

Subject Development
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As can be noted in Fig. 3, some subjects stand out markedly above the rest in terms of performance, while others show
stagnant results.

The medical discipline with the most noteworthy evolution is Epidemiology (epi), whose share of correct answers in PT43
increased by 22.56 percentage points with respect to that of PT38; this is to be compared with an all-subject average gain
of 4.21 percentage points in the same examination cycle. As a further reference point, the percentage of correct answers in
Epidemiology-related questions increased only by 2.92 points in PT41 in comparison with PT36; by the next examination
cycle (PT42/PT37), the performance increase for Epidemiology-related questions reached 14.76 percentage points,
positioning itself clearly as the better performing subject while it had been ranked 8th in the previous cycle. For more
detailed �gures on subject development see also Additional �le 7.

Survey
A total of 2,715 students from eleven different universities took part (two faculties, that were not included in the quantitative
study participated in the survey). The number of respondents per semester ranged from N = 34 to N = 541 with the 3rd
semester being the one with the most respondents.

To evaluate satisfaction with their academic performance during the pandemic, participants were asked to choose among 5
smileys ranging from “very sad” = 1 to “very happy” = 5 (Mean = 3.7; SD = 1.2). As shown in Fig. 4, students across all
semesters and faculties were quite satis�ed with their performance in the summative examinations.Students’ open-ended
responses contained a wealth of information, touching many topics and bringing up disadvantages, advantages, and
emotions in any given answer, regardless of what was asked. The LDA model allows each document to exhibit multiple
topics. The result is a distribution of probabilities for each document belonging to each topic, the greatest probability being
the resulting ‘dominant topic’(15). This means that the allocation of several answers to a certain topic does not necessarily
imply that the people who gave these answers do not agree to some extent with any of the other possible topics.

2,265 students replied to the question regarding adaptions of the learning environment. According to the LDA, 25% stated
that the biggest change for them was having to study at home, mostly alone. 22% invested a greater amount of time in their
studies, with varying degrees of success. 17% claimed to have improved their time management as they were no longer
required to travel to campus or attend lectures. 20% focused on structuring their learning and everyday life. 16% did not
change their learning behavior at all or changed it only slightly; this group includes �rst semester students.

2,306 students commented on advantages. 80% referred to online lectures, highlighting three main bene�ts: more time
available due to cancelled lectures (31%), learning at their own pace (25%) and �exible time management (24%). 20% did
not perceive any positive change.

From the application of the LDA to the responses of the 2,333 students citing disadvantages we estimate that 25% missed
social contacts such as fellow students; 21% missed their familiar learning environment (library, study groups), and 17%
considered the lack of practical lessons and the limited choice of courses available to be a major disadvantage. Some
students also felt abandoned by their faculty (19%); others claimed that the situation was uncertain and said to be lacking
adequate communication from their faculties (18%).

2,462 students commented on their emotional state regarding their studies. The LDA analysis suggests that 28% of them
suffered no study-related emotional distress; on the contrary, a further 24% reported changes in motivation, with most of
them experiencing a decrease in this regard. 20% of students hinted at organizational �aws, while another 20% felt lonely,
missed the exchange with fellow students or experienced anxiety about their exams. 8% of answers might be interpreted as
expressing feelings of distress or even depression.

Discussion
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COVID-19 pandemic lockdowns had triggered sweeping changes in virtually all areas of society. Medical education was no
exception to this rule: most faculties switched to online teaching, either reducing practical lectures and patient contact or
even cancelling them altogether. We investigated the impact of these events on knowledge gain using PT data and
analyzed personal perceptions regarding changes in their learning environment by performing a survey among students of
the PT consortium.

According to our analysis, both tests conducted during the pandemic (PT42 in April 2020 and PT43 in November 2020)
show a relevant increase in mean scores of 3.72 and 5.59 respectively when compared to previous tests belonging to the
same pair (PT37 and PT38, respectively). With a mean score of 2.53, this effect is not so strong in the case of the PTs that
took place before the pandemic (PT41 and PT36). This is mirrored by the net changes per subject; whilst the pre-pandemic
pair shows an average linear increase of 1.40%, this effect is much stronger for pairs PT37-PT42 (3.05%) and PT38-PT43
(4.21%). There are a few medical disciplines which even emerge as winners from the current situation; in fact, the
outstanding performance improvement in Epidemiology-related questions might be understood as a side effect of the
pandemic.

Results on knowledge gain correlate with high satisfaction levels with summative assessment results during both
semesters (mean of 3.7 on a 1–5 scale).

There are a vast variety of circumstances which might in�uence academic performance on both individual and collective
levels. However, the PT examination framework remained almost unchanged between PT36 and PT43 save for the
implementation of technologically advanced test modalities at some of the participating medical schools. These were
therefore included in our models as random effects to quantify and delimit their in�uence on test scores. Other than that, we
reckon that COVID-19 was the only issue known to have induced major study environment changes in the participating
faculties in Germany and Austria within the period between PT36 and PT43.

The �ndings from our survey are mostly in line with existing literature (3, 4). When asked about teaching-related changes
implemented in the wake of the pandemic, an overwhelming majority of students (80% of 2,306) claimed to perceive at
least some advantages in online lectures; as such, they highlighted time saving, �exibility and the possibility of taking more
active roles in their learning process. On the other hand, students place a high value on practical tuition and put emphasis
on their need to be adequately prepared for the profession; therefore, the suspension of practical lessons was seen as a
major disadvantage. Some students also hinted at inadequacies in both faculty organization and student communication.
Despite this, almost one third of students did not report to have experienced any study-related emotional distress. Some,
however, mentioned feelings of loneliness, loss of motivation and a sense of having been abandoned by their faculty.

Limitations

Scope of the study
This study only covers possible short-term effects of the COVID-19 pandemic on medical students; an investigation on
medium-term or even long-term effects would require a more prolonged monitoring of results. We must also remark that our
study was limited to the �eld of theoretical knowledge; further research on how the pandemic may have also affected the
acquisition of practical skills would be much needed in order to build a complete view of the broader topic.

Regression
We assumed that overall score changes between semesters are linear, but there might be certain semesters where the extent
of the knowledge increase differs from the average. Variances in the model were heterogeneous, which might lead to
underestimated standard errors.

Survey
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It must be considered that some responses to open-ended questions touched many aspects; because of that, assigning
these responses to only one main topic was not entirely straightforward. There were also instances where very similar
sentences would express opposite meanings, thus making the training of the LDA somewhat challenging.

Conclusion
The shift to distance learning prompted by COVID-19 resulted in an increased knowledge gain compared to Progress Tests
administered before the pandemic; this is consistent with the overwhelming acceptance of online lectures, which many
participants in the survey would like to keep even after the end of the pandemic. In contrast, students identi�ed the
cancellation of practical lessons as a source of insecurity regarding their studies; organizational shortcomings and lack of
communication from faculties were also the subject of some criticism. While a solution for practical lessons might not be at
hand quickly, there could still be some room for faculties to reassess their student communication policies and to introduce
measures to help students in need, such as implementing mentoring programs or setting up online learning groups.

These �ndings could also be relevant in the future, since they are descriptive (at least to some extent) of how medical
schools in Germany and Austria used digitalization and online learning as tools to cope with the impact of an unforeseen
critical event with major consequences. The current worldwide push for digital education makes it appropriate to build a
corpus of evidence on its effects on student experience, even if at the moment we are only able to discuss short-term
developments.

The implementation of an LDA-assisted survey in which students commented freely on their personal subjective
experiences during these times provided us with very valuable insight about their outlook on advantages and disadvantages
of online learning; in addition, performance data from tests taken both after March 2020 and shortly beforehand allowed us
to observe and calibrate the impact of the pandemic on every single subject. We believe that the body of information
collected for this article might be useful to make the experience of studying a medical degree smoother and more enjoyable
for students, thereby helping raise both their motivation and performance levels.
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COVID-19: Coronavirus disease 2019; PT: Progress Test; CI:Con�dence Interval; ePT: electronic Progress Test; LDA: Latent
Dirichlet Algorithm; sklearn: scikit-learn
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Figure 1

Each PT shares a considerable number of questions with the PT that took place �ve semesters prior; therefore, PTs
conducted �ve semesters apart from each other can be naturally paired together (PT pair). Boxplots in �gure 1 show an
overview of the percentage share of correctly answered questions in each PT pair by students enrolled at nine faculties in
Germany and Austria. Data are disaggregated by semester; plots in light gray refer to data from earlier PTs (36 = summer
semester 2017, 37 = winter semester 2017/18, 38 = summer semester 2018) while plots in dark gray represent later PTs (41
= winter semester 2019/20, 42 = summer semester 2020, 43 = winter semester 2020/21, respectively). For each semester
and PT, the number of participants is indicated above the corresponding boxplot. Abbreviation: PT, Progress Test
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Figure 2

Figure 2 shows the results of the linear mixed model described in the article for each of the three PT pairs considered. Every
PT shares a considerable number of questions with the PT that took place �ve semesters before; tests were conducted at
nine different German and Austrian faculties. These results refer to the �xed test modality “digital, not ePT”. The x-axis
represents the semesters, while the achieved relative scores are shown on the y-axis. The dashed line represents the most
recent test in each pair (41 = winter semester 2019/20, 42 = summer semester 2020, 43 = winter semester 2020/21); the
grey areas are the respective 95%-con�dence intervals. The difference in mean scores for students in earlier semesters (36 =
summer semester 2017, 37 = winter semester 2017/18, 38 = summer semester 2018) increases with every successive pair;
while the results of the pair PT37-PT42 seem to equally improve throughout all semesters, the scores of the other two pairs
converge with increasing semesters. Abbreviations: PT, Progress Test; ePT, electronic Progress Test
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Figure 3

Radar charts showing variations in the percentage share of correct answers within each PT pair, disaggregated by subject
(every PT shares a considerable number of questions with the PT that took place �ve semesters before). Data for these
charts were collected from tests that took place from April 2017 to December 2020 (36 = summer semester 2017, 37 =
winter semester 2017/18, 38 = summer semester 2018; 41 = winter semester 2019/20, 42 = summer semester 2020, 43 =
winter semester 2020/21); further data treatment was performed in March 2021. Axis labels refer to absolute changes in
percentage shares, with the thicker black circumference corresponding to 0% (no change). Abbreviation: PT, Progress Test
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Figure 4

This bar chart shows that students (N = 2,574) from eleven different faculties in Germany and Austria were quite satis�ed
with their performance in the summative examinations which took place during the academic semesters affected by the
pandemic (summer semester 2020 and winter semester 2020/21). They were asked to choose among 5 smileys ranging
from very sad = 1 to very happy = 5 (Mean = 3.7; SD = 1.2). The survey was conducted in January 2021.
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