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Abstract

After the beginning of the COVID-19 pandemic in 2020, digital teaching had to be imple-

mented by most universities at short notice and widely replaced classroom teaching. As a

consequence, digital teaching further reduced direct social interaction for students. One

year after the introduction of digital teaching formats at our university medical center

(department of psychiatry and psychotherapy), teaching evaluation of students from sum-

mer semesters 2020 and 2021 (SS20, SS21) were compared. The main objective of this

study was to objectify whether students evaluate digital teaching less favorably after one

year of its implementation. Ratings of 311 medical students on (1) knowledge gain, (2)

teaching contents and (3) subjective advantages of digital teaching were analyzed for the

two separate cohorts SS20 (n = 175) and SS21 (n = 136). Students also rated their pan-

demic-related stress level, and if learning progress had been reduced by the pandemic in

general. Significant knowledge gain was achieved for all included domains in psychiatry (all

p < .001), and did not differ between SS20/SS21. Teaching contents in SS21 were rated

worse in six out of eight domains compared to SS20 (p < .001 to .05). Also, subjective

advantages of digital teaching vanished in most domains comparing the cohorts of SS21

and SS20 (p < .001 to .05). No differences were found for pandemic-related stress level and

subjective learning progress. Limitations include the post-hoc design, possible bias from

individual exam grades, and sampling bias. The present study showed that knowledge gain

can be considered to be stable one year after the pandemic-related implementation of digital

teaching. However, sustainability of this teaching format should be monitored critically: The

subject of psychiatry and psychotherapy thrives on direct communication, which can be

compromised when using digital formats only. In this light, implementation of more interac-

tive formats in digital teaching is discussed.
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Introduction

The COVID-19 pandemic has posed major challenges for the German university landscape in

light of the pandemic-related measures as defined by the Infection Protection Act [1]. For the

first time, it was decided for the summer semester 2020 that instead of previously established

classroom teaching, all university courses had to be offered in digital form in order to maintain

teaching operations. Contrary to initial hopes, the prolonged course of the COVID-19 pan-

demic [2] prevented a timely return to classroom teaching. For this reason, digital teaching

had to be carried forward to the 2020/2021 winter semester and the 2021 summer semester at

German universities [3].

Besides these structural challenges, each individual student faced various limitations in

both personal and professional contexts as a result of the COVID-19 pandemic (e.g., fewer

patient contacts). Several studies found that the pandemic had a negative impact on students’

mental health and general well-being [4–7]. The significant reduction of direct social interac-

tion in distance teaching formats like digital teaching [8] may have played a pivotal role here,

which, in addition to the restrictions in general social life, still represents a relevant stress fac-

tor for many students until today [9, 10].

In principle, digital teaching formats such as lecture podcasts were already available before

the COVID-19 pandemic, and had shown to achieve a comparable learning success in earlier

studies [11, 12]. However, they had not been widely implemented across all universities and

disciplines [13]. Due to the pandemic, the switch to digital teaching had to take place within a

few weeks at most universities [14–17]. As in other universities [18], teachers at the University

Medical Center Goettingen (UMG) initially were concerned that the lack of direct interaction

with students could lead to a decline in the quality of teaching. Particularly for the subject of

psychiatry and psychotherapy, which thrives on direct and intensive communication as well as

social skills, the question arose as to whether the inevitable digitization could achieve similar

learning success as classroom teaching.

In their study, Besse et al. [19] showed that the initial implementation of digital teaching in

psychiatry as a response to the COVID-19 pandemic did not entail a decrease in knowledge

gain or a worse evaluation of teaching contents when compared to classroom teaching. On the

contrary, their findings underlined that–in 2020 –knowledge gain and evaluation were at least

on an equal or even superior level under digital teaching conditions when compared to earlier

semesters with classroom teaching, although at the cost of a higher workload for students.

However, as the pandemic has continued for another year, it is unclear if these effects still hold

up to this point: As multiple studies suggest, students persistently experienced social isolation

from the beginning of the pandemic (see above). Since then, they have been continuously con-

fronted with digital teaching to an extent never seen before. The study presented here has the

main objective to answer if there is a saturation effect emerging: It aims to objectify whether

students have become less positive about digital teaching after one year of its implementation,

compared to a separate evaluation during the first introduction of this teaching format. This

study extends the findings from Besse et al. [19]: There, medical students evaluated the newly

introduced digital teaching format, exclusively for the summer semester 2020. New data are

now available for the current study, which compares the teaching evaluations of 311 medical

students at the Department of Psychiatry and Psychotherapy, UMG, for the years 2020 and

2021 with a focus on (1) knowledge gain, (2) teaching contents, and (3) subjective advantages

of digital teaching. To our knowledge, this study is the first to directly compare undergraduate

medical teaching in psychiatry during the COVID-19 pandemic for two consecutive summer

semesters.
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Materials and methods

Study and sample design

A total of N = 311 medical students in their 5th clinical semester were included in the present

study. Students belonged to one of two subgroups (1) summer semester 2020 (SS20, participa-

tion n = 175 out of 179, 97.8%; Ø exam grade 1.8, Ø exam difficulty 0.84) or (2) summer

semester 2021 (SS21, participation n = 136 out of 155, 87.7%; Ø exam grade 2.3, Ø exam diffi-

culty 0.81). The participation rate in SS21 was significantly lower than in SS20 (χ2(1, N = 334)

= 13.01, p< .001). The survey was conducted as a post-hoc paper-and-pencil questionnaire,

carried out at the end of the respective semester (SS20 or SS21). The EvaSys system (Electric

Paper Evaluation Systems) was used to scan and import the completed questionnaires (please

see S1 File for study data). Since the survey was part of the standardized teaching evaluation at

the UMG, no demographic data (gender, age, etc.) or individual exam results were allowed to

be collected for the present sample in order to preserve anonymity of the students. For this rea-

son, an evaluation of the existing free-text comments was not carried out either. The paper-

and-pencil questionnaires were completed by the students immediately after their module

exam. All questionnaires were distributed in advance on the individual exam workplaces.

Therefore, all students who wrote the mandatory module exam had the opportunity to partici-

pate in the study. As the data was collected voluntarily, including no personal information

and/or patient data, obtaining informed consent was not required. Since the study presented

here was not subject to either the German Medicines Act or the Medical Devices Act, no ethics

application had to be submitted to the Ethics Committee of the University Medical Center

Göttingen.

Implementation of digital teaching in psychiatry: 2020 and 2021

Lectures. The initial implementation of digital teaching took place in SS20 (please see

Table 1 for a comparison between SS20/SS21 vs. classroom teaching pre-SS20). In lectures, stu-

dents were taught the theoretical basis of psychiatric disorders (including the psychiatric

examination) and their pharmacological and psychotherapeutic treatment. The lectures were

digitally recorded in the form of podcasts and made available to the students on the univer-

sity’s online platform Stud.IP (GPL) for the entire duration of the semester. The program

Camtasia (TechSmith) was used to record the lectures, enabling the lecturers to record the

PowerPoint presentations together with spoken audio. All lectures were limited to a duration

of 30 up to 45 minutes at the most. For SS21, all but two podcasts were re-recorded with Cam-

tasia Studio optimizing the recording quality and the actuality of the lectures. In SS21, a “digi-

tal consultation hour” related to the lectures was offered three times a week as an additional

exchange platform. Here, the lecturers of the previous days were available to the students in a

live conference room for questions about the respective podcasts.

Seminars. For the seminars, a podcast lasting a maximum of 15 minutes was recorded for

each of three seminar sections (see below), in which the students received a short theoretical

input on each topic. Following the podcast, the students were given tasks that they worked on

independently. This corresponds in principle to the concept of the “inverted classroom”,

which is also used in the context of classroom events to actively promote independent learning

[20].

In the seminar section (1) “psychopathological assessment”, various psychiatric disorders

were portrayed with the help of professional actors and recorded as a video podcast. The task

of the students of SS20 was to write a brief medical report including the presented psychopa-

thology for three cases. Due to the high workload reported by these students, the number of
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cases to be worked on was reduced to two instead of three for SS21. Both in SS20 and SS21, the

students in the seminar section (2) “psychiatric emergencies” had to process two psychiatric

emergency situations presented in writing and suggest concrete procedures in the respective

situation. Through the seminar podcast, the basic steps in psychiatric emergency situations

were explained in advance based on three emergency situations. Also, the seminar section (3)

“stigmatization” was identical for SS20 and SS21: After a short theoretical input via podcast, a

simulated doctor-patient interaction was presented, whereby the students were asked to iden-

tify and describe the characteristics for stigmatization occurring in the conversation.

The written seminar tasks were sent by e-mail to the lecturers. The students also received

individual feedback by e-mail. The forum integrated in Stud.IP was used for communication

between students and lecturers both in SS20 and SS21. Students could use it to ask questions

about the content of courses or organizational procedures during the semester.

Bedside teaching. Bedside teaching was carried out in both semesters face-to-face and in

compliance with hygienic regulations. However, in SS20 it could not take place at the end of

the module as planned, but at a later time-point at the end of the semester after the first wave

of the pandemic had subsided.

Study measures

The questionnaire used in this study contained 24 items for the primary outcomes, out of

which 22 were formulated as statements and could be answered via 6-stage scales (1 = “fully

applies” to 6 = “does not apply”). Please refer to S1 Table for all item formulations. Addition-

ally, students were asked to award an overall school grade for the whole teaching module (1 =

“very good” to 6 = “insufficient”).

Table 1. Comparison of teaching formats: Classroom teaching vs. digital teaching.

Classroom teaching (before SS20) Digital teaching SS20 Digital teaching SS21
Lectures

Traditional lecture in the lecture hall: Podcasts of lectures: Podcasts of the lectures (new recordings)1:

• Patient presentation in the context of

the lecture

• Example video with

acting patient

• Example video with acting patient

• Direct interaction (e.g. questions) in

the lecture

• Indirect interaction (e.g.

questions) via forum

• Indirect interaction via forum and direct

interaction in “digital consultation hours”

Seminars

Seminars in small groups: Inverted-classroom

concept:

Inverted-classroom concept:

• Short theoretical input by the lecturer • Short podcast with

theoretical background

• Short podcast with theoretical

background

• Followed by collective working on

cases/exploration of patients within each

topic

• Working tasks on an

individual basis

• Working tasks on an individual basis

(reduced amount of tasks)2

• Feedback from lecturers • Feedback from lecturers

Bedside teaching

• Psychiatric examination of patients in

face-to-face contact (small student groups)

• Discussion of observations

• Direct interaction (e.g. questions) with

the lecturer

• same as for classroom

teaching

• same as for classroom teaching

1All but two podcasts were newly recorded for SS21 (summer semester 2021).
2The number of cases to be worked on was reduced from three to two, due to the workload reported by students in

SS20 (summer semester 2020).

https://doi.org/10.1371/journal.pone.0276660.t001
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Knowledge gain. Measurement of knowledge gain was realized with paired items as pre-

established at the UMG. The items contained seven statements for selected objectives in psy-

chiatry (e.g. “I know the different types of dementia”), each to be rated on a 6-stage scale (see

above). Students retrospectively rated their subjective pre-teaching and their current i.e. post-

teaching knowledge level in the domains of (1) psychopathological assessment, (2) pharmaco-

logical treatment of attention deficit hyperactivity disorder (ADHD), (3) psychotherapeutic

interventions, (4) types of dementia, (5) antidepressants, (6) schizophrenia, (7) anxiety disor-

ders. Students were additionally asked to estimate their weekly time expenditure in hours,

both for the entire module (neurology, child and adolescent psychiatry, psychosomatics, psy-

chiatry) and for the subject psychiatry alone. Both workloads in hours were used as control

variables (see S1 Table).

Teaching contents. Students evaluated the mediation of teaching contents in the subject

psychiatry within the teaching module via eight items, each formulated as a statement (e.g. “In

terms of my professional future, I rate my knowledge gain in psychiatry in this module as very

high.”). These items are used by default to evaluate the teaching at the UMG. All items were

rated with the 6-stage scale, covering the following areas: (1) implementation of interdisciplin-

ary teaching, (2) promotion of independent learning (autonomy), (3) knowledge gain related

to professional future, (4) satisfaction with the basic structure of the module, (5) practical

implementation of teaching, (6) preference to continue the module in this form, (7) subjective

learning progress through lectures, (8) subjective learning progress through seminars.

Subjective advantages of digital teaching. Students were asked to rate subjective advan-

tages of digital teaching. These items were used for the first time during SS20, after the teach-

ing formats reported above (Table 1) had been implemented (see also Besse et al. [19]), and

were again deployed in SS21. Five statements made specific assumptions about digital teaching

(e.g. “My knowledge gain in the subject of psychiatry is higher with digital teaching compared

to classroom teaching.”), and could then be rated by students on the 6-stage scale: (1) higher

knowledge gain, (2) preference for digital teaching, (3) more workload, (4) better preparation

for the written state exam, (5) better preparation for a medical profession in the future. Two

control items were also implemented, comprising (a) a possible reduction of learning progress

and (b) an increased stress level, both in relation to the COVID-19 pandemic (see S1 Table).

Statistical analyses

Data were analyzed using SPSS1, version 27. Means (M), standard deviations (±), and Pear-

son correlations (r) were calculated for descriptive presentation. Statistical tests were con-

ducted for three primary outcomes of this study. (1) For the assessment of knowledge gain,

seven general linear models for repeated measurement (GLM) were used. Within each model,

retrospective (pre-teaching) and current self-assessments (post-teaching) were added as a two-

staged within-subject factor. Furthermore, the semester (SS20 vs. SS21) was added as a two-

staged between-subjects factor. In addition, test statistics for the interaction of the two factors

were calculated for each GLM to identify possible differences in knowledge gain trajectories

between the two semesters (self-assessment × semester).

Multiple t-tests for independent samples (semester: SS20 vs. SS21) were calculated to ana-

lyze differences in (2) the ratings on teaching content between both semesters (8 items) and (3)

subjective advantages of digital teaching over classroom teaching (7 items). Additionally, differ-

ences in weekly workload were analyzed between both semesters (2 items; see S1 Table).

Due to α-error inflation, p-values were adjusted according to the Bonferroni method for

the number of 24 statistical tests in total (padj = pemp × 24). Based on this level of correction, an

additional adjustment was made for all reported pairwise comparisons within each GLM. In
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individual cases, students provided incomplete information in the questionnaires by omitting

items–see the degrees of freedom for each model or statistical test for included cases (mean

completion rate for all items within the total sample: 88.1%). Completion rates between SS20

(86.4%) and SS21 (90.4%) differed by 4.1%.

Besides our main sample, we also included ratings from three previous semesters who

exclusively participated in pre-pandemic classroom teaching: (1) WS18/19 (n = 67, participa-

tion rate 45.6%, Ø exam grade 2.8), (2) SS19 (n = 58, participation rate 40.8%, Ø exam grade

2.1), and (3) WS 19/20 (n = 50, participation rate 35.2%, Ø exam grade 2.0; please see Besse

et al. [19] for details). These students had answered the same items on teaching content as their

fellow students did in SS20/SS21. Here, their ratings were used as reference values for visual

comparison (see results section for details), but were not included into inferential statistical

analysis.

Results

Knowledge gain

A knowledge gain from pre- to post-teaching ratings was found for all seven assessed domains

within the total sample (see Table 2, deltas from M = -1.79 to -2.77). This increase was highly

significant with large effect sizes for all domains, ranging from “(b) pharmacological treatment

of ADHD” (F(1, 287) = 475.48, p< .001, partial η2 = 0.62) to “(a) psychopathological assess-

ment” (F(1, 283) = 1250.75, p< .001, partial η2 = 0.82). Increasing weekly working hours

spent for learning correlated with increased knowledge gain, reaching significance for “(b)

pharmacological treatment of ADHD”, “(f) schizophrenia”, and (g) “anxiety disorders” (r =

-.161 to -.168, p .011 to .017, see Table 2).

When analyzed separately, both SS20 and SS21 showed comparable knowledge gains for all

domains (see Fig 1A and 1B): Deltas for SS20 ranged from M = -1.88 to M = -2.85, deltas for

SS21 ranged from M = -1.68 to M = -2.67. For both semesters, all pairwise comparisons

revealed a significant improvement from retrospective to current self-assessment (pre- to post-

teaching ratings: all p< .001, see Fig 1A and 1B). Correlations additionally showed that stu-

dents tended to invest slightly less weekly working hours for learning in SS21 if compared to

Table 2. Knowledge gain (SS20 vs. SS21).

Variable 1 2 3 4 5 6 7 8 9 M ± SD / freq.

1. Semester (SS20 vs. SS21) – SS20: 175, SS21: 136

2. Working hours: module -.113 – 36.12 ± 10.59

3. Working hours: psychiatry -.173�� .646�� – 25.42 ± 11.29

4. Δ Psychopathology .053 -.088 -.100 – -2.27 ± 1.33

5. Δ Pharmacology ADHD .070 -.021 -.161� .388�� – -1.79 ± 1.38

6. Δ Psychotherapy -.067 -.074 -.110 .404�� .465�� – -2.34 ± 1.40

7. Δ Dementia .072 -.065 -.082 .294�� .426�� .411�� – -2.49 ± 1.27

8. Δ Antidepressants .037 -.078 -.123 .333�� .366�� .400�� .460�� – -2.13 ± 1.15

9. Δ Schizophrenia .067 -.081 -.165� .327�� .467�� .521�� .540�� .501�� – -2.77 ± 1.33

10. Δ Anxiety disorders .082 -.063 -.168� .368�� .458�� .485�� .502�� .465�� .664�� -2.52 ± 1.22

Correlations

�p< .05

��p< .01; M = mean value, ± SD = standard deviation, freq. = frequency. SS20 = summer semester 2020 (coded as “1”, n = 175), SS21 = summer semester 2021 (coded as

“2”, n = 136); working hours in hours per week; Δ items 4 to 10: delta of the subjectively rated knowledge gain from pre-teaching to post teaching for seven domains in

the field of psychiatry (Δ = (post-teaching)—(pre-teaching)), negative values indicate a knowledge gain from pre- to post-teaching (N = 311).

https://doi.org/10.1371/journal.pone.0276660.t002

PLOS ONE Digital teaching in psychiatry during the COVID-19 pandemic: Knowledge gain and content evaluation

PLOS ONE | https://doi.org/10.1371/journal.pone.0276660 October 21, 2022 6 / 15

https://doi.org/10.1371/journal.pone.0276660.t002
https://doi.org/10.1371/journal.pone.0276660


SS20 (see Table 2), but pairwise comparisons did not reveal significant differences, neither for

working hours spent for the whole module nor for teaching in psychiatry alone (t = 1.79 to

2.69, p = .181 to .999).

Besides the knowledge gain reported above, GLMs did not reveal between-subjects effects

(SS20 vs. SS21)–the general level of knowledge did not differ between both semesters in any of

the seven domains (GLMs: F< .01 to 3.51, ns). Furthermore, analyses did not reveal any sig-

nificant interaction effects (GLMs: F = 0.39 to 6.23, ns): The trajectories of knowledge gain

Fig 1. Knowledge gain in digital teaching, as rated by students in SS20 (n = 175) and SS21 (n = 136). � p< 0.05, �� p< 0.01, ��� p< 0.001. Mean values with

95%-CIs and Bonferroni corrected pairwise comparisons. Students rated statements retrospectively (pre-teaching) and post-teaching on a 6-stage scale (1 =

“fully applies”, 6 = “does not apply”), e.g., “I know the different types of dementia” (please see S1 Table for all item formulations). N = 311.

https://doi.org/10.1371/journal.pone.0276660.g001
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from pre- to post-teaching did thus not systematically differ between both semesters (see Fig

1A and 1B). In sum, the knowledge gain can be considered as being statistically equivalent

between both semesters in all assessed domains.

Teaching contents

For SS20, students awarded a mean school grade of 1.86 for teaching in psychiatry (between

“very good” and “good”). For SS21, this rating resulted in a mean grade of 2.31 (between

“good” and “satisfactory”). Regarding evaluation of teaching contents, students from SS21

gave numerically worse ratings for all eight items when compared to SS20. Significance was

reached for six out of eight items (see Fig 2): (1) implementation of interdisciplinary teaching

(t(238) = -3.89, p = .003), (2) promotion of independent learning (t(279) = -8.01, p< .001), (3)

knowledge gain related to professional future (t(290) = -4.30, p< .001), (4) satisfaction with

the basic structure of the module (t(276) = -4.62, p< .001), (5) preference to continue the

module in this form (t(226) = -3.23, p = .034), (6) subjective learning progress through semi-

nars (t(267) = -3.85, p = .004). Despite this majority of poorer ratings, values for SS21 did not

exceed the neutral value of 3.5 on the scale for any item (minimum value: M = 1.92 ± 1.01 max-

imum value: M = 2.93 ± 1.34, see Fig 2).

Explorative comparison with pre-pandemic classroom teaching. To enable an explor-

atory and more precise classification of these findings, ratings from students who had partici-

pated in classroom teaching from 2018 to 2020 (winter semester (WS) 18/19 to winter

semester 19/20, n = 175, see Besse et al. [19] for details) were also integrated in Fig 2 as refer-

ence values. In relation to SS21, differences were smaller–still, students in SS21 gave numeri-

cally worse ratings than students having participated in classroom teaching (WS18/19 to

WS19/20) in seven out of eight domains. One exception was the perceived contribution of lec-

tures to learning progress: For this item, students in SS21 gave better ratings (M = 1.92 ± 1.01)

than students in classroom teaching (M = 2.43 ± 1.39, see Fig 2).

Fig 2. Teaching contents rated by students for SS20 (n = 175) and SS21 (n = 136). � p< 0.05, �� p< 0.01, ��� p< 0.001. Mean values with 95%-CIs and

Bonferroni corrected pairwise comparisons. Students rated statements on a 6-stage scale (1 = “fully applies”, 6 = “does not apply”), e.g., “This module should be

continued as is with respect to the subject of psychiatry” (please see S1 Table for all item formulations): (1) implementation of interdisciplinary teaching, (2)

promotion of independent learning (autonomy), (3) knowledge gain related to professional future, (4) satisfaction with the basic structure of the module, (5)

practical implementation of teaching, (6) preference to continue the module in this form, (7) subjective learning progress through lectures, (8) subjective

learning progress through seminars. Ratings from semesters WS2018/19 to WS2019/20 (classroom teaching) were added as reference values for visual

comparison. N = 311 (digital teaching), n = 175 (classroom teaching).

https://doi.org/10.1371/journal.pone.0276660.g002
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Subjective advantages of digital teaching

In line with the teaching contents, students from SS21 rated potential advantages of digital

teaching worse in three out of five items when compared to SS20. Significant differences in

favor of SS20 were found for (1) higher knowledge gain (t(245) = -4.63, p< .001), (2) prefer-

ence for digital teaching (t(277) = -3.22, p = .034), (3) better preparation for a medical profes-

sion in the future (t(253) = -4.01, p = .002). In comparison to SS20, students from SS21 agreed

to a lesser extent to the statement that digital teaching generally leads to a higher workload (t
(282) = -4.58, p< .001). In sum, values for SS21 exceeded the neutral value of 3.5 on the scale

for four items (M = 3.98 ± 1.79 to M = 4.90 ± 1.22, see Fig 3). Concerning a possible influence

of the COVID-19 pandemic, analyses did not reveal any significant differences in terms of a

reduction in subjective learning progress (t(262) = 1.91, p = .999) or an increased stress level (t
(287) = 0.61, p = .999) between both semesters (see Fig 3).

Discussion

The present study investigated whether digital teaching in psychiatry–ad hoc and widely real-

ized with the onset of the COVID-19 pandemic in 2020 –results in a satisfactory teaching eval-

uation by undergraduate medical students after more than a year of its implementation. For

this purpose, the ratings of 311 medical students on (1) knowledge gain, (2) teaching contents,

and (3) subjective advantages of digital teaching were analyzed for two consecutive semesters

in summer 2020 and 2021. It was found that knowledge gain remained stable in SS21. Media-

tion of teaching contents and subjective advantages of digital teaching were both rated worse

in SS21 compared to SS20.

Fig 3. Subjective advantages of digital teaching as rated by students in SS20 (n = 175) and SS21 (n = 136). � p< 0.05, �� p< 0.01, ��� p< 0.001. Mean

values with 95%-CIs and Bonferroni corrected pairwise comparisons. Students rated statements on a 6-stage scale (1 = “fully applies”, 6 = “does not apply”),

e.g., “My knowledge gain in the subject of psychiatry is greater with digital teaching than in classroom teaching” (please see S1 Table for all item formulations):

(1) better knowledge gain, (2) preference for digital teaching, (3) more working hours (oder workload), (4) better preparation for the written state exam, (5)

better preparation for a medical profession in the future, (6) related to the COVID-19 pandemic: reduction of learning success, (7) related to the COVID-19

pandemic: higher stress level. N = 311.

https://doi.org/10.1371/journal.pone.0276660.g003
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It is remarkable that knowledge gain during SS21 was both equivalent to SS20 as well as to

the knowledge gain of pre-pandemic semesters with face-to-face teaching (see Besse et al. for

details [19]). This is in line with other studies, which found comparable knowledge gain /

teaching success between digital- and face-to-face-teaching [11, 12]. Our study additionally

underlined that knowledge gain achieved with digital teaching potentially remains stable at a

level comparable to classroom teaching even more than one year after its initial implementa-

tion. This is of particular interest considering that students simultaneously rated digital teach-

ing worse in the other domains examined here. Especially subjective advantages of digital

teaching were not only rated worse in SS21, but exceeded the neutral value of 3.5 in the nega-

tive range for four out of five items. Furthermore, the mediation of teaching contents was

rated worse in SS21, albeit not as low as subjective advantages. In sum, students seemed to

clearly differentiate between their subjective, satisfactory knowledge gain achieved by this

teaching format, but were coevally less enthusiastic about its positive aspects after one year of

implementation. It is hard to identify possible reasons for this discrepancy: In contrast to our

findings, several studies showed that students rather appreciate time flexibility in digital teach-

ing [21–23]. There are other characteristics of this teaching format, which are generally valued

by students, like determining the own learning pace or accessibility [24, 25]. However, there

are some studies which indicate that initial satisfaction with digital teaching formats imple-

mented due to the COVID-19 pandemic do not remain permanent, e.g., as reported by physi-

cians from different fields: There, these formats led to frustration due to high number and/or

frequency [26]. In sum, longitudinal studies are needed to analyze changes on students’ evalua-

tions of digital teaching, and to better understand the discrepancy between a satisfying knowl-

edge gain and a more negative view on other aspects of digital teaching found here.

Several studies have now been published that describe the COVID-19-related transfer of

teaching into digital formats specifically in the discipline of psychiatry. However, the focus of

these studies lies on the detailed description of the newly established digital teaching formats

and the associated challenges [27–29]. Statements on knowledge gain or the general evaluation

of digital teaching from the students’ point of view can only be found sporadically and in few

studies: Morris et al. were able to show that after the digitization of psychiatric teaching at

their university, students felt well prepared with regard to examinations and the following

practical forms of teaching [30]. In an online survey of students at eight medical schools in Sri

Lanka, students rated digital lecture formats in psychiatry as an effective teaching method [31].

A survey of 24 responsible persons for psychiatric teaching at medical schools in the United

Kingdom also indicates a high level of satisfaction with digital teaching in psychiatry on the

part of students [32]. To our knowledge, our study is the only one to evaluate knowledge gain,

teaching contents and subjective advantages of this teaching format in psychiatry for two con-

secutive summer semesters.

The subjective burden of the COVID-19 pandemic on the individual learning progress and

the associated stress level potentially bias teaching evaluations. Both were not rated higher in

SS21 compared to SS20 and should therefore not have played a major role here–although mul-

tiple other studies clearly found increased stress levels in students during the continuing pan-

demic [4–7, 33]. Interestingly, students in SS21 stated to generally invest less time in digital

teaching than the students in SS20. In line with this, the weekly mean working time of 4.7

hours for the module was rated to be lower than in SS20 (5.4 hours). The poorer rating of digi-

tal teaching is thus by no means due to a further increase in workload as working tasks had

been reduced in SS21. Additionally, the lower workload might be seen as a result of the

increasing experience of the students with digital teaching. It can also be assumed that the final

module exam could have been a potential factor influencing the overall teaching evaluation,

which was written after the theoretical/teaching part of the module. The results of the exam in
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SS21 were worse with an average grade of 2.3 compared to SS20 (Ø 1.8). Also the average diffi-

culty in SS21 was higher with 0.8099 compared to the SS20 (Ø 0.8439). It is well known that

achieved exam grades correlate with the students’ evaluation of previous teaching, and accord-

ingly, worse exam grades lead to worse teaching evaluations [34]. Since in our case the evalua-

tion took place immediately after the module exam, this might have had a relevant influence

on the present teaching evaluation. One additional factor which could have influenced stu-

dents’ evaluation is the motivation of teaching personnel, which potentially declined during

the pandemic [35]. In our case, the same teaching personnel were used both during SS20 and

SS21 which would at least eliminate a selection bias. However, the motivation of these lectures

could still have suffered from SS20 to SS21. This may be especially important for psychiatric

teaching, which at least implicitly thrives on direct, non-digital interaction between teaching

personnel and students. Future studies should therefore analyze both the students’ as well as

the lecturers’ perspective in this matter to cover this hitherto insufficiently researched area.

The aim should be to clarify if a possible saturation effect and loss of motivation due to digital

teaching formats specifically applies to the field of psychiatry. Moreover, the way students

work may also have changed during the pandemic, e.g., by using online meeting learning plat-

forms [36]. This was not mapped in our survey and should be focused on in future studies.

In contrast to SS20, students in SS21 had significantly more experience with digital teaching

formats. It is conceivable that students had become acquainted with digital techniques in pre-

vious digital semesters, which had not previously been integrated into our module and were

now anticipated as obligatory–live interaction between students and lecturers in seminars can

be mentioned as one example. Consistent with this assumption, the partially podcast-based

seminars in SS21 were rated significantly worse for the same content and teaching format, but

the digital lecture podcasts were not. In other modules of the clinical study section at our uni-

versity hospital, more seminars have been progressively conducted as live video streaming

with the introduction of digital teaching. For teaching in psychiatry, this was exclusively real-

ized in the context of the “digital consultation hours”. Lectures continued to take place in

almost every module in the form of recorded podcasts. Although this is not directly evident

from our study, it is reasonable to assume that live digital seminars are preferred by students,

while lectures are more likely to be accepted in form of podcasts. So far, studies could show a

high degree of satisfaction with live digital teaching methods, even in comparison to face-to-

face teaching [37, 38]. It also seems that the most intensive and direct communication possible

between teachers and students is associated with greater learning satisfaction [39, 40]. In sum,

this underlines the necessity of continuously evaluating digital teaching and adapting it to the

preferences and needs of students.

Such an adaptation seems to be imperative, especially with regard to later professional life.

Both in SS20 and SS21, students indicated that they tended to feel less prepared for later medi-

cal profession by digital teaching–this has also been found in other studies [41–43]. In this

context, Alsoufi et al. found that a majority of students considered e-learning as being inade-

quate for conveying clinical aspects [44]. Digital teaching, no matter how innovative it may be,

seems to reach its limits in this discipline. It may successfully sustain contact between students

and patients [45], but cannot fully replace direct contact in a clinical context. This may espe-

cially be the case in the field of psychiatry and psychotherapy. Here, this was the main reason

to carry out the bedside teaching face-to-face.

There are some limitations to this study. First, knowledge gain in this study was measured

post hoc. In a self-assessment, students both rated their subjective knowledge pre- and post-

teaching, realizing pre-teaching assessments as retrospective ratings. Such an approach is

potentially more prone to measurement error and results must always be interpreted with cau-

tion. Overall, a longitudinal design would be preferable, but would require two separate
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measurements (pre- and post-teaching) for each individual. This was not feasible in our case

due to strict requirement for complete anonymity of all data collected as part of the teaching

evaluation: Each finalized questionnaire had to be handled as a stand-alone anonymous data

source. It should also be noted that two minor, feedback-based changes have been made

between SS20 and SS21: (1) the “digital consultation hour” was implemented as additional dis-

cussion platform between lecturers and students, (2) working tasks for seminars were reduced

from three (SS20) to two (SS21). However, the majority of teaching content was not changed

(see Table 1). Nevertheless, this might have biased students’ evaluations between SS20 and

SS21. On the other hand, the teaching personnel did not change at all between both semesters,

thus improving the comparability of both semesters. Second, individual exam grades would

represent an objective operationalization of learning progress, which could be used in addition

to judge (a) the performance of teaching and (b) the validity of self-assessed knowledge gain.

Again, due to strict anonymity requirements, the assignment of individual exam results to the

individual teaching evaluation was not possible. In line with that, a detailed sample description

(age, gender, etc.) would also be preferable to control for systematic differences between SS20

and SS21, but as this information was not collected during teaching evaluation to guarantee

the students’ anonymity, systematic differences between biographical subgroups could not be

analyzed. Third, although all students who took the module exam were given the opportunity

to participate in the survey, a sampling bias cannot be completely ruled out: The participation

rate during SS21 (87.7%) was significantly lower, if compared to SS20 (97.8%). It has thus to be

assumed that the student population was less accurately represented one year after the imple-

mentation of digital teaching, although the overall participation rate can be considered high.

At this point, one can only speculate about the reasons for the lower level of participation dur-

ing SS21. In addition to a possible saturation effect which may have led to less motivation to

evaluate digital teaching, the experienced higher exam difficulty and worse exam grades in

SS21 may also have reduced the students’ participation rate: As the evaluation took place

directly after each module exam it is quite conceivable that motivation for the subsequent eval-

uation might have been affected negatively. Fourth, generalization of our results to other disci-

plines is limited per se, as this study exclusively focused on the field of psychiatry.

Since the onset of the COVID-19 pandemic, universities have made significant efforts to

successfully enable teaching with digital formats in the short term. While the initial implemen-

tation of this teaching format in 2020 was potentially perceived as the only way to sustain uni-

versity teaching and thus was positively received by students, the present study shows that the

level of knowledge gain in 2021 sustained even one year after the initial introduction of digital

teaching in 2020. However, it also casts at least slight doubts on the full sustainability of this

teaching format: Here, even improvements of digital teaching in 2021 could not prevent

poorer evaluation results in several domains. As a consequence, students must be continuously

involved in the development of digital teaching in order to consider their needs. It remains to

be seen whether pandemic-related measures as social restrictions will cause increasingly nega-

tive perceptions towards digitization and, subsequently, digital teaching formats in the future.

A constant further development of digital teaching is essential, as it will be an important part

of teaching in the future, also in the field of psychiatry.
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