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BACKGROUND: Digital training resources show great
promise in augmenting traditional surgical education
— especially in times of social distancing and limited
surgical caseload. Embedding digital resources in
surgical curricula is however not current, nor com-
mon practice in Dutch hospitals. While the digital
world has become part of a resident’s everyday
life, surprisingly little is known about surgical
residents’ experiences and expectations towards
use of digital resources for their own surgical educa-
tion. This study aims to identify digital resources cur-
rently used in Dutch surgical curricula and to
describe surgical residents’ perspectives towards digi-
tal education.

METHODS: A series of semi-structured interviews with
Dutch surgical residents were conducted until data
sufficiency occurred. The interviews consisted of two
parts: 1) current surgical training and implemented
digital resources, and 2) future surgical training and
the role of digital resources therein. All interviews
were digitally recorded, transcribed verbatim, and
thematically analyzed.
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RESULTS: Sixteen surgical residents were interviewed —
two out of each of the eight educational regions for sur-
gery in the Netherlands. Five digital resource categories
were identified and four general educational themes
(requirements, advantages, disadvantages, and general
education themes), overarching 13 sub-themes. In gen-
eral, residents were enthusiastic with regard to using dig-
ital resources, especially when the perceived advantages
supported their autonomy.

CONCLUSIONS: Dutch surgical residents indicate that
digital resources may support their educational experi-
ences, but state that ideally they must be combined
with much appreciated on-the-job training, and be
offered to them tailored to their individual needs. No
resources are considered to be a “magic bullet” in
itself. The specific needs of residents and educators
need to be addressed clearly in order to successfully
adopt and implement digital resources on a larger
scale. (J Surg Ed 80:457—467. © 2022 The Author(s).
Published by Elsevier Inc. on behalf of Association of
Program Directors in Surgery. This is an open access
article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/))
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INTRODUCTION

Surgical residency programs are facing many challenges
today. One of them is providing residents with sufficient
exposure to clinical experiences — including high-level
supervised hands-on training in the operating room." This
proved and proves to be a challenge — to say the least — in
the COVID-19 pandemic, when downscaled elective sur-
gery, relocation of residents to COVID-19 units, and social
distancing regulations, prevent(ed) surgical residents from
having proficient hands-on experience.” ~

Digital training is here defined as by the European Com-
mission definition: The pedagogical use of digital technolo-
gies to support and enhance learning, teaching and
assessment. This includes resources such as Virtual Reality
(VR), digital box trainers, and mobile application, which
seem promising as they can mimic clinical practice. Using
these tools, residents can practice and make any mistakes
without the risk of harming patients.” ® Moreover, resi-
dents can be exposed to cases which are uncommon, train
specifically needed knowledge and skills, and access these
resources on demand — all of which is not the case for clin-
ical practice, and only partly the case for wet- and dry-lab
training. However, embedding digital resources in surgical
curricula is neither current nor common practice in Dutch
training hospitals. There is no clear overview of available
digital resources specifically for surgery and including
information on their contents, their quality, and on the per-
spectives of residents towards these resources. Conse-
quently, successes and failures of using and implementing
digital resources are not easily shared, and successful initia-
tives that might be beneficial to others remain under the
radar. Plus, there is no opportunity to learn from challeng-
ing situations elsewhere. This may result in “reinventing
the wheel” situations for training at best, and waste of
time, effort, knowledge and resources at worst. Moreover,
while knowledge about the experiences and expectations
of surgical residents towards use of digital resources for
their own education is essential, surprisingly little is known
on the subject. Therefore, this study aims to 1) identify digi-
tal resources currently in use in Dutch surgical residency
programs and 2) assess the perspectives of surgical resi-
dents with regards to these resources.

MATERIALS AND METHODS
Study Design

An explorative qualitative study was designed in which
semi-structured interviews with Dutch surgical residents
were conducted and analyzed using an inductive the-
matic approach.” This approach ensured that several
pre-determined concepts were discussed, and provided
freedom to explore the experiences and vision of each
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individual participant. Because this approach implies
that outcomes are actively constructed by and between
participants and researchers, the constructivist paradigm
was followed.'” To that regard information on the
authors is relevant for our readers: all authors are medi-
cal doctors, educators and educational researchers affili-
ated with Amsterdam UMC. TF coordinated the study
and conducted the interviews as part of a PhD-project,
ENvD and MS are both principal investigators and princi-
pal educators within the surgery department, ENvD is
president of the regional surgical residency program and
supervised this project, and MM is an expert on qualita-
tive research, especially with regard to health profes-
sions education.

The study was performed in accordance with the
Standards for Reporting Qualitative Research (SRQR)
guidc:lines.1 ! The institutional review board (IRB) waved
the need for an official IRB review because participants
were healthy, not subject to any intervention other than
the interviews, participated voluntarily, and all data was
used and stored anonymously.

Setting and Participants

The Dutch surgical residency program is divided in eight
educational regions, each containing multiple training
hospitals and a University Medical Center (UMC). Dutch
residents follow six years of surgical training, alternating
attending a teaching-governing UMC and affiliated teach-
ing hospitals. The first four years or residency are called
the “common trunk”: In these years the residents focus
on acquiring, and becoming proficient in fundamental
surgical skills and competencies. In the two final years,
the so-called “differentiation phase”, residents focus on
their preferred specialization: Gastro-intestinal surgery,
surgical oncology, trauma surgery, vascular surgery, or
pediatric surgery.

All Dutch surgical residents were considered
eligible for participation in our study. Residents were
approached to collaborate using existing national resi-
dent networks such as the surgical resident society and
regional network groups. No compensation was offered
for participation. Criterion-based stratified purposeful
sampling was used to ensure a balanced distribution of
educational regions, sex, and surgical experience.

Interview Guide

The interview guide (Supplementaryfile I) was devel-
oped by discussing the aims among the research team,
and refined during the interviews through a process of
constant comparison. This technique involves improv-
ing the original interview guide based on newly identi-
fied themes and concepts in subsequent interviews,
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thereby providing flexibility in identifying and exploring
new topics during the interview process.

Following the aims of this study, the interviews were
split into two parts. The first part was aimed at canvass-
ing residents’ experiences of current surgical training
and identifying digital resources currently in use. In the
second part, residents were asked to specify their vision
on the future of surgical training and the residency, and
the role of digital resources therein. This part included
the question “If you could construct a teaching curricu-
lum according to your own preferences, what would
that look like?” — which aimed to concretize partic-
ipants’ vision on the implementation and place of digital
resources in the curricula.

Interview Procedures

Residents who responded to the invitation were invited
for an interview with Trial Master File (TMF), which
took place between April and August 2020. The first
interviews were conducted face-to-face at the hospital
site of the participant, while later interviews were con-
ducted via video-conferencing. This, due to COVID-19-
related restrictions of hospital access. Each interview
was audio and/or video-recorded with explicit permis-
sion of the participant, transcribed verbatim after inter-
view completion, and analyzed directly to allow for
constant comparison. The transcribed interviews were
available for participants to review, to provide feedback
or to further elaborate on answers given. Interviews
were conducted until data sufficiency was achieved.
Data sufficiency suggests that the data is “good enough”
for the breadth of the research questions and that the
sample size is large enough to allow transferability of
concepts to other contexts.' ' This, as opposed to data
saturation which suggests that the extracted data is
objectively “exhaustive” — a feature which is hard to
prove.'»'" All transcripts were de-identified, stored,
organized and analyzed using MAXQDA 2020 (VERBI
Software GmbH, 2019).""

Qualitative Analysis

The two parts of the interview guide served as an initial
guide for thematic analysis of the interviews, following
the methodology proposed by Braun & Clarke in 2006.”
TF and ENvD independently analyzed each interview
and used the inductive thematic approach to identify rel-
evant themes. Preliminary open coding of a data subset
yielded an initial coding template, which was applied to
further data, and modified if necessary. Disagreements in
coding were resolved by consulting a third reviewer if
necessary (MS). After codebook finalization, patterns
between the codes were identified to establish the final
thematic framework.
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RESULTS

Participant Characteristics

Data sufficiency occurred after completion of 16 conse-
cutive interviews. The age of participants ranged from
28 to 35 years and men and women were included
equally. Fourteen residents were in the common trunk
part of residency (eight in years 1-2, six in years 3-4), and
two residents were in their differentiation phase. The
duration of the interviews varied between 25 and 50
minutes, and the first three interviews (18%) were con-
ducted in person. Two residents who showed initial
interest in participation did not react to the subsequent
invitation and were therefore excluded from the study
and analysis.

Thematic Framework

Five categories of digital resources were identified
(Fig. 1), and residents were generally open and enthusi-
astic to the use of any of these resources, regardless of
previous use the resource. Background information
databases were the most used resources, and consisted
of traditional resources such as guidelines, anatomy
atlases, and surgical skills atlases which were converted
to a digital format. Knowledge-sharing environments
comprise a wide array of resources which can be used to
transfer knowledge by solely listening or viewing. An
-often mentioned- example were the surgical livestreams
on training models which were securely broadcasted by
the Dutch Surgical Association during 2020. E-learnings
consist of an online learning environment to transfer
knowledge and/or skills. Unlike knowledge sharing envi-
ronments, a form of interaction and self-tests are usually
part of the learning experience, and e-learnings can be
“made” when and where is convenient or necessary.
These learning methods are usually constructed locally,
or part of a course or training module. Serious games
are resources which support learning by providing learn-
ing or practicing in a playful matter. Examples are a
candy-crush type of game to recognize problems occur-
ring during laparoscopic surgery, and a game on the Nin-
tendo Wii which aims to train hand movements
necessary during laparoscopic surgery. Lastly, (digital)
skills trainers, are tools which provide skills training
opportunities outside the clinic. Examples are box-train-
ers and Virtual Reality (VR)-trainers, both of which allow
residents to practice skills and make mistakes without
harming patients.

Three themes on digital resources and education in
general were retrieved, overarching 13 sub-themes.
Figure 2 depicts these (sub-)themes and how the digital
themes interact with the general education themes
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Background information Knowledge sharing environments

databases Teleconferencing | Surgical livestreams | Podcasts

Anatomy | Surgical skills | Gui

Digital Resources in
use in Dutch surgical
residency programs

E-learnings

Skills trainers

Box-trainers | VR-trainers |
Robot surgery trainers

Serious games

Mobile applications | Computer/console

FIGURE1. Overview of digital resources currently in use in Dutch surgical residency programs.

Requirements
1 Reliable

2 Dependable

3 Proven effective

Themes regarding digital
resources

Advantages Disadvantages

Availability 1 . 1 Necessity of OR-training
Educational effectiveness

2 Difficult interactions

2 3 4 Educational contents 1 2 3

2
Skills training outside of the OR 3 3 Absence of social networking
4

Outcome scoring

1 2 Dedicated training time

Autonomy and obligations

Themes regarding needs of
general education

FIGURE 2. Overview of identified themes and their interaction.
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while Tables 1 and 2 feature the selected quotations to
support the (sub-)themes.

Requirements of Digital Resources

Reliability of the Resource

Residents indicated that it is difficult to assess the reli-
ability of digital resources or if the resource gathers its
data from other reliable source(s). Problems with the
resource could for example emerge from differences in
protocols between hospitals, regions/countries, and the
use of outdated information.

Dependability of the Technology

When using digital resources, dependability was deemed
essential. Residents remarked that educational technol-
ogy should work right away and the interaction must be
flawless or they will likely become irritated and stop
using it.

Proven Technology

Residents indicated a preference for digital resources
with scientifically proven effectivity. The residents were
unsure if scientific testing and -validation was always suc-
cessfully performed for the digital resource. If a resource
was scientifically supported, some participants ques-
tioned the specific skills that are to be trained with the
digital resource. For instance, acquiring compound skills
as spatial orientation in the abdominal cavity, or dissect-
ing a surgical plane, training solely on a box- or virtual

reality (VR) trainer.

Advantages of (Using) Digital Resources

Availability

The most frequently mentioned advantage of using digi-
tal educational resources was the possibility to have eas-
ily access and extend training. Residents identified three
distinct factors to this regard:

1. In your own time

Use of digital resources whenever suited was much
appreciated. This enables training within a personal
schedule, training at your own pace, and spending more
time on subjects if needed or desired. These factors
were deemed especially valuable in compulsory training
modules, which often need to be completed during busy
weeks or in combination with competing obligations
and duties.

2. Training from home

Nearly all residents felt that they were already spend-
ing enough / too much time in hospital and therefore
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struggled with the obligation to train in the hospital out
of working hours solely for educational purposes. Train-
ing from home was deemed to be a suitable solution by
some. An additional remarked advantage was that work-
ing from home enables training more frequently in
shorter time intervals, which may benefit educational
output in the end.

3. Reduced traveling time

Residents indicated reduced traveling time as a sepa-
rate advantage of digital training. This advantage was
usually mentioned with the nationally organized courses
requiring physical presence in mind. Preparation for
such courses, especially the theoretical backgrounds,
could possibly be (partially) replaced using digital
resources.

Educational Effectiveness

Digital education facilitates more effective and clear edu-
cation and training according to some, especially in
learning anatomy and sequential surgical steps. Resi-
dents stated that “traditional” lectures, where residents
sit down and listen to PowerPoint supported presenta-
tions, are not effective and rather outdated. When asked
how they would “build” an educational course, residents
preferred a digitally supported theoretical preparation,
an in-depth in-person introduction, followed by a hands-
on training.

Skills Training Outside of the Operating Room

A major advantage of digital training is the opportunity
to practice technical skills outside of the operating room
(OR). Laparoscopic (box-) and VR-trainers were the
most frequently mentioned modalities. Both types of
simulators were deemed useful in improving generic lap-
aroscopy skills such as understanding laparoscopic
dimensions, getting used to movements, and practicing
hand-eye coordination. Most residents indicated that use
of both laparoscopic boxtrainers and VR-trainers is most
advantageous early-on in residency training. A perceived
additional advantage of using boxtrainers over VR-train-
ers is the preservation of realistic haptic feedback.

Outcome Scoring

Use of digital resources can inform the user of their per-
formance with outcome scores. Digital dashboards fea-
turing these scores on different modalities may inform
both residents and educators. Combining and sharing
digital outcomes using leaderboards may nudge use and
continued interaction, and enable interaction between
national and regional training experiences. Moreover, a
skill competition challenge may, besides visibility and
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TABLE 1. Selected Participant Quotations on Categories and Themes Regarding Digital Education

Category / Theme

Source

Quote

Requirements
Reliability of the source

Dependability of the technology

Proven effective

Advantages
Availability

In your own time

Training from home

Reduced traveling time

Educational effectiveness

Skills training outside of the OR

Outcome scoring

Disadvantages
Necessity of OR-raining

Difficult interactions

Absence of social networking

Flemale), 3rdy  The trouble with [digital resources] is that you're not always aware of their reliabil

M(ale), 3rd y
M, 2ndy

F, Tsty

F,3rdy

M, sty

F, 1sty

M, 5thy

F, Isty

M, 2ndy

M, 3rdy

F, 1sty

ity, or if they have been made by a local hospital with differences in contents
I think that, i?,you want to educate digitally, it is of the utmost importance that
[the technology] works.
In my opinion you need to prove that a technology is effective - i.e. that you
ecome more proficient in laparoscopic skills by using a serious game -
before you implement resources and make them compulsory. And | think that
proving that is not so easy.

The benefit of online modules is that you can pause whenever suits you, and
continue if you're feeling wide awake again. With that in mind, you would
learn more from [an online module] than from being in a classroom all day,
mainly due to decrease of your span of attention. And of course it's helpful
that you can delve into the backgrounds when it suits you if you think: Oh, I'll
have to check this out.

In another medical center they have a laparoscopy course with a boxtrainer.
The residents from that center al say that they love the boxtrainer because it
shows your progress. However, | think the setting there is different because
you can use the boxtrainer at home. | can imagine that after you go home
after a workday, have dinner, and then are able to practice for an h or so. But
I'm not going to stay in hospital until 8 or 9 PM just to be able to practice. So if
you have a box at home, although it's of course impossible to give a box to
everybody, but you could circulate the boxes. Then | think you'll find time to
practice more easily.

Of course there are also benefits; everyone can stay where they are - which
sometimes saves two h of travel time. So | think digital education certainly has
its advantages, and that we should ask ourselves every time whether physical
education is really necessary.

For example the videos | watch on websites and the information of Incision and
other websites, they are really useful to me. If I'm doing something for the first
time, it really helps if I've seen it online beforehand - | then know what the
steps are and what is the final goal. So yeah, | think that [online education]
really helps to this regard as opposed to clinical experience and books.

I think using laparoscopic trainer can be very contributing already in the very
early stages of residency. And that usefulness continues. A very recent per-
sonal example; if knotting during surgery doesn't go well, it helps me if I do a
few of those exercises on the simulator.

I think it would be best [. . ] if would have a curriculum which combines national
and regional education with specified occasions - for instance; each m - on
which input is required of you [as a resident] and on which you receive

feedback.

I think that a VR trainer is particularly useful in your initial laparoscopic training,
to help you get a feeling for laparoscopy. However, | don't think you're still
solving problems by practicing [on a VR trainer] if you're already performing
(parts 05 surgical inferventions by yourself.

Interaction is just easier when you're together in the same room; everyone can
say what they want and you can freely ask questions and give your opinion. |
think that you can substitute a lot [digitally] but not everything.

I think that teaching in a classroom with live interaction o:?;o has a lot of advan-
tages - for instance asking your questions directly. You hear what others have
questions about and their personal story, which i think can also be very help-
ful. I therefore don't think that [digital education] is easily interchangeable,
especially because of the importance of the social aspect which cannot be
replaced.

Abbreviations: F,female; M, male; M, month;Y,year
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TABLE 2. Selected Participant Quotations on Categories and Themes Regarding General Education.

Category / Theme Source Quote

Educational contents

Educational contents need to be in line with Flemale), 6thy | think you have to assess what the needs of your audience
the level and clinical exposure of the are, gecouse if you can't tailor your teaching to their needs
audience it becomes a very one-dimensional story.

M(ale), 2nd y It doesn't make sense for me to be teached in rectal surgery
in my second y of residency. Of course that would be infer-
esting, but education on the laparoscopic cholecystec-
tomy, appendectomy or a start of the right sided
hemicolectomy wourd be more useful, because that is
where you can make actual progress.

M, 2ndy So during my gastrointestinal internship, and just after my
trauma rotation, we had vascular surgery education. Of
course then | will have to do some memory digging to see
what it was all about.

Educational contents need to be practical or F,2ndy | loved using the boxtrainer, but what I missed in those exer-
aimed at daily practice cises was the clinical correlation; just a little explanation

on how to do a laparoscopic appendectomy, cholecystec-
tomy or a laparoscopic inguinal hernia corrections.

Expert opinions and insights are highly F,2ndy What I'm currently missing in my training - and what was
valued introduced in the livestream surgical education during

COVID - 19 is the opportunity to hear several experts
speaking about their specialization and passion.

Dedicated training time

There should be enough educational time for M, 5thy Of course time is an important factor. If you're already work-
both resident and egucctor ing fulltime in the clinic, especially witzcll the extracurricu-

lar activities that residents are involved in, it is just hard to
free up six, eight, or ten hours to prepare for an educo-
tional course.

F, 1sty That's a bit of a shame with regard to the educational struc-
ture that we have; educational moments are usually orga-
nized by the residents and sometimes by a staff-surgeon.
However, these moments are often cancelled, because
they haven't been planned properly or the surgeon is
needed someplace else.

Education should not come at the expense of F, 4thy Dedicated educational time is of course great if it comes
OR-time instead of, for example work in the outpatient clinic. How-

ever, if it is organized at the expense of time spent in the
OR, then everyone think that sucks.

Autonomy and obligations

Autonomy, personal responsibility, and M, sty Training is partly your own responsibility. If you're not profi-
intrinsic motivation are essential cient in laparoscopy, you should do everything your
(However:. . ) power to improve that. So if there is a VR4rainer but you

don't use it, | think that it's partly your own fault - and you
will probably also get that feedback in the clinic.

If educational tasks are not obligatory and F,3rdy The problem is; | already work fulltime, do my shifts, and
have to be done in a residents” own time, have some research projects - I'm just not going to stay in
they will not be done hospital for a couple of hours just Lor the fun of practicing

on a VR4rainer. It would be great, but in reality it's just not
going to happen.

More summative testing would valuable but M, 3rdy I think that the training and in particular patient safety would
not appreciated benefit from more testing, but | don't know whether a lot of

residents would enjoy it. Of course it is more fun to work
with patients, but | think that is secondary to safety.

Younger residents are looking for more F,2ndy It's also just hard in terms of planning when you're just start-

structure in the residency curriculum

ing as a resident, to realize exactly what you need to do
and what you need to sign up for. So in that respect it's just
not very clear, both nationally and regionally.

Abbreviations: F female; M, male; M, month;Y,year
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track of use, also offer opportunities for getting noticed
as an outperforming individual.

Disadvantages of (Using) Digital Resources

Necessity of Operating RoomTraining

The vast majority of residents remarked that although
digital training can definitely be of value in residency
curricula, it cannot replace training in the OR. Residents
from the first and second residency year often remarked
that they especially valued the feedback and training by
the surgeon in the OR. Residents from the third year and
higher commented that they needed the experience to
become more responsible in the OR, as they feel the
need to solve (their own) surgical problems with less
strict supervision.

Difficult Interactions

Residents remarked that use of digital resources for com-
munication such as Teams, Webex and Zoom often do
not allow for easy communication. Residents experience
a barrier preventing them in digitally speaking up.
Especially so, when a digital training is given for larger
groups, or including participants from multiple loca-
tions.

Absence of Social Networking

Residents remarked that educational moments are
socially important as they provide much valued opportu-
nities to come together. While digital education can pro-
vide alternatives for networking, it cannot provide the
same social experience.

General Educational Themes

We found three educational themes of importance for
digital learning. The advantages of using digital resources
correlated with all three educational themes, while the
disadvantages of using digital resources only correlated
with the “Educational contents” theme (Fig 2).

Educational Contents

If educational contents do not correspond with the level
and exposure of residents, residents’ knowledge or skill
improvement is believed to be limited. Residents
acknowledged the difficulty of organizing just-in-time
training opportunities matching the appropriate educa-
tional needs of all residents. Hands-on training interac-
tions were preferred over PowerPoint presentations and
theoretical education (such as e-learnings). Residents
commented that it is especially important to tailor train-
ing towards daily (clinical) practice, whether training is
hands-on or not. Residents prefer to learn from an expe-
rienced surgeon over learning from other residents; the
extensive experience of a qualified surgeon is both
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inspirational and considered to be higher-level educa-
tional. Being able to witness surgery on human specimen
via a livestream during the pandemic was deemed very
relevant; especially since panel discussions between sev-
eral surgeons and the audience was facilitated. Residents
appreciated the availability of surgical podcasts.

Dedicated Training Time

Many residents expressed the need for dedicated time in
their and educators’ schedule for training and education.
Although often scheduled, many residents and their edu-
cators could often not attend such trainings due to press-
ing clinical obligations. Conversely, it was also remarked
that this educational time should not come at the
expense of OR-time.

Autonomy and Obligations

Residents sought for a balance between autonomy and
obligations. Younger residents remarked that they seek
more structure and clarity in their educational curricula.
They often had a hard time of creating an overview of
obligations with regard to planning, organizations,
expectations of surgeons, surgical know-how, and essen-
tial learning methods and resources. Becoming a profi-
cient surgeon is mostly regarded as one’s own
responsibility, although the means to get there should
be provided by the hospital and educators. Residents
struggled to prioritize non-obligatory training with digi-
tal resources that need to be done in one’s own time -
often remarking that those tasks will probably not be
performed due to long working hours and other, more
pressing, obligations. Residents also stated that they are
currently not tested on their training outcome in the cur-
rent curricula, which should be the case as they believe
such a benchmark may in return positively impact
efforts and thus their surgical knowledge, skills, and pos-
sibly even patient safety. However, when asked if they
would like to be tested for these outcomes, most com-
mented that it would increase the number of unwanted
obligations, make the residency curriculum more scho-
lastic and would therefore not be appreciated.

CONCLUSIONS

Residents appreciate available digital resources and are
eager to use them in their training.

Key requirements of (using) digital resources include
that such resources are combined with hands-on train-
ing, that they meet resident’s educational needs, and
that their use does not impose pressure on resident’s
free time. Perceived disadvantages of using digital
resources are all related to the need for interaction with
peers: residents feel that in-person interaction with their
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peers cannot be replaced in a digital format. Residents
in our study felt that earning surgical autonomy starts
with acquiring technical skills, followed by attaining
procedural knowledge and transfer of these skills to the
OR setting. 15:16 11 accordance with literature, access to
digital skills trainers is highly appreciated, although use
of them is not obliged nor standard practice in
curricula.® ®'”'® Indeed, most residents only accessed
these skills trainers in a temporary fashion as part of a
technical skills course. Structural integration of these
learning modalities in the surgical residency is not com-
mon practice to date. Yet, this seems like a logical and
much appreciated step which has many precedents
internationally— for instance in the Fundamentals of Lap-
aroscopic Surgery. 17:19,20

Residents specifically appreciated the opportunity to
train at home and in their own time. At the same time,
they admitted that use of resources in their own time
and at home is unlikely to happen if this is not obligated
and controlled. This is quite understandable as residents
need to relax and unwind when being at home, whilst
also fitting in their social obligations and preferences. It
is important to realize that practice outcomes could only
be assessed validly, if use would be digitally registered.
This is problematic as residents indicate that monitoring
of practice outcomes on actual use and outcome is unde-
sired. This paradox is not easy to be solved. And one may
debate if training for the job, should not be on the job
-instead of taking the burden on time needed for resi-
dents to recuperate and enjoy their personal life. Espe-
cially, when risk at burnout is as high as it is to date
among surgical residents. Indeed, it is stated that on the
average, residents are at risk of becoming burned out of
51%, with surgical residents being in the highest risk cat-
egory of 58%.%"%

During residency hours, there is not much time to train
outside the OR either. Most residents already combine
their residency with other tasks deemed important when
on the job, such as research, board- or management func-
tions or educational tasks. This, to further augment their
CV in competitive times. This problem needs to be recog-
nized by educators and appropriate measures need to be
taken. A first step could be to introduce dedicated and pro-
tected training time in the working scenario.”” After all, an
inherent and important advantage of using digital training
resources is that outcomes can be measured, saved and
shared, which offers opportunities for guidance and moni-
toring. Previous studies concluded that a partially digital
simulation-based curriculum improves proficiency, self-
confidence, and autonomy. Moreover, routine assessments
of surgical procedures enables a more competency-based
educational paradigm.***’

Our results and previous studies support a digitally
blended, competency-based residency curriculum, with
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dedicated and protected training time during working
hours and digitally shared training results. Establishing
such a curriculum could empower surgical residents
while providing regular and objective feedback to educa-
tors and faculty. Clear educational goals need to be
defined before such a curriculum can be established.
Moreover, to provide personalized education, curricu-
lum goals and personal goals need to be distinguished. A
starting point could be to constitute validated bench-
marks for knowledge and surgical skills (both technical
and non-technical), which can be used as objectives to
work towards. That way, progression can be monitored
and supported by the available (digital) resources, or
resources still to be developed. For curriculum goals in
the earlier years of the residency these resources proba-
bly need to be mandatory. Resources may become more
optional as the residency progresses successfully—
when more autonomy and independence may be
expected of residents. Therefore, an overview of avail-
able resources needs to be accessible for both residents
and educators - regardless of the type of goal that needs
to be addressed and the phase in the residency.

Monitoring and comparing surgical performance
against a set benchmark of cohorts of residents is both
labor- and time consuming. Development of artificial
intelligence-based algorithms to generate an individual
outcome profile set against the appropriate benchmark
would be of great value to support both the trainee and
the educator. Individual outcomes that may indicate
gaps can then be easily converted into specific training
requirements, for instance to reach a pre-determined
goal on a VR- or box-trainer. An interesting development
to that regard is the Explorer module of the OR Black
Box™. This is a data analysis system capable of captur-
ing surgical performance in the OR, as well as side-load-
ing surgical videos to assess outcome. The software is
able to analyze operator’s surgical performance against
set benchmarks as generated by the outcome of peers
-making educational progress of surgical residents in the
OR objectifiable and thus better trainable.”® **

This explorative qualitative study was limited by the
characteristics of our participants, namely surgical resi-
dents who were intrinsically interested in education. As
always in qualitative research, outcomes were not
intended for generalizability — despite inclusion of resi-
dents from all educational regions and the continuation
of interviews until data sufficiency. Further research
need to capture the perception of all residents, and also
surgical educators and curriculum developers. To elabo-
rate on our findings and to generate quantitative data, a
nationwide Delphi study on this topic is currently being
established.

In conclusion, Dutch surgical residents state that digital
resources may improve their educational experiences,
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although they express specific requirements, advantages,
and disadvantages of these resources. To successfully
adopt and implement proven and required digital resour-
ces, additional training should be facilitated in dedicated
training time on the job, and educational outcomes should
be validly registered. This, in order to successfully adopt
and implement digital resources on a larger scale. Future
studies must be undertaken to assess the ideal

“mix” of online and offline training in a personalized
setup for residents to enable a robust and future-proof
surgical residency curriculum.
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