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Objective: Self-directed training represents a challenge in simulation-based training as low cognitive
effort can occur when learners overrate their own level of performance. This study aims to explore the
mechanisms underlying the positive effects of a structured self-assessment intervention during
simulation-based training of mastoidectomy.
Methods: A prospective, educational cohort study of a novice training program consisting of directed,
self-regulated learning with distributed practice (5x3 procedures) in a virtual reality temporal bone
simulator. The intervention consisted of structured self-assessment after each procedure using a rating
form supported by small videos. Semi-structured telephone interviews upon completion of training were
conducted with 13 out of 15 participants. Interviews were analysed using directed content analysis and
triangulated with quantitative data on secondary task reaction time for cognitive load estimation and
participants’ self-assessment scores.
Results: Six major themes were identified in the interviews: goal-directed behaviour, use of learning
supports for scaffolding of the training, cognitive engagement, motivation from self-assessment, self-
assessment bias, and feedback on self-assessment (validation). Participants seemed to self-regulate their
learning by forming individual sub-goals and strategies within the overall goal of the procedure. They
scaffolded their learning through the available learning supports. Finally, structured self-assessment was
reported to increase the participants’ cognitive engagement, which was further supported by a quanti-
tative increase in cognitive load.
Conclusions: Structured self-assessment in simulation-based surgical training of mastoidectomy seems
to promote cognitive engagement and motivation in the learning task and to facilitate self-regulated
learning.

© 2019 PLA General Hospital Department of Otolaryngology Head and Neck Surgery. Production and
hosting by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Simulation-based training is a well-established learning mo-
dality for surgical technical skills acquisition including in temporal
bone surgery before further refinement of skills using for example
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animal models or training on human cadavers and ultimately, su-
pervised surgery on patients. Often, simulation-based training oc-
curs outside of the clinical learning environment with limited
access to surgical tutors for feedback. This allows for training at the
convenience of the learner and better supports the repeated and
distributed practice beneficial for skills development (Shea et al.,
2000). Such self-directed learning can be a necessary condition of
simulation-based training of surgical technical skills but candif not
carefully designeddlead to inefficient learning and suboptimal
skills.

Self-directed training is a major challenge in temporal bone
surgical training as an unsafe approach can be learned and the
learning curve can plateau at an unsatisfactory level. Ceased
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cognitive effort (Jowett et al., 2007) and inadequate self-
assessment skills (Andersen et al., 2017) during training are
among the possible explanations for such learning curve plateaus.
In accordance with the theory of deliberate practice, increasing
performance and refining skills beyond the learning curve plateau
(development of expertise) requires an active and sustained in-
vestment of cognitive resources (Ericsson, 2004). According to
cognitive load (CL) theory, cognitive resources must be invested in
the learning process. CL is a balance between the germane load
component used for actual learning, the intrinsic load relating to
the task itself, and the extraneous load imposed by for example
instructional circumstances (van Merri€enboer and Sweller, 2010).
Because working memory is limited, a cognitive overload can occur
when the combined load of the components exceed the capacity of
the learner. In contrast to novices, experts within a domain have
developed the necessary psychomotor skills andmental schema for
efficient cognitive processing, resulting in less cognitive effort and
the ability to handle more complex tasks (Sweller et al., 2011).
Cognitive load of a learning task can be estimated in different ways
(Naismith and Cavalcanti, 2015) and bring insights into the in-
vestment of cognitive resources during simulation-based training.

Other features of efficient self-directed training in simulation-
based training of temporal bone surgery must be considered: in
general, explicit and specific process goals embedded within sup-
portive and directive instructions (Brydges et al., 2009) are key to
scaffolding simulation-based learning experiences. This concept of
directed, self-regulated learning (DSRL) has been demonstrated to
be superior to self-guided approaches (Brydges et al., 2009) and
instructor-regulated learning (Brydges et al., 2012). However, for
learners both to self-regulate their learning and to exercise delib-
erate practice in a self-directed context, accurate self-assessment of
skills is pivotal because external feedback is not available for
guidance and validation.

This argues the case for addressing both cognitive effort and
self-assessment skills in temporal bone surgical training. We
recently reported on the effects of structured self-assessment
during simulation-based training of mastoidectomy (Andersen
et al., 2019): the intervention consisted of structured self-
assessment performed after each mastoidectomy procedure in
distributed practice using VR simulation. The structured self-
assessment intervention was centered on an 8-item rating form
for self-assessment of mastoidectomy performance, based on a
previously established assessment tool for final-product analysis of
mastoidectomy (Andersen et al. 2015). The self-assessment rating
formwas supported by small videos. Medical students were used in
the study as to represent true novices. We found that the inter-
vention modified the learning curve and reduced the number of
mastoidectomies until the plateau phase was reached, increased
final-product performance, ensured that all participants drilled the
minimum volume that experts would, and induced a safer perfor-
mance with significantly fewer collisions with critical structures
within the temporal bone compared with a reference cohort
(Andersen et al., 2019).

The previous study only demonstrated that the intervention had
a significant and positive effect on mastoidectomy performance
with no potential explanations for the reasons behind this. There-
fore, we designed the present follow-up study to identify the un-
derlying mechanisms and understand the effects of the structured
self-assessment in temporal bone surgical training by individual
post-training interviews with the participants. We triangulated
these qualitative interview datawith quantitative data on cognitive
load during training to provide insights into actual cognitive
engagement.
2. Material and methods

2.1. Setting and participants

Participants were 15 medical students recruited from the Fac-
ulty of Health and Medical Sciences, the University of Copenhagen,
Denmark, from both pre-clinical and clinical semesters in
MarcheJune 2017. They were novices in relation the studied pro-
cedure since they had no previous exposure to temporal bone
surgery or temporal bone simulation. Participation was voluntary
and considered an extracurricular activity. No study credit or any
other compensation was provided.

2.2. Study design

This qualitative study was part of a prospective study on the
effect on performance and simulator metrics of an educational
interventiondstructured self-assessmentdin repeated, distrib-
uted, VR simulation training of temporal bone surgery as detailed
previously (Andersen et al., 2019). Participants completed five
distributed training blocks of three identical mastoidectomy pro-
cedures (Fig. 1, Flow chart) in the Visible Ear Simulator (Sørensen
et al., 2009)da freeware temporal bone surgical simulator (avail-
able from http://ves.alexandra.dk). Participants spent a median of
32.2 min per procedure (range 16.9e93.9 min). A reference cohort
of 14 medical students had previously completed an identical
training program but had not received the structured self-
assessment intervention and could therefore contribute quantita-
tive data for comparison. None of the participants received feed-
back or information on the simulator-based metrics and also, the
intervention cohort did not have access to their own self-
Fig. 1. Study flow chart with details on measurements. The training program consisted
of five blocks each of three identical procedures. RT: reaction time.

http://ves.alexandra.dk
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assessment forms from previous procedures.
Participants in the self-assessment cohort were first introduced

to the structured self-assessment tool using a 6-min video
demonstrating a good and a bad performance in relation to key
areas of the mastoidectomy and the 8 items of the self-assessment
rating form (Andersen et al., 2019). Each item was rated using a 5-
point Likert scale with a numerical score (1e5) as well as descrip-
tive anchors for the two extremes and the middle score. Partici-
pants filled in the self-assessment form immediately upon
completing each procedure, and to further support the self-
assessment, all participants had during the self-rating the option
to access: 1) the complete 6-min video used for the introduction, 2)
a briefer 1-min summary video, and 3) individual video clips for
each of the 8 items. A visual map (printed poster) highlighting the
anatomical area of the procedure that was related to the items was
placed next to the simulator.

2.3. Semi-structured interviews and analysis

Within 14 days of concluding the training program, all partici-
pants in the structured self-assessment cohort were invited by e-
mail to an individual follow-up telephone interview. The interviews
were semi-structured with sub-themes relating to learning stra-
tegies in DSRL and self-assessment both in general and in relation
to the use of the specific structured self-assessment intervention
(rating form and the supporting videos). The interview guide
(Supplemental content, Appendix 1) was reviewed by an experi-
enced educational consultant. The interviews were recorded after
verbal agreement by the participant. The interviewer had no
knowledge regarding the participants or their performance and the
participants did not know the interviewer but were aware of the
overall purpose of the interview through the invitation e-mail. The
interviewer (SA) is male, holds an MD and a PhD degree, is expe-
rienced with medical educational research, and at the time of the
study, worked in a combined clinical/postdoctoral research
position.

The interviews were transcribed verbatim by a medical secre-
tary and audited by the first author (SA). Participants did not review
the transcription of their interviews nor the analysis. For qualitative
analysis, the transcripts were structured in a spreadsheet (Micro-
soft Excel, Microsoft Corporation, Redmond, WA, USA) with each
question/response placed in a separate row, with adjacent columns
used for interpretation of content and identification of themes. The
interviews were analysed using directed content analysis (Hsieh
and Shannon, 2005). Two coders (SA and MF) independently
coded the interviews and achieved agreement on themes and sub-
themes by serial discussion. Adequate saturationwas obtainedwith
the number of interviews conducted. Select quotes for the analysis
were finally translated by one coder (SA) and verified by the other
coder (MF). The qualitative reporting was based on the Consoli-
dated Criteria for Reporting Qualitative Research (COREQ) (Tong
et al., 2007).

2.4. Quantitative data

For triangulation with the qualitative data, the mean of the
combined self-assessment score (minimum score 8 points,
maximum score 40 points) was calculated for each procedure
number (with 95% confidence intervals). In addition, cognitive load
during each procedure was estimated by the relative increase (to
individual baseline) in secondary task reaction time (in response to
a sound stimulus) measured (by MG) in repeated series of four
(measurement number) at t ¼ 5 min and t ¼ 15 min using a
commercially available external reaction timing device (American
Educational Products LLC, Fort Collins, CO, USA), similar to
previously (Andersen et al., 2018). Estimated marginal means were
calculated using linear mixed models due to repeated measure-
ments with time (t ¼ 5/t ¼ 15 min), measurement number (1e4),
and procedure number (1e15), as fixed factors. The final model
included procedure number, cohort, procedure number*cohort
interaction, and measurement number, as time of measurement
was not found to be significant. SPSS version 23 for MAC OSX (IBM,
Armonk, NY, USA) was used for the quantitative analyses.

2.5. Ethics

The regional ethics committee for the Capital Region of
Denmark deemed this study to be exempt (H-17002805). All par-
ticipants signed informed consent.

3. Results

The 15 participants had a mean age of 23.8 years (SD 3.2), 11
were women and 4 men, and they had on average studied 6.9 se-
mesters (SD 2.6) in the 12-semester medical program at the Uni-
versity of Copenhagen, Denmark. The intervention and reference
cohorts had similar background data (Andersen et al., 2019). Thir-
teen of the 15 participants who had completed training accepted
the invitation for a follow-up telephone interview, the remaining
two did for reasons unknown not respond to the invitation for the
follow-up interview. The average length of the interviews was
16.2 min (range 10e26 min). All 15 participants contributed to the
quantitative data.

3.1. Qualitative data

Six main themes were identified in the interviews (Table 1): A)
Goal-directed behaviour, B) Use of learning supports for scaffolding,
C) Cognitive engagement, D) Motivation from self-assessment, E)
Self-assessment bias, and F) Feedback on self-assessment.

3.1.1. Goal-directed behaviour
Many participants reported that the self-assessment tool

brought their attention to specific elements of the procedure: “[…]
then you knew the criteria for success. Or what the purpose was, what
you needed to get from it […] when it is considered satisfactory, and
when it isn’t” (A, 4th semester student). The structured self-
assessment tool seemed to provide directions for the participants
on what constituted a good performance and how to achieve ex-
cellency: “naturally it gives a focus on performing the specific parts,
that is to do it as good as possible, because you know you will then
achieve a high score” (B, 9th semester student). Not all participants
had a focus on the final product or a “score” (as they were not
provided with such a score): for some participants, the self-
assessment tool rather seemed to provide a guide that could
facilitate a mental scheme of the important sub-goals of the pro-
cedure. This they could use to define their ownway to the goal and
strategies: “unconsciously, I have divided the procedure into smaller
areas, that I had to work through. But I haven’t just done it in the order
of the steps” (C, 8th semester student).

3.1.2. Use of learning supports for scaffolding
The supporting videos were not used much during training. In

fact, while participants reported to have been introduced to the
structured self-assessment using the videos and many that they
were reminded (by MG) of their continued availability throughout
the study, only few reported to have actually watched any of the
videos again after the first training block: “I saw them the very first
time […] but I only used them that first time, to find out what to do” (D,
9th semester student). Only two participants reported watching



Table 1
Examples from qualitative analysis of the interviews.

Exemplary quote Paraphrase Major theme (minor
theme)

”Sometimes it made more sense to take a different approach, because I
in some way had done something differently, or how you should
describe it. And then I devised the strategy” (C, 8th semester
student)

The participant chose a learning strategy to match their own approach. Goal-directed behaviour
(directed, self-regulated
learning)

“This next time, I will aim at getting the mastoid tip clear or the
digastric ridge or similar. In that way, I definitely think it helped me
define some sub-goals” (H, 5th semester student)

The participant defined specific areas to improve for the next
procedure, and the structured self-assessment tool helped them make
such sub-goals.

Goal-directed behavior
(defining sub-goals)

“He offered it [to watch the videos] every time. He was really good at
asking if I wanted to see them. But I thought, I had it under control. I
felt that. I didn’t feel it was necessary to” (G, 10th semester student)

The participant was offered to review the supporting videos
throughout the study, but did not feel it necessary to review them
again.

Learning supports and
scaffolding (use of videos)

“We used them [the videos] the first time. But it was actually only the
first time we did it, that we saw them. And also, I think, I saw the one
on ‘digastric ridge’ once at a later point.” (A, 4th semester student)

The participant only watched the videos the first time, except for the
one specifically on the ‘digastric ridge’ item.

Learning supports and
scaffolding (use of videos)

“Especially after the 11th procedure where you have to do it yet
another time. You’ve done it so many times, and then you just
[pauses] if you hadn’t self-assessed, then I think I would just have
stopped and been a little more… sluggish … than if not […] so now
that I had to self-assess, you become more … you want to perform
even better.” (J, 4th semester student)

With repeated practice the participant would usually have stopped
caring about their performance but because of the self-assessment the
participant wanted to cognitively invest in continuing to have a good
performance.

Cognitive engagement

“If you can see that your [self-assessment] score increases each time,
then you can see that you are improving, because you have some
data that you can relate to” (D, 9th semester student)

The self-assessment score helps the participant realize that their
performance is improving because it provides data supporting this.

Motivation from self-
assessment (sense-of-
improving)

“And also, when you get better, then I at least, did not assign much
better scores, because I still [pauses] then the goal for what is good
just gets raised further.” (K, 10th semester student)

As the participant gets more experience, what they consider a good
performance changes and the participant does not assign a higher
score.

Self-assessment bias
(goal-post moving)

“If you are a little self-critical, then you easily rate yourself too low […]
and this also results in you getting even more critical as you get
better” (E, 5th semester student)

Self-criticism results in the participant scoring their performance lower
than they perceived it maybe should have been and with experience,
the participant gets more critical about their own performance.

Self-assessment bias
(self-criticism)

“If you from the first time practice self-directed without knowing how
something is performed correctly, then you might do it the wrong
way […] and then you actually get better at doing something the
wrong way. Then you need some expert to show how it is done
correctly in the first place” (D, 9th semester)

Self-directed practice can lead to the participant learning something
incorrectly and reinforcing incorrect behaviour. An expert is needed to
demonstrate the correct way before self-directed practice.

Feedback on self-
assessment (the need for
external validation)
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any of the short videosdthe one concerning what they found to be
a particularly difficult item, “the digastric ridge”: “The one on ‘the
digastric ridge’, because I was uncertain, exactly what the goal was
there. But I did it at a relatively late point, during the fourth drilling, I
think” (E, 5th semester student).

Participants also seemed to self-regulate and scaffolded their
learning using the other available learning supports. Several used
the visual map that was placed as a poster next to the simulator:
“the picture that was hanging. Definitely. Because there you could see
how it’s supposed to look […] I used that a lot as guidance” (C, 8th
semester student). The built-in on-screen guide to the procedures
were mostly used for the first few procedures and otherwise used
for reference at the end of the procedure or to guide very specific
aspects: “I made more use of the written instructions […] I often used
the types of burrs you could see in the pictures” (F, 11th semester
student). The same pattern was reported for the simulator’s
transparency function, which enables the trainee to look through
the bone and see the critical structures underneath.
3.1.3. Cognitive engagement
The main objective of implementing structured self-assessment

was to encourage continued cognitive engagement with the
learning task, and indeed several participants reported that they
were more careful and meticulous throughout the procedure
because they knew that they had to rate themselves afterwards and
also with the knowledge that the items for self-assessments were
central to a satisfactory procedure: “you were more careful the next
time. Because knowing that you gave yourself a score of 1 […] the next
time you were extra attentive to not repeating it. If I just repeated the
procedure again [without self-assessment], I think I would have done
more or less the same, making the same error again and again.
Whereas you pay more attention when you yourself have assessed
whether it was satisfactory or unsatisfactory” (J, 4th semester
student).

Another common statement was that the structured self-
assessment helped keep focus on the learning task and the
important parts of the procedure: “The fact that you self-assess, it
keeps you focused on the important. And it increases your concen-
tration.” (K, 10th semester student).

3.1.4. Motivation from structured self-assessment
The participants reported a variety of reasons for signing up for

the study, however, all but one participant reported some sort of
intrinsic motivation such as interest in the field of otorhinolaryn-
gology, most likely attributable to a recruitment bias (volunteering
for a lengthy study). The one participant who reported an external
motivation, explained that they participated because their study
buddy wanted to. Some participants reported that it was difficult to
keep up motivation during the identical, repeated procedures over
a prolonged period of time. Others, however, found that the
structured self-assessment helped them maintain their engage-
ment. They explained that the self-assessment highlighted their
improvement over time, and this sense of improvement was found
to be motivational and kept them engaged: “I felt that I improved
[pauses] and I noticed this improvement more because I had to eval-
uate my own performance at the same time” (K, 10th semester stu-
dent) and “it helped me keep my spirit high during the drillings” (F,
11th semester student).

3.1.5. Self-assessment bias
Most participants found self-assessment to be a natural part of

their learning process in general even though it might not always
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be explicitly articulated during their studies. Even though this
seemed to be a strong feature of their professional identity, most
reported that they found structured self-assessment to be difficult.
With this specific structured rating form, they reported that it was
easy to discriminate between the extreme scores (1 and 5) but they
hadmore difficulty choosing between the middle scores for various
reasons that they thought introduced a rating bias: consistently,
they would rarely assign their own performance the maximum
score because they thought there always was some room for
improvement. Self-criticism was also a common theme: “I can
actually see that this should be scored at a 4, but I still think it looks
like crap” (C, 8th semester student) often accompanied by perfec-
tionism: “it really has to be damn perfect before you give yourself a
maximum score” (G, 10th semester student). Participants reported
getting more and more critical about their own performance the
more experience they got, but at the same time, since they also had
an expectation of getting better, this resulted in goal-post moving:
“I get more critical now that I have been here 9 times, now it should be
better, so now it takes more before it is a 3 or 4” (H, 5th semester
student) and a sort of self-fulfilment: “because you expect yourself to
improve over time … so because you have expectations of improving,
you also rate your performance higher, even though it wasn’t neces-
sarily” (A, 4th semester student).
3.1.6. Feedback on self-assessment
A major challenge for the participants seemed to be finding a

source of reference for self-assessment of performance because
there were no absolute measures or standards. They had to extract
this from the videos demonstrating a good and a bad performance
for each item, the pictures in the on-screen step-by-step guide, and
the poster, as they had no prior knowledge on the procedure
theoretically or from observing it in real-life during clinics or
received any feedback on their performance. Primarily, they felt
that there was a lot of room for interpretation in the self-
assessment and the lack of a strict point of reference seemed to
frustrate some participants: “I had trouble assessing what constitutes
a small hole and a large hole, and how many […] I think it’s difficult to
Fig. 2. Means plot of the change in cognitive load as estimated by relative increase in se
intervals.
grade, because there was not a concrete number. Had there for
example been something like, ‘have you made holes corresponding to
one third of the area’, some sort of number, you could rate.” (I, 4th
semester).

Many participants would have liked external validation against
expert opinion and feedback, not necessarily continuously as they
also wanted to develop their skills on their own, but initially and
again at some later point during the simulation, to assess whether
they were on track and in what areas to improve: “you can kind of
miss having someone [saying:] this bit is really important, if it is going
to be a good performance” (F, 11th semester student).
3.2. Quantitative data

3.2.1. Relative reaction time for CL estimation
Overall, the relative reaction time was 6% higher in the self-

assessment cohort than the reference cohort (p ¼ 0.001, linear
mixed models) even though the two groups had similar relative
reaction times during the first procedure (Fig. 2). This could indi-
cate that more cognitive resources were invested in learning in the
structured self-assessment cohort. However, the relationship be-
tween repeated practice and relative reaction time was not linear
but followed a negatively accelerated curve with the difference
between the two cohorts being more marked towards the final
procedure (Fig. 2). The linear mixed model confirmed a significant
interaction between procedure number and cohort (p < 0.0001). In
other words, the relative reaction time decreased by different rates
in the two cohorts (seeFig. 2).
3.2.2. Self-assessment scores
The participants’ self-assessment scores increased with

repeated practice from 19.2 (95% CI [16.3e22.2]) after the first
procedure to 26.2 (95% CI [23.3e29.2]) after the 15th procedure
(linear mixed models, p < 0.002). The mean self-assessment scores
followed a negatively accelerated curve (Fig. 3).
condary task reaction time compared with baseline. Error bars mark 95% confidence



Fig. 3. Mean self-assessment scores. Error bars mark 95% confidence intervals.
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4. Discussion

In this study, we explored learner’s perception of structured
self-assessment in simulation-based training of mastoidectomy
through semi-structured telephone interviews to identify and un-
derstand the mechanisms of the positive effect on novice perfor-
mance. We triangulated the qualitative interview data with
participants’ self-assessment scores and cognitive load estimated
by secondary task reaction time measurements during simulation
training.
4.1. Synthesis of the major findings

Six major themes relating to structured self-assessment were
found. These mainly reflected different aspects of the structured
self-assessment and learning processes in a DSRL context. First of
all, structured self-assessment was reported to facilitate the for-
mation of specific sub-goals in relation to the mastoidectomy
procedure, increasing the learners’ cognitive engagement in rela-
tion to these sub-goals, and keeping them motivated to continu-
ously refine their performance despite the task being repetitive.
This was corroborated by estimation of CL with the reaction time
data: the intervention seemed to modify the slope of the CL curves
of repeated practice andddespite some fluctuationdoverall to
induce a higher CL during training compared with the reference
cohort. This can potentially be explained by the induction of an
increased germane load for the formation of mental schema (van
Merri€enboer and Sweller, 2009). This would be in agreement with
what the participants reported in the qualitative interviews: that
structured self-assessment encouraged their cognitive engagement
and increasedmotivation. It seems unlikely that the difference in CL
can be explained by the intrinsic load component, as the task was
kept identical, nor by the extrinsic load component, as the struc-
tured self-assessment was performed after each procedure and the
remaining circumstances surrounding the simulation identical to
what the reference cohort had experienced. Nonetheless, attrib-
uting the effects on CL to an increase in germane load remains
speculation as only the total CL was estimated by the secondary
task approach to CL estimation.
The interviews also confirmed that participants self-regulated

their learning experience in a directed fashion: they seemed not
only to define their own way and strategies to obtain the desig-
nated goal (i.e. completion of the mastoidectomy procedure) but to
scaffold their learning and use the different available tools such as
the supporting videos, the visual map poster, the on-screen step-
by-step guide built into the simulation software, and the bone
transparency function, as it matched their specific needs and in-
dividual preferences. Such behaviour is desirable in the context of
DSRL, where the instructional design and learning supports should
facilitate a learning experience where the learner self-regulates,
chooses individual learning strategies, and defines own goals and
sub-goals within the overall aim. A possible explanation for the
positive effects of DSRL (Brydges et al., 2009) could be that it pro-
motes deep learning processes and strategies. The structured self-
assessment seemed to result in favorable learning behaviors for
DSRL, but the relative contributions to this compared with the
standard simulation-based training of mastoidectomy received by
the reference cohort remains unknown.

Finally, despite their apprehension of self-assessment and the
different sources of rating bias mentioned in the interviews such as
never using the maximum score, self-criticism and perfectionism,
expectation of improvement, and goal-post moving, the mean self-
assessment score followed a traditional, negatively accelerated
learning curve. However, the learning curve seemingly plateaus at a
low score and there is likely a ceiling effect (Munz et al., 2004)
attributable to the rating bias. That accuracy of self-assessment is
limited is well-established in the literature (Davis et al., 2006), and
its value as an learning outcome in itself is minimal (Ewa and
Regehr, 2005).

4.2. Strengths and limitations

The main limitation of the present study is the generalizability:
we have studied structured self-assessment in the context of the
mastoidectomy procedure that requires complex psychomotor
skills with little clinical relevance to participants and of no conse-
quence to their future training. In contrast, the intrinsic motivation
for other surgical tasks and technical skills and for performing self-
assessment could be different. The qualitative analysis, however,
adds new knowledge and understanding of the mechanisms of
structured self-assessment during simulation-based training of
surgical technical skills. The supplemental quantitative data for
triangulation with the qualitative data were also found to corrob-
orate statements from the interviews, supporting the conclusions
using different sources of data. A two week period between fin-
ishing the distributed training program and the telephone in-
terviews was planned to allow the participants time to reflect on
their learning experience. However, this inherently has the po-
tential to introduce a recall bias.

4.3. Comparison with other studies

In contrast to other domains such as professional competency,
few studies have investigated the use of self-assessment (mainly of
watching videos) as a means to improving surgical technical skills
performance (Jamshidi et al., 2009; Ganni et al., 2018; and Jethwa
et al., 2018), and none in the context of extended, distributed and
repeated practice or temporal bone surgical training. Eva and
Regehr suggest that there is a close relationship between self-
assessment, self-monitoring, and reflective activities (Eva and
Regehr, 2005). Even though the body of literature on reflective
practice is substantial, the role of reflection in enhancing learning
remains under-investigated (Mann et al., 2007). When considering
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structured self-assessment as a way to integrate reflection-in-
practice, our current study contributes both quantitative and
qualitative insights into the effects of reflection activities in
enhancing learning in simulation-based training of temporal bone
surgery.

4.4. Future directions

The interviews suggest directions for future improvements of
structured self-assessment in general: additional framing and
anchoring could potentially reduce relativism, self-criticism, and
goal-post moving; furthermore, external validation, computer-
generated metrics or other sources of feedback could potentially
be valuable in improving the accuracy of self-assessment of mas-
toidectomy performance and further refine the formation of sub-
goals and mental-schema in relation to the procedure. The struc-
tured self-assessment tool could also be used to support learning
on other training models such as plaster/plastic temporal bones as
well as cadaveric temporal bones. However, structured self-
assessment cannot stand alone and needs to be integrated with
other learning supports in the training curriculum and should not
be used for decisions on progression to supervised surgery in the
clinic.

5. Conclusions

Structured self-assessment in simulation-based training of
temporal bone surgery seemed to promote cognitive engagement
and motivation in the learning task and to facilitate self-regulated
learning including the formation of procedural sub-goals, use of
individualized learning strategies, and scaffolding using the range
of learning supports. Triangulation of the qualitative interview data
with quantitative data estimating CL during the mastoidectomy
simulations demonstrated that the structured self-assessment
intervention increased the CL and modified the CL learning curve
compared to a reference cohort. Finally, participants reported a
number of biases in their self-assessment such as rarely using the
maximum score for each item, self-criticism and perfectionism,
expectation of improvement, and goal-post moving. This could
indeed lead to the ceiling effect found in the learning curve of the
average combined self-assessment score. Participants desired
external validation of their mastoidectomy performance in order to
confirm the accuracy of their self-assessment. Altogether, struc-
tured self-assessment is a valuable support in simulation-based
training of temporal bone surgery.
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