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ABSTRACT

Background: New digital learning environments have transformed medical education and
training, allowing students and teachers to engage in synchronous, real-time interactions and
asynchronous learning activities online. Despite extensive research on the role of digital
technologies in education, understanding the interplay between digital technology, work, and
learning, especially in complex fields like healthcare, remains a challenge.

Objective: The objective of this study is to examine resident physicians’ perceptions and
experiences of using a digital learning environment as part of their specialist medical training.
The paper focuses on digital learning through video conferencing (virtual lectures and seminars)
and related learning technologies. It aims to understand how resident physicians perceive
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pedagogical opportunities and challenges in digital learning environments during their medical ~ Physicians

training and what strategies they use to address these.

Materials and Methods: The methodological approach is qualitative, aiming to capture and
understand participants’ experiences and views of digital learning. The empirical data gathered
from open-ended responses to four course evaluation surveys and semi-structured interviews
with nine physicians from a cohort of participants enrolled in two or more digital courses were
analyzed through thematic analysis. The analysis revealed three main themes related to digital
transformation of learning: sociotechnical, educational and administrative.

Results: The results suggest that (i) sociotechnical aspects and understanding of the context in
which the learning takes place contribute to enhancing digital learning for resident physicians; (i)
insights into participants’ perceptions of digital learning emphasize that interactive communication
and group discussions are significant for their learning, and (i) administrative aspects related to
course design, lecture management, and instructional support are more important in digital
learning environments compared to traditional teaching and learning.

Conclusion: Findings from this study confirm and extend prior studies on digital learning in
healthcare, contributing to a better understanding of how digital learning environments, especially
virtual lectures and seminars, can be developed and integrated into residency programs and
health professions education to increase their usefulness.

Introduction learning through, e.g. discussion forums and recorded
lectures [cf. 2,3]. In this paper, we use the term digital
learning to describe learning and training supported
by technology-mediated methods for assessment,
tutoring, and instruction, including collaborative and
cooperative elements [4], with a focus on synchronous,
real-time interaction and learning via video conferenc-
ing and webinars [5]. While digital learning was wide-
spread in higher education and professional training
before the Covid-19 pandemic [5], it became the pri-
mary means for providing education when social

The development of digital solutions for teaching and
learning has increased not only for medical schools
and higher education but also for continuing educa-
tion and training in the health professions [1]. New
digital learning environments have enabled students
and teachers to increasingly participate online and
remotely in joint learning activities through synchro-
nous, real-time interaction and communication such as

video lectures and seminars and asynchronous
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distancing became a necessity [6,7] as it was consid-
ered the most suitable solution to tackle the situa-
tion [8-10].

Prior research has identified both benefits and lim-
itations of digital learning, reflecting the dual nature of
digital technologies as simultaneously enabling and
constraining teaching and learning. On the one hand,
flexibility in terms of time and space is considered a
significant benefit of digital learning as it provides
easy access to course material and enables the spread
of knowledge to a broader range of people while
remaining cost-effective in the long term [7,11]. Access
to educational materials and document sharing
through various methods, such as video and audio, is
beneficial as it helps facilitate interactive learning
activities, communication, and collaboration and allows
for learning at an individual pace and avoiding stress
[11]. On the other hand, research has also found that
the absence of face-to-face interaction in digital learn-
ing environments may discourage engagement in the
learning process, and lack of access to needed tech-
nology can limit the ability to participate and benefit
from the opportunities afforded by digital technology
[12,13]. Digital learning also has limitations regarding
cognitive aspects, as spending many hours in video
conferencing can negatively affect learners and learn-
ing due to tiredness and concentration issues, com-
monly referred to as Zoom fatigue [cf. 14].

A substantial body of literature has explored the
shift to digital learning in the education of health pro-
fessionals during and after the pandemic. Most of the
focus has been on undergraduate students within the
university and academic hospital settings, emphasizing
the rapid shift to online learning and simulation
[10,15-17]. These studies have contributed important
knowledge about the lessons learned during the pan-
demic and its aftermath, and the findings have rele-
vance to residency education and digital learning in
the health professions more broadly. However, more
research is still needed regarding professionals’ per-
spectives on digital technology in the context of work-
place learning and the role of digital learning within
residency education [6,10,18]. Empirical insights and
experiences are therefore valuable to understanding
these perspectives and can help develop strategies for
how digital transformation can enhance medical edu-
cation developments in undergraduate, graduate, and
continuing medical education.

This paper builds on and extends previous research
by the authors, where we explored the digital transfor-
mation of residency education from the perspective of
the course leaders [19] and initial findings from a com-
bined literature review and analysis of course

evaluations [20]. In this paper, we take the perspective
of the course participants, examining the effects of
integrating digital technology into the learning pro-
cess of resident physicians undergoing specialized
medical training. Residents practice as physicians but
are also engaged in continued clinical training toward
specialist competence, thus representing the next gen-
eration of specialists. They represent several medical
fields, work across departments and clinics, and partic-
ipate in both traditional classroom-based learning and
learning in clinical practice. In all, this makes this
group relevant for the study of digital learning in var-
ious stages of medical education [cf. 21]. The overall
aim of the study is to gain a comprehensive under-
standing of resident physicians’ experiences and per-
spectives concerning digital learning. The study is
guided by the following research question: How do
resident physicians perceive and approach pedagogical
opportunities and challenges in digital learning environ-
ments within the context of their medical training?

Related research

A previous review of the literature identified pedagog-
ical factors (e.g. learner-instructor interaction), organi-
zational factors (e.g. infrastructure, training), and
technological factors (e.g. hardware and software) as
influential for digital learning as part of residency edu-
cation [20]. Individual digital skills, self-motivation,
interactive elements, and relevance to practice are
considered facilitating factors for creating a meaning-
ful learning experience in digital learning environ-
ments in healthcare [22,23]. Education management
and administration related to course planning, activi-
ties, and training in the systems being used are also
necessary, along with technological aspects regarding
reliability, usability, and accessibility related to the
learning management systems per se [12,13].

As digital learning transitioned from being a minor
part of the health professions education to becoming
full-scale during the pandemic, medical residents were
provided a wide range of learning opportunities, such
as lectures, seminars, case discussions, and group dis-
cussions [6,7]. Studies focusing on the transition to
digital learning in residency education during the pan-
demic showed a high level of satisfaction with digital
learning activities among participants, but it was also
evident that in-person training remains necessary since
specific hands-on skills (e.g. ultrasound scanning, cer-
tain surgical skills, physical examinations, and emer-
gency procedures) cannot be learned digitally [10,21].

In addition to replacing - and potentially enhancing
or transforming - traditional ‘classroom’ activities such



as lectures, seminars, and journal clubs, digital learning
can support collegial communication, collaboration,
knowledge sharing, and keeping up-to-date, which are
essential aspects of learning and training, especially
for specialized professions committed to lifelong learn-
ing, such as physicians [21]. Prior studies have high-
lighted the importance of social learning aspects that
occur spontaneously in digital learning environments.
For example, Joynes et al. (2017) studied the integra-
tion of technology into continuous professional devel-
opment in healthcare and found that informal learning
arose from ‘opportunistic encounters’ and more
planned activities. Through co-designing content, digi-
tal learning environments can facilitate knowledge
sharing and engagement in community building for
self-sustainability and trustful sharing of domain-specific
information through networking and collaboration
over time [24]. While healthcare is a common site for
research on workplace learning, studies focusing on
informal digital learning are still lacking [25], and ques-
tions of the value and potential loss of social interac-
tions that occur in medical school classrooms and
workplace-based learning when shifting to digital
learning remains [9,10].

Theoretical background

The purpose of the previous section was to review
related research on digital learning in postgraduate
medical education and position this study in the previ-
ous literature. This section outlines the theoretical per-
spectives that have guided the study, to establish an
understanding of the field of digital learning. Theoretical
concepts in the intersection of healthcare and educa-
tion serve as a framework for understanding the inte-
gration of technology and learning in healthcare, and
the paper adopts a sociotechnical approach, where
both social and technical aspects are accounted for.
Digital learning is not a new phenomenon; univer-
sities and other educational institutions have provided
online and blended learning for decades, and there
exists a body of research on the role of computers in
education and how learning can be supported by dig-
ital technologies framed from various perspectives
[26,27]. Research in CSCL (computer-supported collab-
orative learning) has focused explicitly on the actual
use of technology for collaboration and problem-based
learning, i.e. with an interest in understanding the pro-
cess of learning (how) rather than the outcome (what)
from a participant’s viewpoint [28]. Still, it remains a
challenge to understand the relationship between dig-
ital technology, work, and learning and the implica-
tions of digital learning for continuous training and
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learning at work [29], especially in complex settings
like healthcare, where there are high demands on the
medical professionals to keep their skills and knowl-
edge updated to solve problems in daily clinical prac-
tice [30,31].

When integrating technology into education, the
Substitution, Augmentation, Modification, Redefinition
(SAMR) model [32,33] provides a framework to con-
ceptualize how teaching and learning change when
new technology is introduced and the level of that
change. The model is considered suitable for under-
standing pedagogical change (or possible transforma-
tion) driven by learning technologies in health
professions education [34]. It can help analyze how
the technology is being used according to different
stages of technological involvement, from using digital
technology to enhancing learning to transforming it.
Substitution in digital learning can, for example, involve
transferring and reusing traditional classroom lectures
online with the same content and structure.
Augmentation can be achieved by adapting the lecture
to the digital format, breaking it into shorter segments,
and making the content more focused. Modification
might include publishing related content and materi-
als, such as embedded video clips. Redefinition refers
to a complete change that leads to improvements,
which could mean presenting the lecture in a different
context or using a ‘flipped classroom’ approach with
group discussions either in person or in breakout
rooms. While SAMR offers a structured way to reflect
on the implementation of digital elements in teaching
and learning practices, it has been critiqued for being
too general and not considering specific contexts, for
focusing on technology use rather than the learning
process itself, and for its hierarchical structure, which
can mislead educators to believe that only transforma-
tive uses of technology are valuable, overlooking the
benefits of replacement and augmentation [32,34]. The
PICRAT model [35] is another technology integration
framework that combines Replacement, Amplification,
Transformation [RAT; 36], a simplified version of SAMR,
to describe the use of technology for teaching with
PIC, which stands for Passive, Interactive or Creative
and describes a learner’s relationship to technology
[10]. While these models can be useful tools, they
should be applied critically and in conjunction with
other frameworks and considerations that acknowl-
edge the importance of context and understanding of
the learning process.

Digital learning can be described as an education
strategy in which hardware and software technology
facilitates learning by providing learning indepen-
dent of time and distance [21,37]. Many countries,
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organizations, and education institutes worldwide
have adopted digital learning to increase the
chances that learners get higher quality learning
[38]. However, this relationship is not a given.
Traditionally, much research has studied digital
learning from either the technological or the social
aspects separately. This paper adopts the perspec-
tive that digital learning needs to be treated as a
sociotechnical phenomenon because it consists of
the social part (learners and instructors) as well as
the technological part (the software and the hard-
ware of the system), where both the social and
technical aspects need to be taken into consider-
ation together [29,39].

Pedagogical research shows that health professions
education based on modern principles of adult learn-
ing, such as the importance of relevance, reflection,
and active participation in learning, has greater poten-
tial to change the clinical practice of doctors than tra-
ditional lectures do [40,41]. This aligns with a
sociotechnical approach to digital learning, which
highlights the importance of focusing on the social sit-
uations and interactions, as well as cognitive aspects
(e.g. ways of thinking and behaving) to foster an envi-
ronment for digital learning that engage and motivate
the students [29,39]. A sociotechnical approach is con-
sidered essential to developing a better understanding
of why and for what purposes digital tools and educa-
tional methods are used and how they can contribute
to lifelong learning, with a focus on the interplay
between technology change and teaching methods
[29,39,42].

Methods

The methodological approach is qualitative, aiming to
capture and understand participants’ experiences and
views of digital learning during the pandemic and
beyond. Semi-structured interviews with resident phy-
sicians were conducted to follow up, validate, and gain
a more in-depth understanding of preliminary findings
from previous analyses of course evaluation sur-
veys [20].

Setting and participants

The research setting is in Swedish public healthcare, at
one of the larger non-university hospital groups, where
around 200 doctors are enlisted in the hospital-wide
residency educational program. In Sweden, medical
residency is under the purview of public health author-
ities [43]. Hospital residency program directors at each
hospital arrange mandatory courses, including specialty-

specific subjects and general topics required by all
specialties, such as leadership, science, communication,
ethics, and law. In the case reported in this paper, the
hospital group offers these courses twice a year. Before
the pandemic, they were arranged as onsite courses,
where the course participants and teachers met
face-to-face, but during the pandemic, the organizers
decided to teach these courses online.

All courses were evaluated with preexisting course
evaluation questionnaires, comprising both quantita-
tive measurements and qualitative assessment ques-
tions. The open-ended questions focused on
participants’ experiences of participating digitally in
the courses, as well as the strengths and weaknesses
of the digital courses. They also included an opportu-
nity to provide suggestions for improvement in the
final question. All the physicians participating in the
study were engaged in continuous training toward
specialist competence as part of their medical training.

Data collection

A qualitative approach was used to analyze answers to
open-ended questions in course evaluation surveys
(see appendix A, Supplementary Materials) for four of
the courses held online during 2020-2021 (79 individ-
uals, 119 participants, 138 answers in total) and
semi-structured interviews with nine physicians from a
cohort of participants enrolled in two or more digital
courses. Course participants who attended at least two
residency courses during the first year of the pan-
demic were invited to participate in an interview about
their experiences participating in a digital course.

Participants received written and oral information
about the study. This included consent for participa-
tion as well as consent for the publication of ano-
nymized quotes in scientific journals. Nine physicians
were included in the study after giving informed con-
sent. Three were female, and six were male, represent-
ing different specialties. The interviews lasted between
20 and 50min, were based on a semi-structured inter-
view guide (see appendix B, Supplementary Materials),
and were recorded and transcribed verbatim. No new
concepts or additional themes were identified in the
last interviews, and the research group then concluded
that data saturation had been achieved.

Analysis

The empirical data from interviews and course evalua-
tions were analyzed collaboratively and iteratively
through thematic analysis [44]. An initial coding
scheme was developed inductively (data-driven) based



on the research question and analysis of course evalu-
ations to identify patterns, connections, and relation-
ships in the material. Participants’ responses were
condensed into shorter, simpler sentences, and rele-
vant themes were identified from these responses.
Microsoft Excel was used to organize these steps by
creating tables to document the answers, codes, and
themes. Table 1 provides an example of the initial cod-
ing process for the qualitative data analysis.

The next step included multiple readings and anal-
yses independently by three of the four researchers in
the author team (HVH, CMO, PP) to identify, distin-
guish, and analyze occurrences in the empirical mate-
rial describing or referring to the digital transformation
of learning (theoretically informed). The final step was
to collaboratively sum up the findings of each theme,
sort them into subthemes and main themes, and
refine them to reach a final consensus. Initial coding
was conducted manually, and the final analysis was
supported by the qualitative data analysis software
NVivo 12 [45]. After the initial coding, interview tran-
scripts were formatted and imported into NVivo. They
were then assigned to existing themes, followed by
multiple coding to different nodes and re-coding
nodes into broader or narrower themes during the
final analysis, reflecting the iterative nature of the
qualitative research process [46]. Table 2 provides a

Table 1. Example of the coding process.
Coding (condensed

Question responses) Theme
Specific suggestions Two moderators for better ~ Course management
on how the lecture management
course can be Instructors should have Technology-related
carried out needed technology issue
digitally? equipment and skills

More digital activities to Pedagogy-related
start discussions issue
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summary of the final main themes with example
quotes from interviews and evaluations.

Findings

Through our analysis of the course evaluations and the
semi-structured interviews, we identified three main
themes: sociotechnical, educational, and administrative
aspects of digital learning. For a list of themes and
example quotes, see Table 2. Each theme is presented
and further discussed below, illustrated with sample
quotes from the interviews and open-ended questions.

Theme 1: Sociotechnical aspects of digital
learning

The findings indicate that the physicians were satisfied
with the digital courses. While a few participants com-
mented that they at times struggled with the internet
connection, referring to specific functions such as
playing sound and video, in general, they did not
experience any significant technical problems:
‘Technically, | thought it worked quite well’ (R:9). Most of
them had little or no experience of digital learning
prior to the pandemic but commonly viewed them-
selves as digitally competent:’ For us who are a little
more computer-savvy, it's a little easier, because | rarely
think there have been any major problems’ (R6). Taking
part in the courses remotely and using digital technol-
ogy for learning was, thus, not particularly problem-
atic. However, there were examples of unintended
consequences, where digital features designed to sup-
port interaction and learning instead became a dis-
turbing effect, as reflected in the following comment
regarding the hand-raising function: 7..but it didn't
work for the lecturer didn't see it, so then it became that
people just said, ‘excuse me, | have a question’ [so] we

Table 2. Summary of themes with example quotes from interviews and evaluations.

Theme

Example quote

Theme 1: Sociotechnical aspects

Relates to technology use during
digital courses and perceived
implications for learning

However, it's very varied how the course organizers manage it technically to keep it running smoothly
throughout the day without interruptions [...] It feels like the format tends to become more cathedral-like
lectures again when it becomes online courses because it is easier technically, too, with less risk of
interruptions and problems. (R2)

There was a little problem with sound and such, but it was generally good. (C1:26)
| find it easier to concentrate on the content when I'm there in person. | think it's quite easy to zone out (R8)

Theme 2: Educational aspects
Relates to course design, content,
pedagogical methods, and
strategies in digital courses

‘Group discussions worked really well, in my opinion. Then, you had to ask the questions in the chat and get
answers from one of the course leaders while the lecture was going on, which made it possible to ask so
many more questions than you would have been able to do. (R4)

!..digital coffee rooms. That was very unexpected and nice! (C1:12)

| was quite surprised at how it almost became more effective this way. What | miss, though, during the actual
lectures is that the questions became a bit more forced; it's not as easy to just spontaneously ask questions (R5)

Theme 3: Administrative aspects

Relates to supporting structures and
prerequisites for digital learning,
such as course management,
planning and access.

‘They had created websites where we had our schedules, as well as the course structure, and such things
were on two websites, which was great. (R1)

‘The discussions on the articles would probably have worked much better if we had gotten them earlier! (C2:4)

There have been websites with educational materials, and they have also worked well. It has become easily
accessible, and it has worked well for downloading documents and so on. (R6)

Abbreviations in quotes: R=Respondent 1-9. C=Course 1-4: participant answer 1-138.
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abandoned it' (R1). Likewise, with the use of Mentimeter
(an audience engagement platform): ‘It didn’t work that
well, | must say, it becomes a little anonymous so you
don't see who it is from and then you can also ignore
answering. So some answered very well, but others...” (R1).
It was also perceived as a disruption if the lecturer
was unprepared and stressed due to technical issues,
as it interfered with the subject being taught. In those
situations, one of the participants with experience or
better digital skills often stepped in as a support func-
tion to solve the problem at hand. When commenting
on technical issues related to the lectures, it was more
directed towards the role of the teachers in terms of
functioning technology, as well as digital skills, such as
that the lecturer should have a reliable internet con-
nection, a functional microphone, and be familiar with
the technology: ‘it can be lecturers sitting in different
places, and where they realize that one of them hadn't
downloaded Teams [...] or that person does not have
access rights [...] so there have been some situations
when you think that yes this could you have fixed better
but where they haven't anticipated those problems’ (R2).
Several participants emphasized the importance of
having working webcams during the lectures to facili-
tate communication between participants, especially
during discussions, and to keep instructors enthusias-
tic: “...to see all participants, and maybe this would
encourage people to talk more rather than typing in the
chat’ (C1:3). On the other hand, participants also
expressed positive experiences of using the chat for
questions to structure the discussion instead of every-
one talking aloud in the Zoom room all at once. When
it comes to specific software used during the courses,
participants emphasized that they wanted to use the
same platform and not have to spend time and effort
learning how to navigate a new platform in the mid-
dle of the course: Zoom has usually worked better...
Skype has messed up in several other courses as well’
(C2:4). Some of the course elements that could be
improved, regarding the technical aspects, relate to
the way lecture materials were presented online as
participants struggled with seeing material presented
during online lectures: ‘squeezed a lot of text into small
boxes by changing the size’ (C1:18).

Theme 2: Educational aspects of digital learning

It was evident that the participants valued interactive
learning elements and teamwork, and they also
emphasized the importance of the social and informal
aspects of the courses. As one respondent commented,
it is a way of getting acquainted and learning more
about each other through interacting and talking

during the courses, which, in turn, improves the dis-
cussions and learning. ‘The drawbacks are that you don't
know people, so it’s harder to start a conversation with
someone [...], so it takes a while before it becomes good
flow’ (R9). The importance of knowing other partici-
pants was considered a factor that facilitates digital
learning: ..since | was already familiar with almost
everyone, it worked very well. | think it is more difficult if
you do not know anyone already’ (C1:12). Several partic-
ipants commented that they appreciated the possibil-
ity of staying online and talking after and between
lectures, both with each other and asking follow-up
questions to course leaders. Social elements online
were also appreciated: ‘Or you might have a coffee chat
or such things, so that you sit and talk, that you don't
just turn off in between, | don’t know’ (R5).

Moreover, the respondents reflected specifically on
the advantages and disadvantages of online versus
face-to-face courses when integrating interactive activi-
ties during the courses. On the one hand, participating
online was perceived as inhibiting for the discussions,
especially in the larger group: 1t certainly won't be the
same when the lecturer asks a question to a whole group, to
get some kind of discussion going, it just doesn't work in
digital form’ (C3:4). On the other hand, discussions in
breakout rooms were highly appreciated and highlighted
as a strength of the digital courses, both in the evalua-
tions and interviews. The positive aspects of online dis-
cussions for group dynamics, learning, and reflection are
illustrated by the following quote: It was incredibly effec-
tive, quicker to get started and talk about what you would
do in these digital spaces than in real life. There were also
very good dynamics when changing constellations from
time to time. It was easy to ensure that everyone was heard,
actually easier digitally than in real life’ (C1:18).

Finally, related to the courses’ pedagogical content,
many physicians highlighted that case-based discus-
sion, in particular, facilitated learning and reflection:
‘We had a clear question we were supposed to discuss
[...] it became a little easier for everyone to talk and raise
a little, that it became a better discussion’ (R8). Regardless
of whether they took place online or face-to-face, it
was perceived as leading to a deeper understanding
of the subject and, overall, a better learning experi-
ence: ‘The discussions around lectures and patient case
presentations were enriching [...] a very good tool to be
able to quickly answer the difficult questions in a struc-
tured and objective way in practice’ (C4:16). Moreover,
digital features such as polls, quizzes, and Mentimeter
were appreciated and mentioned as examples of when
digital technology could enhance the learning experi-
ence to avoid zoning out and losing concentration.
Still, when it comes to more soft values, such as



around supervision and consultations where it's a lot
about reasoning, the digital format was perceived as
challenging for the learning: ‘..because it's more discus-
sions and maybe you can lecture a little, but it's a differ-
ent way of learning, and then it was challenging with the
digital platform’ (R1).

Theme 3: Administrative aspects of digital
learning

The physicians shared positive experiences of partici-
pating in digital courses during the pandemic. Many of
them wanted to first and foremost express that they
were satisfied with the digital format, especially as the
other option would have been to cancel: *..I genuinely
did not expect it, but, | must say, it worked out surpris-
ingly well after all’ (R8). Nonetheless, after highlighting
the positive aspects, they also commented on issues
that had not worked out and suggested improve-
ments. It was apparent that information, structure, and
logistics around the course days became even more
critical when the courses were provided in digital form.

Practical issues highlighted in course evaluations
and interviews are concerned, to a large extent, with
time management, planning, and preparations.
Participants noted that lecturers often skipped slides
at the end of the presentation, highlighting the impor-
tance of time management and preparation: 7 think
the lecturers’ perception of time is much more difficult
too when they are online’ (R2). Partly due to technical
issues with screen sharing and a longer time to con-
nect and get started: ‘Screen sharing and such, that’s
also a threshold, that people should know now how to
show the slides, but it’s just user experience’ (R6). But also
related to content and presentation technique, where
respondents reflected on the need for digital peda-
gogy and adapting the lectures to the digital format
rather than simply copying the traditional lecture style:
‘People should have better PowerPoint skills and also
some more pedagogical tricks, that you can't fill a whole
page with text, and of course, it's more about pedagogy
and how they are trained in it than this e-learning part,
but it becomes such an important part of it’ (R6).

Participating in lectures online was perceived as
more demanding. Participants suggested adjustments
to the design of the course, for example, incorporating
short breaks and more interactive elements in the
afternoons, such as pop-up questions, to create
engagement, especially during long lectures, as it is
easy to zoom out and lose concentration: ‘one-hour
presentation is a little too much, especially on web-based
courses where you can easily lose focus. | would have
liked a little more leg stretching’ (C4:14).
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The distribution of course material beforehand and
the organizing of breakout rooms were other practical
concerns raised by participants, for example, to think
through the size of the groups not to be too many
but also not too few: ‘At one point we were only two in
a group, but on the other hand, it felt rather as if we
were too many at the group exercise the other day’
(C1:5). Another element mentioned by participants as
facilitating was using the chat during lectures to write
comments or ask questions without interrupting the
instructor: ‘That you are a little clearer about what
applies, like that everyone should have video on, or that
all questions are written in the chat. A little clearer rules
of order if you want to call it that’ (R6). Having a mod-
erator or assigning someone responsible for the digi-
tal, such as monitoring the chat and distributing the
word among the participants, was perceived as facili-
tating: ‘Like a moderator and kept a little track of times
and a little track of people who raised their hand and so
on, it was very professional’ (R6).

Discussion

In this paper, we have addressed key elements that
may enhance or constrain digital learning for physi-
cians in residency programs—focusing on sociotechni-
cal, educational, and administrative aspects—and
corresponding digital learning strategies arising from
using digital learning environments. We contribute to
research on the interplay between digital technology
and learning in health profession education. We also
respond to calls for more research and empirical
insights into the effects of digital learning during the
pandemic and beyond [21,34,47].

First, we uncovered physicians’ views, concerns, and
ideas related to software technology, including the
digital platform used in the lectures and other digital
tools and equipment used during their participation in
the online courses. Our research findings support pre-
vious studies that emphasize the pandemic as a cata-
lyst for digital learning [7,9], acknowledging challenges
related to the ‘digital divide’ between educators and
learners [48] and the potential of millennial residents’
familiarity with social networks and digital technology
[49]. Strategies undertaken by the physicians as they
interact with both people and technologies in new
digital learning environments include using the private
channel in the group chat or joining with or without
the camera, for example, when switching between
breakout sessions and lectures. Challenges initially
described as technological, often turned out to be
more of social character, for example related to sup-
port for digital learning technique or not lack of
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understanding of the purpose or usefulness of using
specific features and tools. In all, this illustrates the
importance of a sociotechnical approach and under-
standing digital learning in context [18,32,34] while
not black-boxing the technology per se [24,30].
Secondly, our findings reveal insights into physicians
perceptions of digital learning related to educational
issues, highlighting the important role interactive com-
munication and group discussions have for their learn-
ing. The transition from traditional learning (onsite,
face-to-face) to digital learning (online, remotely) was
perceived as sudden, urgent, and unplanned [50,51],
but it also led to positive effects in terms of innovative
and creative solutions. Participants reported on the ben-
efits of digital learning mainly as replacement and
enhancement of the learning experience, e.g. group dis-
cussions in breakout rooms and using polls and
Mentimeter to support interactivity during lectures,
which were considered elements that added value [cf.
33, 35]. This suggests that more focus should be placed
on supporting how people learn as they interact and
engage with each other and the technology in novel
ways, especially during prolonged crises [8,21,47].
Resident physicians can benefit from digital learning
because of the nature of their work, with varied work
shift schedules that may prevent them from attending
traditional education lectures [18,21]. In this regard, dig-
ital learning can potentially transform residency educa-
tion if this mode of learning is maintained post-pandemic.
Finally, the participants’ reflections on administrative
issues related to course design and lecture manage-
ment illustrate different structure and informational
support needs between digital learning and traditional
courses. As the use of digital technology for learning
purposes continues to grow, it's important to develop
strategies for better understanding how digital tools
and educational methods can be integrated to sup-
port the need for educational IT, digital skills, and rel-
evant support and training [23]. Simultaneously,
teaching in Zoom and managing the chat can be chal-
lenging [10], as illustrated in our findings by the fact
that participants sometimes stepped in to help moder-
ate group chats and question sessions. Loss of social
interactions and engagement have been identified as
common barriers to digital learning, and our findings
reflect common strategies for maintaining interactivity
and engagement in digital learning environments,
such as virtual hand raising, screen sharing, built-in
chat functions, polls, and breakout sessions [9,10,21].
An interesting finding from this study is, therefore, the
importance of social and informal networking and
relationships built up during the courses, suggesting
that this ‘hidden curriculum’ is an equally important

’

part of the learning that can be both enabled and
constrained in digital learning [19,24,52].

To sum up, our findings show how resident physicians
perceive pedagogical opportunities and challenges in
digital learning environments during their medical train-
ing, highlighting the importance of a holistic approach
that considers all three perspectives when incorporating
learning technology in education and training. Aligning
with the PICRAT model [34], our study illustrates how
respondents experienced and appreciated the interactive
and creative use of technology as part of digital learning.
The digital courses included elements of replacement,
such as the reuse of lectures, but also a wide variety of
amplification, such as digital polls, breakout rooms and
digital coffee breaks. As can be expected, since all courses
in this study had been redesigned from previous onsite
courses, without expertise in digital pedagogy, we did
not find examples of transformation in terms of a com-
plete change of the pedagogical approach. For future
courses, we believe that competence in digital pedagogy
(.e. both technological and pedagogical competence)
early in the course design is crucial for pedagogical trans-
formation in medical education.

Based on our empirical insights and discussion of
the findings, we suggest the following considerations
to enhance medical education and training through
pedagogical transformation:

«  Considerations for sociotechnical learning approaches:
The study emphasizes the importance of a socio-
technical approach to digital learning that consid-
ers learning through interactions with others and
with technology, along with relevance to practice,
to facilitate learning in medical education. Our
findings are supported by previous research, for
example, physicians emphasizing the importance
of well-integrated, user-friendly digital technology
as a prerequisite for learning [53] while also consid-
ering the significance of digital literacy among
educators as equally important [54].

«  Educational considerations for digital learning: The
importance of recognizing learning as a social
and cognitive process is reflected in this study
through the value of interactive communication
and networking during digital courses, empha-
sizing its role in the ‘hidden curriculum’ of learn-
ing. This insight strengthens that fostering social
connections is crucial in digital learning environ-
ments [55,56]. Digital learning was initially per-
ceived as a barrier to interactive communication
and dialogue but was, over time, enhanced by
incorporating digital features to facilitate online
communication and group discussions, including



social and informal interactions, which were also
maintained post-pandemic.

«  Administrative considerations for digital courses:
Clearly, digital learning requires structure and
attention to course administrative issues. The
study emphasizes the importance of integrating
digital tools and educational methods and pro-
viding informational support that can help
understand the usefulness and relevance of dig-
ital learning, as this aspect has been described
as influential for the willingness to embrace and
use digital learning tools in previous research
[57]. Although digital learning initially was per-
ceived with some resistance, it was in hindsight
seen as a positive effect, as participants adjusted
to the new ways of learning and discovered
tools that facilitate time management, organiza-
tion of course material, and studying.

The strengths of this qualitative study, using multiple
sources (course evaluations and interviews), include
credibility through empirical insights into resident phy-
sicians’ authentic experiences and perceptions of digital
learning, identification of key aspects that may enhance
or constrain the learning, and strategies used by the
physicians to address these [46]. Our findings highlight
both the advantages and disadvantages of digital learn-
ing from the perspective of physicians, suggesting that
a combination of synchronous and asynchronous learn-
ing approaches could be considered in the design of
future residency education. Theoretically, the study con-
tributes to a better understanding of how digital learn-
ing environments, including virtual lectures and
seminars, can be designed and incorporated into resi-
dency education and health professions education more
broadly. The study limitations include the use of preex-
isting course evaluation questionnaires, not specifically
designed or validated for this research. Additionally, the
results are limited to the context of one Swedish hospi-
tal, so they may not apply or be relevant to other set-
tings, and there is always a risk that the participants
who volunteered for the study may have a stronger
interest in digital learning compared to the general
physician population. Still, the qualitative and reflexive
approach has enabled continuous data analysis and
refining of the research questions and themes and the
study provides a detailed description of the context and
the characteristics of the participants to enable the
reader to assess transferability. A clearly outlined meth-
odology including transparency in the data collection
process, data-driven coding, and iterative thematic anal-
ysis ensures the dependability of the study [46].
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Conclusion

Through a qualitative approach, based on thematic anal-
ysis of course evaluations and semi-structured interviews,
findings from this study highlight sociotechnical, educa-
tional, and administrative aspects as influential for digital
learning in residency education. It illustrates how digital
learning can be perceived as simultaneously constraining
and enabling, and it discusses strategies used by physi-
cians to address these challenges from all three perspec-
tives. The study confirms and extends prior studies on
digital learning in healthcare, strengthening the need for
holistic approaches and illustrating how the (forced) shift
to digital learning can create innovative thinking and
learning opportunities. Implications for practice include
better knowledge and understanding of how a digital
learning environment, in general, and learning through
virtual lectures and seminars can be designed and incor-
porated into health professions education to increase
their usefulness.
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