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Abstract

Emotions are multicomponent psychological constructs that are expressed in multiple
channels, including through affect, physiological, and behavioural processes. While this
conceptualization has been embraced in the field of traditional educational psychology, it is
unclear whether such adoption is the norm in medical education. Such adoption and pursuit of
investigating the emotions of learners is particularly important in understudied subject domains
such as anti-harassment education. The importance stems from emotions’ role in fostering or
hindering achievement, and therefore the need for researchers and educators to provide
emotions-aware educational experience for learners. This dissertation identifies the current gaps
in simulation-based education regarding conceptualizing and measuring emotions. It then
examines the effectiveness of an anti-harassment educational intervention I served as the lead
developer on. In relation to the effectiveness, I examine the emotional experiences of medical
residents, and employ multiple approaches to analyzing emotions, including a unimodal analysis
using self-report data and a multimodal analysis using self-report, electrodermal activity, and
simulation debriefing speech content data.

The first manuscript my dissertation features highlights the lack of formal integration of
theories in simulation-based education when examining emotions. It identifies simulation
educators focusing on anxiety and relying primarily on unimodal analysis, potentially, a
symptom of a lack of emotions theories, such as Pekrun’s Control Value Theory of Achievement
Emotions. The second manuscript highlights the importance of activity sequences in educational
interventions, specifically, in terms of the effect the sequence of activities can have on learning

outcomes and simulation performance. Further, emotions can be linked to different activities.
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Positive emotions were linked to higher knowledge levels while negative emotions were linked
to lower knowledge levels. The last manuscript highlights the affordances that a multimodal
approach to emotion analysis offers. Examples include the use of a cluster analysis that relies on
both self-report and skin conductance data, as well as leveraging simulation debriefing speech
content which provides additional discrete emotions omitted by other measures, and insight on
potential emotions object-foci. The results of the study also highlights the potential impact of
emotions in how residents may intervene in harassment, including how those with lower
activation levels may better confront perpetrators. Future directions include examining other
related populations including other resident populations, such as general surgery, or other
healthcare workers such as nurses. Further, other emotions data channels such as heartrate or
voice, along with examining emotion regulation processes medical residents use once specific

emotions are elicited, also serve as future directions.
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Résumeé

Les émotions sont des phénoménes psychologiques a plusieurs composantes qui
s’expriment via de multiples perspectives, notamment a travers I’affect et des processus
physiologiques et comportementaux. Bien que cette conceptualisation fut adoptée dans le
domaine de la psychologie pédagogique traditionnelle, il reste incertain si elle aussi adapté a
I’enseignement médical. Une telle application et recherche sur les émotions des apprenants sont
particulierement importantes dans des domaines sous-étudiés tels que la formation contre le
harcelement. Cela est particuliérement important du au role des émotions qui peuvent servir d’un
levier ou, au contraire, devenir un frein dans la réussite, soulignant la nécessité pour les
chercheurs et les éducateurs d’offrir aux apprenants une formation incluant les émotions. Cette
these identifie les lacunes actuelles dans la conception de simulation éducative et la mesure des
émotions durant ces dernicres. Elle examine également 1’efficacité d’une intervention éducative
contre le harcelement, laquelle je fus le développeur principal. Concernant 1'efficacité, j’explore
les expériences émotionnelles de résidents en médecine en utilisant diverses approche pour
analyser les émotions, y compris une analyse unimodale utilisant des auto-évaluation et une
analyse multimodale utilisant des auto-évaluation, 1'activité électrodermique et des
enregistrements vocaux d’entrevues suivant les simulations.

Le premier manuscrit présenté dans ma thése met en évidence le manque d’intégration
fondamentale de théories en pédagogie par la simulation lors de 1’étude des émotions. 11
démontre que les éducateurs en simulation se concentrant sur 1’anxiété, s’appuient
principalement sur une analyse unimodale, potentiellement du a un manque de théories sur les

émotions, telles que la théorie Controle-Valeur des émotions d'accomplissement de Pekrun. Le
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deuxiéme manuscrit met en évidence I’importance 1’ordre d’activités dans les interventions
éducatives, notamment en termes de leurs effets sur les résultats d’apprentissage et performances
durant une simulation. De plus, les émotions peuvent étre liées a différentes activités. Les
émotions positives furent lies a des niveaux de connaissances plus élevés, tandis que les
émotions négatives, a des niveaux de connaissances inférieurs. Le dernier manuscrit met en
¢vidence les avantages de I’approche multimodale dans I’analyse des émotions. Cela inclut
I’utilisation d'une analyse groupée s’appuyant sur les données d'auto-évaluation et de
conductance cutanée, 1’utilisation d’enregistrements vocaux des entrevues suivant la simulation
qui fournit des émotions discrétes supplémentaires omises par d'autres mesures, mais offre
¢galement un apergu des émotions dérivées. Il met aussi en évidence le possible impact des
émotions sur la maniére dont les apprenants pourraient intervenir en cas de harceélement, incluant
comment ceux possédant des niveaux d'activation sont inférieurs peuvent mieux affronter les
agresseurs. Les recherches futures pourraient se concentrer sur d'autres populations médicales, y
compris les chirurgiens généraux ou d'autres travailleurs de la santé tels que les infirmicres. De
plus, d’autres canaux de données sur les émotions, comme la fréquence cardiaque ou la voix,
ainsi que I’examen des processus de régulation des émotions utilisés par les résidents en
médecine une fois que des émotions spécifiques sont suscitées, servent également d’orientations

futures.
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Chapter 1: Introduction and Literature Review

The primary problem of interest this dissertation examines is the role of emotions in
learning and performance, specifically, in the subject domain of anti-harassment training within
the context of medical resident simulation education. I begin with an introduction to how
emotions have been studied so far in the general field of education, as well as introduce the
context of anti-harassment training in medicine. The chapter will outline why emotions matter in
education by explaining what the field already knows about the potential impact of emotions in
learning, as well as why studying emotions in anti-harassment matters due to the emotionally

charged nature of harassment and its overall negative impacts to trainees.
1.1 Prior Research on Emotions in Education

There are two major characteristics of past emotions research in the context of learning.
First, there was a heavy focus on studying anxiety, as evidenced by the ratio of studies focusing
on anxiety to other emotions surpassing 100 to 1 during the mid 1970s to 1990.! This focus
stemmed from identifying anxiety as a key barrier to academic success, as anxiety could lead to
diminished working memory capacity and disengagement to learning activities.>* Aligned with
the heavy emphasis on anxiety, another characteristic of past emotions research is the view that
emotions are undesirable in learning. Emotions were thought to be something that can take away
precious cognitive resources and therefore serve as a distraction.!* Further, emotions were often
characterized as something that opposed being rational®, with “thinking” solely tied to cognitive
processes and free from any emotions.®” To borrow a quote featured in McNaughton’s article®
that described the roots of how emotions were conceptualized in (western) medical education,

emotions were viewed as “a corruption of reason that needs to be transcended”.”® 184
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However, notable advancements in emotions research have taken place since. First, the
calls to studying more diverse kinds of emotions have been answered.!? This took form in two
ways, where researchers could focus on more diverse sets of discrete emotions other than
anxiety, such as anger'!, boredom!?, enjoyment!?, and confusion'4. Researchers could also study
a specific type or subtypes of emotions, such as achievement emotions and related emotions!>1
(e.g., epistemic!’, social'®!°, topic emotions?’, etc.). Researchers now therefore recognize that
not only anxiety, but a whole array of emotions can have significant roles in education.

Further, emotion research has expanded outside of math education, with studies
examining emotions in various contexts and subject domains. Research has embraced various
contexts of learning, including multimedia?! or technology-rich environments,*? distance or

23.24 and even informal learning contexts.?>*¢ While studies of emotions

online learning settings,
in math education remains popular?’, other subject domains frequently studied include biology,
chemistry, computer science, engineering, physics, literacy, and health sciences.?®?* With heavy
emphasis on STEM subject domains, the field still calls for examining less studied subject
domains such as history.3%-3!

Lastly, emotions research has begun to incorporate various measurement approaches
other than self-report questionnaires or surveys.*? Such approaches can involve analyzing
speech, facial expressions, posture, physiology, and brain activities.?* In addition, studies have
begun to integrate multiple of these measurements in chorus, therefore relying on multimodal
analyses for studying emotions.>**> Studies that take on diverse data channels related to emotions

mean they can overcome challenges faced by unimodal analysis, as each approach to detecting

emotions offers unique advantages and disadvantages.’® Considering that most traditional
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approaches to emotion research relied on self-report measures, such self-report studies would
have faced various limitations. These limitations include participants potentially inaccurately
recalling emotions, having different interpretations of emotional terms featured in the self-report
measures, facing reluctance to disclosing certain emotions due to social desirability, and the
possibility of filling out the self-report measures themselves influencing the emotions the
participants experienced.?? The trend in emotions researchers advocating for multimodal analyses
aim to remedy such shortcomings each approach to measuring emotions have.

As my dissertation focuses on utilizing Pekrun’s Control Value Theory (CVT) of
Achievement Emotions, specifically in the subject domain of anti-harassment training with an
emphasis in simulation-based education (SBE), the brief overview of past emotions research |
have highlighted contextualizes where in the emotions research landscape my dissertation lies. It
lies on the shoulders of giants, where past scholars have: 1) formulated relevant theoretical
framework of emotions in educational settings (i.e., CVT); 2) expanded emotions research
beyond a narrow focus of anxiety (i.e., achievement and other related emotions); 3) have called
for studying emotions in various contexts, including understudied subject domains (i.e., SBE,
health professions education); and 4) how to measure emotions, with a particular emphasis on
multimodal methods.

The following sections expand on the theoretical framework I primarily relied on, and the

subject domain and learning context I have focused on in my dissertation.

1.2 Control-Value Theory of Achievement Emotions
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1.2.1 Defining Emotions

Before I discuss achievement emotions, I must operationalize emotions in general. While
there are numerous competing theories for conceptualizing emotions®”-8, the following are
characteristics of emotions most theorists can agree on.?® First, emotions are caused by a specific
stimulus. This notion is agreed upon by major emotion theories: 1) Basic emotion theories posit
that our evolution has hardwired us to experience certain emotions in response to specific
stimuli3”#%#; 2) Appraisal theories posit that our emotional responses depend on cognitive
evaluations of these stimuli*>*; and lastly; 3) Psychological construction theories posit that
emotions are constructions arising from a combination of psychological, neurological, and social
processes triggered by specific events***3. All of these major theories agree that the prerequisite
for an emotional experience is the presence of a stimulus that one can focus on.

Second, emotions have multiple components. Emotions are multifaceted, encompassing
affective, cognitive, physiological, motivation, and behavioural components.*® Therefore, when
someone (e.g., me) is learning the intricate art of surgical knot tying for the first time, they may
feel frustration (affective), think about why the knot is not being made properly (cognitive), start
to have sweaty palms (physiological), desire to throw away the task trainer and give up
(motivation), and bite their lips (behavioural). While the order, the exact interactions, and
implications of these components may differ between theories, emotions are not confined to
mere felt experiences.*”

Third, emotional episodes follow a sequential process. Theories differentiate the specific
processes, but the general process involves perceiving a stimulus, appraising it, and experiencing

emotions as a response. The entire process is thought to last from a few seconds to minutes®”.
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Some have reported emotions being able to last for much longer, especially according to
Verduyn’s line of work*’#8, Depending on the severity of the event, the intensity of the
emotions, and personal traits of the person experiencing the emotions, emotional episodes can
last for hours. Ruminating on a negative, intense, emotion-eliciting event could lead to
experiencing the same emotional state for longer, for example.* However it is worth noting that
ruminating may mean one constantly re-engaging in a stimulus that causes emotions—therefore
it stands to reason the finding of certain emotional episodes lasting longer can be attributed to the
brief sequential processes being triggered repeatedly to form the long duration.

And finally, emotions are distinct from other affective phenomena. Other related
constructs to emotions such as mood, personality, attitudes, reflexes, drives, and stress responses
do not adhere to all three of the characteristics outlined above. For example, moods lack an event
focus and can persist over much longer periods than emotions.*® Stress responses are seen as
unspecified negative states that are evoked specifically when an individual evaluates the
demands of a situation as unmanageable.>

In sum, emotions are “multi-componential psychological responses, that are generated
towards object foci of situations perceived to be relevant to one’s goals”,>'®2) a
conceptualization congruent with contemporary emotion theories and Pekrun’s CVT.?234
1.2.2 Why Control Value Theory?

As stated in the prior section, the definition of emotion I described above is applicable to
most theories across the spectrum of basic emotions, appraisal emotions, and psycho-

constructivist emotions theories. This sub-section clarifies why this dissertation adopts the CVT
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over other frameworks. This explanation requires a brief survey of the three camps of the
emotions.

First, basic emotion theories propose that there are a set of biologically hardwired
emotions that are universally recognized and have distinct neural and physiological signatures.’
These theories are advantageous because they are grounded in Darwin’s theory of evolution,
lending support from evolutionary science and related empirical work. They also provide clear,
distinct labels for emotions, suggesting that complex emotions (e.g., jealousy) are products of
basic emotions. However, basic emotion theories face criticism due to inconsistent findings
regarding specific neural circuits or biological processes supporting discrete emotions.?’
Additionally, they might oversimplify the spectrum of emotional experiences and fail to
acknowledge individual variability in emotions, such as those influenced by culture or personal
background.*

Appraisal theories focus on how emotions are formed through individual evaluations and
interpretations of events.?” These theories take context and individuality into account,
emphasizing cognitive processes like evaluation and interpretation, which align well with
psychological research on perception and thought. The advantages of appraisal theories include
their ability to account for contextual and individual differences in emotional responses.
However, they are often criticized for lacking clarity about the specific mechanisms through
which appraisals lead to emotional responses.?’*? Additionally, the varying definitions of
appraisals across different theories and the challenges in measuring and linking appraisals to

specific emotions due to their subjective nature are significant drawbacks.*>
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Finally, psycho-constructivist theories propose that emotions are constructed in the
moment from more basic psychological processes.?” For instance, Barrett’s Theory of
Constructed Emotion suggests that core affect, conceptualization, and language interact
dynamically to create emotional experiences.*> These theories emphasize the variability and
context-dependence of emotional experiences, aligning with empirical research showing that
emotions are not fixed but constructed dynamically.*

As evolutionary theories, they are supported by studies on the neural and psychological
mechanisms leading to emotion construction, though they do not support the universality of
emotions. However, the complexity of psycho-constructivist theories makes them difficult to test
empirically, particularly due to their focus on dynamic interactions and context-dependent
constructions.’” Additionally, these theories are less intuitive and harder to communicate to
researchers outside the psycho-constructivist domain.

The CVT belongs to the camp of appraisal theories. Appraisal theories (as well as
psycho-constructivist theories) can integrate both dimensional models and discrete (distinct)
emotion models. That is, while the CVT relies on a continuous space defined by multiple
underlying dimensions that form a three-dimensional taxonomy (i.e., valence, arousal, object
foci), it also utilizes specific terms (e.g., anger, sadness, etc.) to convey more discrete, tighter
defined ideas of specific emotional experience.** Accordingly, CVT includes propositions for
both discrete emotions and emotional quadrants (e.g., positively-valenced, high-activating). Both
dimensional models and models of distinct emotions have drawbacks. The former, while able to
capture a large range of emotions, lacks specificity and potentially lumps emotions with distinct

characteristics into one category; the latter models may suffer issues pertaining to limits of
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linguistic labels (e.g., anger vs. rage vs. fury vs. wrath), especially in cross-cultural contexts

(e.g., anger vs. rHeB vs. 097 vs. ofke).>® Additionally, there are statistical power considerations

and limitations to examining a large set of discrete emotions. As an appraisal theory, the CVT
utilizes both dimensions and specific discrete emotions labels to provide a taxonomy of emotions
to offer a comprehensive organization of emotions.

Other than the advantages appraisal theory brings (e.g., taking account of various
contextual factors, including individual differences), the CVT emphasizes object foci—or
exactly what is being appraised to elicit certain emotions.>* In an academic context, this can be
particularly relevant as the same emotions may have differing impacts on learning if they are
sourced from different object foci (i.e., prospective, concurrent, retrospective). The CVT was
also crafted with such academic contexts in mind. Many other emotion theories are meant for
general purposes, and lack the specific lens the CVT provides in terms of the relationship
appraisal processes and emotions can have with learning outcomes or other learning related
psychological processes. Relatedly, there is a wealth of empirical evidence that have been
collected with CVT-informed research, with various measurement tools with robust evidence of
validity.!0-54

With these advantages in mind, the CVT was chosen for my dissertation. The CVT, of
course, has limitations to consider. It lacks accounting for interpersonal interactions and
emotions of multiple learners. It also lacks focus on constructivist principles which emphasizes
the interaction of experiences and the environment for emotions to emerge. The latter limitation

may be particularly pertinent when one is to study psychosocial constructs such as culture or

personal identity in how emotions form. However, given that my dissertation does not focus on
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the interplay of complex psychological processes such as cultural orientation in how emotions
are formed, the CVT remains the most relevant framework for my research.
1.2.3 Achievement Emotions

According to the CVT, achievement emotions are “emotions tied directly to achievement
activities or achievement outcomes”.3*®317) [n an anti-harassment training context, achievement
activities would include reviewing harassment policies, attending lectures, and taking part in
role-play exercises. Feeling curiosity when discovering the various reporting process outlined in
policy documents would be an example of an activity emotion, while feeling pride when
reflecting at how the harassment was prevented in the role-play exercise would be a case of an
outcome emotion.

Achievement emotions are elicited through appraisal of control and value associated with
the stimulus.’*>7 Specifically, this refers to the degree of control one feels over the situation, and
the amount of importance one places on the activity or outcome. CVT proposes that in general,
high control is associated with positive emotions, while high value is linked to more intense
emotions.>® The elicited emotions in turn, can be categorized by a three-dimensional taxonomy:
valence (negative to positive), activation (deactivating to activating; also referred to as arousal),
and object focus (retrospective outcome, activity, to prospective outcome). Therefore, feeling
anxious when actively listening to harassment experiences in a workshop would be categorized
by CVT as a negative-activating activity emotion. In the context where the object focus is not
clear, it is the norm to rely on the first two dimensions (valence and activation), to describe an

emotion. For example, anger would be called a negative-activating emotion.
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1.2.4 The Role of Emotions in Learning

The CVT outlines ways emotions can impact learning by influencing various processes,
including those related to cognition, motivation, and self-regulation.>* As appraisal is a
prerequisite for eliciting emotions, experiencing achievement emotions demand cognitive
processes. Learning in itself requires cognitive resources (e.g., working memory, attention), and
while positive emotions such as enjoyment may foster dedicating appropriate resources towards
learning, other emotions such as anxiety of failing may impede such processes; effectively being
a distraction to the learner.

Emotions can impact motivational processes as well.>” While positive activating
emotions should foster motivation, deactivating negative emotions from low-control (e.g.,
hopelessness) or low-value (e.g., boredom) appraisals can dampen interest and engagement in
achievement activities. Positive deactivating emotions (e.g., relief) may initially lower
engagement but foster long-term commitment, while activating negative emotions (e.g., anxiety)
may undermine intrinsic motivation while potentially boosting extrinsic motivation to avoid
failure.

Positive emotions, such as enjoyment, are believed to enhance self-regulated learning,
whereas negative emotions, like anxiety, tend to encourage reliance on external regulation.>* A
general sense of joy in learning is likely to foster active goal setting, planning, monitoring, and
evaluation by learners themselves. In contrast, emotions of despair or frustration might drive
individuals to seek these processes externally. Overall, positive activating emotions are presumed
to exert a greater influence on self-regulated learning compared to positive deactivating

emotions.

27



In a nutshell, positive emotions, especially positive activating emotions are deemed as
helpful in learning. Positive deactivating and negative activating emotions may have mixed
effects. Negative activating emotions such as anger especially may have potential in learning,
provided that the emotion is resolved during the learning process.?®3! Negative deactivating

emotions such as hopelessness is thought to be almost always detrimental to learning.
1.3 Simulation Based Education and Emotions

Simulation-Based Education (SBE) has emerged as a pivotal methodology in training
healthcare professionals, offering a safe, controlled environment where learners can practice
clinical skills, decision-making, and interprofessional collaboration.*-%° T specifically subscribe
to Gaba’s definition of simulation, where it is defined as a “technique—not a technology—to
replace or amplify real experiences with guided experiences that evoke or replicate substantial
aspects of the real world in a fully interactive manner”.%!®2) Simulations therefore aim to
replicate experiences a learner would face in real situations using various technological tools,
called simulators (e.g., mannikins, task trainers, virtual reality, etc.).

SBE in medical training is designed to replicate not just the physical aspects of real-life
clinical scenarios, but also their functional and psychological dimensions.>%3 Therefore, SBE
also includes providing learners with authentic emotions for learners.®*%> Medical trainees
frequently encounter emotionally charged situations®, such as handling difficult clinical
encounters,%” delivering bad news to patients®®, and even confronting patient death.®® Learning
scenarios involving simulations therefore is filled with emotions for researchers to examine.

Medical educators have varied opinions on the roles of emotions. A recent review from

LeBlanc and Posner (2022) have summarized this issue,’ noting that some believe that
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activating emotions regardless of valence can lead to better learning, as high intensity states
should translate into better memory retention and retrieval under similar situations. Others have
focused on anxiety, in particular, and how knowledge acquired under stressful conditions is
desirable and is something learners should become adapted to. The review highlights how these
views are often anecdotal and based on personal experiences. There has been a call to anchor
how medical educators understand emotions to theories such as the CVT’, and some
contemporary research seems to show such integration.”!-’? In addition to LeBlanc’s line of work,
others have further highlighted the importance of emotions in medical education and SBE,”*7
echoing the CVT’s description of how emotions can influence learning. Specifically, positive
emotions such as enjoyment and relaxation typically fosters learning. While anxiety and other
negative emotions are predominant in SBE, they can enhance learning outcomes in some

contexts.
1.4 Harassment Education in Medicine

Harassment can be defined as repeated unwanted or unwelcome repeated behaviour that
harms a person’s dignity or physical integrity, and results in a harmful environment.’®"” Despite
the effort to address harassment, recent articles continue to cover incidents and problems of
harassment, with medical education now having accumulated more than 40 years’ worth of

81.82 were one of the earliest to

scholarly articles relating to harassment.®%8! Silver’s commentaries
talk about student mistreatment, where he:
[...] pointed out the striking parallels between the changes that occurred in

children who had been abused and those of medical students during the weeks and

months after they matriculated. He suggested that medical students, like abused
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children, exhibited alterations in attitude and behaviour that might be the result of
avoidable, unnecessary, and harmful abuse that often went unrecognized or, if
recognized, was largely ignored.’!®-327)

Despite this perception made in the earliest days of formally documenting harassment, I
believe Silver’s quote above accurately outlines the core issues at hand. Medical students and
trainees like children under guardianships can often be helpless in front of their preceptors and
seniors; harassment can be abusive, it should be avoidable, but is often ignored, and like any
abusive acts, can have devastating consequences.

Recent research has highlighted not only a lack of improvement in addressing
harassment, but also a strong association between harassment and negative outcomes such as
trainee burnout, suicidal ideation, and diminished academic and career achievement.®3*° While
medical trainees seemingly know that harassment is wrong®!, barriers to effectively addressing it
includes the trainees perceiving bullying and humiliation as ingrained aspects of training,**? and
the hierarchical nature of medical education.”>

Typical efforts in harassment education are characterized by passive, didactic strategies
such as presentations and handouts. Evidence of their effectiveness is limited, particularly due to
their tendency to provoke defensiveness and backlash, lack of inclusivity, or failure to sustain
attention from learners.>"” Contemporary research has examined more innovative approaches
such as facilitated discussions’® and video modules®’. However, these studies tend to focus on the

perceived usefulness, feasibility, or effectiveness of these educational interventions,”®-193

as
opposed to examining concrete knowledge gains, or behavioural change. Further, while scarce,

handful of efforts that integrate SBE into anti-harassment education, most are conference
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proceedings that lack much details on methodologies and discussion.!%#1% Relatedly, empirical
study articles that feature SBE tend to reflect “black box” research, as it does not investigate the
underlying mechanisms and processes involved in learning and dealing with harassment, but
simply the learning outcomes.'”” While researchers call for SBE to be integrated into anti-

harassment education,!%%10?

such endeavors also require incorporating theoretical frameworks to
understand the factors for effective education.!!”

Therefore, the current gaps in harassment education research in medicine include: 1) lack
of investigating innovative educational interventions; 2) primarily relying on measuring self-
perceived usefulness or effectiveness of the training; and 3) lack of investigation in the
underlying learning processes. While other factors other than emotions can be pertinent to
learning outcomes (e.g., learning activity sequencing, cognitive load, motivation, etc.) emotions
are one prominent factor not yet explored in the context of anti-harassment education in

medicine. Considering that harassment situations can be deeply emotional,!!! the field of medical

education and SBE warrants investigation into emotions of anti-harassment training.
1.5 Dissertation Objectives

The primary objective of this dissertation is to explore and analyze the intersections of
emotions, SBE, and harassment education in the context of medical education. It also features an
anti-harassment educational intervention I served as lead developer on under the supervision of
my supervisor. Serving as the lead developer of the anti-harassment simulation and coordinator
for the larger SSHRC-funded project my dissertation is an important part of this project and has
several contributions. Primarily, this included the creation of video modules where I supplied

much of the text content, made all illustrations and animations from scratch, recorded and edited
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the videos, and provided my own voice for narration. The educational intervention also featured
a simulation training component. I led a small team of assistants, and we chose an appropriate
clinical procedure for our target population, documented and implemented best practices for
developing simulation training, planned all materials needed including personnel, scripted the
simulation, trained the involved standardized participants (i.e., actors), and developed the
corresponding debriefing session and assessment tools. Finally, I also served as the simulation
facilitator to all the trainees featured in this dissertation.

Considering the pivotal role emotions can play in the learning process, and with the
hopes of bringing uplifting change to the issue of harassment in medical education, my
dissertation set out to do the following:

1. Systematically chart how emotions are studied in medical education, specifically in
the SBE context. How are emotions and related constructs conceptualized in SBE
research?

2. Test the effectiveness of the anti-harassment intervention. What was responsible for
learning and simulation performance in the involved medical residents? Were
emotions involved?

3. Provide a rich description of what kind of emotional experience educators and
researchers can expect from anti-harassment SBE. What are the typical emotions
medical residents experience as they try to address harassment in a simulation
setting? Do these emotions have any impact in residents’ simulation performance?

To achieve these goals, my dissertation contains the following chapters:
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1. Chapter 2 features a scoping review study that examined how SBE researchers have
conceptualized and measured emotions and related constructs: mood, stress, and
emotional intelligence.

2. Chapter 3 features a quasi-experimental study that examined the effectiveness of the
anti-harassment educational intervention. It further investigated the impact of activity
sequencing, and how emotions were related to residents’ learning and simulation
performance.

3. Chapter 4 features an observational study that employed cluster analysis based on
multimodal emotions data to formulate emotional profiles of learners. It further
investigated whether these emotional profiles impacted simulation performance.

In summary this dissertation should serve as an example of theory-driven research

approaches of emotions in an understudied subject domain, utilizing contemporary

methodologies in investigating the potential roles of emotions in anti-harassment education.
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Chapter 2 Bridging Text

In Chapter 1, I provided a definition of emotions, and the importance of understanding its
role in health professions education. Emotions are distinct from similar, but related processes
such as stress and mood. It is unclear whether SBE researchers make such distinctions, and
whether they infer emotions from other measured constructs. It is also unclear how SBE
researchers tend to measure emotions of their learners.

In chapter 2, our work centered on synthesizing knowledge through a scoping review.
Our focus was on examining the conceptualization and measurement of emotions in SBE. We
aimed to identify existing gaps and suggest future research directions for SBE, drawing on the

collective insights and findings of previous SBE educators.
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Abstract

Background: While acknowledgement of emotions’ importance in simulation-based education
is emerging, there are concerns regarding how education researchers understand the concept of
emotions for them to deliberately incorporate emotionally-charged scenarios into simulation-
based education. This concern is highlighted especially in the context of medical education often
lacking strong theoretical integration. To map out how current simulation-based education
literature conceptualises emotion, we conducted a scoping review on how emotions and closely
related constructs (e.g., stress, and emotional intelligence) are conceptualised in simulation-based
education articles that feature medical students, residents, and fellows.

Methods: The scoping review was based on articles published in the last decade identified
through database searches (EMBASE and Medline) and hand-searched articles. Data extraction
included the constructs featured in the articles, their definitions, instruments used, and the types
of emotions captured. Only empirical articles were included (e.g., no review or opinion articles).
Data were charted via descriptive analyses.

Results: A total of 141 articles were reviewed. Stress was featured in 88 of the articles, while
emotions and emotional intelligence were highlighted in 45 and 34 articles respectively.
Conceptualizations of emotions lacked integration of theory. Measurements of emotions mostly
relied on self-reports while stress was often measured via physiological and self-report
measurements. Negative emotions such as anxiety were sometimes seen as interchangeable with
the term stress. No inferences were made about specific emotions of participants from their

emotional intelligence.
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Conclusions: Our scoping review illustrates that learners in simulation-based education are most
often anxious and fearful. However, this is partially due to medical education prioritizing
measuring negative emotions. Further theoretical integration when examining emotions and
stress may help broaden the scope towards other kinds of emotions and better conceptualizations
of their impact. We call for simulation education researchers to reflect on how they understand
emotions, and whether their understanding may neglect any specific aspect of affective
experiences their simulation participants may have.

Keywords

Emotion, Stress, Emotional Intelligence, Simulation Based Education, Medical Education,

Surgical Education, Scoping Review
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Introduction

Training for delivering better patient outcomes requires understanding emotions—they
are pervasive throughout healthcare environments for both physicians and trainees!. Moreover,
recent medical education research has highlighted the roles and potential impact of emotions in
training future doctors.?* Not only can emotionally-charged scenarios sway clinical decisions®,
but being able to understand, monitor, and manage one’s own and others’ emotions (i.e.,
emotional intelligence) is deemed crucial for developing core competencies physicians require’
as it relates to desirable aptitudes such as resiliency against burnout®, leadership’, and
communication®’. In sum, medical education can help prepare learners to be emotionally
resilient and better emotionally attuned to one another and their patients. Therefore, advancing
these goals and informing practice requires a better understanding of medical trainees’ emotions
during medical education, including simulations.

Simulation-based education (SBE) is no exception to emotions’ pervasiveness: a recent
conceptual review by LeBlanc and Posner (2022) highlighted how SBE can be “rife with
emotional situations”!%(%_ Indeed, the ubiquitous nature of emotions in medicine, including in

1,11

SBE has been echoed previously''' and its potential impact on healthcare practice and education

has been empirically documented in various domains, including diagnostic reasoning!?, patient-
physician communication'?, and patient safety issues related to medical errors!*!3,

LeBlanc and Posner’s review!? also underscored how simulation educators’ various
beliefs regarding the role of emotions are often based on personal experiences—one concern

»10,(p

regarding this is whether educators can consistently be “thoughtful and deliberate ) when

incorporating emotional experiences into SBE scenarios. This can be especially so when
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simulation educators conceptualise and use the term emotions in everyday and professional
discourse. For example, McNaughton’s discourse analysis (2013) shows how educators can view
emotions not only as a “series of biological and neurochemical responses”, but also as “skills that
can be learned” (i.e., emotional intelligence; EI), and “a set of practices that are constructed by
social, cultural, and political arrangements™!\®73_ To put the concern another way: are medical
educators understanding emotions as something interchangeable to EI? Will they distinguish
something like stress (also a product of “series of biological and neurochemical responses”) from
emotions? To truly be purposeful in incorporating emotions in SBE, educators should be aware
of how they conceptualise emotions, and why they subscribe to their understanding.

Integrating a theoretical framework into research is a straightforward way of advancing
understanding of emotions (e.g., see Coppin & Sander!®). While medical education research
often lacks strong theoretical integration!”-!8, there have been calls for integrating frameworks
such as the Control Value Theory of Achievement Emotions (CVT)"*!°, a prominent theoretical
framework in educational psychology?®?!. CVT’s definition of emotion aligns with the
consensus mainstream emotion theories and its definition can help educators distinguish
emotions from other affective phenomena including moods and stress'®?2. CVT defines emotions
as multi-componential psychological responses produced by coordinated affective, cognitive,
motivational, and expressive processes. Emotions are described based on a three-dimensional
taxonomy: valence (negative or positive), activation (deactivating or activating, also known as
arousal), and object focus (retrospective outcome, concurrent activity, or prospective outcome).
Research indicates that positive-activating emotions (e.g., enjoyment) should favor learning

outcomes, while other types of emotions tend to hinder learning outcomes, especially negative-
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deactivating emotions such as hopelessness?>. While CVT has been utilised in contemporary

1224 it is unclear how widespread incorporating such frameworks

research in medical education
into SBE research and simulation design is.

To help address the concern of whether simulation educators can consistently be
deliberate in incorporating emotional experiences into SBE scenarios, a scoping review aiming
to distill how simulation educators understand and study emotions was conducted. The review
examined not only emotions but also closely related constructs: mood, EI, and stress.

The Peripheral Constructs to Emotions: Mood, Stress, and Emotional Intelligence

Previous research reports that terms such as mood and stress are closely related
constructs to emotions, although they are not interchangeable terms and can be differentiated®>%.
EI, while not used interchangeably with emotions in the psychology or educational psychology
literature, is often viewed by medical educators as one way of conceptualizing emotions!'!. We
first identified mood as a construct of interest for our review, as we thought it may be possible
for researchers to mistakenly use the term interchangeably with emotions, despite the general
consensus from emotion researchers??.

We identified stress as another construct of interest. Stress is “inextricably linked to
anxiety”?®®4, where such discrete negative emotions are the consequence of a stress-
response?>2%, In other words, where there is stress response, one would expect negative
emotions®’. In addition, like emotions, stress has traditionally been hard to define?’, and there

was concern regarding what approach recent SBE research would take. Given the uncertainty of

how stress would be conceptualised, and with stress having a close relationship with negative
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emotions, we reasoned that studies that examined stress held potential to infer or directly
measure emotions.

We lastly considered EI. EI is deemed a highly desirable trait in medical trainees; often
measured as emotional quotient (EQ) through instruments such as Bar-On’s Emotional Quotient
Inventory (EQ-1)?8. EI is associated with leadership skills, non-technical skills, reduced
stress/burnout, higher job satisfaction, and better relationships with patients*. While EI is not an
affective phenomena and moreover a trait rather than a state, it directly concerns recognizing and
regulating emotions®°. Therefore, with the popularity of examining EI in SBE literature, coupled
with its relationship recognizing and managing emotions, we were interested in how the
literature approached EI. Our interest included whether any emotional experiences would be
inferred from EI measurements.

Objectives and Research Questions

The objective of this scoping review was to map out how recent SBE research
approached studying emotions. Our primary research question was the following: How are
emotions and closely related constructs (i.e., stress, emotional intelligence, and mood)
conceptualised in articles that focus on simulation environments, with medical students and
trainees as the population of interest?

We formulated sets of complementary secondary questions (SQ) that align with our
objective:

e (SQI): What is known about how emotions are conceptualised?
o (SQI1-A) Are emotions defined?

o (SQI-B) Do the articles cite a theory?

41



o (SQI-C) How are closely related constructs conceptualised?
e (SQ2): What is known about how emotions are measured?
o (SQ2-A) How are other closely related constructs measured?
e (SQ3): What are the emotions medical students and trainees experienced?
¢ (SQ4): What kinds of emotions did medical students and trainees experience in studies
that measured their stress levels?
* (SQ5): Can we infer the kinds of emotions medical trainees and students experienced in

studies that measured their emotional intelligence?
Methods

Design

We designed and conducted our scoping review based on Arksey and O’Malley’s?!
methodological framework. We further consulted guidelines that elaborate on this framework3?,
and a librarian with expertise in scoping reviews and health sciences education. Lastly, we
referred to the Preferred Reporting Items for Systematic reviews and Meta-Analyses extension
for Scoping Reviews (PRISMA-ScR) checklist®*. See Appendix A for review protocol details,
and Appendix B for the completed PRISMA-ScR checklist. A scoping review was chosen over a
systematic review as we set out to identify the types of knowledge and research the current
literature offers, and clarify key concepts—a systematic review would be better suited to assess
the quality of current practices and can be a natural progression after a scoping review is
conducted first*!**. Our review of the literature indicates that there has yet to be a scoping
review for this topic. Therefore, this knowledge synthesis work appropriately takes place before

any systematic reviews.
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Stage 1: Identifying the Research Questions

We formulated our primary question based on our primary research objective: to map out
how recent SBE research approached studying emotions. We also considered which specific
aspects our review should focus on?!, namely which additional constructs related to emotions our
scope would cover. There are numerous constructs that are closely related to emotions, and while
they can be differentiated from emotions, they have components and features that overlap with
emotions®>%. Therefore, we believed there may be a range of how these terms are used and
applied in research settings, warranting their inclusion.

As per our methodological framework, we refined our research question through an
iterative process to balance out the vastness of our scope and the relevancy that our identified
articles would yield. This included consulting our librarian and deciding to focus on SBE (versus
general medical education) to enhance the review’s focus and quality. We iterated through the
guidelines from Arksey and O’Malley®!' and ensured our adjusted scope aligned with our
research questions and search strategy.

Eligibility Criteria for Constructs Related to Emotions

In terms of eligibility criteria for specific constructs, we consulted a health sciences
education librarian to explore related MeSH terms and the existing literature to focus on key
constructs. This allowed us to exclude less relevant terms towards our research objective such as
“social stress” or terms related to clinical disorders (e.g., mood disorders).

We also decided to focus on medical students and trainees, meaning we only included
studies that featured medical students, interns, residents, and fellows. If a study featured other

population groups (e.g., pre-med students, nurses, attending physicians), it was only included if it
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featured our target population. In addition, as we were interested in the context of SBE, we
sought studies that had such environments. Hence, studies that asked for general life satisfaction
or a survey that asked for emotions concerning day-to-day activities were excluded. When
dealing with simulations, we were mindful of whether the simulation content would be related to
medical knowledge, procedure, or non-technical skills. For example, simulations of war combat
via a video game would not be included in our review as the simulated content is not something
we would expect a medical trainee to experience (even if there were educational components
featured in the simulation).

Through the above considerations and process of exploring what our scope would be, we
were able to finalise the primary research question to focus on emotions, mood, stress, and EI of
medical students and trainees in a SBE context. After trials identifying the number of articles we
would yield, the team agreed our scope was broad enough to adhere to our research objective.
Stage 2: Identifying Studies

We developed a search strategy with our librarian’s consultation. An iterative
development process led to identifying a list of relevant keywords and MeSH terms (Table 1).
Our search was carried out on Medline and EMBASE on June 22", 2020, exclusively looking at
articles published from June 22", 2010 to June 22" 2020. The initial yield of 29,329 articles
decreased to 19,508 after deduplication.

We chose electronic databases and decided to complement them with hand-searched
articles as outlined in Arksey & O’Malley’s guidelines®!. We chose EMBASE and Medline
based on our previous experience conducting scoping reviews related to research in the fields of

medical education3®. We selected Academic Medicine and Medical Education to hand-search
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articles because key articles were often featured there (e.g., Artino and Pekrun?, Pottier and
colleagues®”). Hand searching is a supplementary technique in a scoping review and not intended
to be comprehensive.

Stage 3: Study Selection

For our database searches, there were three screening processes. Table 2 shows our
inclusion and exclusion criteria for the title-abstract screening. Tables 3 and 4 show the criteria
for the first and second full-text screening, respectively. While the first full-text screening
included all medical education scenarios, the second full-text screening specifically filtered for
simulation-based studies as per the iterated process outlined in Stage 1. Gaba’s definition of
simulation was used to help screen the articles, where simulation was defined as “a technique—
not a technology—to replace or amplify real experiences with guided experiences that evoke or
replicate substantial aspects of the real world in a fully interactive manner*8®2) We referred to
Gaba’s article that describes various dimensions of simulations to operationalise different criteria
and types of simulators.

Each of the screening processes involved a team of reviewers (six for title-abstract
screening, four for both full-text screenings), where each article was screened by a pair. A pilot
preceded every screening process to ensure 75+% interrater reliability before proceeding®. Re-
calibrations took place after 1/3 and 2/3 of the articles were screened.

In addition to searching electronic databases, screening of hand-searched articles
involved four reviewers. These articles (37) were screened for SBE content, similarly to our full-
text screenings. After deduplication, two articles were added (please see Figure 1 for the flow

diagram).
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Stage 4: Data Charting and Reporting

We finalised our data extraction sheet and strategy through consultation of multiple
resources, our librarian, and pilot testing. Two reviewers were chosen in the end to extract the
articles to ensure high interrater reliability. See Appendix C for details.

The final data extraction sheet included three categories of data: 1) information pertaining
to the publication of the article (e.g., author, year, etc.); 2) information about the constructs of
interest (e.g., whether the article focused on emotions or closely-related constructs, what
measurements were used, etc.); and 3) information on the simulation based on Gaba’s
dimensions of simulation applications.

Stage 5: Collating, Summarizing, and Reporting the Results

We analysed our data descriptively; we summarised general characteristics of the papers

through various charts to provide a broad overview of study characteristics. We report our

summary to answer our research questions while providing context.
Results

The database search (139) combined with hand searching (2) yielded a total of 141
articles that met the inclusion criteria for review.
Study Characteristics

Our results showed that research in emotions and related constructs have been increasing
over the years, with most of the articles published in western countries (e.g., United States,
United Kingdom). The vast majority (83.0%; 117 articles) were quantitative studies, while the
bulk of the populations featured were medical students (56.7%; 80 articles) and residents

(43.4%:; 61 articles).
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Stress was featured the most in the articles we identified (62.4%; 88 articles), followed by
emotions (31.9%; 45 articles) and EI (24.1%; 34 articles). Only 1 article (0.7%) featured mood.
Appendix D contains more details about study characteristics, including simulation
characteristics.

Conceptualization, Measurement, and Experiences of Emotions

Our results indicated that most of the articles that focused on emotions did not formally
define emotions: 35 (77.8%) of the 45 articles on emotions**~7®, Seven (15.6%) articles®7"-%2
defined a type or a discrete emotion (e.g., anxiety), 2838 (4.4%) provided formal definitions,
while 1% defined both a formal definition for the term emotion, and separate definitions for
discrete emotions (e.g., anxiety). For specific types of emotions, achievement emotions were the
only type identified (as opposed to other types such as epistemic emotions—emotions that relate
to knowledge and generation of knowledge®®). Definitions of discrete emotions focused mainly
on negatively valanced emotions such as anxiety and embarrassment. Amongst the articles that
formally defined emotions, the circumplex model of emotion was referenced once and CVT was
referenced four times.

Figure 2 shows that self-report measures (34 articles) were the most common method of
collecting data on emotions. Besides custom self-made instruments?6:47-50:53,58.59.66,72,77.87 "the
State-Trait Anxiety Inventory*3-4463:67-70.82 (STAT; or a variation of it) was the most employed
instrument (featured 8 times in emotions-focused articles). The next most common instruments
were the Achievement Emotions Questionnaire’”8%85 (AEQ), and a scale based on Barrett and
Russel’s work on emotions>!*%7 (i.e., the circumplex model®®), each featured 3 times. See

Appendix E for more details on the wide array of other instruments used in studies. Figure 3
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47—50,53,55,58,60,62,67’ respectively) were

shows that anxiety and fear (captured in 25 and 10 articles
the most commonly measured emotions across the 45 articles that focused on emotions. Few

positive emotions were captured in the studies, with excitement and enjoyment being the most

53,56,59,83 56,60,74,77,80
b

frequently measured ones, but only being mentioned in four and five articles
respectively.
Conceptualizations and Measurements of Other Constructs

64 of the 88 articles that focused on stress (72.4%) did not formally define stress with an
explicit reference to a theoretical framework. Sixteen (18.2%) articles”-68:69:69.75.82.89-99 qiq,
however, formally define what stress was, while 6 articles®>190-1%4 (6 8%) defined related terms
to stress such as distress and stressors. Lastly, 2 articles'%>1% (2.3%) defined both stress and

69,75,82,89,

related terms. For the 16 papers that formally defined stress, 8% 9597 relied on

conceptualization of stress stemming from a physiological-oriented (physiogenic) approach (e.g.,

37,69,93,94,98,99 from a

Selhye’s General Adaptation Syndrome!?”), while 6 of the papers
psychological-oriented (psychogenic) approach (i.e., Lazarus’ Transactional Model'*®). Overall,
3 papers®>2%105 relied on definitions that drew from multiple approaches. It should be noted that
1 paper that explicitly defined stress did not provide any references (however took a
physiological-oriented approach to defining stress)!.

Figure 4 shows the measurements that stress articles employed. Studies using both self-
reports and physiological measures were the most common (33
articles®7-68:69.69.70.75.76.90.93.94.97.99.101,104,109-128, 377 504 followed by articles solely relying on either

59,63,66,67,71,73,74,87,95,98,102,105,106,129-145. 0
; 34.1%

self-reports alone (30 articles ) or physiological

measures alone (19 articles®6372:82,89.91,92.96,146-156. 51 694) There were two articles'%157 (2.3%)
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that used behavioural analysis in addition to self-reports and physiological measures. Heart rate

or heart rate variability related instruments were the most common (32 articles®8:70-72.82.89-

93,97,99,101,103,109—113,113,114,116,117,120—123,127,146,148,151,154,155,157; 364%) for physiological measures. For

self-report measures, the STAI was the most common (20 articles?”-67:70.75.93.97.101.103,106,106,109, 111

113,116,117,119,121,126,127. 0
£ 22.7%)

Nine EI articles”101:158-163 (26 59%) formally defined EI. Thirteen articles®0-63.100.164-173
(38.2%) defined a construct directly related to, or a subordinate construct of EI (e.g., empathy,
emotional skills). The most common measurement in these articles was the Jefferson Scale of
Physician Empathy!7* (JSE; 6 articles!%:16%170.172.173.175, 17 69, followed by The Trait
Emotional Intelligence Questionnaire!’® (TEIQue; 4 articles!0L16L168.177: 11 894) and The Mayer-
Salovey-Caruso Emotional Intelligence Test!”® (MSCEIT; 3 articles®!%193; 8.8%). The EI
articles exclusively focused on EI did not infer emotions from their measures.

The one article that focused on mood!” utilised the Visual Analogue Scales (VAS)
from Bond and Lader'®° to assess “high” (positive) and “low” (negative) mood, and hence did
not measure any discrete mood or emotions. It did not formally define mood or emotions.

Discussion

Primary Question

Our primary research question was: “How are emotions and closely related constructs
(i.e., stress, emotional intelligence, and mood) conceptualised in articles that focus on simulation
environments, with medical students and trainees as the population of interest?” Based on our
results, the short answer is that the SBE literature concerning emotions and related constructs

tend to be light on theory, relying on previous research findings to orient their research. The
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literature had an affinity towards focusing on negative emotions (e.g., anxiety), and made
connections between negative emotions and stress. Our review also further acknowledged the
importance of these psychological constructs in education—hence acknowledging the
desirability of EI in trainees (although no emotions are inferred from students’ EI levels). The
more elaborate version of our answer was obtained through answering the secondary questions
we proposed.

Secondary Questions

Conceptualization and Measurements of Emotions

SBE literature often discusses emotions informally, without explicit definitions or
references. This was evident as most emotions-focused articles (35/45) did not provide a
definition for emotions. We believe this may partially be due to the studies’ scopes and
intentions, which are shaped by norms and trends in SBE. While a definition by itself is not a
theory, it serves as an important part of a psychological theory. As these articles did not formally
cite any theories either, we concluded that they lacked a theoretical-based conceptualization of
emotions. Based on our results, we believe that recent work in the SBE literature resembles the
early emotion research activities in the realm of traditional education research in that it focuses
on specific discrete negative-activating emotions and relies on self-report measures'®!.

Many studies concentrated on negative emotions. For example, Kim’s study’’ looked at
how medical students’ anxiety and boredom in class were associated to levels of anxiety in
Objective Structured Clinical Examinations (OSCEs). Fraser and colleagues’! focused on
negative emotions elicited from simulated patient death. It was therefore not surprising that

measurements towards emotions largely included self-reports (34 articles of 45 that focused on
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emotions) that focused on negative emotions such as anxiety (8 articles using STAI'®? to measure
this) and other negative emotions such as fear (measured via the Fear of Negative Evaluation
Scale!®?) and shame (measured via Experimental Shame Scale!'®*). We noted that studies that did
not rely on self-reports also followed the trend of identifying negative emotions in SBE#3:33:61.62,
The emphasis on negative emotions is understandable. This is especially so when we
consider how medical trainees face training scenarios that are meant to elicit negative emotions,
due to the nature of the topic the scenarios deal with, and the pressure for achieving high
performance. For example, articles such as Groot’s article®! featured medical students taking on
residency-level simulations that featured emergency room acute care cases (e.g., anaphylaxis,
acute myocardial infarction, etc.). These simulations placed the students in an emotionally-
charged situation where negative emotions such as anxiety (i.e., stress) would be elicited, in part,
due to the advanced and challenging nature of the medical issues they needed to manage.
Students strived to perform well but ultimately reported stress and disappointment in themselves
failing to meet their own expectations. Our other reviewed articles follow this example in terms
of dealing with emotionally-charged topics and scenarios likely to elicit negative emotions.
Bloomfield and others’ article® featured students communicating with dying patients and their
family members. Bauer and others’ article®? had residents for their first time be given a high-
fidelity mannikin in a scenario where the simulated patient was intubated during an intra-hospital
transportation, but had oxygen desaturation, and was under mechanical ventilation. Summing up
these examples, we report that the typical SBE scenario in our review featured stress-inducing,
negative emotion eliciting experiences—explaining why the literature perhaps tends to focus on

negative emotions.
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Our results showed that four articles referenced the CVT to define emotions, with three
using related measures (i.e., Achievement Emotion Questionnaire; AEQ'®%). While focusing on
specific emotions such as anxiety has merit, extending the acknowledgement of emotions’ role
beyond a specific discrete emotion such as anxiety, or a type of emotion would benefit the SBE
literature by providing a more comprehensive picture of the potential role other emotions play.
Broad examples of this include studying emotions during simulation versus after simulation
(debriefing); effects of positive-activating emotions (enjoyment) versus positive-deactivating
emotions (relief) and so on. We make a positive note that CVT—one of the most suitable
frameworks for being applied to SBE research—was cited by several of the few articles that did
rely on theory. This suggests that SBE researchers are on the right track in conceptualizing
emotions in academic contexts.

While we highlighted the need to look beyond negative emotions in SBE research,
studies such as Butteris and colleague’s®® illuminates the rationale for focusing on negative
emotions. Unlike the rule of thumb that negative emotions are generally undesirable in
education, the study’s facilitators’ consensus seemed to be that completing a simulation scenario
involving a neonatal death or caring for a simulated HIV-positive toddler requires trainees to
experience negative emotions so that they are motivated to reflect on their competency and
preparedness™. We note that the study emphasised post-simulation debriefings to help trainees
adaptively digest these negative emotions. Though the non-profession specific educational (e.g.,
high school, higher education) emotion literature acknowledges that emotions such as anger may
be beneficial in specific contexts?*!186, the contexts featured are difficult to compare to what

medical students and trainees experience.
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Conceptualizations and Measurements of Related Constructs to Emotions

Like emotions, most articles focusing on stress (64/88) did not offer formal definitions.
Instead, they referenced previous work and expert opinions to establish research directions.
Further, papers featuring stress tended to simply conceptualise stress from a biological,
physiological approach. The assumption may be that readers of medical education journals do
not expect formal explanations of stress, as they are familiar with the biological components of
stress responses (e.g., activation of the hypothalamic-pituitary-adrenal and the sympathetic-
adrenal-medullary axes). Hence, many authors simply mention this physiological side of stress in
lieu of citing a theoretical framework. We note that authors who measured constructs such as
anxiety as an indicator of stress were measuring a construct that is different from stress, albeit
related!®’.

Measurements of stress-related articles were similar to emotion-related articles in that
they often employed instruments such as the STAI'2. In other words, articles that focused on
stress, while not studying a wide variety of emotions, still often examined negative-activating
emotions such as anxiety. This is supported by our findings that of the 18 articles that examined
both emotions and stress, 16 featured STAI for measuring anxiety. What was different from
emotion related articles, however, was the frequent reliance on multiple channels of data: 36.4%
of stress articles included both self-report and physiological measures to infer stress as opposed
to just 2.1% of the emotion articles. We believe this is a symptom of the SBE literature not
embracing formal definitions of emotions. Formal definitions of emotions will tend to agree that
emotions are multi-componential psychological responses which include a combination of

affective, cognitive, physiological, motivational, and expressive processes??. Therefore,
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measuring emotions should go beyond self-report measures and should also measure the
physiological (e.g., skin conductance, heart rates) and expressive (e.g., facial expressions,
speech) aspects of emotions.

The conceptualization of EI was more formal relative to emotions and stress (26.5% of
the articles with formal definitions versus 4.4% and 18.2% of the articles with formal definitions
for emotions and stress respectively). Articles often cited ideas related to Goleman!8® (2020) and
Mayer!'® (1990; theories claiming EI as a type of intelligence), in addition to citing Petrides'*°
(2007) in reference to the theory of trait emotional intelligence. If we consider that 13 articles
that did not define EI still defined the construct they were measuring (e.g., empathy), 64.7% of
EI articles featured formal definitions. This finding seems to signal a trend in SBE where
constructs such as emotions are just emerging and therefore lack theoretical integration, while
emotional intelligence may be a more established topic with a more matured approach.

We lastly note that we only identified one article that focused on mood. We report that
the SBE literature does not seem to interchangeably use the term mood and emotions.

Emotions of Medical Students and Trainees

We report that anxiety and fear were the most captured emotions in our reviewed articles.
According to CVT’s classification, both are negative-activating emotions, indicating their
similarities. The captured emotions reflected how the chosen instruments aligned with the
studies’ objectives of investigating negative-activating emotions. In other words, if the study
sought to investigate anxiety in medical students, the emotional profile reported will mainly be
anxiety. Overall, as discussed earlier, we report that while students and trainees do experience

positive emotions (e.g., excitement, enjoyment) during certain simulation scenarios, the literature
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in our review more often captured negative emotions (e.g., anxiety, fear, frustration, guilt, etc.)
due to the intensity of the scenarios (e.g., simulated patient death>!), and the high expectations
set for learners. According to the CVT, high expectations means high appraisal of value (i.e.,
learners perceive their performance in a simulation to be important), which lead to emotions with
high levels of intensity!®!. This is especially the case when one’s control over a situation is
uncertain or low (i.e., the difficulty of the simulation is high, or there are uncontrollable factors
in a simulation)'!.

Inferring Emotions from Stress and Emotional Intelligence

Studies that focused on both stress and emotions (predominantly anxiety) tended to infer
anxiety from stress levels of their participants. It is also interesting to note that two of the
studies®!-%* that focused on emotion reported “stress” as a type of emotion their participants
experienced. Overall, SBE articles tended to acknowledge that anxiety is an expressive
component of stress. However, we think caution is warranted in using the term stress, emotions,
and anxiety interchangeably. Anxiety is just one of many different stress responses!®?, and hence
sole reliance on measurement of anxiety may be limited as opposed to relying on multiple
measures that also take into account physiological measures or behavioural coding.

Further, when examining what other discrete emotions educators could intend on
introducing and measuring in SBE, considering that the CVT illustrates how interchanging stress
is with the term emotion, this interchangeability may potentially lead to a narrow capture of
emotions. While anxiety is a negative-activating emotion like anger and shame, they are not

181,193

identical and have different implications for learning . Therefore, measuring stress may

capture whether one is feeling anxious or not, but not adequately capture anger or shame. For
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other emotions that are still negative but are deactivating (e.g., boredom, hopelessness, sadness,
disappointment) this issue becomes much more prominent. Finally, measuring stress would not
capture positive emotions, missing emotions such as enjoyment and curiosity.

While McNaughton’s discourse analysis revealed that educators can view emotions as a
skillset, we believe, from an educational psychology perspective, that there is a distinction
between having the ability to understand one’s own and others’ emotions (i.e., EI)**!8% and the
actual experience of feeling specific emotions. Aligned with this, our results showed that the
researchers that focused on EI did not infer emotions from EI measurements. The closest
inference would be Dohms and others!®* (2020) reporting that students with higher empathy will
have better emotion regulation, leading to a calmer emotional profile in stressful situations
relative to their peers. We therefore presume that SBE researchers do not confuse experiencing
specific discrete emotions with levels of emotional intelligence.

Specific calls to action based on our research partially echoes Leblanc and Posner’s
review!?: simulation designers and researchers should ask what emotions they are deliberately or
potentially introducing to the participants and consider the impact they may have. However, in
thinking and conceptualizing this, we would like to extend their call by specifying how to be
deliberate and consider integrating a theoretical framework that can formally define what
emotions are.

Contextual Factors and Future Directions

When interpreting our study, certain contextual factors matter. Our results show that SBE

literature is prominent in the western world, with USA, UK, Germany, Canada, and France

195,196

compromising 66.6% of the articles. The role of culture may influence studies and
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increasing cultural diversity in SBE emotions research is therefore an important future direction.
Specifically examining SBEs offered in institutions in various nations is one example of this
direction. Further, our results indicate that certain types of simulation structures and contexts
were underrepresented. For example, only 6.4% of our studies featured interprofessional teams,
while certain simulators such as augmented reality or virtual reality simulators were featured
much less (3.5%). Focusing the investigation of emotions in such specific SBE contexts could be
valuable future directions.

We note limitations of our scoping review process, including our limited selection of
electronic databases, not drawing on more than two journals for hand-searching, especially from
journals that are SBE-focused. Other limitations include our review focusing on just empirical
articles, lacking additional screenings of identified articles’ reference lists, and the lack of
consulting content experts. In addition, as our study inclusion criteria was quite broad (e.g.,
including individual-based, team-based simulations, and a wide range of simulators), our
findings may have different applications when focused on specific types of SBE. While our
results are applicable to the general landscape of the SBE literature, extrapolating our findings to
specific subfields of SBE may warrant care.

Our study had some notable strengths as well. Other than the expected standards of
following a scoping review framework and being consulted on our search decisions by an expert
librarian, we have also conducted screenings, data-extraction and analysis via evidence-based
practices. From identifying the affect-related constructs to be studied, to how we conceptualised
simulations and their different features, decisions were based on prominent ideas to ensure

consistent and accurate intake and analysis of data. Our appendix and body of the manuscript
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also offer full transparency in all the steps we have taken based on Arksey and O’Malley’s
framework.

Future studies could focus on exploring more databases with additional consultation from
content experts. Further, our study only extends to the middle of 2020. At the time we wrote this
article, the COVID-19 pandemic had left its impact on healthcare education worldwide; it would
be interesting to see whether there are any shifts in directions and activities within the SBE
literature. Other future directions include this review being a basis for a systematic review on
how theoretical frameworks guide emotion-focused SBE research and the interpretation of the

results.
Conclusion

We presented a scoping review that aimed to describe the current state of SBE literature
pertaining to the conceptualization of emotions and related constructs: stress, emotional
intelligence, and mood. Our results revealed that authors of SBE tend to omit including a
theoretical framework for conceptualizing emotion-related constructs in their study. We also
highlight another tendency amongst SBE studies: capturing negative emotions such as anxiety,
where studies that examine stress also often evaluate the levels of anxiety of learners. This
tendency of capturing negative emotions reveals that, at first glance, medical trainees and
students are stricken with anxiety, fear, and guilt. However, we note that this finding partially
stems from studies setting out to measure negative emotions that are also identified as important
in medical education. Unlike in more traditional fields of education (i.e., Kindergarden-12,
Higher Ed), negative emotions seem to have a more profound and authentic role in facilitating

learning in SBE. For example, Butteris and colleagues identified how negative emotions such as
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frustration and helplessness facilitated motivation for preparedness®®. Future research that
embraces theoretical frameworks such as CVT should equip researchers with the tools they need
to critically interpret the impact of such emotions in SBE. In addition, synthesis work focusing
on specific types of SBE environments in relation to emotion-related constructs (e.g.,
interprofessional SBE using virtual reality simulators), and the role of emotion regulation?!
supporting instructional design can serve as next steps. This line of work can illuminate the roles
of emotions in SBE and how to best support students' experiences of these influential
psychological states that are associated with learning, performance, and psychological well-

being.
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Table 1. Search Terms for Scoping Review

Medline

Embase

1.

2.

10.

11

12.

13.

14.

15.

16.

Resident*.tw, kf.
Residenc* .tw kf.

(Intern of interns™®).tw kf.
Trainee*.tw kf.

Med* Student*.tw kf.
Fellow*.tw kf.
lor2or3or4orS5Sor6
Emotions/

Stress, Psychological/

Emotional Intelligence/

. Emotion*.tw kf.

Stress*.tw,kf

mood*.tw kf.
8or9orl10orllorl2orl3
7 and 14

15 and 2010:2021.(sa_year).

This search yielded 11,653 hits. The

search was executed on June 22nd, 2020.

10.

11.

12.

13.

14.

15.

16.

17.

Resident™.tw, kw.
Residenc™* .tw, kw.

(Intern or Interns*).tw,kw.
Trainee*.tw,kw.

Med* Student*.tw kw.
Fellow*.tw,kw.
lor2or3or4orS5Sor6
Emotions/

Emotional Intelligence/
Emotional Stress/

Mental Stress/
Emotion*.tw,kw.
Stress*.tw,kw.
Mood* .tw, kw.
8or9orl10orllorl2orl3orl4
7 and 15

16 and 2010:2020.(sa_year).

This search yielded 17,676 hits. The

search was executed on June 22nd, 2020.
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Table 2. Inclusion and Exclusion Criteria for Title-Abstract Screening

Inclusion criteria

Exclusion criteria

Empirical study, reviews, conference
proceedings, commentaries, editorials,
conference papers

Medical students, interns, residents,
and fellows (if any of these are included)

Emotions, mood, stress, and emotional
intelligence

Magazine articles, one-off diagrams,
supplementary articles, theses, dissertations,
abstracts

Nurses, dentistry students,
paramedics, physicians, doctors, patients (if
only these are exclusively included)

Depression, burnout, attitudes.
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Table 3. Inclusion and Exclusion Criteria for the First Full-Text Screening

Inclusion criteria

Exclusion criteria

English articles

Empirical studies

Medical students, interns, residents,
and fellows (if any of these are included)

Emotions, emotion regulation, discrete

emotions (e.g., anxiety, anger, sadness)
Mood

Stress, stressors, distress, stress coping
(regulation), physiological indicators of stress

Emotional intelligence

Non-English articles

Review, editorial, opinion pieces,
conference abstracts, conference listings,
authors’ response, letter to the editor

Nurses, dentistry students,
paramedics, physicians, doctors, patients (if
only these are exclusively included

Attitudes, personality

Depression, post-traumatic stress
disorder, mood disorders

Burnout, emotional exhaustion,
depersonalization, empathy (if only these are
exclusively included)
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Table 4. Inclusion and Exclusion Criteria for the Second Full-Text Screening

Inclusion criteria

Exclusion criteria

There is at least one simulator
mentioned: cadavers, mannequins, screen-
based simulators, VR/AR simulator, role
playing, standardized patients, task-trainer.

Objective Structured Clinical
Examination (OSCE), Fundamentals of
Laparoscopic Surgery (FLS) training, “cases”

Participants: Medical students, interns,
residents, and fellows (if any of these are
included)

There are no simulators mentioned

Non-medical simulations, such as
computer simulations (e.g., simulations of
data), flight simulations, computer games
(that are not focused on medical-related tasks)

Nurses, dentistry students,
paramedics, physicians, doctors, patients (if
only these are exclusively included
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Appendix A

Review Protocol
Below is the general protocol we followed for our scoping review, based on Arksey and

O’Malley’s framework! for conducting scoping reviews. We did not register our protocol.

Figure Al. General Protocol.

iterative

iterative
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Appendix B

Table B1. PRISMA Extension for Scoping Reviews (PRISMA-ScR) Checklist

Section Item PRISMA-ScR Checklist Item Check
Results
Title 1 Identify the report as a scoping review. Yes
(Manuscript)
Abstract
Structured 2 Provide a structured summary that includes (as  Yes
Summary applicable) background, objectives, eligibility ~ (Manuscript)
criteria, sources of evidence, charting methods,
results, and conclusions that relate to the
review questions and objectives.
Introduction
Rationale 3 Describe the rationale for the review in the Yes
context of what is already known. Explain why  (Manuscript)
the review questions/objectives lend
themselves to a scoping review approach.
Objectives 4 Provide an explicit statement of the questions Yes
and objectives being addressed with reference ~ (Manuscript)
to their key elements (e.g., population or
participants, concepts, and context) or other
relevant key elements used to conceptualize the
review questions and/or objectives.
Methods
Protocoland 5 Indicate whether a review protocol exists; state ~ Yes
registration if and where it can be accessed (e.g., a Web (Appendix A)
address); and if available, provide registration
information, including the registration number.
Eligibility 6 Specify characteristics of the sources of Yes
criteria evidence used as eligibility criteria (e.g., years  (Manuscript)
considered, language, and publication status),
and provide a rationale.
Information 7 Describe all information sources in the search ~ Yes
sources (e.g., databases with dates of coverage and (Manuscript)

contact with authors to identify additional
sources), as well as the date the most recent
search was executed.
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Search 8 Present the full electronic search strategy for at  Yes
least 1 database, including any limits used, (Manuscript)
such that it could be repeated.

Selection of 9 State the process for selecting sources of Yes
sources of evidence (i.e., screening and eligibility) (Manuscript)
evidence included in the scoping review.

Data charting 10 Describe the methods of charting data from the  Yes
process included sources of evidence (e.g., calibrated (Appendix C)

forms or forms that have been tested by the
team before their use, and whether data
charting was done independently or in
duplicate) and any processes for obtaining and
confirming data from investigators.
Data items 11 List and define all variables for which data Yes
were sought and any assumptions and (Appendix D)
simplifications made.

Critical 12 If done, provide a rationale for conducting a Not
appraisal of critical appraisal of included sources of applicable
individual evidence; describe the methods used and how
sources of this information was used in any data synthesis
evidence (if appropriate).

Summary 13 Not applicable for scoping reviews. Not
measures applicable

Synthesis of 14 Describe the methods of handling and Yes
results summarizing the data that were charted. (Manuscript)

Risk of bias 15 Not applicable for scoping reviews. Not
across studies applicable

Additional 16 Not applicable for scoping reviews. Not
analyses applicable
Results

Selection of 17 Give numbers of sources of evidence screened, Yes
sources of assessed for eligibility, and included in the (Manuscript)
evidence review, with reasons for exclusions at each

stage, ideally using a flow diagram.
18 For each source of evidence, present Yes

Characteristics characteristics for which data were charted and  (Manuscript).

of sources of provide the citations. However,

evidence due to the
scope of the
review, not
all evidence
were
examined
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thoroughly in
detail in the
main

manuscript
Critical 19 If done, present data on critical appraisal of Not
appraisal within included sources of evidence (see item 12). applicable
sources of
evidence
Results of 20 For each included source of evidence, present  Yes
individual the relevant data that were charted that relate to  (Manuscript)
sources of the review questions and objectives. However,
evidence same caution
from item 18
applies here.
Synthesis of 21 Summarize and/or present the charting results ~ Yes
results as they relate to the review questions and (Manuscript)
objectives.
Risk of bias 22 Not applicable for scoping reviews. Not
across studies applicable
Additional 23 Not applicable for scoping reviews. Not
analyses applicable
Discussion
Summary of 24 Summarize the main results (including an Yes
evidence overview of concepts, themes, and types of (Manuscript)
evidence available), link to the review
questions and objectives, and consider the
relevance to key groups.
Limitations 25 Discuss the limitations of the scoping review Yes
process. (Manuscript)
Conclusions 26 Provide a general interpretation of the results Yes
with respect to the review questions and (Manuscript)
objectives, as well as potential implications
and/or next steps.
Funding 27 Describe sources of funding for the included Not
sources of evidence, as well as sources of applicable
funding for the scoping review. Describe the (no funding)

role of the funders of the scoping review.
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Appendix C

Data Charting Process

We have developed a data extraction sheet so that we could systematically extract data
for charting. We ran pilots of our data extraction sheet, where the first three pilots included six
reviewers. However, when it came to extracting data that were more inference-based (e.g.,
deciding what construct the article focused on) we realized that our interrater reliability was
below the cut-off point of 75%. We therefore decided to continue collecting feedback from our
reviewers, and refine our extraction sheet, while we also narrowed down the number of our
reviewers. Our fifth and final pilot included four reviewers. BA (the first author of this paper)
was the lead reviewer for this project, and so we decided to compare others’ data extraction
results to BA’s and calculate the number of Excel cells that significantly differed from his
extraction. Reviewers CL, EB, and MM yielded agreement ratings of 88.81%, 91.53%, and
95.59% with BA. We in the end decided that MM and BA would extract the data from the

articles.
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Appendix D
Study Characteristics
Below is a figure (Figure D1) that shows the articles published by year and illustrates
research in emotions and related constructs have been increasing over recent years.
Figure D1. Articles Published by Year
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Figure D2 shows the percentage of first/corresponding authors’ affiliated institution’s
country. The United States (30.5%; 43 articles), United Kingdom (9.9%; 14 articles), and

Germany (9.9%; 14 articles) were the most common countries affiliated with the first author.

Figure D2. Percentage of First (or Corresponding) Authors’ Affiliated Institution’s Country
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Our results also showed that the vast majority (83.0%; 117 articles) were quantitative
studies, while only 5.0% (7 articles) and 12.1% (17 articles) were qualitative and mixed/multi-
method studies, respectively. Figure D3 illustrates articles featuring specific study designs. It
should be noted that an article may feature multiple specific study designs simultaneously (e.g.,
have a focus group interview, along with a group comparison design). While 34 studies (24.1%)
featured a randomized controlled trial (RCT) design, the single group design (53.9%; 76 articles)
was the most employed design.

Figure D3. Number of articles by specific study design
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For interpreting data from Figure D2 and D3, it should be noted that there were two types
of categorizations we have made with the articles in our review when it came to study design:
broad and specific. The former focused on categorizing articles based on whether they applied
quantitative, qualitative, or mixed/multi-method analyses. We acknowledge that there is a
distinction between mixed and multi-method?, but have opted to group them up together as doing
so still gives us a clear picture concerning whether the literature was dominated by quantitative
methods.

The latter categorization aimed to delve into the specific types of study design. While we
did start out with various terms guided by work from Turner and others?, these terms were
eventually replaced by the terms produced through the iterative refinement process from our
pilot phases; these were based on some of the co-authors’ experience conducting scoping
reviews*: 1) Single Group: If all the participants experienced the same training/education; 2)
Group Comparison: If there are two or more groups and are being compared to each other; 3)
RCT (Randomized Controlled Trials): If there is randomization and a control group for

comparison (regardless of blinding). This includes “single group” studies if participants were
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randomly assigned to specific sub groups and counterbalanced for comparison (i.e.,, randomized
crossover study), despite the fact that, technically, the students were experiencing the same
training in the end; 4) Survey Study: if the study solely relies on a survey sent out to students to
poll data, without featuring any intervention or educational activity in their study itself (e.g., ask
about a simulation experience but not have the students go through the simulation); and 5)
Interview: Studies that involve interviewing. This included studies that featured focus groups.
With these terms our reviewers all agreed upon, we were able to conduct the data extraction
consistently.

Figure D4 shows the type of relevant populations featured in the articles (again, studies
can feature multiple types simultaneously). Medical students (56.7%; 80 articles) and residents
(43.3%; 61 articles) made up the bulk of the populations featured. Interns and fellows only
represented 3 (2.1%) and 5 articles (3.5%), respectively. We further note that 18 articles (12.8%)
featured populations that were not relevant to our scope (e.g., physicians, nursing students).

Figure D4. Number of articles featuring population type
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Figures D5 and D6 exhibit the number of articles featuring the constructs our scope
sought to capture. Stress was the construct that was featured the most (62.4%; 88 articles),
followed by emotions (31.9%; 45 articles), and emotional intelligence (24.1%; 34 articles). There
was only 1 article (0.7%) that featured mood. As figure 7 shows, we note that there were only 2
articles (1.4%) that examined emotions, stress, and emotional intelligence; 3 articles (2.1%) that
looked at both stress and emotional intelligence, and 2 articles (1.4%) that looked at both
emotions and emotional intelligence. There were 18 articles that looked at both emotions and
stress (12.8%).

Figure D5. Number of times Mood, EI, Stress, or Emotions Featured in the Articles
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Figure D6. Percentage of Articles by Combination of Constructs Featured
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% of Articles Per Construct Types
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Regarding simulation characteristics, we identified 90 (63.8%) articles that featured
simulations done individually, with 49 (34.8%) featuring single-profession teams, and 9 (6.4%)
featuring interprofessional teams. We also identified 35 (24.8%) articles that focused on both
technical and non-technical skills, 63 articles (45.4%) that focused on just technical skills, and 36
articles (25.5%) that focused on just non-technical skills. For the type of simulators, we found

that use of standardized participants (49 articles; 34.8%) and mannequins (48 articles; 34.0%)

were the most common. See Table D1 below.

Table D1. Types of Simulators Featured

Simulator Type Count %
Role Playing 28 19.9%
Standardized Participants (SPs) 49 34.8%
Task Trainer 26 18.4%
Screen-Based 9 6.4%
AR/VR Based (with head-sets) 5 3.5%
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Mannequin 48 34.0%

Human Cadavers 12 8.5%
Animal Cadavers 1 0.7%
Live Animals 1 0.7%

We note that we differentiated the use of the Role Playing and Standardized Participants
(SPs). We counted the article towards former if the simulation featured participants (not SPs)
role playing (e.g., a medical student role playing as a family member of the patient). Therefore,
even though SPs are technically role-playing, if the simulation did not have participants role-
playing, SP articles did not count towards role playing.

Further, while full-body mannequins were counted towards the mannequin category in
our review, if it was just a part of a mannequin (e.g., a limb of a mannequin), we considered it to
be a task trainer, not a mannequin. Our term Screen-Based simulator only accounted for
simulators that had digital interfaces on a traditional flat screen (e.g., desktop monitors, laptops,
TV screens, etc.). Augmented reality and virtual reality (AR/VR) simulations were only counted

if they were utilized through a headset.
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Appendix E

List of Scales Featured for Measuring Emotions

# of Times
Instrument Name Featured
Custom Instrument 11
State-Trait Anxiety Inventory (STAI) 8
Interview: Thematic Analysis 3
Barrett and Russell's Semantic Structure of Emotion Scale 3
Achievement Emotions Questionnaire (AEQ) 3
17-item Training Evaluation Inventory (TEI) 1
NASA task load 1
Generalized Anxiety Disorder Scale (GAD-7) 1
Experiences in Close Relationships—Short Form (ECR-SF) 1
Mental Readiness Form (MRF) 1
Positive and Negative Affect Scale (PANAS) 1
Nested data structure of consultation 1
Swedish Occupational Fatigue Inventory (SOFI) NASA-TLX instrument 1
Speech Content Analysis 1
Interview: Transcript Analysis 1
Profile of Mood States 2 1
Facial Recognition Software: Affectiva 1
Interview: Analysis based on transformative learning framework 1
Self-Report: Qualitative analysis 1

107



Profile of Mood States (POMS) 1
Watson and Friend's Fear of Negative Evaluation Scale 1
Visual Analog Scale on Stress 1
Fear of Death Scale 1
Visual analog scale on psychological preparation (VASpp) 1
Social Avoidance and Distress Scale (SAD) 1
The Fear of Negative Evaluation Scale (FNE) 1
Test of Self Conscious Affect 1
Experimental Shame Scale (ESS) 1
Heart Rate 1
Blood Pressure 1
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Chapter 3 Bridging Text

In Chapter 2, I have identified that emotions research in SBE tend to lack deep theoretical
integration. Studies that did rely on theoretical models relied on Russel’s work on the circumplex
model of emotions*, or Pekrun’s CVT>*. As discussed in Chapter 1, these theories have common
grounds in defining what emotions are, including its nature of having multiple components, and
requiring attention for emotion generation. Russel and Pekrun’s models also share the same
categorization system where they both rely on valence and activation (i.e., arousal) axes to
describe emotions.

Pekrun’s CVT have been used in medical education repeatedly since the early 2010s,7!12
with recent work focusing on validating the application of CVT for capturing emotions in
medical education (including in cross-cultural contexts)®*’2. While it can be perfectly acceptable
for other emotion frameworks to be applied to medical education contexts, the lineage of
research the CVT possess can be a strong starting point for researchers entering the realm of
emotions research in medical education.

In the following manuscript, I examine emotions in an understudied subject domain: anti-
harassment education. I also examine emotions in medical residents, a specialized population.
Further, I rely on learning theories including Pekrun’s CVT to investigate how our anti-

harassment educational intervention was effective, and how emotions relate to our intervention.
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Abstract

Technology rich environments offer potential in delivering effective education to medical
trainees, including challenging topics such as anti-harassment education. However, empirical
investigations of effective anti-harassment educational interventions are scarce. Our study
examined an anti-harassment intervention for medical resident trainees that featured two types of
technology rich environments: one featuring animated multimedia videos, and one featuring
high-fidelity simulation training. We set out to examine whether the sequential order trainees
interacted with these learning activities led to differences in learning and simulation
performance. We further examined medical trainees’ emotions during these activities, and their
potential roles in learning. We drew from the knowledge-learning-instruction framework, the
idea of productive-failure, and the control value theory of achievement emotions to
conceptualize our research questions and discussion. Our study used a pre-test post-test design
with a subsequent follow-up up to 8 months later, where we randomly assigned 52 internal
medicine residents to a video-first or a simulation-first group and provided educational activities
in different sequences accordingly. We assessed knowledge via a questionnaire, and simulation
performance via a performance checklist. Results revealed that our simulation-first group had
poorer simulation performance than the video-first group. Both groups showed significant
increase in knowledge post-intervention. The simulation-first group had significantly higher
knowledge than the video-first group when the intervention was over. Residents reported
positive-activating emotions such as enjoyment and curiosity during our intervention. Educators
should critically reflect on their use of specific educational technology and learning activity

sequences.
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Background

Harassment in healthcare education has been a documented issue for more than 30 years.
(Neville, 2008; Timm, 2014). Reports from various countries such as Iran (Alimohammadi et al.,
2013), Greece (Chrysafi et al., 2017), Canada (Bahji & Altomare, 2019), South Korea (Chang &
Jeong, 2021), and the United States (Chadaga et al., 2016) illustrate its global presence. In
addition, while such workplace violence continues to plague various disciplines of health
sciences—including medicine (Fnais et al., 2014), dentistry (Ullah et al., 2018) and nursing
(Clarke et al., 2012)—research suggests a lack of substantial progress in eliminating or even
reducing harassment from healthcare education (Phillips, 2016). Considering harassment’s
potential harm to trainees’ well-being such as burnout and suicidal ideation (Hu et al., 2019), as
well as withdrawal from programs (Major, 2014), empirical investigations to establish
educational interventions that empower trainees to address harassment effectively are sorely
needed (Averbuch et al., 2021; Huang et al., 2018). In a response to tackling the issue of
harassment, this study extends the tradition of employing technology-rich environments (TRE) in
medical education (Duffy et al., 2020; Zheng et al., 2022) by utilizing video-based instructions
and high-fidelity simulation training to foster authentic, interactive learning experience.

Prior research has provided support for both video-based education and simulation-based
education (SBE) in delivering effective teaching (Lynch, 2020; Valery et al., 2019). Brockfeld
and others (2018) demonstrated that video lectures can be as effective as in-person lectures when
it comes to educating medical students for their exams—adding to the list of other studies that
lend support for video-based education (e.g., Farahani et al., 2020; Schreiber et al., 2010). Video-

based education has been documented to offer advantages such as: presenting more information
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in a given amount of time (relative to pure verbal communication); clarifying complex, abstract
concepts; being compatible with self-paced learning; and being free of requiring traditional
classroom spaces (Brockfeld et al., 2018; Hurtubise et al., 2013).

SBE is known for its benefits of providing a non-threatening learning environment that
can be designed to match the learner’s current skill level, which can be repeated until the learner
reaches the desired mastery level (Dutta & Krummel, 2006). These benefits especially shine
when simulations can be used to prepare learners for uncommon, yet crucial scenarios learners
may encounter in real-world practice (Fanning & Gaba, 2009), such as patient death (DeMaria et
al., 2016), or gun violence in the hospital (Brown et al., 2018). All in all, SBE can offer an
“emotionally compelling learning experience” (Fraser & McLaughlin, 2019, p.184) that can help
learners achieve both technical and non-technical skill acquisition (Blackmore et al., 2018; Tan
& Sarker, 2011). While there are various simulation types, ranging from screen-based
simulations to virtual-reality headset experiences, high-fidelity mannikins also serve as an
essential component in creating TREs that closely mimic clinical settings, allowing for an
immersive and interactive learning experience.

We therefore developed an educational intervention featuring these two modalities with
the aim of empowering trainees with knowledge to help them recognize, intervene in, and report
harassment. Further, we aimed to leverage many of SBE’s advantages, including providing a safe
environment for trainees (Cook et al., 2018) to practice intervention strategies. This study
investigates whether our educational intervention with high-fidelity mannikin simulation and
videos were effective for training medical trainees (residents) on bystander harassment

intervention. In addition, we examined the potential impact the order of the educational activities
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may have had on knowledge and performance outcomes. We used the Knowledge Learning
Instruction (KLI) framework (Koedinger et al., 2012) to help us interpret our intervention’s
effectiveness. Specifically, KLI describes how our learning events’ instructional principles target
knowledge components to facilitate various learning processes. In addition, we drew upon the
concept of “productive failure” (Kapur, 2016; Steenhof et al., 2019), a phenomenon
characterized by learners solving problems without sufficient prerequisites (therefore performing
poorly), and then receiving instructions and opportunities to consolidate target concepts. Lastly,
we refer to Pekrun’s Control Value Theory of (CVT) Achievement Emotion to interpret our
results in relation to how emotions can impact learning outcomes.

Overall, our study aimed to address the gap in developing and investigating actionable

educational responses to the pervasive issue of harassment. This gap is characterized by three

critically examine educational curricula designed to combat harassment. For example, while
some have called for specific modalities such as SBE to be implemented for combatting
harassment (Duchesne et al., 2023; Herweck et al., 2021), exactly how SBE’s affordances fare
when implemented in a specific learning scenario needs investigation. Second, the empirical
investigations of such training tend to omit conceptual frameworks in their work. And, third,

In response to this gap, our study presents an innovative simulation and video-based instruction;
our simulation is one of the firsts in integrating a harassment intervention component into a

medical procedure to reflect authentic clinical environments where harassment may occur. We
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further go beyond self-reported satisfaction or perception surveys, but instead focus on
measuring knowledge with a questionnaire, and assessing simulation performance via video
analysis and checklist. Lastly, we anchor our study and findings to conceptual frameworks to
extend the wider education literature on sequences of different educational activities (Chen &
Kalyuga, 2020; Lai et al., 2017).
Knowledge Learning Instruction Framework

The KLI framework (Koedinger et al., 2012) uses its proposed taxonomies for
knowledge, learning and instruction to match optimal learning processes to specific knowledge
components. It further details the instructional principles that can effectively drive these learning
processes. In brief, there are three types of knowledge components: 1) Facts, 2) Rules, and 3)
Principles. Facts are what KLI would describe as “constant-constant knowledge” as one thing is
simply associated with another—Ilike a definition corresponding to a word. In our training,
knowing that the 4D harassment bystander strategies are “Distract”, “Delegate”, “Delay”, and
“Direct” would be an example of a factual knowledge component. Rules are described as
“variable-constant knowledge”, since a single rule (i.e., constant) could apply to wide ranging
circumstances (i.e., variable). Knowing to categorize personal attacks as harassment, and thereby
distinguishing it from constructive criticism would be an example of a rules knowledge
component. Lastly, principles, described as “variable-variable knowledge”, refers to knowledge
related to mental models of how things work. For example, knowing how to choose the
appropriate harassment intervention strategy while accounting for patient safety, patient
outcome, and professionalism would require a deep understanding of the “principle” of being a

proficient doctor.
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The KLI framework describes how each of the three types of knowledge best match up
with specific learning processes. The framework posits that “memory and fluency building”
(e.g., repeatedly testing for memory retention) is most optimal for facts related knowledge. It
also states that “induction and refinement” (e.g., providing a timely correction to an erroneous
decision) is most optimal for rules related knowledge. It finally states that “understanding and
sense making” (e.g., asking the learner to verbally walk through their decisions) is most optimal
for principles related knowledge.

Educators and researchers can utilize the KLI framework to dissect their learning
objectives and pinpoint the most pertinent knowledge components. This lens offers clarity on
which learning processes could be most effective, guiding the selection of the optimal
instructional techniques. For example, Stahl et al. (2023) aimed to improve surgical trainees’
recognition of surgical anatomy. They identified two major knowledge components crucial for
surgical residency: 1) a constant-constant knowledge component (i.e., facts), which entails an
immediate comprehension of anatomical visual features akin to effortlessly reading a sentence;
and 2) a variable-variable knowledge component (i.e., principles), which encompasses the ability
to articulate the perceived anatomical characteristics and link them to relevant concepts and
knowledge at the moment. The authors accordingly leveraged two instructional techniques:
sense-making and perceptual-fluency intervention (aligned with KLI’s “memory and fluency
building”). Specifically, their sense-making intervention included a 6-minute video that
highlighted visual cues to distinguish the hernia sac from adjacent structures during surgery,
while their perceptual-fluency intervention included 30 visual flashcards showcasing images of

laparoscopic inguinal hernia repairs.
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As demonstrated with Stahl and others' (2023) study, KLI can elucidate what learning
experiences specific instructional techniques provide, and what knowledge component is best
enhanced through those instructions. While our study does not set out to compare different
instructional techniques, we utilize the KLI framework to deconstruct our educational
intervention and critically assess the driving factors behind our learners' performance and
knowledge outcomes.

Productive Failure

Kapur (2016) illustrates the underlying mechanism of how failure and success can both
be either productive, or unproductive. Productive success is when the learner immediately
achieves their learning objectives and can retain their learning over long term. Productive
success can occur when learners are scaffolded slowly with helpful guiding posts withdrawn as
they gain expertise. Problem-based learning, and guided inquiry can often lead to productive
success. Unproductive success is when learning objectives are achieved immediately, but the
learned behaviour or knowledge decays quickly. Sole drill-and-practice, and rote memorization
can often lead to such unproductive success.

Failures are unproductive when the learner fails at a given learning task and achieves
none of the learning objectives. Pure discovery learning can often lead to unproductive failures,
as learners are expected to uncover concepts solely by themselves, devoid of any guidance or
support (Kapur, 2016). In contrast, productive failures refer to when learners fail at a given task
but achieve their learning objective and the learning is retained long-term. Productive failure
involves two phases: a problem-solving phase followed by a consolidation (or instruction) phase.

The problem-solving phase affords opportunities for students to generate and explore the
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affordances and constraints of multiple solutions to novel, complex problems. The consolidation
phase affords opportunities for comparing and contrasting, organizing, and assembling the
relevant student-generated solutions into the final, accepted solution. In sum, the aim of
productive failure is not immediate problem-solving success, but rather priming students for
enhanced learning from subsequent instruction.

Productive failures have been examined in the health professions education space. For
example, (Steenhof et al., 2019) investigate whether pharmacy students placed in the productive
failure learning group would have better learning outcomes than students placed in the direct
instruction only group. The students were to learn how to apply the Cockcroft-Gault equation to
determine proper medication doses. While the direct instruction group was taught this equation
directly to estimate creatinine clearance, the productive failure group was given the task of
estimating the creatinine clearance without the equation—effectively leaving the students to
engineer the equation Cockcroft and Gault invented by themselves. All students were then given
subsequent instructions where they were given the Cockroft and Gault equation and were given
opportunities to practice applying the equation to various problems. The authors reported that the
productive failure group had higher performance than their peers when it came to their level of
preparedness for future learning (i.e., Preparation for Future Learning; PFL; Mylopoulos et al.,
2016).

Yang and others (2019) on the other hand, examined medical students learning about
integrated care via simulation training. The students played the role of a geriatric patient or their
caregiver, and experienced navigating through the healthcare system by interacting with various

healthcare professionals (e.g., nurse, psychologist, pharmacist, etc.). Findings revealed that the
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students who “struggled” (i.e., failed) to recall the case information and navigate through the
healthcare system, in the end, came to a better understanding of integrated care. It is important to
note that subsequent instructions followed post-simulation in the form of reflection writing
exercises, group discussions, and facilitated debriefing—which the authors speculate fostered
productive failure.

As our study featured a design where some resident learners would be given a task (i.e.,
simulation) without specific prior training, but with subsequent instructions meant to foster
learning, we expected productive learning to be relevant to our results.

Control Value Theory of Achievement Emotions

Emotions are ubiquitous in educational settings (Pekrun, 2019), including in SBE
environments (LeBlanc & Posner, 2022). Pekrun’s theory describes achievement emotions as a
type of emotions related to the success or failure of an achievement activity (e.g., learning how
to intervene in harassment situations). Emotions are elicited based on one’s perceived control
over, valuation of, and the outcome of an achievement situation. In other words: how much
control do I have over this? Do I care about this? And, did I do well? Emotions are described
based on a three-dimensional taxonomy: valence (negative or positive), activation (deactivating
or activating, also known as arousal), and object focus (retrospective outcome, concurrent
activity, or prospective outcome). These psychological states are important because they can
impact learners’ cognitive, motivational, and regulatory processes, and specific types of
emotions are associated with high and low learning outcomes (Pekrun, 2019). Specifically,

research indicates that positive-activating emotions (e.g., enjoyment) should favor learning
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outcomes, while other types of emotions will tend to hinder outcomes, especially negative-
deactivating emotions such as hopelessness (Loderer et al., 2020).

An important aspect of the CVT is how the object focus can be anchored to other relevant
aspects of the achievement situation. These can include not only the current ongoing learning
activity, and the outcome of the activity, but also the contents of the learning material (i.e., topic
emotions), and the interpersonal social factors (i.e., social emotions) as well (Pekrun & Stephens,
2012). For example, a student learning about how to intervene in a harassment situation through
a simulation may experience the following emotions: 1) enjoyment, as acting out different
strategies can be stimulating and engaging; 2) anxiety, as the idea and topic of harassment can
reminds one of a prior negative experience. And 3) pride, when the simulation ends, and the
learner reflects how they performed better than they initially expected. In sum, during moments
of learning, a learner can experience diverse kinds of emotions depending on what aspect of the
learning experience the learner is focused on.

While SBE tends to be filled with negative-activating emotions such as anxiety,
exploring other aspects of emotions such as object focus is of importance. For example,
Madsgaard and others' (2022) review of health profession students’ emotional experiences in
SBE concluded that a typical SBE is predominantly filled with fear and stress—most studies
featured in their review reported the likes of performance anxiety, discomfort, disappointment,
and devastation from the learners. Another review that examined medical students and trainees’
emotional experiences (Ahn et al., 2023) echoed a similar finding, but suggested that the
prevalence of these negative emotions seem to stem from studies focusing on students’ reactions

to particularly challenging SBE scenarios—Ilike simulated patient death (Fraser et al., 2014) or
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managing emergency room acute care as novices (Groot et al., 2020). In other words, if SBE
researchers probed different object foci of their leaners (e.g., social, epistemic, topic emotions,
etc.), it is possible the SBE literature captured emotions other than just negative-activating
emotions from their learners. Our study therefore drew inspiration from the broader educational
psychology research has shown the value of discerning learners' object focus to better assess
their emotional responses to both the learning subject and the method of instruction (Harley et
al., 2019).

In sum, given how emotions are dependent on object focus, our study set out to assess
both the topic emotions and the activity emotions (i.e., learning via a simulation, or a video) to
examine whether emotions played any significant role in our resident learners’ education.

The Current Study

The KLI framework, Kapur’s conceptualization of productive failure, and the CVT
shaped our hypotheses. First, presenting video instructions before simulation training has
traditionally led to high knowledge gains and simulation performance (Kapur, 2016). In contrast,
conducting the simulation first may lead to poor performance as the learners must solely rely on
prior knowledge. However, productive failure can explain how providing the simulation first can
still result in significant improvements in knowledge gains. The simulation exercise serves as the
“failure”, while the debriefing and the video serve as opportunities for consolidation.
Specifically, debriefing requires residents to explain their response to harassment situations (i.e.,
“prompted self-explanation”, “accountable talk”; Koedinger et al., 2012). The videos give

worked examples and explanations that highlight the most relevant concepts (i.e., “feature

focusing”; Kapur, 2016). Combined, these two educational events provide learning processes for
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residents’ consolidation. We therefore expected residents to exhibit knowledge gains regardless
of the order of educational activities. We further expected residents who participated in the
simulation before receiving any instructions to have lower performance score than their peers
who were given prior training.

Both the educational videos and the simulation training were developed with best
practices and learning theories in mind (e.g., “INACSL Standards of Best Practice,” 2016;
Mayer, 2019). We therefore expected the actual activity—viewing the educational videos or
going through the simulation—to be engaging and therefore elicit activity enjoyment. We
expected the topic emotion—Iearning about harassment—to elicit anxiety or boredom,
depending on whether the learners valued the content of our instructions. Based on the CVT’s
empirically-backed propositions on emotions role in learning (Loderer et al., 2020; Pekrun,
2019), we expected positive-activating emotions such as enjoyment and curiosity to be related to
high knowledge levels post-learning.

We proposed the following research questions: RQ1: Did medical residents (i.e., our
learners) in the video-first group have a statistically significantly better simulation performance
when compared to the simulation-first group? RQ2: Did residents’ knowledge of harassment and
related concepts statistically significantly increase from pre to post educational intervention in
both groups? In other words, did residents learn from our educational intervention? RQ3: What
were the dominant emotions of residents during the A) video instructions, and B) simulation
training? RQ4: Were there correlations between the emotional experiences of participants during
a learning activity and their subsequent knowledge levels?

Method
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Participants

We recruited 60 of the 88 (68.18%) of the first and second-year internal medicine
residents from a large North American university from the 2022-2023 academic year (June 2022
— June 2023). From these residents, 52 agreed to participate in our study (Age M =27.7, SD =
2.65; 43.5% female). Five residents were unavailable for participation, while three residents
declined consent. We employed convenience sampling as we recruited the residents when they
were scheduled to receive our training as part of their curriculum. We assured their anti-
harassment training regardless of their decision to partake in our research study as it was part of
their training that day. An IRB approval was obtained prior to the conduct of the study. Residents
could choose which data channel we could collect (i.e., self-report, video recording of
simulation).
Educational Intervention
Video Lectures

Our intervention featured 5 PowerPoint screencast animated video lectures we created
(approximately 37 minutes collectively). The videos had voice overs to explain the slides and
used original illustrations and animations to provide examples of concepts. They covered
harassment and related terms, how to identify harassment, and how to provide effective
bystander interventions (i.e., 4D strategies by Right To be; Sexual Violence Training
Development Team, 2021; The 5Ds of Bystander Intervention, n.d.). Our intervention featured
four strategies: Distract—shift attention away from victim; Direct—directly confront the
harasser; Delay—follow up with the victim post-harassment; and Delegate—call authorities for

help. See Fig. 1 for example screenshots.
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Simulation Training & Debriefing

Our simulation featured the CAE Blue Phantom Central Line Ultrasound Training Model.
Relatedly, our scenario required residents to perform an internal jugular central line insertion on
a mannikin while a senior resident (Standardized Participant; SP) was present to supervise and
engage in increasingly intensive harassment (e.g., constant interruption, verbal abuse) towards
the medical student (SP) who was observing the procedure. The high-fidelity mannikin featured
lifelike external landmarks for identify the correct insert site for the central line, in addition to
allowing for real punctures with needles, and being compatible with ultrasounds to produce
realistic images of vascular access anatomy of the upper thorax and neck. In addition, the
simulation participant was provided with the central line insertion kit in addition to other
equipment such as simulated anesthetics, gown and gloves, and an ultrasound machine.

One resident participated in the simulation at a time. Simulation debriefing, a facilitated
discussions that takes post-simulation to provide structured feedback, was based on the PEARLS
framework (Eppich & Cheng, 2015). Both simulation and debriefing were developed per
Healthcare Simulation Standards of Best Practice (Watts et al., 2021). Relatedly, we ensured
psychological safety of our participants by following these guidelines, as well as consulting
various education experts, following ethics guidelines, along with other considerations that are
explained in supplementary material A. See Figure 2 for a representative snapshot of our
simulation taken from our simulation-walkthrough demonstration video for residents to view
after our study was over. See supplementary material B, C, D, and E for details on the simulation
scenario progression guideline, debriefing guideline, pre-briefing guideline, and consent forms

for participants respectively.
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Graduate students and one volunteer undergraduate student, including those who helped
develop the script and were working on dissertation or theses from the study, served as
standardized participants along with simulation centre staff because of lack of availability of
simulation centre staff and/or professional actors due to human and material resource constraints
and the ongoing COVID-19 pandemic. Simulation staff and graduate students played different
roles at times due to availability, but all received the same training. Trainees and students
playing an active role in simulations is not uncommon (e.g., Tyson et al., 2024; Botelho et al.,
2024).

Measures
Knowledge

We measured harassment-related knowledge using a questionnaire. We developed 4
versions, each featuring 15 questions with 4 response options. All questions across the 4 versions
targeted the same content and had very similar questions and answer choices (i.e., foils; see Fig.
3). We created similar versions to help account for test-retest effect and the ordering effect. We
elected not to include more versions, or administer the 4 versions per condition group, to ensure
accuracy and feasibility in our study logistics, including survey development and administration.
Simulation Performance

We measured simulation performance via a checklist. It was developed accordingly to the
Healthcare Simulation Standards of Best Practice (Watts et al., 2021), and Standards for
Educational Psychological Testing (American Educational Research Association, 2011) to
support assessment validity. The checklist assessed fulfillment of core elements of different

bystander intervention strategies with 3 categories of items. Each category corresponded to 3 of
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the 4D strategies relevant to our simulation scenario: direct, distract, and delay (1 strategy—
delegate—was irrelevant for our scenario). See Table 1 for details.

The first author and two of the co-authors assessed the simulations via video recordings
and our checklist. Based on 12 items, mean Fleiss’ k was at a substantial level (Landis & Koch,
1977) of 0.74 (SD = 0.17; Min = 0.50; Max = 0.95). Further, lead evaluator centric interrater
reliability was calculated for each checklist item (M = 91%; SD = 0.8%; Min = 67%; Max =
100%) because the first author had the most expertise in simulation training and was the
facilitator for the simulations.

Emotions

We measured emotions using a modified version of the multiple object foci emotion

measuring a set of emotions for each object focus; in our case our foci were the topic, and the
modality used for the educational activity—effectively representing the activity emotion the
participant experienced (i.e., video or simulation). We measured 6 emotions for each object
focus: enjoyment, curiosity, anxiety, frustration, boredom, and hopelessness. The MOFEQ uses a
5-point Likert scale that ranges from 1 (Strongly Disagree) to 5 (Strongly Agree); the items
differed accordingly to the object focus to be assessed. For example, when residents filled out the
MOFEQ after watching the instructional videos, an item assessing topic enjoyment would state:
“I enjoyed learning about harassment and related trainings”. An item assessing activity
enjoyment regarding the video instructions would instead state: “I enjoyed learning with the

Anti-Harassment Training Videos”.
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Prior studies that focused on general higher education with MOFEQ have gathered
support for its internal and external validity by confirming the expected directions of correlations
between sets of emotions, appraisals, and perceived success (Harley et al., 2019). Further, direct
consultation from Pekrun (Harley et al., 2020) on the MOFEQ lends further validity evidence for
the MOFEQ.

Procedure

Participants were randomized into two groups: 1) video-first group (vid-first; n=29); and
2) simulation-first group (sim-first; n=23). There were four timepoints in our study (t1, t2, t3,
and t4). T1 was the pre-intervention phase, and participants from both groups completed a
knowledge questionnaire. Participants then engaged in the first educational activity and
completed a knowledge questionnaire and the MOFEQ (t2). After, the participants engaged in
their second educational activity, and completed another knowledge questionnaire and the
MOFEQ (t3). The vid-first group participants watched the videos for their first educational
activity, and then engaged in the simulation for their second. This was reversed for the sim-first
group. The entire intervention was under 100 minutes. A follow-up survey occurred at the end of
the school year (t4), where the participants filled out the knowledge questionnaire again. We
counter-balanced our questionnaires: Vid-first participants used questionnaire versions 1, 2, 3, 4
for t1, t2, t3, t4 respectively; the sim-first participants used versions 2, 4, 1, 3 instead. See Fig. 4
for study overview diagram.

Analyses
We ran an independent t-test to answer our first research question. 15 participants from

vid-first and 15 participants from sim-first consented to video recording and assessment of their
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simulation. We adjusted statistical outlier datapoints to the next most extreme but non-outlying
datapoint (i.e., winsorized; Kwak & Kim, 2017). We winsorized 2 extreme datapoints to adjust
revealed a power of 0.56.

We conducted a repeated measures ANCOVA to answer our second research question.
Our preliminary analysis identified a significant difference between the sim-first and vid-first
group at t1; to account for this initial difference of knowledge levels, we used t1 knowledge level
as the covariate for our analysis when examining timepoint and group difference in knowledge
between t2 and t3. We conducted one-way ANCOVAs at t2 and t3 to examine whether there
were group differences in knowledge when accounting for the covariate. The analysis included
29 participants from the vid-first group, and 22 participants from the sim-first group. We
winsorized 5 datapoints to adjust outliers. Post-hoc power analysis with G*Power large effect
interaction, and a power of 0.80 for the ANCOVAs.

We conducted descriptive statistics and a Wilcoxon signed-rank test to answer our third
research question. For the descriptive statistics, our focus was on identifying salient emotions.
Participants rated emotions on a 5-point Likert scale: 1 = Strongly Disagree; 2 = Disagree; 3 =
Neutral; 4 = Agree; 5 = Strongly Agree. We considered emotions with mean values of 3.5 and
above as salient because this would indicate that, on average, participants agreed with
experiencing that emotion rather than reporting being “neutral”. We used a series of Wilcoxon
tests to identify whether there was a significant difference of dominant emotions between the

vid-first and sim-first group, and whether dominant emotions were different between educational
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activities. Wilcoxon was used due to our data being skewed. These analyses included 28 to 29
participants from the video-first group, and 22 to 24 participants from the sim-first group
depending on missing data. Post-hoc power analysis via G*Power for large effect size (d, = 0.80)
revealed a power of 0.96 for the Wilcoxon tests.

We ran Kendall’s Tau-b test to answer our fourth research question. The tests included 21
to 24 participants from the sim-first group, and 28 to 29 participants from the vid-first group. We
relied on G*Power’s bivariate normal model statistical test to estimate power; post-hoc power
with 21 participants, while analysis with 29 participants yielded power of 0.81.

Results
Research Question 1

An independent t-test revealed that the vid-first group (M = 0.82, SD = 0.10) had
significantly higher bystander intervention simulation performance scores than the sim-first
group (M =0.72, SD = 0.13), #28) =2.29, p = .030, d = 0.84.

Research Question 2

We conducted a repeated measures ANCOVA to assess whether residents’ knowledge of
harassment increased from our educational intervention with t1 knowledge included as a
covariate. See Table 2 for descriptive statistics. See Table 3 for tests of within-subject factors
and Table 4 for between-subjects effects. There was a significant main effect of time on
knowledge scores, F(1,47)=18.91, p <.001, partial #?= 0.287, indicating that knowledge
scores statistically significantly increased from t2 to t3 for all participants, regardless of group

assignment. The main effect of group assignment was not significant, F(1, 47) = 3.29, p = 0.076,
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partial #? = 0.065, suggesting no overall difference in knowledge scores (i.e., pooled knowledge
scores of t2 and t3) between the sim-first and vid-first groups when considering the covariate.

There was a significant interaction between time and t1 knowledge levels (i.e.,
covariate), F(1,47)=7.08, p=0.011, partial #?= 0.131, indicating that the increase in
knowledge scores over time was different depending on the residents’ timepoint 1 knowledge.
To investigate group differences separately at t2 and t3, we followed up the above analysis with
ANCOVAs, with t1 knowledge level as the covariate. There was no statistically significant
difference in t2 knowledge scores between the groups, F(1, 48) =2.98, p = 0.09, partial 5’ =
0.059. However, even after controlling for t1 knowledge, there was a significant difference
between the groups at t3, F(1,49) = 14.86, p < 0.001, partial n> = 0.233. Pairwise comparison
showed that the sim-first group had higher knowledge than their vid-first peers, AM = 0.175,
95% CI[0.084, 0.266], p < 0.001.
Research Question 3
Dominant Emotions During the (a) Simulation Training and (b) Video Instructions

During the (a) simulation training, the vid-first group generally reported experiencing
enjoyment (M =4.07, SD = 0.65) and curiosity (M = 3.89, SD = 0.83). Similar results were seen
for topic emotions, where the group reported an enjoyment level of 3.86 (SD = 0.83) and
curiosity level of 3.55 (SD = 0.95). The sim-first group also generally reported experiencing
enjoyment (M = 3.65, SD = 0.94) and curiosity (M = 3.87, SD = 0.92). Similar results were seen
for topic emotions, where the group reported enjoyment level of 3.63 (SD = 0.92) and curiosity

level of 3.54 (SD = 0.93).
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For the (b) video instructions, the vid-first group reported experiencing enjoyment (M =
3.55, SD = 0.95) when learning via the instructional videos. Similarly, the group reported a mean
enjoyment of 3.52 (SD = 1.02) for the topic emotion enjoyment. The sim-first group did not
report any prominent levels of emotions regarding the instructional videos. The highest mean
level of emotion was 3.33 (SD = 1.09) for both the activity emotion and topic emotion.

See Table 5 for descriptive statistics regarding the vid-first group’s emotions, and Table 6
for the sim-first group’s emotions.
Differences Between Activity and Topic Emotions During the (a) Simulation Training and (b)
Video Instructions

During the (a) simulation training, the vid-first group's anxiety activity emotion (Mdn =
3, IOR = 2) was statistically significantly higher than their anxiety topic emotion (Mdn =2, IOR
=2, W(28) =55, p = 0.005, rank biserial correlation = 1.0). For the sim-first group, there were no
significant difference between activity and topic emotions reported during the simulation.

During the (b) video instruction, there were no statistically significant difference between
the activity and topic emotions for both groups.
Differences Between Simulation Training and Video Training for (a) Activity Emotions and
(b) Topic Emotions

For the (a) activity emotions, the vid-first group’s reported higher enjoyment during the
simulation training (Mdn = 4, IQR = 0) relative to during the video instructions (Mdn =4, IQR =
1, W(28) = 5.5, p = 0.004, rank biserial correlation = 0.88). Curiosity was also higher during the
simulation training (Mdn = 4, IOR = 0.25) compared to during the instructional videos (Mdn = 3,

IOR =1, W(27) =8, p <0.001, rank biserial correlation = 0.90). Boredom was however, lower
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during the simulation training (Mdn =2, IQR = 1) when compared to the instructional videos
(Mdn =3, I0R =1, W(27) =203.5, p <0.001, rank biserial correlation = -0.94).

The sim-first group’s (a) activity emotions showed similar results, as boredom was lower
during the simulation training (Mdn = 2, IQR = .5) relative to the simulation training (Mdn = 3,
IOR = 1.5, W(22) =91, p = 0.001, rank biserial correlation = 1). Curiosity was also higher during
the simulation (Mdn = 4, IOR = 0) than the videos (Mdn =3, IQR =2, W(22) =0, p = 0.002, rank
biserial correlation = 1). Lastly, anxiety was higher during the simulation (Mdn = 3.5, IOR = 2)
than during the videos (Mdn =2, IOR =1, W(21) =0, p < 0.001, rank biserial correlation = 1).

For the (b) topic emotions, both the vid-first and the sim-first group reported significantly
lower levels of boredom during the simulation training compared to the instructional videos. The
vid-first group, reported significantly lower levels of boredom during simulation (Mdn =2, IQR
= 1) when compared to the videos (Mdn =3, IOR =1, W(27) =91, p <0.001, rank biserial
correlation = 1). The sim-first group echoed this finding with boredom during the simulation
(Mdn =2, IQR = 2) also being lower than during the videos (Mdn =3, IQR =2, W(23)=87.5,p
= 0.003, rank biserial correlation = 0.92).

See Tables S1 to S4 in the supplementary material F to see all Wilcoxon Signed Ranks
Test run.
Research Question 4

Kendall’s tau-b test did not reveal any correlations between emotions and knowledge
levels when applying Bonferroni correction to account for multiple corrections. Without the
correction, the sim-first group’s enjoyment activity emotion during the video instruction was

positively related to the post-video knowledge level, (z6(23) = 0.38, p = 0.025), while the
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boredom activity emotion was negatively related to knowledge (z6(23) =-0.37, p = 0.031).
Anxiety topic emotion was also negatively related to knowledge (z6(23) = -0.35, p = 0.048). See
Tables 7 and 8 to see all correlation tests run.

Discussion

Our study featured four time points that our resident learners went through: t1 (pre-
intervention); t2 (post-activity #1), where the vid-first group watched instructional videos and the
sim-first group participated in the simulation-training; t3 (post-activity #2), where the learning
activities were switched for the two groups; and t4 (follow-up). Keeping in mind our timepoints,
sequence of learning activities, t1 knowledge as a covariate in some of our analyses, and the
conceptual frameworks we have introduced in mind, we discuss our results below.

Knowledge Gains, Simulation Performance, and Impact of Activity Sequence

Our hypothesis of the vid-first group outperforming the sim-first group in the simulation
training was supported. This was expected since the vid-first group’s activity sequence—
instruction followed by application—is typically recommended to maximize performance
(Kapur, 2016). Further, the sim-first residents would have had to solely rely on their limited prior
knowledge for their simulation performance.

Our hypothesis of both groups achieving higher levels of knowledge from our
intervention was partially supported. It was partially supported because we did not assess
differences between tl and t2 or t1 and t3 as originally planned: only t2 to t3. Our repeated
measures ANCOVA revealed that from t2 to t3, our residents showed statistically significant

increases in knowledge, despite controlling for the difference in knowledge levels at t1.
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The repeated measures analysis by itself suggested that activity sequence had no
statistically significant impact on knowledge levels from t2 and t3. However, our follow-up one-
way ANCOVAs revealed a statistically significant difference in activity sequence. Considering
that t2 knowledge had no significant difference between groups, but t3 knowledge did despite
accounting for the covariate, we believe group assignment had as big, or bigger impact relative
to the influence the covariate had on later timepoint knowledge. First, the effect size (partial n?)
found for the group effect at t3 was 0.23, relative to the effect size the covariate had at 0.09,
indicating the more prominent role group assignment played at t3. Further, this is in contrast to
t2, where the covariate’s effect size was larger at 0.29, and the insignificant group effect of t2’s
effect size being 0.06. Overall, we conclude that the sim-first group ended their educational
intervention with significantly higher knowledge scores than their vid-first group peers.

The concept of productive failure may explain the potential group difference we
observed. The lower simulation performance of the sim-first group is consistent with reports that
unguided problem-solving leads to poorer learning (Kapur, 2016). Yet, this seemingly poor
performance becomes valuable when combined with subsequent debriefing and instructional
videos. We posit that through the simulation, residents recognized gaps in their knowledge,
enabling them to focus more effectively on crucial learning elements during subsequent
instructions. For example, a sim-first resident, unaware of the "direct" strategy, might find its
introduction from the video instructions more enlightening than a resident who started with the
video. Realizing how the strategy could have improved their simulation performance, the sim-
first resident might experience a deeper understanding and appreciation for the instruction,

enhancing their overall learning outcome. Hence, despite initial low gains after the simulation,
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the sequencing of activities led to overall more robust increases in knowledge for the sim-first
group.

Our educational intervention being successful aligns with KLI’s emphasis on providing
varied learning experiences, as we did with a blend of video instructions and simulation training
(Koedinger et al., 2012). However, our findings point out the framework’s limited insight on the
potential the sequence of instructional techniques could have on learning. Within our learning
context, it seemed promoting procedural skills and targeting more difficult knowledge
to intervene harassment) first, and then following up with simpler conceptual and factual
knowledge components and instructions was most effective. We believe KLI would posit that the
sim-first approach cultivated a flexible and adaptable foundation of knowledge by fostering
inductive reasoning and learning from mistakes. In contrast, the vid-first approach, starting with
direct instruction, led to a more rigid integration of knowledge; residents were primed to absorb
facts and procedures in a structured manner.

Finally, the KLI framework can help underline how we might have improved the vid-first
group’s learning, specifically by better matching specific instructional techniques to our teaching
objectives. For example, while our videos provided applied examples of utilizing the 4D
strategies to intervene, and utilizing the definition of harassment to identify specific behaviours
that constitute harassment, we did not provide such examples for making sense of the theory of
how harassment occurs in work environments. In hindsight, the lack of such instructional
techniques for certain parts of our video instructions may be a source of why the vid-first group

had significantly lower knowledge at t3 relative to the sim-first group.
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Dominant Emotions During the Intervention

Our hypothesis of observing enjoyment as a dominant emotion from our educational
intervention was mostly met. During the simulation activity, both the vid-first and sim-first
groups reported enjoyment and curiosity for the activity emotions; topic emotions echoed this
finding. During the instructional videos, the vid-first group reported enjoyment regarding the
activity and the topic of anti-harassment training. The sim-first group’s response, however, was
more subdued with their reports being closer to neutral. While both of our educational activities
seemed generally enjoyable, our simulation activity seemed to foster better emotional
engagement. Specifically, our simulation prompting curiosity is an indication that our
intervention fostered trainees’ interest in learning more about the topic at hand (Vogl et al.,
2021). Further, the general high positive activating emotions may be an indication of
successfully providing an immersive TRE experience through the instructional videos and high-
fidelity SBE.

Anxiety, while not revealed to be a dominant emotion during the intervention, showed
differences in a couple of areas. First, the vid-first group after the simulation reported higher
levels of activity emotions anxiety relative to topic emotions anxiety. Second, the sim-first group
reported higher levels of anxiety towards the simulation activity relative to the video viewing
activity. Our results indicate that our simulation activity has the most potential to elicit anxiety.
This is aligned with prior reviews (Ahn et al., 2023; Madsgaard et al., 2022), as well as other
research highlighting SBE’s affordance of direct hands-on experiential learning that leads to

emotionally-charged learning experiences (Rogers et al., 2019).
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Our tests for correlations showed limited links between emotions and knowledge levels.
The findings were nonetheless aligned with CVT, however. In the sim-first group, enjoyment (a
positive-activating emotion) from the video activity correlated positively with knowledge levels.
In contrast, boredom (a negative-deactivating emotion) showed a negative relationship with
knowledge. Moreover, anxiety (a negative-activating emotion) associated with the video's topic
also negatively correlated knowledge levels.
Limitations, Strengths, and Future Directions

This study was limited by a small sample, especially for our follow-up analysis (N = 30).
Nonetheless with the exception of our t-test for our first research question, we were able to yield
acceptable power when set to detect large effect sizes. Future studies with larger samples should
enable adequate power for even smaller effect sizes. Our original study design also set out to
investigate whether the increase in knowledge levels post-intervention would be retained after a
follow-up. However, the attrition rate made our analysis unfeasible, due to only 18 participants
of the 51 providing usable data for follow-up analysis. In addition, the group distribution
amongst these 18 participants were uneven, with most (72.2%) of them being from the vid-first
group, Longitudinal assessment has traditionally been a challenge (Butler & Raley, 2015), and
therefore pursuing a larger study with better participant retention rates during follow-up is
another future direction. However, to the best of our knowledge, there is scant research
empirically testing performance and knowledge through a multi-phased educational intervention
to educate medical residents and even less on harassment intervention strategies. We believe our

study adds much needed insight in this line of research.
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Relatedly, our study only assessed performance once during the intervention. To further
expand on our findings regarding productive failure, future studies can strive to include multiple
simulations for performance assessments. Our current study’s inclusion of performance
assessment, however, still answers to the call of going beyond the typical probing of self-
perceived success or intervention satisfaction via learner-completed self-report surveys.

Another limitation of our study was t1’s knowledge level acting as the covariate for
future knowledge levels. While this may be attributable to the difference of prior knowledge in
our randomized groups, we believe it is more likely an unintentional difference in the difficulty
in the knowledge quiz versions. While we were able to confirm knowledge acquisition and group
differences after accounting for t1 knowledge, analysis of the test items via the KLI framework
and adjustments of the questionnaire should lead to clearer results in future studies. Specifically,
by deconstructing which knowledge component the items are testing, and which instruction
methods were present in the learning activities corresponded to that component may help with
optimizing even stronger learning outcomes.

Other future directions include examining underlying factors that contribute to productive
success or failures such as cognitive and affective factors (Kapur, 2016; Koedinger et al., 2012).
Our current analysis of emotions while revealing some relationships with knowledge, did not
reveal any clear relationship between emotions and performance. However, our emotions
analysis highlights the potential gap in the KLI framework. Specifically, while the framework
focuses on matching optimal instructional techniques to specific knowledge component types, it
lacks guidance on how educators can design instructional materials that are emotionally

engaging. There have been calls for integrating emotions thoughtfully into medical education to
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optimize learning (Ahn et al., 2023; Artino et al., 2012; Fraser & McLaughlin, 2019; LeBlanc &
Posner, 2022). Future directions therefore include focusing on the roles of emotions in specific
instructional techniques the KLI proposes. One specific direction would be to explore
multimodal measures of emotions via data channels other than self-reports (e.g., electrodermal
activity, facial expression) as shown in the contemporary education literature (Barrett, 2016;
Harley, 2016).

Lastly, due to resource constraints, we have relied on simulation center staff and
laboratory student members who were part of the research team to participate in the simulation
as SPs. Therefore, utilizing professionally trained actors and actresses is a future direction for
this research.

Conclusion

In conclusion, our study provides valuable insights into how educators can better
approach anti-harassment education for healthcare residents, especially keeping in mind how
specific educational technology can be utilized. First, our results provide preliminary evidence
that our anti-harassment training with its innovative combination of videos and simulations, was
effective at improving residents’ knowledge of harassment. We described the likely source of
knowledge acquisition by dissecting our learning activities via the KLI framework. We therefore
illustrated how educators can systematically identify optimal instructional techniques given the
specific knowledge-components sought after.

Second, our results suggest that educational programs seeking to improve residents’
knowledge may benefit from carefully situating a performance component (e.g., simulation)

prior to in-depth instructions. Our results also support the traditional placement of the
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performance component after the instructions yield good performance and knowledge gain. Our
study echoes findings similarly found in more general fields of education in regards to
careful consideration of learning activity sequencing.

Lastly, our study adds support to the ubiquitous nature of emotions in medical education,
especially when simulations are involved. Given how our simulation training played a crucial
role in ensuring our residents’ success in our intervention, various emotions associated with anti-
harassment SBE such as enjoyment, curiosity, and anxiety warrant further investigations. This
study points to future studies that focuses on follow-ups with better participant retention, along
with studies that investigate instructional techniques that better prevents decay of harassment
intervention knowledge.

We advise educators to try deconstructing their current instructional materials
accordingly to educational frameworks such as the KLI and CVT and test whether the intended
instructional activities, and the order that they are placed are indeed delivering the intended

learning outcomes and psychological engagement.

144



Reference

Ahn, B., Maurice-Ventouris, M., Bilgic, E., Yang, A., Lau, C. H.-H., Peters, H., Li, K., Chang-
Ou, D., & Harley, J. M. (2023). A scoping review of emotions and related constructs in
simulation-based education research articles. Advances in Simulation, 8(1), 22.
https://doi.org/10.1186/s41077-023-00258-z

Alimohammadi, H., Zolfaghari Sadrabad, A., Bidarizerehpoosh, F., Derakhshanfar, H.,
Shahrami, A., & Farahmand Rad, R. (2013). Residents’ experiences in dealing with abuse
in emergency department: A survey in Iran hospitals. Emergency Medicine Journal :
EMJ, 30(9), 732—734. https://doi.org/10.1136/emermed-2012-201715

American Educational Research Association (Ed.). (2011). Report and recommendations for the
reauthorization of the institute of education sciences. American Educational Research
Association.

Artino, A. R., Holmboe, E. S., & Durning, S. J. (2012). Can achievement emotions be used to
better understand motivation, learning, and performance in medical education? Medical
Teacher, 34(3), 240-244. https://doi.org/10.3109/0142159X.2012.643265

Averbuch, T., Eliya, Y., & Van Spall, H. G. C. (2021). Systematic review of academic bullying
in medical settings: Dynamics and consequences. BM.J Open, 11(7), e043256.
https://doi.org/10.1136/bmjopen-2020-043256

Bahji, A., & Altomare, J. (2019). Prevalence of intimidation, harassment, and discrimination in
resident physicians: A systematic review and meta-analysis. Canadian Medical

Education Journal. https://doi.org/10.36834/cmej.57019

145



Barrett, L. F. (2016). Navigating the Science of Emotion. In Emotion Measurement (pp. 31-63).
Elsevier. https://doi.org/10.1016/B978-0-08-100508-8.00002-3

Blackmore, A., Kasfiki, E. V., & Purva, M. (2018). Simulation-based education to improve
communication skills: A systematic review and identification of current best practice.
BMJ Simulation and Technology Enhanced Learning, 4(4), 159—164.
https://doi.org/10.1136/bmjstel-2017-000220

Botelho, F., Gerk, A., Harley, J. M., & Poenaru, D. (2024). Improving Pediatric Trauma
Education by Teaching Non-technical Skills: A Randomized Controlled Trial. Journal of
Pediatric Surgery, 59(5), 874-888. https://doi.org/10.1016/].jpedsurg.2024.01.018

Brockfeld, T., Miiller, B., & De Laffolie, J. (2018). Video versus live lecture courses: A
comparative evaluation of lecture types and results. Medical Education Online, 23(1),
1555434, https://doi.org/10.1080/10872981.2018.1555434

Brown, R. G., Anderson, S., Brunt, B., Enos, T., Blough, K., & Kropp, D. (2018). Workplace
Violence Training Using Simulation. The American Journal of Nursing, 118(10), 56—68.
https://doi.org/10.1097/01.NAJ.0000546382.12045.54

Butler, A. C., & Raley, N. D. (2015). The Future of Medical Education: Assessing the Impact of
Interventions on Long-Term Retention and Clinical Care. Journal of Graduate Medical
Education, 7(3), 483—485. https://doi.org/10.4300/JGME-D-15-00236.1

Chadaga, A. R., Villines, D., & Krikorian, A. (2016). Bullying in the American Graduate
Medical Education System: A National Cross-Sectional Survey. PLOS ONE, 11(3),

€0150246. https://doi.org/10.1371/journal.pone.0150246

146



Chang, H. E., & Jeong, S. (2021). Male Nurses’ Experiences of Workplace Gender
Discrimination and Sexual Harassment in South Korea: A Qualitative Study. Asian
Nursing Research, 15(5), 303-3009. https://doi.org/10.1016/j.anr.2021.09.002

Chen, O., & Kalyuga, S. (2020). Exploring factors influencing the effectiveness of explicit
instruction first and problem-solving first approaches. European Journal of Psychology
of Education, 35(3), 607-624. https://doi.org/10.1007/s10212-019-00445-5

Chrysafi, P., Simou, E., Makris, M., Malietzis, G., & Makris, G. C. (2017). Bullying and Sexual
Discrimination in the Greek Health Care System. Journal of Surgical Education, 74(4),
690—-697. https://doi.org/10.1016/j.jsurg.2016.12.005

Clarke, C. M., Kane, D. J., Rajacich, D. L., & Lafreniere, K. D. (2012). Bullying in
Undergraduate Clinical Nursing Education. Journal of Nursing Education, 51(5), 269—
276. https://doi.org/10.3928/01484834-20120409-01

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed). L. Erlbaum
Associates.

Cook, D. A., Andersen, D. K., Combes, J. R., Feldman, D. L., & Sachdeva, A. K. (2018). The
value proposition of simulation-based education. Surgery, 163(4), 944-949.
https://doi.org/10.1016/j.surg.2017.11.008

DeMaria, S., Silverman, E. R., Lapidus, K. A. B., Williams, C. H., Spivack, J., Levine, A., &
Goldberg, A. (2016). The impact of simulated patient death on medical students’ stress
response and learning of ACLS. Medical Teacher, 38(7), 730-737.

https://doi.org/10.3109/0142159X.2016.1150986

147



Duchesne, E., Caners, K., Rang, L., & Dagnone, D. (2023). Addressing microaggressions with
simulation: A novel educational intervention. Canadian Journal of Emergency Medicine,
25(4), 299-302. https://doi.org/10.1007/s43678-023-00474-6

Dufty, M. C., Lajoie, S. P., Pekrun, R., & Lachapelle, K. (2020). Emotions in medical education:
Examining the validity of the Medical Emotion Scale (MES) across authentic medical
learning environments. Learning and Instruction, 70, 101150.
https://doi.org/10.1016/j.learninstruc.2018.07.001

Dutta, S., & Krummel, T. M. (2006). Simulation: A New Frontier in Surgical Education.
Advances in Surgery, 40, 249-263. https://doi.org/10.1016/j.yasu.2006.06.004

Eppich, W., & Cheng, A. (2015). Promoting Excellence and Reflective Learning in Simulation
(PEARLS): Development and Rationale for a Blended Approach to Health Care
Simulation Debriefing. Simulation in Healthcare: The Journal of the Society for
Simulation in Healthcare, 10(2), 106—115.
https://doi.org/10.1097/SIH.0000000000000072

Fanning, R., & Gaba, D. (2009). Simulation-Based Learning as an Educational Tool. In
Anesthesia Informatics (pp. 459-479). Springer New York. https://doi.org/10.1007/978-
0-387-76418-4 24

Farahani, S., Farahani, 1., Burckhardt, B. B., Schwender, H., & Lacer, S. (2020). Self-Instruction
Video Versus Face-to-Face Instruction of Pharmacy Students’ Skills in Blood Pressure
Measurement. Pharmacy, 8(4), 217. https://doi.org/10.3390/pharmacy8040217

Fnais, N., Soobiah, C., Chen, M. H., Lillie, E., Perrier, L., Tashkhandi, M., Straus, S. E.,

Mamdani, M., Al-Omran, M., & Tricco, A. C. (2014). Harassment and Discrimination in

148



Medical Training: A Systematic Review and Meta-Analysis. Academic Medicine, 89(5),
817-827. https://doi.org/10.1097/ACM.0000000000000200

Fraser, K., Huffman, J., Ma, 1., Sobczak, M., Mcllwrick, J., Wright, B., & McLaughlin, K.
(2014). The Emotional and Cognitive Impact of Unexpected Simulated Patient Death.
Chest, 145(5), 958-963. https://doi.org/10.1378/chest.13-0987

Fraser, K., & McLaughlin, K. (2019). Temporal pattern of emotions and cognitive load during
simulation training and debriefing. Medical Teacher, 41(2), 184—1809.
https://doi.org/10.1080/0142159X.2018.1459531

Gianakos, A. L., Freischlag, J. A., Mercurio, A. M., Haring, R. S., LaPorte, D. M., Mulcahey, M.
K., Cannada, L. K., & Kennedy, J. G. (2022). Bullying, Discrimination, Harassment,
Sexual Harassment, and the Fear of Retaliation During Surgical Residency Training: A
Systematic Review. World Journal of Surgery, 46(7), 1587-1599.
https://doi.org/10.1007/s00268-021-06432-6

Groot, F., Jonker, G., Rinia, M., ten Cate, O., & Hoff, R. G. (2020). Simulation at the Frontier of
the Zone of Proximal Development: A Test in Acute Care for Inexperienced Learners.
Academic Medicine, 95(7), 1098—1105.
https://doi.org/10.1097/ACM.0000000000003265

Harley, J. M. (2016). Measuring Emotions. In Emotions, Technology, Design, and Learning (pp.
89—-114). Elsevier. https://doi.org/10.1016/B978-0-12-801856-9.00005-0

Harley, J. M., Lajoie, S. P., Tressel, T., & Jarrell, A. (2020). Fostering positive emotions and
history knowledge with location-based augmented reality and tour-guide prompts.

Learning and Instruction, 70, 101163. https://doi.org/10.1016/j.learninstruc.2018.09.001

149



Harley, J. M., Liu, Y., Ahn, T. B., Lajoie, S. P., Grace, A. P., Haldane, C., Whittaker, A., &
McLaughlin, B. (2019). I've got this: Fostering topic and technology-related emotional
engagement and queer history knowledge with a mobile app. Contemporary Educational
Psychology, 59, 101790. https://doi.org/10.1016/j.cedpsych.2019.101790

Harley, J. M., Poitras, E. G., Jarrell, A., Duffy, M. C., & Lajoie, S. P. (2016). Comparing virtual
and location-based augmented reality mobile learning: Emotions and learning outcomes.
Educational Technology Research and Development, 64(3), 359-388.
https://doi.org/10.1007/s11423-015-9420-7

Herweck, A. M., Kumnick, A., Perone, H., Muller, C., & Bornstein, K. (2021). “What a Pretty
Assistant You Have”: Addressing Sex-Based Harassment by Patient Offenders in
Undergraduate Medical Training. Medical Science Educator, 31(3), 1187-1191.
https://doi.org/10.1007/s40670-021-01289-9

Hu, Y.-Y., Ellis, R. J., Hewitt, D. B., Yang, A. D., Cheung, E. O., Moskowitz, J. T., Potts, J. R.,
Buyske, J., Hoyt, D. B., Nasca, T. J., & Bilimoria, K. Y. (2019). Discrimination, Abuse,
Harassment, and Burnout in Surgical Residency Training. New England Journal of
Medicine, 381(18), 1741-1752. https://doi.org/10.1056/NEJMsal1903759

Huang, Y., Chua, T. C., Saw, R. P. M., & Young, C. J. (2018). Discrimination, Bullying and
Harassment in Surgery: A Systematic Review and Meta-analysis. World Journal of
Surgery, 42(12), 3867-3873. https://doi.org/10.1007/s00268-018-4716-5

Hurtubise, L., Martin, B., Gilliland, A., & Mahan, J. (2013). To Play or Not To Play: Leveraging
Video in Medical Education. Journal of Graduate Medical Education, 5(1), 13—18.

https://doi.org/10.4300/JGME-05-01-32

150



INACSL Standards of Best Practice: SimulationSM Simulation Design. (2016). Clinical
Simulation in Nursing, 12, S5—S12. https://doi.org/10.1016/j.ecns.2016.09.005

Kapur, M. (2016). Examining Productive Failure, Productive Success, Unproductive Failure, and
Unproductive Success in Learning. Educational Psychologist, 51(2), 289-299.
https://doi.org/10.1080/00461520.2016.1155457

Koedinger, K. R., Corbett, A. T., & Perfetti, C. (2012). The Knowledge-Learning-Instruction
Framework: Bridging the Science-Practice Chasm to Enhance Robust Student Learning.
Cognitive Science, 36(5), 757-798. https://doi.org/10.1111/}.1551-6709.2012.01245.x

Kwak, S. K., & Kim, J. H. (2017). Statistical data preparation: Management of missing values
and outliers. Korean Journal of Anesthesiology, 70(4), 407.
https://doi.org/10.4097/kjae.2017.70.4.407

Lai, P. K., Portolese, A., & Jacobson, M. J. (2017). Does sequence matter? Productive failure
and designing online authentic learning for process engineering: Productive failure and
designing online authentic learning. British Journal of Educational Technology, 48(6),
1217-1227. https://doi.org/10.1111/bjet. 12492

Landis, J. R., & Koch, G. G. (1977). The Measurement of Observer Agreement for Categorical
Data. Biometrics, 33(1), 159. https://doi.org/10.2307/2529310

LeBlanc, V. R., & Posner, G. D. (2022). Emotions in simulation-based education: Friends or foes
of learning? Advances in Simulation, 7(1), 3. https://doi.org/10.1186/s41077-021-00198-6

Loderer, K., Pekrun, R., & Lester, J. C. (2020). Beyond cold technology: A systematic review
and meta-analysis on emotions in technology-based learning environments. Learning and

Instruction, 70, 101162. https://doi.org/10.1016/j.learninstruc.2018.08.002

151



Loibl, K., & Leuders, T. (2019). How to make failure productive: Fostering learning from errors
through elaboration prompts. Learning and Instruction, 62, 1-10.
https://doi.org/10.1016/j.learninstruc.2019.03.002

Lynch, A. (2020). Simulation-based acquisition of non-technical skills to improve patient safety.
Seminars in Pediatric Surgery, 29(2), 150906.
https://doi.org/10.1016/j.sempedsurg.2020.150906

Madsgaard, A., Smith-Strom, H., Hunskar, 1., & Reykenes, K. (2022). A rollercoaster of
emotions: An integrative review of emotions and its impact on health professional
students’ learning in simulation-based education. Nursing Open, 9(1), 108—121.
https://doi.org/10.1002/nop2.1100

Major, A. (2014). To Bully and Be Bullied: Harassment and Mistreatment in Medical Education.
AMA Journal of Ethics, 16(3), 155-160.
https://doi.org/10.1001/virtualmentor.2014.16.3.fred1-1403

Mayer, R. E. (2019). How Multimedia Can Improve Learning and Instruction. In J. Dunlosky &
K. A. Rawson (Eds.), The Cambridge Handbook of Cognition and Education (1st ed., pp.
460—479). Cambridge University Press. https://doi.org/10.1017/9781108235631.019

Mazer, L. M., Bereknyei Merrell, S., Hasty, B. N., Stave, C., & Lau, J. N. (2018). Assessment of
Programs Aimed to Decrease or Prevent Mistreatment of Medical Trainees. JAMA
Network Open, 1(3), €e180870. https://doi.org/10.1001/jamanetworkopen.2018.0870

Mylopoulos, M., Brydges, R., Woods, N. N., Manzone, J., & Schwartz, D. L. (2016). Preparation
for future learning: A missing competency in health professions education? Medical

Education, 50(1), 115-123. https://doi.org/10.1111/medu.12893

152



Neville, A. J. (2008). In the age of professionalism, student harassment is alive and well.
Medical Education, 42(5), 447-448. https://doi.org/10.1111/j.1365-2923.2008.03033.x

Pekrun, R. (2019). Achievement emotions: A control-value theory perspective. In Emotions in
late modernity (pp. 142—-157). Routledge.

Pekrun, R., Goetz, T., Titz, W., & Perry, R. P. (2002). Academic Emotions in Students’ Self-
Regulated Learning and Achievement: A Program of Qualitative and Quantitative
Research. Educational Psychologist, 37(2), 91-105.
https://doi.org/10.1207/S15326985EP3702 4

Pekrun, R., & Stephens, E. J. (2012). Academic emotions. In K. R. Harris, S. Graham, T. Urdan,
S. Graham, J. M. Royer, & M. Zeidner (Eds.), APA educational psychology handbook,
Vol 2: Individual differences and cultural and contextual factors. (pp. 3-31). American
Psychological Association. https://doi.org/10.1037/13274-001

Phillips, J. P. (2016). Workplace Violence against Health Care Workers in the United States.
New England Journal of Medicine, 374(17), 1661-1669.
https://doi.org/10.1056/NEJMral1501998

Rogers, T., Andler, C., O’Brien, B., & van Schaik, S. (2019). Self-Reported Emotions in
Simulation-Based Learning: Active Participants vs. Observers. Simulation in Healthcare:
The Journal of the Society for Simulation in Healthcare, 14(3), 140-145.
https://doi.org/10.1097/SIH.0000000000000354

Schreiber, B. E., Fukuta, J., & Gordon, F. (2010). Live lecture versus video podcast in
undergraduate medical education: A randomised controlled trial. BMC Medical

Education, 10(1), 68. https://doi.org/10.1186/1472-6920-10-68

153



Sexual Violence Training Development Team. (2021). Active bystander intervention: Training
and facilitation guide : training for preventing and responding to sexual violence in B.C.
post-secondary institutions. BCcampus, BC Open Textbook Project.

Stahl, C. C., Rau, M. A., & Greenberg, J. A. (2023). Teaching advanced surgical anatomy with
visual representations: Comparing perceptual fluency and sense making. Instructional
Science, 51(4), 661-686. https://doi.org/10.1007/s11251-023-09630-y

Steenhof, N., Woods, N. N., Van Gerven, P. W. M., & Mylopoulos, M. (2019). Productive
failure as an instructional approach to promote future learning. Advances in Health
Sciences Education, 24(4), 739-749. https://doi.org/10.1007/s10459-019-09895-4

Tan, S. S. Y., & Sarker, S. K. (2011). Simulation in surgery: A review. Scottish Medical Journal,
56(2), 104-109. https://doi.org/10.1258/sm;.2011.011098

The 5Ds of Bystander Intervention. (n.d.). Right to Be. https://righttobe.org/guides/bystander-
intervention-training/

Timm, A. (2014). “It would not be tolerated in any other profession except medicine”: Survey
reporting on undergraduates’ exposure to bullying and harassment in their first placement
year. BMJ Open, 4(7), €005140—e005140. https://doi.org/10.1136/bmjopen-2014-005140

Tyson, L., Skinner, J., Hariharan, B., Josiah, B., Okongwu, K., & Semlyen, J. (2024). Tackling
discrimination in medicine head on: The impact of bystander intervention training.
Medical Teacher, 1-10. https://doi.org/10.1080/0142159X.2024.2316849

Ullah, R., Siddiqui, F., Zafar, M. S., & Igbal, K. (2018). Bullying experiences of dental interns
working at four dental institutions of a developing country: A cross-sectional study.

Work, 61(1), 91-100. https://doi.org/10.3233/WOR-182784

154



Valery, J., Helmi, H., Spaulding, A., Che, X., Prada, G., Chamorro Pareja, N., Moreno-Franco,
P., & Stancampiano, F. F. (2019). Video intervention to improve incident reporting
among medical trainees. BM.J Open Quality, 8(4), €000706.
https://doi.org/10.1136/bmjoq-2019-000706

Vogl, E., Pekrun, R., & Loderer, K. (2021). Epistemic Emotions and Metacognitive Feelings. In
D. Moraitou & P. Metallidou (Eds.), Trends and Prospects in Metacognition Research
across the Life Span (pp. 41-58). Springer International Publishing.
https://doi.org/10.1007/978-3-030-51673-4 3

Watts, P. L., Rossler, K., Bowler, F., Miller, C., Charnetski, M., Decker, S., Molloy, M. A.,
Persico, L., McMahon, E., McDermott, D., & Hallmark, B. (2021). Onward and Upward:
Introducing the Healthcare Simulation Standards of Best PracticeTM. Clinical Simulation
in Nursing, 58, 1-4. https://doi.org/10.1016/j.ecns.2021.08.006

Yang, S., Chaudhary, Z., Mylopoulos, M., Hashmi, R., Kwok, Y., Colman, S., Yogaparan, T., &
Sockalingam, S. (2019). Using simulation to explore medical students’ understanding of
integrated care within geriatrics. BMC Medical Education, 19(1), 322.
https://doi.org/10.1186/5s12909-019-1758-9

Zheng, J., Li, S., & Lajoie, S. P. (2022). Diagnosing virtual patients in a technology-rich learning
environment: A sequential Mining of Students’ efficiency and behavioral patterns.
Education and Information Technologies, 27(3), 4259-4275.

https://doi.org/10.1007/s10639-021-10772-0

155



Statements and Declarations

Funding

This study was funded by a Social Sciences and Humanities Research Council of Canada
(SSHRC) doctoral fellowship (Application number: 752-2022-1899) awarded to the first author,
B.T. Ahn, and a SSHRC grant awarded to the senior author, J.M. Harley, Grant ID: 430-2020-
00573. The authors have no other fundings to declare.
Competing Interests

The authors have no relevant financial or non-financial interests to disclose.
Author Contributions

BTA: Study design, lead instructional development, instructional delivery (simulation
training facilitation), data collection, data preparation, data analysis, lead manuscript writing.

MJ: Instructional delivery (simulation training standardized participation), data
collection, data preparation, support manuscript writing.

NM: Instructional delivery (simulation training standardized participation), data
collection, support manuscript writing.

NS: Study design, curriculum integration, instructional development, data collection
planning

JH: Funding acquisition, supervision, study design, instructional development, data
collection planning, data analysis, support manuscript writing.

Compliance with Ethics Standards
The authors have no potential conflicts of interest to report. This study has been reviewed

and approved by the Research Ethics and Compliance in the Faculty of Medicine and Health

156



Sciences at McGill University (IRB: A07-B71-22B). All participants included in our study have

provided informed consent for their data collection and analyses.

157



Figure. 1 Screenshots from our educational videos. These screenshots are from module 4, which

covers the bystander effect and the 4D strategies.

1. Bystander Effect 2.The 4D Strategies — Scenario #1

-~
Bystander Effect * R
« Unsure of situation \
+ Unsure of what todo \1©:
« “Someone else can help” =5}

' 23 What would you do as a bystander?

People freeze...

« Afraid of retaliation
« Powerlessness
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Figure. 2 A Snapshot from our Simulation Demonstration Video. This photo is representative of
our simulation scenario. A medical student (SP) is on the left observing, while one of our
participant (center) would perform the central line. The senior resident (SP) is on the right
constantly harassing the medical student.
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Figure 3. Example Items from the Knowledge Questionnaires. Each question targets the same
learning content across the four versions of the questionnaire. Each question and answer choice
is intentionally similar to ensure consistency

VERSION 1:

10. Greg has made an offensive joke based on Lisa’s gender which makes her visibly upset.
James keeps quiet until Greg leaves, but offers Lisa to walk with her to the reporting office and
talk about what just happened. Which of the following bystander strategies best represent

James?

o

O
O
O

Delegate

Direct

Distract

None of the above

VERSION 2:

10. Greg has made an offensive joke based on Lisa’s gender which makes her visibly upset. As a
bystander Eric confronts Greg and asks him to explain the joke and questions what the joke
implies. Which of the 4D bystander intervention strategy would this be the most related to?
Which of the following bystander strategies best represent Eric?

o

O
O
O

Direct

Delay

Distract

None of the above
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Figure 4. Study Flowchart. Both groups filled out knowledge questionnaires, with learning
activities in between.

Timepoint 1 Timepoint 2 Timepoint 3 Timepoint &4
PREINTERVENTION POST-ACTIVITY #1 POST-ACTIVITY #2 / FOLLOW-UP
POST-INTERVENTION
Video First Video

Knowledge (ver. 2), A Knowledge (ver. 3),

(eag)  Knowledgelver.) =\ o iires ™ Emotions (MOFEQ) ~ S™39°M ermotions (MOFEQ) "-
Sim First . . Video Knowledge (ver. 1), Knowledge (ver. 3;
(n=23) ~ R~ Simulation *- Lectures i Emotions (MOFEQ) > n=5)
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Table 1. Assessment Criteria for Bystander Intervention.

Strategy Checklist Item Description Points
Direct Confront harasser Question or challenge the harasser’s behaviours or 2
actions as inappropriate or unacceptable.
De-escalation Use tone and language that does not intend to 1
increase the tension or stakes.
Workplace Emphasize the importance of professionalism, and 1
respect equity in the workplace and the learning
environment.
Resilience Continues intervention even if initial attempt is 1
unsuccessful.
Distract Shift attention Directly engage with the victim or harasser during 2
away the harassment (or immediately after). Draw
attention away from the harassment.
De-escalation Use tone and language that does not intend to 1
increase the tension or stakes.
Uplift victim Raise the victim’s self-esteem, specifically aspects 1
that have been the target of harassment.
Resilience Continues intervention even if initial attempt is 1
unsuccessful.
Delay Check in with Ask the victim how they feel following the 2
victim harassment.
Offer third-party ~ Refer the victim to organizational offices that can 1
resources help with reporting harassment or supporting
victims.
Problematize the =~ Ensure that the victim knows that the harasser’s 1
harassment actions were unacceptable and inappropriate.
Uplift victim Raise the victim’s self-esteem, specifically aspects 1
that have been the target of harassment.
Comprehen  No strategies No strategies were used. 0
siveness
1 strategy Just 1 strategy was used. 3
2 strategies Just 2 strategies were used. 4
3 strategies All 3 strategies were used. 5

Average subtotals of each criterion for final score.
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Table 2. Descriptive Statistics for the repeated measures ANCOVA.

tl knowledge

Group (covariate) t2 knowledge t3 knowledge
N Vid-first 29 29 29
Sim-first 22 22 22
Mean Vid-first 556 .643 .664
Sim-first 397 619 812
SD Vid-first 161 211 205
Sim-first 130 166 136
Minimum Vid-first 200 130 130
Sim-first 200 270 470
Maximum Vid-first 730 930 930
Sim-first 730 .870 1.00
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Table 3. Tests of Within-Subject Factors for the Repeated Measures ANCOVA.

Source Sumof  df Mean F Sig. partial n?
Squares Square

Timepoint 201 1 201 18.911 <.001 287

Timepoint * Group .003 1 .003 28 599 .006

Timepoint * 075 1 075 7.075 011 131

Timepoint 1

Knowledge

Timepoint * Group *  5.77*%107° 1 5.77%107° .005 942 0

Timepoint 1

Knowledge

Error 499 47 011
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Table 4. Tests of Between-Subject Factors for the Repeated Measures ANCOVA.

Source Sumof df Mean F Sig.  partial n?
Squares Square

Intercept 1.721 1 1.721 46.535 <.001 498

Group 122 1 122 3.287 .076  .065

Timepoint 1 Knowledge 379 1 379 10.236 .002  .179

Group * Timepoint 1 Knowledge 027 1 027 74 394 016

Error 1.738 47  .037
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Table 5. Descriptive Statistics for Vid-First Group’s Emotions

Simulation Activity Emotions

Enjoyment Boredom Frustration  Curiosity Anxiety Helpless
N 29 29 29 28 29 29
Mean 4.07 1.97 2.38 3.89 2.79 1.9
Mdn 4 2 2 4 3 2
SD 0.651 0.823 1.05 0.832 1.29 0.976
Simulation Topic Emotions
Enjoyment Boredom Frustration  Curiosity Anxiety Helpless
N 29 28 29 29 29 29
Mean 3.86 2.14 2.21 3.55 2.31 1.97
Mdn 4 2 2 4 2 2
SD 0.833 0.932 0.902 0.948 1.11 0.981
Video Activity Emotions
Enjoyment Boredom Frustration  Curiosity Anxiety Helpless
N 29 28 29 29 29 29
Mean 3.55 3.04 2.17 3.28 2.24 1.86
Mdn 4 3 2 3 2 2
SD 0.948 0.922 0.759 0.922 1.02 0.875
Video Topic Emotions
Enjoyment Boredom Frustration  Curiosity Anxiety Helpless
N 29 28 29 29 29 29
Mean 3.52 2.71 2.07 3.28 2.17 1.86
Mdn 4 3 2 3 2 2
SD 1.02 1.08 0.799 0.996 1.1 0.875
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Table 6. Descriptive Statistics for Sim-First Group’s Emotions

Simulation Activity Emotions

Enjoyment Boredom Frustration  Curiosity Anxiety Helpless
N 23 23 23 23 22 23
Mean 3.65 2.09 2.39 3.87 3.09 1.74
Mdn 4 2 2 4 3.5 2
SD 0.935 0.996 1.31 0.92 1.06 0.619

Simulation Topic Emotions

Enjoyment Boredom Frustration  Curiosity Anxiety Helpless
N 24 24 24 24 24 24
Mean 3.63 2.25 2.33 3.54 2.29 1.88
Mdn 4 2 2 4 2 2
SD 0.924 1.15 1.05 0.932 1.04 0.741

Video Activity Emotions

Enjoyment Boredom Frustration  Curiosity Anxiety Helpless
N 24 24 24 24 24 24
Mean 3.33 3.17 2.08 3.08 1.71 1.71
Mdn 3 3 2 3 2 2
SD 0.948 0.922 0.759 0.922 1.02 0.875

Video Topic Emotions

Enjoyment Boredom Frustration  Curiosity Anxiety Helpless
N 24 24 24 24 24 24
Mean 3.33 3.04 2.33 3.17 1.88 1.67
Mdn 3 3 2 3 2 2
SD 1.09 1.08 1.01 1.09 0.797 0.702
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Table 7. Correlation Statistics Between Emotions from Simulation and Knowledge

Simulation Activity

Sim-First Group

Vid-First Group

Emotions Knowledge Knowledge
(Post-Sim; t2) (Post-Sim; t3)

Enjoyment Kendall's Tau B -0.137 0.148

p-value 0.434 0.348

N 22 29
Boredom Kendall's Tau B 0.011 -0.145

p-value 0.951 0.351

N 22 29
Frustration Kendall's Tau B 0.094 0.009

p-value 0.589 0.953

N 22 29
Curiosity Kendall's Tau B 0.101 0.045

p-value 0.57 0.774

N 22 28
Anxiety Kendall's Tau B 0.237 0.082

p-value 0.189 0.583

N 21 29
Helplessness Kendall's Tau B 0.159 -0.003

p-value 0.384 0.984

N 22 29

Sim-First Group Vid-First Group

Simulation Topic Knowledge Knowledge
Emotions (Post-Sim; t2) (Post-Sim; t3)
Enjoyment Kendall's Tau B -0.058 0.041

p-value 0.736 0.792

N 23 29
Boredom Kendall's Tau B 0.028 0.1

p-value 0.867 0.52

N 23 28
Frustration Kendall's Tau B 0.178 -0.012

p-value 0.296 0.936

N 23 29
Curiosity Kendall's Tau B -0.039 0.104

p-value 0.819 0.492

N 23 29
Anxiety Kendall's Tau B 0.115 0.063

p-value 0.501 0.677

N 23 29
Helplessness Kendall's Tau B 0.081 -0.037

p-value 0.645 0.809

N 23 29
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Table 8. Correlation Statistics Between Emotions from Video and Knowledge

Video Activity Sim-First Group Vid-First Group
Emotions Knowledge Knowledge
(Post-Vid; t3) (Post-Vid; t2)

Enjoyment Kendall's Tau B 0.381 0.009

p-value 0.025 0.952

N 24 29
Boredom Kendall's Tau B -0.366 0.017

p-value 0.031 0.914

N 24 28
Frustration Kendall's Tau B -0.119 -0.124

p-value 0.49 0.418

N 24 29
Curiosity Kendall's Tau B 0.119 0.237

p-value 0.479 0.116

N 24 29
Anxiety Kendall's Tau B -0.064 -0.045

p-value 0.716 0.763

N 24 29
Helplessness Kendall's Tau B -0.104 -0.052

p-value 0.558 0.731

N 24 29

Sim-First Group Vid-First Group

Video Topic Knowledge Knowledge
Emotions (Post-Vid; t3) (Post-Vid; t2)
Enjoyment Kendall's Tau B 0.29 -0.022

p-value 0.088 0.885

N 24 29
Boredom Kendall's Tau B -0.273 0.058

p-value 0.106 0.705

N 24 28
Frustration Kendall's Tau B -0.07 -0.044

p-value 0.681 0.774

N 24 29
Curiosity Kendall's Tau B 0.175 0.2

p-value 0.302 0.185

N 24 29
Anxiety Kendall's Tau B -0.346 -0.098

p-value 0.048 0.514

N 24 29
Helplessness Kendall's Tau B -0.263 -0.136

p-value 0.139 0.373

N 24 29
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Supplementary Material A: Psychological Safety

We have deliberately incorporated psychological safety into our anti-harassment
educational intervention, especially concerning the harassment bystander simulation component.
We ensured such incorporation through the following methods: 1) following the Healthcare
Simulation Standards of Best Practice (Watts et al., 2021); 2) consulting various content and
education experts; 3) iterative development to script creation, including running through the
simulation with graduate students and content and education experts, and adapting the script
accordingly, 4) following strict ethics guidelines of our institutional review board; 5) analysis of
data from our research findings; and 6) other considerations. We note that while providing
education on harassment can indeed be sensitive to our learners, harassment has been widely and
extensively reported to compromise healthcare professional trainees’ psychological and, in some
cases, physical, safety. Failing to equip medical trainees with tools to better manage harassment
directed toward themselves or others stands to perpetuate, not protect them, from harassment.
Internal Medicine and Surgery residents were selected because they are programs who have
identified a need to better equip residents with tools to combat harassment. In this simulation, we
focused on bystander interventions as we felt residents getting practice dealing with indirect
harassment would be psychologically safer than having them practice managing harassment
directed at them.

We first thoroughly incorporated the Healthcare Simulation Standards of Best Practice
into our simulation design. The guideline highlights psychological safety as a required
component in the overall simulation design. Specifically, the aspect of psychological safety is

highlighted when concerning the pre-briefing, facilitation, debriefing, operations, outcomes and
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objective, and professional integrity in developing and delivering simulation-based training !4

18 "Our simulation satisfies all of the outlined requirements by:

1)

2)

3)

4)

5)

6)

Clearly conveying the learning objectives and expectations during the pre-briefing
and acknowledging the simulated nature of the learning environment. This included
conveying how the harassment the learner will witness as a bystander is simulated,
and therefore not real, and simulated for the purpose of practicing the harassment
bystander intervention strategies.

Providing relevant instructional materials directly related to our simulation training
that will help the learners understand and contextualize their simulation experience.
Allowing the participants to ask any questions prior to beginning the simulation for
them to understand the ground rules.

Providing a non-competitive environment and clarifying that their performance in the
simulation will not impact their academic or career standings in any ways.

Providing the simulation in an environment that allows for privacy, confidentiality,
and open discussion.

The simulation ended with the facilitator and the involved standardized participants
showing positive interactions and clearly acknowledging that any of the negative
interactions during the simulation were indeed simulated. For example, the facilitator
would always thank the standardized participants (i.e., actors) for their acting. In
addition, the standardized participants themselves would acknowledge their acting
and show positive interactions between themselves and the learner to illustrate how

the simulation staffs are cohesive and no harassment occurred.
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7) Providing debriefing that again emphasized the simulated nature of the harassment
the learner witnessed, and the learning objectives and outcomes.
8) Explicitly stating in our simulation facilitation documentation an emphasis on the
simulated nature of the harassment the learner will witness.
9) All stakeholders, including the simulation centre staff, standardized participants,
administrators, facilitators, researchers, and learners were all aware of the simulated
nature of the harassment featured in the simulation. We ensured this by hosting a
series of meeting, and ensuring all stakeholders had received our simulation
facilitation documents that outline all details concerning our simulation.
10) Providing resources such as the institution’s student wellness centre that the learners
can consult in case of any distress.
Second, we consulted various content and education experts concerning the nature of the
harassment featured in our simulation, and how to best align the designed harassment interaction
to the learning objectives, simulation fidelity, and psychological safety. Specifically, our
simulation design has been vetted by:
1) Dr. Ning-Zi Sun: Associate Professor and Internal Medicine Residency Training
Program Director, Department of Medicine, Faculty of Medicine and Health
Sciences, McGill University
2) Dr. Jean-Sébastien Pelletier: Assistant Professor and Surgical Foundations Program
Director, Department of Surgery, Faculty of Medicine and Health Sciences, McGill

University
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3)

4)

5)

6)

7)

8)

Dr. Liane Feldman: Chair of the Department of Surgery, Faculty of Medicine and
Health Sciences, McGill University and Surgeon-in-Chief of the McGill University
Health Centre (MUHC)

Dr. Gerald Fried: Associate Dean of Educational Technology and Innovation and
Director of the Steinberg Centre for Simulation and Interactive Learning

Caroline White: Simulation Specialist Advisor at the McGill University Health
Centre’s Interprofessional Simulation Centre (MUHC-i-Sim)

Niki Soilis: Education Manager (at time of consultation) at the Steinberg Centre for
Simulation and Interactive Learning, Faculty of Medicine and Health Sciences,
McGill University

Dr. Melina Vassiliou: Associate Professor and Adar Chair of Surgical Education,
Department of Surgery, Faculty of Medicine and Health Sciences, McGill Univeristy
Other research laboratory members with medical degrees: Dr. Osamu Nomura, and

Dr. Lucia Patino Melo

Additionally, the following content and education experts were consulted with and vetted

Y

our approaches to ensuring psychological safety:

Dr. Farhan Bhanji, Associate Dean of Education, Faculty of Medicine and Health

Sciences, McGill University

Third, we have gone through an iterative development process for our simulation. The

lead developer gathered existing resources and guidelines on similar simulation training. He then
conducted multiple phases of internal testing and rehearsals within the research team to create an

initial draft of the simulation. This draft was circulated within the broader laboratory of the lead
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developer for further testing and refinement. Other collaborators, along with content and
education experts, were invited to provide feedback and iterate on the initial versions of the
simulation. Throughout every major iteration, the team’s focus included not only the fidelity of
the simulation but also the psychological safety of the prospective participants. All feedback
regarding psychological safety was thoroughly evaluated and carefully implemented into the
simulation design. After multiple tests of different types of harassment scenarios and subsequent
reflections, we decided that, for example, no racially or sexually discriminatory remarks should
be made. The principal investigator oversaw the development of the simulations, and actively
took part in the rehearsals and deliberation of the simulation. These measures helped ensure the
psychological safety of our participants while providing realistic harassment scenarios with a
high degree of believability.

Fourth, we have followed the ethics guideline at our institutional review board, with the
board reviewing the everything related to our research and education objectives. This included
all documents relating to our facilitation documents, simulation scripts, and all other related
rationales and documentation for delivering our educational intervention. Following the review
board’s guidelines, we have deliberately:

1) Proposed rationale for our simulation training—it provides a safe space for trainees to
practice the bystander strategies covered by our instructional video series, and
provides an opportunity for learners to receive tailored feedback for refining their
mastery.

2) Provided consent forms that detailed how our learners are not forced to participate in

our intervention in any way. Our educational intervention did require the learner to be
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present to start their training, or provide valid reasons for absence as our intervention
was part of the official curriculum of our learners. However, the participants were
allowed to stop at any time, and they had full autonomy of how they interacted in the
simulation (i.e., they were not forced to engage in the simulation in any specific way).
Furthermore, learners could participate in the intervention, but opt out of the research
study.

3) Specify the associated benefits and risks concerning the educational intervention.
Specifically, we have specified the possibility of learners experiencing upsetting
feelings during their educational intervention. However, we have also explicitly
specified that they can at any time stop participating in the intervention, ask questions
at any time during the intervention. In addition, the learners have a direct line of
contact to the McGill Student Wellness Hub in case of any distress.

Fifth, at the time this document was written we had run 72 residents from surgery related
departments, and 69 residents from internal medicine through this simulation. We have not
received any concerns or complains about psychological safety from the residents. Conversely,
several residents, especially from surgery, suggested that they would like to be challenged more,
for example, by not knowing which simulation station would include the harassment training
scenario: a measure we had included to maximize psychological safety. In addition, the data we
collected on residents’ self-reported emotions towards our simulation training supports
psychological safety. Specifically, concerning our first internal medicine resident cohort to go
through our simulation training, the mean value of the residents’ self-reported anxiety was

2.92/5.00 (n=51), where 3 indicates the residents felt “neutral” when asked whether they felt
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anxiety towards the simulation activity (5 indicates that they “strongly agreed” that they felt
anxiety, while 1 would indicate they “strongly disagreed” that they felt anxiety). On the other
hand, mean value of enjoyment was 3.88/5.00 (n=52), reflecting how residents would generally
agree that they felt some enjoyment towards the simulation activity. Based on our findings, we
believe while the simulation was designed to be challenging, the residents did not report it being
emotionally distressing.

Lastly, our other considerations included having our simulation training focus on
bystander intervention first, as opposed to dealing with harassment directly targeting the learner.
We believed that only after establishing mastery of dealing with harassment that indirectly
affects the learner, we should explore how we can scaffold our learners to deal with harassment
that directly targets them. This consideration of our learners’ prerequisite skillset and knowledge
also aligns with the Healthcare Simulation Standards of Best Practice. Further, we carefully
avoided any harassment remarks that could be reasonably viewed as discriminatory, including
but not limited to disability, race, gender, sex, sexual orientation, or religion. We did this to help
minimize any potential triggers.

For the simulation scenario progression outline, please see Supplementary Material B.
For the debriefing guideline for simulation facilitators, please see Supplementary Material C. For
prebriefing guideline for simulation facilitators, please see Supplementary Material D. For
consent form given to the participants for our internal medicine cohorts from the 2022-23 school

year, see Supplementary Material E.
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Timing

(Approx.)

0-1 min

1 min

1-3 min

3-5 min

5-6 min

SPs Actions

Junior resident (JR): gets into gown and gloves
e Senior resident (SR) helps
Medical Student (MS): rushes into the scene

** First harassment scene

e.g., “Nobody asked why you were late. Just stand
over there”

JR: Prep insertion kit

e Take catheter, cap two side ports
e Flush saline for each port
e Try thumbing the guide wire
e Attach the finder needle to the syringe —
drop some lidocaine
** Second harassment scene

e.g., “*Sigh... please don’t your binder. What’s
wrong with you”

JR: Locate the site of insertion with the ultrasound.

e Apply gel to suspected site
Locate the jugular

** Third harassment scene

e.g., “What do you mean, in your opinion. Medicine
is based on facts. If you didn’t prepare, why are you
even here?”

JR: Inject lidocaine to the surrounding area.

Expected
Intervention

It may be too
early to
expect
interventions

Direct:
Declare
abuse as
inappropriate

Distract:
Makes a joke
or comment
to ease
tension

Delegate: Call
technician for
help

Direct:
Declare
abuse as
inappropriate

Distract:
Makes a joke
or comment
to ease
tension

Delegate: Call
technician for
help

Supplementary Material B: Simulation Scenario Progression Outline

Possible
Cues

Technician:
Looks over
at the scene
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6-8 min

8-10 min

10-11
min

JR: Locate jugular triangle; insert the finder needle
guided by the ultrasound.

e Apply negative suction pressure as you
advance

e Try drawing venous blood

e Hold and stabilize needle — remove the
syringe. Inset wire.

e One hand should always be holding the
wire

** Fourth harassment scene

e.g., “How do you not know to stay away from the
sterile field? Are you an idiot?”

JR: Make NIC incision
Then place dilator

e Feed it over the wire
Insert catheter

e Wire should poke out of the middle port
e Push the catheter into the skin
Remove wire

e Place last cap on the middle port
e Flush each of the port with saline
** Fifth harassment scene

e.qg., “This is dumb. | can’t waste my time on this.
Good luck with this one.”

MS seems shocked. MS stands around for a
moment, unsure what to do.

Direct:
Declare
abuse as
inappropriate

Distract:
Makes a joke
or comment
to ease
tension

Delegate: Call
technician for
help

Direct:
Declare
abuse as
inappropriate

Distract:
Makes a joke
or comment
to ease
tension

Delegate: Call
technician for
help

Delay: Check
up on MS

Delegate: Call
technician for
help

Technician:
Looks over
at the scene

Technician:
Looks over
at the scene

MS: “That
was rough”
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Supplementary Material C: Debriefing Guideline for Simulation Facilitators

This simulation debriefing utilizes the PEARLS Healthcare Debriefing Tool
Setting the Scene

e Create a safe context for learning

e State the goal of the debriefing

e Sample phrases:

o “Ok, so we have 10 minutes for debriefing. Before we start, I’'m going to
emphasize that this was all a simulation, and nothing said during the simulation
was for real. Now, the goal of the simulation was to apply intervention strategies
as a bystander to stop harassment, while being engaged in a technical procedure.
Let’s try to answer in simple one or two sentences to the next following
guestions.”

Reactions
e Explore feelings
e Solicit initial reactions and emotions
e Sample phrases:
o “How did you feel overall about the simulation?”
= “What part of the simulation made you feel this way?
“When did you realize the medical student was being harassed?”

o “When you first realized the medical student was being harassed, how did you
feel?”

o “How did you feel about being able to practice being a bystander in a harassment
situation?”

Descriptions
e Clarify facts
e Develop shared understanding of case
e Sample phrases:

o How would you describe the intervention method you’ve chosen?

= So, when the medical student started to get harassed, it seems like you
chose __ strategy, sinceyoudid .
Analysis
e Explore variety of performance domains
e Explore performance domains
e Sample phrases:
o “What did you think you did well in intervening the harassment?”
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o “If you could re-do this simulation right now, is there anything you’d try
differently?”
o “Do you think you did well on your central line insertion?”
Summary/Application
e |dentify take-aways
e Instructor centered (lack of time to be learner-centered)
e Sample phrases:
o The key learning points were ____, and you can further your mastery by focusing
on
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Supplementary Material D: Pre-briefing Guideline for Simulation Facilitators

Pre-Briefing and Orientation
Read to the simulation learner:

“Welcome to the anti-harassment simulation training. I’ll be your facilitator for the
simulation. You'll be participating in this simulation with standardized participants but
otherwise you will be working alone. The objective of this simulation is for you to
practice technical skills while effectively applying bystander intervention strategies in a
harassment scenario. The technical skill we have chosen for this scenario is a central line
insertion.”

“The scenario is as follows: You are a junior resident in a simulation setting, performing
an internal jugular central line insertion on a mannikin simulator. With you are a medical
student and a senior resident. The medical student is there to observe you and learn,
while the senior resident is there to supervise and grade both your and the medical
students’ performance. The senior resident will harass the medical student. There will be
a simulation technician on standby in case of any issues. Think of an intervention
strategy you can use to remedy the harassment.”

“For the central line insertion, the patient will already have been positioned, and the
tools you need are already gathered. The draping is already complete. You will begin the
procedure starting from getting into the gown and gloves, priming the instruments, and
using the ultrasound to locate the insertion area. You will not be suturing at the end of
the procedure. Instead, if you reach this step of the simulation, consider the central line
insertion to be complete. Before you insert the central line, you are expected to inject
lidocaine in the surrounding area—please assume the drug takes effect immediately
without waiting”

“Remember, the harassment occurring here is not real, and is simulated for your
learning.”

“Before we begin, I'd like to answer questions you have for this simulation.”
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Supplementary Material E: Wilcoxon Signed Ranks Tests

Table S1. Wilcoxon Singed Ranks Test for Differences of Activity and Topic Emotions for the

Simulation Training

Activity Topic Mean SE

Emotions = Emotions  Statistic p difference  difference  Effect Size
Vid-First Group

Enjoyment Enjoyment 24.5 0.071 1 0.104 0.75
Boredom  Boredom  22.5 0.353 -0.5 0.179 -0.318
Frustration Frustration 17 0.198 0.5 0.132 0.619
Curiosity Curiosity ~ 32.5 0.04 1 0.146 0.806
Anxiety Anxiety 55 0.005 1.5 0.137 1
Helpless Helpless 3 0.577 -0.5 0.11 -0.4
Sim-First Group

Enjoyment Enjoyment 24.5 0.851 0 0.172 0.0889
Boredom  Boredom 13.5 0.275 -0.5 0.149 -0.4
Frustration Frustration 22.5 1 -1.45¢-5 0.154 0
Curiosity Curiosity 25 0.065 1 0.147 0.7857
Anxiety Anxiety 81 0.012 1.5 0.23 0.7802
Helpless Helpless 0 0.174 -1.414 0.102 -1

*Effect size is rank biserial correlation.
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Table S2. Wilcoxon Singed Ranks Test for Differences of Activity and Topic Emotions for the

Video Instructions

Activity Topic Mean SE

Emotions  Emotions  Statistic p difference  difference  Effect Size
Vid-First Group

Enjoyment Enjoyment 12 0.824 2.86e—5 0.1051 0.143
Boredom  Boredom 46 0.052 1 0.1548 0.673
Frustration Frustration 12 0.233 1 0.076 0.6
Curiosity Curiosity 5 1 0 0.0702 0
Anxiety Anxiety 7.5 0.424 1 0.069 0.5
Helpless Helpless 1.5 1 0 0.0496 0
Sim-First Group

Enjoyment Enjoyment 22.5 1 -1.45¢-5 0.172 0
Boredom  Boredom 10.5 0.49 1 0.149 0.4
Frustration Frustration 2.5 0.105 -1 0.154 -0.762
Curiosity Curiosity 17 0.533 -1 0.147 -0.244
Anxiety Anxiety 12.5 0.472 -0.5 0.23 -0.306
Helpless Helpless 4 0.773 0.172 0.102 0.333

*Effect size is rank biserial correlation.
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Table S3. Wilcoxon Singed Ranks Test for Differences of Activity Emotions Between the Video
Instructions and Simulation Training

Video Simulation

Activity Activity Mean SE

Emotions  Emotions  Statistic p difference  difference  Effect Size
Vid-First Group

Enjoyment Enjoyment 5.5 0.004 -1 0.154 -0.879
Boredom  Boredom  203.5 <.001 1.5 0.205 0.938
Frustration Frustration 24 0.238 -0.5 0.167 -0.385
Curiosity Curiosity 8 <.001 -1 0.147 -0.895
Anxiety Anxiety 12 0.01 -1.5 0.196 -0.771
Helpless Helpless 16 0.821 -4.29¢-5 0.116 -0.111
Sim-First Group

Enjoyment Enjoyment 12 0.226 -0.5 0.247 -0.467
Boredom Boredom 91 0.001 2 0.231 1
Frustration Frustration 26 0.175 -1 0.265 -0.429
Curiosity Curiosity 0 0.002 -1.5 0.169 -1
Anxiety Anxiety 0 <.001 -2 0.215 -1
Helpless Helpless 8 0.299 -1 0.114 -0.429

*Effect size is rank biserial correlation.
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Table S4. Wilcoxon Singed Ranks Test for Differences of Topic Emotions Between the Video

Instructions and Simulation Training

Video Simulation

Topic Topic Mean SE

Emotions  Emotions  Statistic p difference  difference  Effect Size
Vid-First Group

Enjoyment Enjoyment 17.5 0.042 -1 0.151 -0.615
Boredom  Boredom 91 <.001 1 0.14 1
Frustration Frustration 32.5 0.336 -231e—6 0.138 -0.286
Curiosity Curiosity 13 0.024 -1 0.11 -0.667
Anxiety Anxiety 30 0.484 -0.196 0.177 -0.231
Helpless Helpless 16 0.454 -0.5 0.135 -0.289
Sim-First Group

Enjoyment Enjoyment 10 0.059 -1 0.141 -0.6364
Boredom  Boredom 87.5 0.003 1.5 0.208 0.9231
Frustration Frustration 43 0.881 -2.54e-5 0.209 -0.0549
Curiosity Curiosity 9 0.052 -1 0.179 -0.6727
Anxiety Anxiety 18 0.096 -1 0.232 -0.5385
Helpless Helpless 13.5 0.301 -0.5 0.19 -0.4

*Effect size is rank biserial correlation.
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Chapter 4 Bridging Text

In Chapter 3, I have identified what emotions medical residents experienced in general
regarding the topic of anti-harassment education, watching instructional videos, and participating
in simulation training. While the finding was that the educational intervention was generally
enjoyable and elicited curiosity (i.e., desire to learn more about this topic), the next study delves
deeper into emotional experiences of learners by employing a multimodal approach to measuring
emotions. Chapter 2 identified only a single emotions SBE study that has employed multimodal
analysis for emotions—this study was therefore a valuable addition to the scarce amount of
multimodal emotions studies in the SBE literature. In Chapter 4, I showcased how multimodal
analysis can go beyond the limitations of unimodal analysis by showcasing how EDA and speech
content analyses can cover aspects of emotions self-report measures struggle to capture by itself.

While Chapter 3 did show the expected positive link between positive-activating
emotions and knowledge, and the negative link between negative emotions and knowledge, no
prominent findings were seen for simulation performance. With a more sophisticated method that
goes beyond self-report measures, I use multimodal measures to bring additional insights
towards the potential impact of emotions in anti-harassment education in Chapter 4.

I note that in regard to the different discrete emotions captured via the self-report
measures in the study, the selection of emotions was intentional to ensure relevance to both the
anti-harassment training context and the instructional modalities used (instructional video and
high-fidelity simulation). The Multiple Object Foci Emotion Questionnaire (MOFEQ) was
specifically chosen to capture these emotions, reflecting the variety of emotional responses

expected in technology-rich environments. While the inclusion of additional emotions such as
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anger, sadness, and disgust could have provided a more comprehensive emotional profile, the
focus on capturing object-specific emotions aligned with the primary objective of the study and
its methodological framework. Chapter 4 features a qualitative approach to capturing emotions
that has the advantage of capturing a much wide range of emotions that are not restricted by pre-
determined list of emotions in a questionnaire. To clarify, Chapter 4 and Chapter 3 are part of the
same larger study. In other words, Chapter 4 draws on the same sample (with different inclusion

criteria) as Chapter 3 to answer different research questions using different analyses.
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Abstract
Background: High fidelity simulations can be an effective tool for anti-harassment education.
While emotions have been identified as crucial in simulation-based education, their role in anti-
harassment education within medical training remains underexplored.
Objectives: We aimed to investigate emotional profiles of medical residents during harassment
bystander simulation training via hierarchical clustering based on multimodal emotions data.
Methods: 27 internal medicine residents with complete data sets that were part of a larger study
were recruited. Emotions were captured through self-report surveys, an electronic bracelet that
records electrodermal activity, and speech content analysis based on the residents’ simulation
debriefing. The study involved residents performing a simulated central line insertion while a
simulated harassment took place that they could use to practice intervening harassment.
Results: Our cluster analysis revealed three equal-sized groups: “Emotionally Balanced,
Minimal Arousal”, “Positive, Spiked Arousal”, and “Negative High Arousal”. The clusters had
distinct levels of self-report emotions and electrodermal activity. Content analysis revealed
distinct emotions, and sources of emotions between the clusters. Post-hoc analysis revealed that
the "Emotionally Balanced, Minimal Arousal" group showed a higher propensity for directly
confronting the harasser, indicating a composed emotional state conducive to focusing on
simulation objectives.
Conclusions: Our findings reveal the varied emotional profiles that can be expected in
simulation-based medical education and underscore the value of a multimodal approach to

understanding these dynamics. Furthermore, the study highlights the criticality of recognizing
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the sources of emotions and promoting effective emotion regulation strategies, especially in

authentic learning environments where emotional responses are complex and impactful.
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Lay Summary

What is current known about this topic?
e Emotions can play an important role in learning.
¢ Emotions are ubiquitous in learning settings, especially when it involves emotionally
charged topics.
¢ Emotions can be expressed in multiple ways (e.g., facial expressions, sweat, etc.) and
therefore can be measured in different ways.

What does this paper add?

e This paper provides a rich description of what emotions internal medicine residents
experienced when tasked with a clinical procedure simultaneously with intervening
harassment.

e This paper also exemplifies a combined approach of cluster analysis and speech content
analysis to identify various emotional profiles of leaners.

e This paper showed how different emotional profiles may lead to different harassment
intervention behaviours in clinical settings.

Implications for practice/or policy

e There are ample opportunities for simulation-based education environments and other
technology rich environments to integrate technology that enable multimodal analysis of
emotions.

e Simulation-based educators should strive for an emotion-aware practice of designing and
delivering simulation trainings.

e Asemotions can be associated with specific harassment response behaviours, emotion
regulation is a future avenue of research.

193



Key Words

Medical Residents, Simulation-Based Education, Emotions, Electrodermal Activity, Content
Analysis, Cluster Analysis

194



Background

Emotions can significantly impact learner’s cognitive, motivational, and self-regulatory
processes (Pekrun, 2006). Such significance has been acknowledged across various contexts,
from traditional K-12 education (Cox, 2023; Pekrun, 2011) to higher education
(Mendzheritskaya & Hansen, 2019), and even medical education (Artino et al., 2012; Duffy et
al., 2020). Recent research advancements have emphasized studying emotions in more authentic,
emotionally intense environments (Duffy et al., 2020; Harley, Jarrell, et al., 2019; Pekrun, 2006).
Simulation-based education (SBE) offers such authentic environments, as it replicates key
aspects of situations and experiences learners are meant to face (Dutta & Krummel, 2006;
Fanning & Gaba, 2009). Anti-harassment education, in particular, such as bystander intervention
training, can benefit from SBE (Duchesne et al., 2023; Herweck et al., 2021). Unlike group
discussions or video-based instructions, SBE places learners in scenarios that elicit true-to-life
emotions.

This study features a high-fidelity mannikin to capture the authentic emotional
experiences of medical resident trainees during their simulation training. To capture these
realistic emotions, we supplemented the traditional method of self-report surveys by capturing
the audio of the trainee’s post-simulation discussions (i.e., debriefing), and measuring
psychophysiological data via a digital bracelet. We further captured video footage of the
simulation to assess the trainee’s performance and behaviours. We have applied these
methodologies to a pressing educational topic in medicine: harassment.

Harassment, or mistreatment, involves repeated vexatious behaviour aimed at creating a

threatening learning and working environment (Raver & Nishii, 2010). Victims’ deeply
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emotional responses to harassment are well-known (Scarduzio et al., 2018), and many medical
trainees know that harassment is unacceptable (Gostlow et al., 2018). However, there are barriers
to properly reporting and responding to harassment, including fear of hierarchy in medicine
(Chung et al., 2018). Given medical training’s emotional intensity (McConnell, 2019), and how
harassment can occur during high-stakes clinical procedures, it is clear that emotions play a
substantial role in learning about and addressing harassment.

To address the gap in examining emotions and its potential role in learning how to
address harassment, our study aimed to provide a detailed examination of medical residents’
emotional profiles during a bystander harassment simulation training. We adopted a multimodal
approach, combining self-report, psychophysiological data, and speech content data to move
beyond traditional reliance on self-report in simulation-based education research (Ahn et al.,
2023). Our objectives were to identify the emotional profiles typical of such activities and
explore how emotions might relate to simulation performance. We further aimed to exemplify
how various analytics from technological tools can aid in our research objectives. Our study was
grounded in Pekrun’s Control Value Theory (CVT) of Achievement Emotions (Pekrun, 2006,
2019), supplemented by literature focusing on the use of EDA in studying emotions in learning
contexts.

Control Value Theory of Achievement Emotions

Pekrun’s CVT defines achievement emotions as a type of emotions linked to the success
or failure of a task (Pekrun, 2006, 2019), tasks such as successfully managing harassment
without escalating the situation. These emotions are categorized using a three-dimensional

taxonomy: valence (positive or negative), activation (activating or deactivating, also referred to
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as arousal), and object focus (focused on past outcome, present activities, or future outcomes).
These three characteristics of achievement emotions are shaped by one’s perceived control,
value, and the results of an achievement activity. Prior research has shown positive-activating
emotions such as enjoyment to foster learning, while negative-deactivating emotions such as
hopelessness to impede it instead (Loderer et al., 2020; Pekrun, 2006). Other emotions have
more mixed findings, although negative-activating emotions (e.g., anger, anxiety) will tend to
hinder learning if not resolved during learning (Pekrun, 2006).

CVT indicates that the objective focus—the source of an emotion—can be the learning
activity, its results, subject matter, and the social dynamics involved (Pekrun & Stephens, 2012).
For example, in a harassment intervention simulation, a medical trainee may feel anxiety from a
senior resident’s verbal abuse, frustration due to harassment-related distractions to the medical
procedure, and relief upon successfully completion of the simulation. In sum, a learner’s
emotional experience can be varied, shaped by the particular aspects of the learning process they
are engaging with.

While reporting learners’ discrete emotions such as enjoyment or anxiety is common,
identifying what elicits these emotions is important. Prior studies in educational psychology, for
example, have distinguished emotions elicited from the modality (e.g., mobile learning app) and
the topic of the learning material by using instruments specialized for surveying emotions from
varying object foci (e.g., multiple object foci emotion questionnaire; MOFEQ; Harley et al.,
2016, 2020; Harley, Liu, et al., 2019). Self-report measures, however, can only target pre-

determined object foci set by the researchers. Text or speech content analysis can overcome this
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limitation as the learners’ description of their own emotional experience can reveal potential
antecedents to the described emotions.

CVT also underscores the merit of multimodal analyses. Specifically, the CVT
conceptualizes emotions as a multi-componential psychological phenomena which include
affective, cognitive, physiological, motivational, and expressive processes (Pekrun, 2011). For
example, a medical resident’s anxiety during a challenging simulation can manifest as feeling
nervous (affective), frantically recalling the subsequent steps (cognitive), sweaty palms
(physiological), determination to succeed (motivational), and lip-biting (expressive process).
Therefore, researchers can not only use self-report measures to probe what learners felt during
learning (affective), but they can also measure other facets of learners’ emotions, such as their
facial expressions, or their physiological arousal level (Harley, 2016). We discuss the latter
below focusing on electrodermal activation (EDA).

EDA and Emotional States

EDA represents the fluctuations of electrical activity of the skin, influenced by the
sympathetic nervous system’s control on the sweat gland (Boucsein, 2012b; Turpin &
Grandfield, 2007). As an indirect indicator of sympathetic nervous system activity, EDA can
reveal the activation dimension of one’s emotional experience (Azevedo et al., 2016; Harley,
2016). Empirical studies (Huber & Bannert, 2023; Térménen et al., 2021, 2023) have
demonstrated how EDA can represent the emotional activation dimension of emotions, with a
recent systematic review showing support for EDA’s relation to self-reported levels of activation

(Roos et al., 2021).
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Education studies primarily use exosomatic methods for measuring EDA (Dawson et al.,
2007; Horvers et al., 2021). These methods measure skin conductance (SC; amount of sweat
which helps conduct electricity) and works by applying a small electrical current to the surface
of the skin with electrodes. Various wearable devices such as bracelets (Regalia et al., 2023) and
rings (Torniainen et al., 2015) can measure SC in micro Siemens (uS; Turpin & Grandfield,
2007). SC itself is composed of tonic and phasic components. The tonic component, also known
as skin conductance level (SCL), consists of slowly varying activity and provides a moving
baseline for individual signals. It is relatively stable over short periods, and reflects the general
arousal state or readiness to act (R. A. Cohen, 2014). The phasic component, also known as skin
conductance response (SCR), encompasses the faster changing elements of the EDA signal and
represents reactive responses. Unlike tonic EDA, phasic activity levels can fluctuate heavily,
forming “peaks” or “spikes” in the data. These peaks can represent the response to a specific
stimulus or event (e.g., senior resident yells at a medical student’s mistake), although they may
form without an identifiable eliciting stimulus (Braithwaite et al., 2013; Horvers et al., 2021).
Tonic and phasic levels can reflect different physiological processes. For example, tonic levels
can be more associated with slower, hormonal activities, in contrast to faster neural activities that
are more frequently associated with phasic levels (R. A. Cohen, 2014).

Given that general EDA primarily reveals overall arousal level, prior studies have
focused on specific EDA features such as tonic and phasic levels to distinguish general arousal
from engagement or reactiveness (Harley, 2016; Horvers et al., 2021). For example, Van
Bruinessen and others (2016) examined educating oncology patients with video clips. They

analyzed both tonic and phasic EDA and interpreted the increased tonic levels of their learners as
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their video clips eliciting general arousal. They further reported that their learners’ phasic levels
were higher than expected in the beginning, and slowly declined as the study continued; the
study concluded that the higher phasic level may indicate the learners’ alertness and readiness to
respond to the videos, while the slow decline of phasic levels can be explained by habituation to
the videos (Van Bruinessen et al., 2016).

Other studies echoed similar methods and findings. Harley, Jarrell and others’ study
(2019) on medical students in a diagnostic reasoning simulation analyzed learners’ tonic levels
and phasic peaks, depending on what EDA bracelet the learners wore. The authors revealed
phasic peaks positively predicting learners’ diagnostic efficiency. The study referenced the
Yerkes-Dodson law (R. A. Cohen, 2011) to explain how phasic peaks may indicate optimal
levels of arousal for good simulation performance (Harley, Jarrell, et al., 2019). A study from Li
and Lajoie (2021) looked at simulated aviation training, and utilized facial expression
recognition software to infer valence, and EDA measures to infer arousal levels of their learners.
Their results revealed that phasic EDA was a positive predictor for performance during easy
tasks. The authors concluded that phasic activity should indicate engagement, with low phasic
activities during easy tasks potentially reflecting boredom and disengagement, and therefore lead
to reduced performance. Consistent with these findings, studies in primary school (Térménen et
al., 2021), and nursing education (Dubovi, 2022), also emphasized phasic EDA’s potential for
identifying emotional engagement.
Multimodal Analysis of Emotions

Deeper understanding of emotions requires multimodal approaches (Azevedo & Gasevic,

2019), which include data channels relating to contextual, behavioural, and physiological factors
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of learners (Molenaar et al., 2023). For example, researchers can account for multiple aspect of
the learners’ emotions by examining self-reported emotions (contextual), verbal responses during
an interview (behavioural), and EDA throughout learning (physiological). The calls for
multimodal approaches for emotions continues (Harley, 2016; Noroozi et al., 2020; Singh Tomar
how EDA coupled with other data such as self-reports can minimize drawbacks respective data
channels have. Specifically, while self-reports have disadvantages such as being susceptible to
social desirability bias, or reporting errors, EDA data does not have these problems. Conversely,
while EDA by itself cannot indicate the valence of a learner, self-reports and content analyses
can provide insight on the valence of the EDA results.
Emotional Profiles

Various studies have aimed to identify the emotional profiles of learners as certain
emotional states can lead to better learning outcomes (Loderer et al., 2020; Pekrun, 2019).
Specifically, as CVT predicts learners predominantly experiencing emotions such as enjoyment
should have better learning outcomes relative to their peers feeling emotions such as anxiety,
researchers have investigated how learners can be grouped by their emotional experiences to
identify different emotional profiles from learning activities. Researchers may then examine
whether learners with a certain emotional profile show differences in learning. For example, Ahn
and Harley (2020) descriptively categorized pre-service teachers by their dominant facial
expressions representing emotions (e.g., anger, happiness, sadness, etc.) while they learned about
queer history. They found that while learners expressing enjoyment (i.e., happiness) had good

learning gains, learners with anger as their dominant emotion had the highest learning gains. Lee
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and Chei (2020) used latent profile analysis to categorize undergraduate students into four
emotional groups (moderate, positive, negative, and ambivalent) when taking online courses.
They found that learners with positive emotional profiles had better learning outcomes, while the
negative profile group had poorer outcomes.

Other studies have employed cluster analyses—a statistical method used to discover ways
of grouping cases of data based on specific similarities (Antonenko et al., 2012; Landau & Chis
Ster, 2010)—to identify various emotional profiles of learners. For example, Jarrell and
colleagues’ study (2016) on medical students in a diagnostic simulation used k-means clustering
to identify 3 types of emotional profiles in their learners: positive emotion, negative emotion, and
low emotion. Robinson and others (2017) on the other hand, examined undergraduate students
learning about physiology and anatomy. They used a two-step clustering approach, where the
first step involved a hierarchical clustering method, and the second step the k-means clustering.
They identified 4 types of emotional profiles: positive, deactivated, negative and moderate-low.

The above studies while providing rich insights on differing emotional profiles of
learners, they solely rely on self-report measures. We note that to our best knowledge little to no
empirical studies have utilized multimodal analyses to examine emotional profiles in anti-
harassment training.

Current Study

Our study examined medical residents’ emotional profiles in a harassment bystander
simulation training via multimodal analyses to addresses the current gaps in research.
Specifically, we targeted a subject domain that is emotionally charged by nature but is seldom

studied. We also utilized multimodal analyses by employing self-report and EDA measures to
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illustrate the emotional profiles of our learners. We extended our clustering with content
analysis, a qualitative method used to interpret meaning from text data, and made sense of
learners’ experiences, thoughts, and feelings (Bengtsson, 2016). Our content analysis therefore
allowed further contextualization of the emotional profiles we identified via clustering, similar to
how other studies have used of content analysis to identify emotions of their learners (Ansakorpi
etal., 2017; Toivonen et al., 2017).

To achieve our study objectives, we investigated the following research questions: RQ1:
How can medical residents be clustered by their emotions during their harassment bystander
simulation activity? RQ2: What kind of emotional experiences does each cluster represent? RQ3:
Do residents have different simulation performance when grouped by emotional experiences
clusters?

Method

Participants

As part of a larger study, we recruited 60 of the 88 (68.18%) first and second-year
internal medicine residents from a large North American university to participate in an
educational simulation training activity we designed. Of the 60 residents who participated in our
educational activity 52 provided consent to have at least one data channel collected (typically
self-report) for research purposes and 35 participants provided consent for all data channels to be
collected. For this article we required several data channels which we were able to secure from
27 participants (Male = 14; Female = 12; Mg = 28.0, SDyge = 2.85) of the 35 participants that
consented to all relevant data channels. This number included data loss from recording problems

and aligns with sample sizes typically found in health professions education research (Cook &
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Hatala, 2015), despite having greater data requirements. Indeed, multimodal analyses are often
constrained by the necessity of having complete data across all relevant channels—our study’s
requirement of four distinct data types (self-reported emotions, video recordings of simulation
activities, audio recordings of simulation debriefings, and EDA data) meant any data loss or non-
consent in these areas reduced our sample size. Over-all, our recruitment, especially for analyses
with four different data channels, was successful given the highly specialized and small nature of
our target population and medical residents’ extremely limited availability for in-person
activities.

Participants were scheduled for anti-harassment training as part of their curriculum and
were assured that they would receive our training regardless of their study participation. Our
approach combined purposeful and convenience sampling. We purposefully recruited our target
training audience (internal medical residents), while inviting each participant to the study as they
arrived for their training (Etikan, 2016; Leech & Donovan, 2023).

As per protocol of our larger study, 14 participants first watched the video first, while the
remaining 13 participated in the simulation activity first. Participants arrived individually at our
training site and began with the first assigned learning activity post-consent.

Educational Intervention
Video Lectures

Our educational intervention consisted of 5 screencast video lectures (total duration of
approximately 37 minutes). Videos featured original illustrations and animations, along with
voice overs to explain various concepts related to harassment, and effective bystander strategies.

We adopted the 4D strategies by Right To Be (Sexual Violence Training Development Team,
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2021; The 5Ds of Bystander Intervention, n.d.) for our content for the bystander intervention
strategies. The 4D strategies refer to four different approaches bystanders can have when they
witness harassment: 1) Direct: taking immediate action to confront the situation or the harasser
directly; 2) Distract: Creating a diversion to defuse the situation and redirect the focus; 3)
Delegate: Seeking assistance from another person, such as an authority figure; and 4) Delay:
Checking in with the victim after the incident to provide support. The 4D strategies also guided
our design of the simulation and debriefing.

Simulation Training & Debriefing

We used the CAE Blue Phantom Central Line Ultrasound Training Model for our
simulation. This high-fidelity mannikin featured realistic external anatomical landmarks, as well
as artificial skin that allows for real punctures with syringes and scans from ultrasounds to
produce lifelike vascular access anatomy images. Further, we provided central line insertion Kits,
as well as other real and simulated equipment including simulated anesthetics, gown and gloves,
and an ultrasound machine. Our simulation site was equipped with two different channels of
video recording to ensure clear view of the simulation participants.

Our scenario’s objective was for the learner to perform a medical procedure (central line
insertion) while being an active bystander in a harassment situation. Our learner would play the
role of the junior resident tasked with completing the central line insertion, while 2 standardized
participants (actors) acted as the harasser and the victim. The harasser was a senior resident
tasked with supervising our learner on the central line, while the victim was a medical student
who was present to observe the procedure to learn. The harassment entailed constant

interruptions and verbal abuse which increased in intensity as the simulation progressed. The
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learner could intervene during the harassment in various ways as they worked on the central line
insertion. One resident participated in the simulation at a time. We relied on the PEARLS
framework (Eppich & Cheng, 2015) for the simulation debriefing. Simulation debriefings are
structured, reflective process that usually follows the simulation activity where facilitators and
participants discuss, analyze, and consolidate learning points from the simulation experience
(Fanning & Gaba, 2009; Torr & Clauson, 2019). Both simulation and debriefing were developed
according to Healthcare Simulation Standards of Best Practice (Watts et al., 2021). See Figure 1
for a snapshot from our simulation.
Measures
Self-Reported Emotions

We collected self-reported emotions via a modified version of the MOFEQ (Harley et al.,
2016, 2020; Harley, Liu, et al., 2019), which is a modified version of the achievement emotions
questionnaire (AEQ; Pekrun et al., 2002). The MOFEQ differs from the AEQ by having one item
per emotion similar to other emotion measures (Duffy et al., 2020; Harley et al., 2015), in
addition to having the question items repeat for multiple object foci (i.e., specific targets of
object focus as opposed to asking them how they feel in a more open-ended manner. In this
analysis we asked participants to report how they felt about learning during simulation training.
In the larger study we also asked participants to report how they felt about learning during video
instruction, but this data was outside the scope of the present research objectives and scope. We
measured 6 emotions: enjoyment, curiosity, anxiety, frustration, boredom, and hopelessness. The

MOFEQ uses a 5-point Likert scale that ranges from 1 (Strongly Disagree) to 5 (Strongly
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Agree). Example items include: “The Anti-Harassment Simulation Training made me feel
anxious”, and “I enjoyed learning during the Anti-Harassment Simulation Training”.

The current study’s MOFEQ resembles Harley and others’ later work with the instrument
(Harley, Liu, et al., 2019), and differs from it by measuring anger instead of annoyance, and
having adapted wording to focus on the simulation modality instead of a digital learning app.
Harley and others have investigated the MOFEQ’s internal and external validity by confirming
the expected directions of correlations between related sets of emotions, appraisals, and
perceived success (Harley, Liu, et al., 2019). In addition, they have referenced prior research on
the related AEQ (Harley et al., 2016; Pekrun, 2011; Pekrun et al., 2002) to provide convergent
validity, along with direct consultation with Pekrun (Harley et al., 2020) for providing evidence
of content validity for the MOFEQ.

Electrodermal Activity

EDA was recorded using Empatica E4 electronic bracelets (Empatica Inc., Cambridge,
MA, USA) following established protocols (Garbarino et al., 2014; Schuurmans et al., 2020).
The E4 wristband EDA sensor operated at a 4 Hz, measuring skin conductance in pS via external
electrodes (Boucsein et al., 2012; Dawson et al., 2007; Edelberg, 1967). Participants
continuously wore the E4 bracelets during their anti-harassment training, capturing EDA data
across activities, including during filling out questionnaires, viewing videos, and simulation
activities including the debriefing.

EDA signal processing involves multiple steps, including noise and movement artifact
removal, variable extraction, and appropriate analyses (Boucsein, 2012a; Horvers et al., 2021;

Posada-Quintero & Chon, 2020). We accordingly conducted a visual examination of all EDA
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recordings with the Ledalab package (version V3.4.9) via MATLAB (version R2023a) for
anomalies or data loss (Benedek & Kaernbach, 2010a, 2010b; Horvers et al., 2021). We applied
a Butterworth low-pass filter with 1Hz cut-off and manually corrected artifacts by spline
interpolation (Benedek & Kaernbach, 2010a, 2010b; Cowley et al., n.d.; Dindar et al., 2020;
Gersak et al., 2020). We then employed Continuous Decomposition Analysis (CDA), known for
its robustness with low sensitivity to noise and artifacts, to extract both phasic and tonic
components (Benedek & Kaernbach, 2010a, 2010b; Dindar et al., 2020). We standardized both
the phasic and tonic components of the EDA data against each participant's baseline EDA
measurements to account for natural variability in individual EDA levels (Dindar et al., 2020;
Harley, Jarrell, et al., 2019; Horvers et al., 2021; Térméinen et al., 2023). Following this
standardization, we segmented the EDA data into four phases experienced by the learners:
watching videos, completing questionnaires, simulation activity, and the simulation debriefing.

Standardizing EDA data produced z-scores (4 z-scores per second of training). To
interpret the scores, we established specific thresholds to categorize EDA levels as low,
moderate, or high. A z-score at or below -0.5 indicated low EDA level and represented the
lowest 30.85% of EDA readings observed with a learner’s entire training (Curtis et al., 2016). A
z-score ranging from -0.5 to 0.5 signified a moderate EDA level, encompassing the middle
38.30% of EDA readings for that participant’s range of EDA. Lastly, a z-score of 0.5 or higher
denotes a high EDA level, indicating that the learner’s EDA was in the highest 30.85% of
readings within one’s own EDA range. This categorization allowed us to determine whether a
learner's EDA was comparatively low, moderate, or high at any given point during the

educational activities.
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Including EDA data from the entire duration of the training allowed us to obtain more
contextualized EDA our learners (Collins et al., 2019; Horvers et al., 2021; Khan et al., 2019).
As this current study focused on the simulation activity, we therefore computed mean phasic and
tonic z-scores each learner experienced during the simulation.

Simulation Debriefing Audio

We recorded audio of the simulation debriefing via tablet computers in a separate
interview area. The debriefing was conducted by the simulation facilitator (TA or NM), and the
recording was used for content analysis. Details on content analysis is shown in the Analyses
section. See supplementary material A for more details on the debriefing.

Simulation Performance

We measured simulation performance via a checklist. It was developed accordingly to the
Healthcare Simulation Standards of Best Practice(Watts et al., 2021), and Standards for
Educational Psychological Testing(American Educational Research Association, 2011) to
support assessment validity. Specifically, our assessment adheres to standards regarding test
specifications, test administration, and scoring procedures. Future work will include
psychometric analyses and cross-validations to further validity evidence. The checklist assessed
3 categories of the 4D bystander intervention strategies: direct, distract, and delay (1 strategy—
delegate—was irrelevant for our scenario). See Table 1 for details.

The first author and two trained research assistants assessed the simulations via video
recordings and our checklist. Mean Fleiss’ « for 12 items was 0.74 (SD = 0.17; Min = 0.50; Max
=0.95), a substantially high score (Landis & Koch, 1977). Lead evaluator centric interrater

reliability was also calculated for each checklist item (M = 91%; SD = 8%; Min = 67%; Max =
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100%) because the first author had the most expertise in simulation training and was the
facilitator for the simulations.
Procedure

The participants arrived at the simulation center one by one. We told each participant
which activity they would first engage in. All participants were asked to fill out a set of
questionnaires (including the MOFEQ) after either watching the instructional videos or
participating in the simulation training. We then asked the participants to engage in their second
learning activity; those who watched the instructional videos first would engage in the simulation
training, and vice versa. After the second learning activity, we asked again all participants to fill
out a set of questionnaires, including the MOFEQ. We then dismissed the participants from our
intervention. The entire training was under 100 minutes. See Figure 2 for study diagram.
Analyses
Hierarchical Cluster Analysis

We ran clustering analysis to answer our first research question. We chose hierarchical
clustering given our small sample size (Antonenko et al., 2012; Meyers et al., 2017). The
analysis was carried out in JASP, with the dendrograms created with SPSS 29. Using the
Euclidean distance measure, we standardized each datapoint prior to clustering to account for
variances (Antonenko et al., 2012). We chose the average linkage measure to avoid
overwhelming cluster counts (Antonenko et al., 2012) and skewed clustering from outlying cases
(Yim & Ramdeen, 2015). The analysis included 4 variables relating to the simulation activity:
positive activating emotions levels, negative activating emotion levels, mean phasic levels, and

mean tonic levels. The positive and negative activating emotions were based on MOFEQ, where
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the former was the mean score of enjoyment and curiosity, while the latter was the mean score of
anxiety and frustration.
Interpretation of Dendrograms

Hierarchical clustering produces dendrograms, a chart that illustrates how each data point
merges to form clusters. Researchers can then use their expertise on relevant theories, guidelines
from prior studies, and visual inspections of the cluster distances to identify and explain the
clusters (Meyers et al., 2017). We interpreted our dendrograms by relying on the elbow method
plotted based on Akaike information criterion (AIC) and Bayesian information criterion (BIC);
both agreed that the 3-cluster solution was optimal. Within sum of squares values for all 3
clusters were all under 15, indicating fairly compact clusters. See Figure 3 for the elbow method
plot. See Figure 4 for the dendrogram produced.
Simulation Debriefing Content Analysis

To help answer our second research question, we conducted content analysis based on
audio recordings from the residents’ simulation debriefing. We relied on Bengtsson's (2016)
methodology for our content analysis, where we followed the stages of decontextualization,
recontextualization, categorization, and compilation. Following the stages led two of the authors
(TA and SY) and 2 additional research assistants to orthographically transcribe the simulation
debriefing audio recordings and engage in an open coding process. We then collaboratively
generated a coding book, basing our initial codebook on MacQueen and others’ work (1998,
2008) which accounts for multiple coders.

With the aim of exploring our learners’ emotions during the simulation activity, we

identified discrete emotions and possible object foci (i.e., the source) for the emotions. Our
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debriefing included three questions relevant to our aim: 1) how did you (i.e., the resident) feel
overall about the simulation? 2) how did you feel when you realized the harassment was
happening? 3) how did you feel about the opportunity to practice being a bystander in a
harassment scenario?

All four members took part in initial formal coding to improve interrater reliability.
Interrater reliability calculation was based on MacQueen and others’ work (2008), where we
calculated agreement on phrase highlights and emotion/object foci codes between the lead (TA)
and support reviewers (SY and two research assistants). Highlights could have more than one
emotion or object foci codes assigned. The team reached the recommended agreement rate of
85% by the third trial. After, SY acted as the adjudicator, while TA and the assistants coded the
transcripts. 25 of the 27 debriefings were coded; one lacked any significant codes, while another
suffered data loss. Our final interrater reliability was 78.32% (SD = 6.91%). Our adjudicator
(SY) made final decisions on how codes were applied to resolve discrepancies between coders.
We used Taguette (Rampin & Rampin, 2021) for our coding process.

Post-hoc Analyses

We ran a one-way ANOVA to answer our third research question. We specifically looked
at our clustering memberships and whether there were group differences in simulation
performance between the emotional profile groups. Further, we ran Fisher’s exact tests to see
whether sim-cluster membership had differences when it came to specific intervention

behaviours. Post-hoc power analysis via G¥Power indicated the ANOVA would have a power of
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exact tests revealed powers between the three clusters as 0.92, 0.19, and 0.39, where 0.92 was for

the power for comparing cluster 1 and 2. Power of 0.39 was for comparing cluster 2 and 3.
Results

Research Question 1: Hierarchical Clustering Overall Results

Our hierarchical clustering yielded a three-cluster solution—we’ve labelled them as
clusters 1 to 3. Table 2 summarizes the cluster information. The cluster sizes were equal, with all
three clusters having 9 members. The explained proportion within-cluster heterogeneity ranged
from 0.32 to 0.36, and therefore the within sum of squares amongst the clusters were also
consistent with a range of 13.00 to 14.88. The cluster silhouette scores were on low, but none
indicated lacking substantial structures as they all exceeded 0.25 (Struyf et al., 1996), ranging
from 0.32 to 0.40.

We labelled the clusters based on the cluster means (see Figure 4). We again note that as
the clustering variables are standardized, the cluster means represent the relative value compared
to other clusters. Cluster 1 was labelled as “Emotionally Balanced, Minimal Arousal”, as it had
neutral levels of both positive and negative emotions, accompanied by low phasic and tonic
EDA. Cluster 2 was labelled as “Positive, Spiked Arousal”, as it had high positive emotions, low
negative emotions, high phasic EDA, and neutral tonic EDA. Lastly, cluster 3 was labelled as
“Negative, High Arousal”, as it had low positive emotions, high negative emotions, and high
levels of both phasic and tonic EDA.

Research Question 2: Emotional Profiles Represented by Clusters
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We used descriptive statistics to summarize each cluster’s emotional experience. Further,
we incorporated our content analysis to identify prevalent emotions among learners and the
sources of those emotions. See Figure 5 for cluster group means.

We stress that while clustering results represent relative cluster differences due to
standardized clustering variables, the current section reports raw self-report scores, and EDA
adjusted to each person’s variation (i.e., standardized—the EDA standardization is separate from
it being standardized again for the clustering procedure).

Cluster 1: Emotionally Balanced, Minimal Arousal

Cluster 1 (n =9) reported high enjoyment (M =4.11, SD = 0.33) and moderate curiosity
(M=3.67,SD=0.71). Anxiety (M = 3.44, SD = 1.01) and frustration (M = 2.89, SD = 1.27)
were on the moderate to low side. This cluster reported moderate levels of phasic (M =0.114, SD
=0.25) and tonic EDA (M =-0.17, SD = 0.41).

Table 3 details the number of participants that indicated specific emotions during the
simulation debriefing, as identified by the content analysis. Regarding cluster 1, the majority (>
50%) indicated: Anxiety (n =9; 100%), gratefulness (n = 6; 66.67%), confusion (n = 6; 66.67%),
and compassion (n = 6; 66.67%). The sources for most of these emotions were consistent.
Specifically, learners indicating compassion all expressed compassion for the victim (as opposed
to expressing compassion towards the harasser, as learner T134 did from cluster 2). Likewise,
learners indicating gratefulness all indicated such emotions towards the opportunity to learn and
practice bystander strategies. The object foci regarding confusion was split between the general
simulation tasks (n = 4; 44.44%) and intervening during the harassment (n = 4; 33.33%), while

anxiety had the greatest number of varied sources.
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All cluster 1 members (n =9; 100%) reported anxiety. One of the two most common
object foci was the overall simulation (n = 6), which according to our codebook meant anxiety
towards both performing the central line insertion and intervening during the harassment. For
example, participant O250 stated, “Um. I felt it was, it was stressful. It was uncomfortable. Um,
an uh I guess stress, stress, anxiety as well. Because you're kind of like I guess balancing two
problems, you're putting in the central line, and to have this situation [the harassment] going on
at the same time [...] ”. The other most common object focus was the harassment perpetrator
(i.e., the senior resident; n = 6). An example quote comes from 0339: “you automatically worry
how the senior resident would be with you if she was talking that way about the medical
student”. Other object foci included the harassment intervention task (n = 3), the harassment in
general (n = 2), and the victim (n = 1).

Cluster 2: Positive, Spiked Arousal

Cluster 2 (n =9) reported very high enjoyment (M = 4.44, SD = 0.73) and curiosity (M =
4.44, SD = 0.53). Anxiety (M = 1.89, SD = 1.05) and frustration (M = 1.22, SD = 0.44) were
generally very low. They showed high phasic EDA (M = 0.95, SD = 0.35), and moderate tonic
EDA (M =0.64, SD = 0.44).

Table 3 lists prevalent cluster 2 emotions from their content analysis: Confusion (n = 6;
85.71%); anxiety (n = 5; 71.43%); and gratitude (n = 5; 71.43%). We again note that two of the
nine learners’ data could not be analyzed due to either data loss, or unclear indications of any
emotions. The object focus for gratitude were consistently towards the opportunity to practice
bystander strategies. However, anxiety sources varied, and included general harassment (n = 3),

intervening during the harassment (n = 1), the overall simulation tasks (n = 1), and the harasser
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(n=1). Sources for confusion also varied, and included the simulation tasks in general (n = 2),
the harasser (n = 2), general harassment (n = 2), and intervening in the harassment (n = 1). An
example quote from 0256 illustrates anxiety towards the general harassment, with them stating
when asked what they felt as the harassment began, “so I felt a bit uncomfortable. Uhm. At that
point, do you really understand like what was going on? And they just felt that the environment
was, was not comfortable”. As per our codebook, confusion often indicated uncertainty and
challenge in completely understanding a situation. For example, T342 indicated confusion
towards both on intervening the harassment, and towards the perpetrator by stating, “[...] when
there was the direct interaction between the senior residents and medical student, I kind of was
like in the middle in terms of hierarchy, I wasn’t sure how to, to react to respect hierarchy [...]”.
Cluster 3: Negative, High Arousal

Cluster 3 (n =9) showed moderate enjoyment (M = 2.89; SD = 0.78) and curiosity (M =
3.44; SD = 1.01), while having higher levels of anxiety (M = 3.89; SD = 0.78) and frustration (M
=3.78; SD = 0.67). This cluster also had high levels of phasic (M = .99; SD = 0.40) and tonic
EDA (M =0.92; SD = 0.44).

Table 3 shows prevalent cluster 3 emotions from their content analysis: Anxiety (n = 8;
88.89%); gratitude (n = 6; 66.67%); compassionate (n = 6; 66.67%); and frustration (n = 5;
55.56%). Like other clusters, gratitude and compassion’s object foci were consistently the
opportunities to practice, and the victim, respectively. The most common sources of anxiety were
the general simulation (n = 6), followed by intervening in the harassment (n = 4), the general
harassment (n = 3), the harasser (n = 2), the victim (n = 1), and the medical procedure (n = 1).

Confusion’s sources were intervening in the harassment (n = 3), the victim (n = 2) and the
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harasser (n = 2). The general harassment, the general simulation, and the opportunity to practice
each had 1 learner indicating them as source for confusion.

The most common sources for frustration were the general simulation (n = 3) and the
harasser (n = 3). O161’s quote illustrates the former: “And uh... you know, and I'm annoyed by
the fact that I have to step in and teach, and teach like basic human decency and respect. Right,
to somebody, while I'm also trying to do a central line”. An example quote for frustration
towards the harasser comes from 0223: “I felt annoyed [the harassment] was going on in the
middle of a patient procedure where there was no... The student was not kind of in the wrong.
[...] and then the other team member was creating patient safety issues by speaking kind of to
the student across the room, while the procedure is going on. Kind of jeopardizing patient safety
[...]”. Other sources for frustration included the medical procedure (n = 2), the opportunity to
practice (n = 2), and the general harassment (n = 1).

Research Question 3: Emotional Profiles and Simulation Performance

Our ANOVA for the simulation performance between the 3 sim-clusters was not
statistically significant, F(2, 15.1) = 1.97, p = 0.173. See Table 4 for simulation performance for
the clusters. However, Fisher’s exact tests revealed significant group differences between
clusters regarding specific harassment bystander intervention behaviours. Specifically, while
there were no significant differences in whether learners engaged in the “distract” (i.e., create a
diversion; p = .751) or “delay” (i.e., check up on victim; p = 0.489) strategies, there was a
significant difference in the “direct” strategy (i.e., directly confront the harasser; p = 0.005).
Subsequent pairwise Z-tests revealed a significant difference between cluster 1 (Emotionally

Balanced, Minimal Arousal) and cluster 2 (Positive, Spiked Arousal), z=-3.3, p <0.001. See
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supplementary material B for full set of pairwise comparisons. As Table 5 shows, all but one
learner (n = 8; 88.89%) from cluster 1 engaged in the direct strategy, while all but one learner did
not use direct for cluster 2.
Discussion

Emotional Profiles of Medical Residents

Our hierarchical clustering revealed three equal sized clusters, each with 9 learners.
Cluster 1, “Emotionally Balanced, Minimal Arousal”, showed moderate positive and negative
self-report emotions, and exceedingly low phasic and tonic EDA relative to the other clusters.
We interpret this cluster as representing those that were able to keep a calm emotional profile
conducive to focusing on the simulation objectives. We base this on the following. First, as our
content analysis indicates, all cluster 1 learners did experience anxiety. However, as indicated by
their low EDA, they were not overwhelmed from this anxiety. While low phasic values may
indicate lesser task-valuation or disengagement (Harley, 2016; Pekrun, 2006), the high self-
reported enjoyment level, the compassion towards the victim shown in the content analysis, and
cluster 1 descriptively having the highest simulation performance indicate otherwise. Therefore,
while cluster 1 learners certainly did experience emotions, they stayed composed and stayed
engaged with the simulation.

We believe an explanation to this finding would be that these learners were better at

one chooses to re-frame the situation and therefore experience more desirable type or intensity of

emotions (e.g., transforming anxiety from the general simulation into a focus on the learning
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opportunity and practice, as seen in the residents' expression of gratitude and compassion).
Therefore, while these learners did experience anxiety and other emotions, their regulatory
processes may have quickly dampened the intensity of activating emotions, effectively leading to
low EDA. We conclude that cluster 1 is the embodiment of the mantra: “Keep calm and carry
on”.

Cluster 2, “Positive, Spiked Arousal”, showed exceedingly high levels of positive, but
very low levels of negative emotions. Additionally, they showed high phasic EDA, but relatively
more modest tonic EDA. The mix of self-report emotions and EDA suggests cluster 2’s potential
as effective learners, aligning with CVT and empirical findings that positive emotions enhance,
and negative emotions impede foster learning outcomes (Loderer et al., 2020; Pekrun, 2006).
Their modest tonic EDA indicated manageable arousal levels, while high levels of phasic EDA
showed the learners were responsive to various stimuli during the simulation activity. Cluster 2’s
simulation debriefing content analysis indicated that gratefulness to practice the harassment
intervention strategies was common (n = 5), congruent with their overwhelmingly positive self-
report emotions. However, an equal number of leaners (n = 5) indicated anxiety in the content
analysis, while the predominant emotion in the analysis was confusion. These negative emotions
stemmed from varied sources, which included the harassment in general, the harasser (senior
resident), the overall simulation tasks, and performing the harassment intervention.

We believe while cluster 2 learners enjoyed the simulation, their experience marked by
anxiety, confusion, and uncertainty suggests not all was positive. We believe while some of the
EDA may be attributable to the positive side of the simulation, the uncertainty on how to help the

victim, how to respond to the senior resident and prevent the harassment while respecting the
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hierarchy, and trying to make sense of why such harassment would occur, may all contribute to
the increased arousal. In other words, “Positive, Spiked Arousal” learners were more sensitive to
the harassment, especially relative to the “Emotionally Balanced, Minimal Arousal” learners.

Our last cluster, cluster 3 was labelled as “Negative, High Arousal”. This cluster’s self-
report showed relatively low positive emotions, but high negative emotions when compared to
other clusters. They had the highest levels of both phasic and tonic EDA from all the clusters.
Their emotional profile, characterized by prevalent anxiety, aligns with the typical emotional
experiences captured in the SBE literature (B. Ahn et al., 2023; Madsgaard et al., 2022). Our
content analysis showed that over half of this cluster expressed frustration during the simulation
debriefing, consistent with their self-report and EDA data. The learners indicated frustration
towards juggling the simulation’s two objectives, and how the need to intervene during the
harassment made the central-line insertion more difficult. While harassment certainly elicited
anxiety in the cluster 3, the prevalence of frustration suggests these learners’ focus was more on
completing the medical procedure. They therefore may have found the harassment intervention
secondary, or even a ‘nuisance’.

In sum, we had three evenly distributed emotional profiles of residents when they
engaged in our harassment bystander simulation activity: 1) Those who kept calm and carried on
with the scenario’s objectives; 2) those who enjoyed the simulation but were uncertain regarding
what to do; and 3) those who tended to have limited interest in the harassment and wanted to
focus on the central line.

Emotional Profiles and Simulation Performance
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There was no difference between the clusters when it came to the simulation performance
scores. Descriptively, emotionally balanced and calm learners (cluster 1) scored highest (M
=.84; SD = 0.11), while those who enjoyed the simulation but indicated uncertainty and anxiety
(cluster 2) scored lowest (M = 0.73; SD = 0.13).

When we looked at zow the learners intervened in the harassment, we found statistically
significant differences between the clusters regarding whether learners confronted the harasser.
As Table 5 showed, the “Emotionally Balanced, Minimal Arousal” (cluster 1) residents tended to
directly intervene, while “Positive, Spiked Arousal” (cluster 2) residents tended to avoid such
direct confrontations. This aligns with our discussion on emotional profiles, where we concluded
cluster 2 was more sensitive to harassment as shown by their EDA and content analysis
emotions. Cluster 2 learners therefore may have preferred the less risky strategies such as the
Distract and the Delay. Conversely, Cluster 1 learners appeared relatively unphased by the
simulation objectives, and were not overwhelmed by anxiety. They could thus focus on the
medical procedure and intervene the harassment, being comfortable enough to challenge the
senior resident’s harassment.

Given cluster 3’s perception of harassment being distracting and annoying, one might
expect these learners to directly confront the harassment as well. However, cluster 3 showed a
split between engaging in the direct strategy or refraining from it. We believe that the pressure of
hierarchy imposed by the senior resident may have discouraged direct confrontation, as indicated
by the very high EDA levels of cluster 3 had relative to other clusters, especially cluster 1.

Although a larger sample might reveal performance score differences amongst emotional

profile groups, the variation in the residents’ chosen solutions based on their emotions is
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noteworthy. While mastery of harassment bystander intervention hinges on when and how to
apply various strategies as opposed to always explicitly confronting the harasser’s behaviour, we
conclude a calm emotional profile might be desirable in SBE, especially for non-technical skills
acquisition involving professionalism or communication skills.

Implications for Methodology and Practice

Our study advances the methodological approach to studying emotions in education.
First, we have demonstrated how multimodal analysis’s efficacy in encompassing contextual,
behavioural, and physiological factors of learners. The combination of self-report measures,
phasic and tonic EDA, and speech content analysis allowed us to identify overall emotions,
degree of arousal and engagement, and potential sources of emotions in relation to our SBE: a
feat that surpasses unimodal analysis’s capabilities. Second, our study illustrates the benefits of
deeply integrating theoretical frameworks to explore emotions and their impact on SBE.
Anchoring our approach to CVT enabled linking complex multimodal data for evidence-based
interpretations. Our study thus addresses the SBE literature’s call for more theory-driven
research (B. Ahn et al., 2023).

Our study furthermore underscores the importance of recognizing diverse individual
needs in SBE practice. Our cluster analysis showed an equal distribution of learners into three
distinct emotional profiles with equal memberships. Two profiles differed significantly in their
harassment intervention strategies, particularly in direct confrontation. Therefore, simulation
educators and researchers should be cognizant of learners' varied emotional profiles and how
emotions influence responses to harassment in clinical settings.

Limitations, Strengths, and Future Directions
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Recognizing the merits of multimodal analysis, and especially in the context of
simulation centers where there is wealth of technology to capture various data channels relevant
to emotions, researchers may be inclined to include as many data channels as possible. Such
approaches, however, can become exponentially complex for each additional measure (Harley,
2016). While our study is limited to relying on EDA (vs. adding other data such as heart rate), a
concise self-report measure (vs. adding more items per emotion), and debriefing content analysis
(vs. additionally analyzing vocal features), it also serves as a strength by integrating three
complementary data sources to formulate digestible and theoretically grounded understanding of
emotions. Subsequent research can investigate alternative data features or channels to explore
other components of emotions. For instance, future research with more standardized simulations
might examine phasic peak frequencies or use channels like heart rate variability.

Another limitation and future direction concern our simulation debriefing. Our study,
based on medical residents’ curriculum rather than a lab experiment, tailored debriefing
questions to the simulation’s learning objectives. Therefore, the debriefing number and depth of
questions were constrained, as the facilitators often lacked the time to ask follow up questions.
Future directions therefore include incorporating a more comprehensive qualitative
methodology. More in-depth qualitative methods such as interpretative phenomenological
analysis (Behrens et al., 2021; Smith & Fieldsend, 2021) complemented by follow-up interviews
could deepen our understanding of emotions medical education. However, we acknowledge the
suitability of content analysis within our study's integration into medical residents' teaching
schedules. This approach enabled us to transcend numerical data, offering more comprehensive,

contextualized emotional profiles of our learners.

223



A larger sample size, while not ensuring more concrete clustering, could enable inclusion
of additional variables or reveal more nuanced clusters within dominant groups. Further, larger
samples can yield larger clusters, it should enhance power for post-hoc analyses. The current
lack of power leads to various limitations regarding generalizability, and capturing potential
other effects in our analyses. However, our innovative multimodal analyses to form emotional
profiles nonetheless provides preliminary findings that can aid educators and researchers on how
emotions can impact anti-harassment training. Further, our sampling approach offers various
merits. A small, purposeful sampling allowed us to feasibly focus on a niche population
and therefore secure ecological validity. In sum, while securing large samples in highly
specialized population such as medical residents remain challenging, future directions include
securing a larger cohort to add support to our findings.

EDA data processing is another strength our study has. First, we standardized EDA data
pre-analysis to reflect each participants’ baseline. Second, we applied an appropriate filter and
artifact corrections. Third, we extracted specific data features (i.e., tonic and phasic EDA) for a
more nuanced analysis of EDA. Our rigorous data processing and specific selection of EDA
features show how educators and researchers can identify the various emotional profiles of their
learners.

Conclusion

Anti-harassment training, especially when provided as a simulation that involves clinical

procedures can be filled with emotions. Harassment and mistreatment are inherently negatively

charged experiences, while missteps during central line insertions (e.g., puncturing the artery)

224



can lead to severe complications (Ortega & Barash, 2010). We investigated the emotional
profiles of medical residents in a harassment bystander simulation via cluster analysis.
Technology can extend data analysis much beyond the typical self-report survey, and allow for a
multimodal approach. We incorporated self-report and EDA data, in addition to content analysis
to provide rich descriptions of medical residents’ emotions.

Our findings highlighted how educators and researchers can identify diverse emotional
profiles in SBE, specifically in regard to anti-harassment education. Our learners were evenly
divided into three clusters: 1) “Emotionally Balanced, Minimal Arousal”: those who were
generally calm despite reporting anxiety; 2) “Positive, Spiked Arousal”: those who indicated a
high degree of enjoyment during the simulation but indicated uncertainty on what to do; and 3)
“Negative, High Arousal”: those who tended to find the harassment a nuisance and wanted to
focus on the medical procedure. Calm and collected residents tended to directly confront the
harasser, especially compared to those who enjoyed the simulation but indicated uncertainty and
anxiety towards how to intervene. Future studies that rely on other combinations of multimodal
analysis of emotions can further illuminate how medical trainees feel and perform in simulation

environments.
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Figure 1. A photo of our simulation training in action. The medical student (left; standardized
participant) is being verbally harassed by the senior resident (right; standardized participant).
The learner (centre) takes on the role of the junior resident that is tasked with performing an
internal jugular central line insertion, all the while intervening in harassment that occurs.
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Figure 2. Study diagram that shows when learning activities and measurements took place.
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Figure 3. Elbow method plots for the clustering analysis. Recommended cluster count according

to both BIC and AIC indicates a 3-cluster solution.
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Figure 4. Dendrogram of hierarchical cluster analysis for the simulation activity.
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Figure 5. Cluster Group Means.
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Table 1. Assessment Criteria for Bystander Intervention.

Strategy Checklist Item Description Points
Direct Confront harasser Question or challenge the harasser’s behaviours or 2
actions as inappropriate or unacceptable.
De-escalation Use tone and language that does not intend to 1
increase the tension or stakes.
Workplace Emphasize the importance of professionalism, and 1
respect equity in the workplace and the learning
environment.
Resilience Continues intervention even if initial attempt is 1
unsuccessful.
Distract Shift attention Directly engage with the victim or harasser during 2
away the harassment (or immediately after). Draw
attention away from the harassment.
De-escalation Use tone and language that does not intend to 1
increase the tension or stakes.
Uplift victim Raise the victim’s self-esteem, specifically aspects 1
that have been the target of harassment.
Resilience Continues intervention even if initial attempt is 1
unsuccessful.
Delay Check in with Ask the victim how they feel following the 2
victim harassment.
Offer third-party ~ Refer the victim to organizational offices that can 1
resources help with reporting harassment or supporting
victims.
Problematize the =~ Ensure that the victim knows that the harasser’s 1
harassment actions were unacceptable and inappropriate.
Uplift victim Raise the victim’s self-esteem, specifically aspects 1
that have been the target of harassment.
Comprehen No strategies No strategies were used. 0
siveness
1 strategy Just 1 strategy was used.
2 strategies Just 2 strategies were used. 4
3 strategies All 3 strategies were used. 5

Average subtotals of each criterion for final score.
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Table 2. Cluster information for the 3-cluster solution.

Cluster 1 2 3

Size (number of members in the cluster) 9 9 9
Explained proportion within-cluster heterogeneity 324 361 315
Within sum of squares 13.379 14.879 12.998
Silhouette score 339 316 394
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Table 3. Number and percentage of learners indicating certain emotions during the simulation

debriefing. Cluster 2 has originally 9 members, but 2 of the learners’ data was excluded for the
content analysis. * added when the majority of cluster members reported the emotion.

Cluster 1 (n=9)

Cluster 2 (n=7)

Cluster 3 (n=9)

Number of % of Number of % of Number of % of

reporting reporting reporting reporting reporting reporting
Emotions learners learners learners learners learners learners
Anger 1 11.1% 1 14.3% 0 0.0%
Anxiety 9* 100.0%* 5* 71.4%%* 8* 88.9%*
Ashamed 1 11.1% 0 0.0% 2 22.2%
Bored 0 0.0% 1 14.3% 0 0.0%
Compassion | 6* 66.7%* 3 42.9% 6* 66.7%*
Confusion 6* 66.7%%* 6* 85.7%* 4 44.4%
Curiosity 1 11.1% 0 0.0% 1 11.1%
Enjoyment |3 33.3% 3 42.9% 2 22.2%
Fear 2 22.2% 2 28.6% 2 22.2%
Frustrated 2 22.2% 3 42.9% 5* 55.6%%*
Grateful 6* 66.7%%* 5* 71.4%%* 6* 66.7%%*
Hopeful 1 11.1% 1 14.3% 1 11.1%
Sad 2 22.2% 0 0.0% 2 22.2%
Surprise 2 22.2% 1 14.3% 3 33.3%
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Table 4. Simulation performance of the clusters.

Cluster

N Mean SD
S1: Emotionally Balanced, Minimal Arousal 9 .839 112
S2: Positive, Spiked Arousal 9 729 1334
S3: Negative, High Arousal 9 767 0763
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Table 5. Number of residents employing the direct strategy (i.e., direct confrontation) grouped
by the clusters.

Cluster Did not use “Direct” “Used Direct”
1: Emotionally Balanced, Minimal Arousal 1 8
2: Positive, Spiked Arousal 8 1
3: Negative, High Arousal 4 5
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Supplementary Material A: Simulation Debriefing

Debriefing

The debriefing for the simulation activity utilized the Promoting Excellence and
Reflective Learning in Simulation (PEARLS) healthcare debriefing tool ''°. This debriefing
framework has the following main components: 1) Setting the Stage: establish a psychologically
safe environment for discussion; 2) Reactions Phase: Encourage learners to share emotional and
cognitive reactions to the simulation; 3) Description Phase: Provide factual recap of key events
during the simulation and establish a common understanding with the learners on what has
transpired; 4) Analysis Phase: Guide the learners through reflective discussions about the
simulation, such as best practices and areas of improvement; and 5) Application to Practice:
Discuss how the practiced and learned skill can transfer to other scenarios.

Keeping the PEARLS framework in mind, our debriefing sheet for our simulation
facilitation covered the following.

Setting the Scene

We aimed to create a safe context for learning and state the goal for the debriefing.
Suggested phrases included: 1) I need to emphasize that the harassment from the simulation is
not real; and 2) The goal of the simulation was to try our intervention strategies as a bystander,
while being engaged in a technical procedure.

Reactions

We aimed explore feelings of our learners. We further aimed to solicit initial reactions

and emotions from the learners. Suggested phrases included: 1) How did you feel overall about

the simulation—what part of the simulation what you feel this way? 2) When did you realize the
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medical student was being harassed—when you realized this, what were you feeling? 3) How did
you feel about being able to practice being a bystander in a harassment situation?
Description

We aimed to clarify facts, and develop shared understanding of the scenario. Suggested
phrases included: 1) How would you describe the different intervention methods you tried? 2) I
agree with your description; 3) I also think you’ve shown [strategy name], since I observed you
doing [behaviour that indicates strategy; 4] So, when the medical student started to get harassed,
it seems like you chose [strategy name], since you did [behaviour that indicates strategy].
Analysis

We aimed to explore various performance domains of the learners. Suggested phrases
included: 1) So you’ve applied the [strategy name]. Do you think it was effective? 2) What else
did you think you did well in intervening in the harassment? 3) If you could re-do this simulation
right now, is there anything you’d try differently? 4) I think you could also consider [specific
behaviour] for the [strategy name]. 5) It’s difficult to say that there is an absolute correct answer,
but I think it’s helpful to consider how we tend to intervene and how we can do better with the
intervention techniques we are comfortable with; 6) Do you think you did well on your central
line insertion—do you think the central line insertion was more difficult due to the harassment?
Summary and Application

We aimed to identify key learning points from the simulation activity. Suggested phrases
included: 1) The key learning points were to try out bystander intervention strategies while being
engaged in a technical procedure; and 2) You can further your master of [strategy name] by

focusing on [specific behaviour].
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Supplementary Material B: Pairwise Comparisons

This section details the full pairwise comparisons run for the Fisher’s exact test
evaluating the group difference in whether learners engaged in the “direct” strategy (i.e., directly
confront the harasser; p = .005). Pairwise comparisons using Z-tests were carried out. Table B1
below show comparisons between the clusters. We note that there was also a significant
difference between clusters 2 and 3 (Negative, High Arousal), z =2, P =.046, but this
significance fades once Bonferroni correction is applied (P = .138) to account for inflated type 1
error.

Table B1. Simulation performance difference between the clusters.

Z tests test statistic p Pbonf
Between clusters 1 and 2 -3.3 <.001 <.003
Between clusters 1 and 3 -1.58 114 342
Between clusters 2 and 3 2 .046 .138
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Chapter 5: Discussion
5.1 General Findings

5.1.1 Theory Driven Emotions Research

My dissertation first highlighted the current state of emotions research in the context of
medical SBE. While medical educators acknowledge the importance of theoretical integrations in
research, 119120 it ig clear researchers need to further normalize theory driven research. There is
context for the current field’s tendency for lacking proper theoretical integration when studying
emotions. Physicians, educators, or anyone unfamiliar with formal, scientific conceptualization
of emotions can and do use the term “emotion” to successfully converse in everyday
situations.®°

However, the merit of integrating theories into emotion research is clear in three areas as
it provides insights towards: 1) what emotions and emotional components researchers can
examine in the first place; 2) what measurements can be used to capture emotions and emotional
components; and 3) how to interpret complex emotions data. First, I believe the lack of theory
driven research can lead to a tunnel visioned approach to only the most salient emotions or
aspects of emotions. Just as past emotions research I have described in the introduction had
overly focused on math anxiety, atheoretical endeavors in SBE research may lead to a neglect of
studying other emotions or sources of emotions. Although typical SBE scenarios are filled with
fear and anxiety, other emotions ranging from enjoyment in successfully completing the
scenario, disappointment in underperforming certain aspects of the procedure, or frustration

towards specific obstacles placed in the simulation can all play a role in revealing how SBE can
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be effective. A theoretical conceptualization of emotions can introduce new researchers to a
whole spectrum of emotions, as showcased by the CVT.%’

Second, by conceptualizing emotions as a multicomponent construct via emotion
theories, it becomes clear what aspects of emotions researchers can capture in their studies.
While self-report measures are traditionally the most intuitive, approachable, and inexpensive to
administer,?? other data channels can cover the drawbacks of such self-reports by bringing new
dimensions of emotions into context. From my experience, simulation centers are filled with
advanced technologies, from audio/video capture devices to computer or virtual reality
simulators. In addition, wearable devices for measuring physiological responses continue to
advance, with more innovative and approachable devices available for researhcers.'?! Therefore,
integration of theories can help awaken SBE researchers to seeing the potential SBE
environments offer in providing diverse emotions data along with a better understanding of the
role of emotions in learning.

Finally, theories can provide insight concerning how to interpret complex emotions data,
especially when handling data from multiple channels or data concerning multiple emotions. For
example, relying on the CVT can allow researchers to make evidenced-backed inferences on: 1)
the valuation and control a learner has towards a learning situation; 2) the sources and
antecedents of emotions learners experienced; 3) implications these emotions have towards
learning; 4) alternative explanations in cases where findings do not align well with prior

empirical works.?8->4
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5.1.2 Anti-Harassment Education: Activity Sequence, Learning, and Emotions

My research showed the effectiveness of the anti-harassment educational intervention I
where I was the lead developer. Specifically, knowledge gains were evident from residents that
have completed our training. However, when accounting for simulation performance, there was a
group difference between the two groups—the sim-first group showed higher levels of
knowledge gain than their peers. I explained the results through linking the impact of activity
sequence with the idea of productive failure. Specifically, the concept of productive failure was
illustrated by the sim-first group, which engaged in challenging simulations before instructional
videos, leading to initial struggles but ultimately higher knowledge gains compared to the vid-
first peers. This sequence allowed the sim-first group to identify knowledge gaps early, making
subsequent video instruction more effective by focusing their learning on these gaps,
exemplifying the benefits of experiencing failure before receiving direct instruction.

The sequence of activities, and therefore general instructional design, also had an impact
on learners’ emotions. While we found that our learners generally reported wanting to learn more
about the topic of anti-harassment and enjoyed the training, the sim-first trainees reported more
neutral levels of positive emotions when it came to viewing the instructional videos. I believe
that the simulation activity was more engaging for the learners, as expected, based on the
experiential learning SBE offers relative to video-based education.!??!23 In addition, the
anchoring effect (i.e., the influence of first impressions on later opinions) may explain how the
vid-first group still reported high enjoyment levels for the videos, unlike their sim-first peers.!?*
Since the sim-first group encountered the more engaging activity first, the residents’ initial

standard for what counts as enjoyable and curiosity-inducing is set higher than those who
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reviewed the videos first. In other words, the video instructions by themselves are enjoyable to
the residents—when compared side by side to the simulation, they may be deemed as less
engaging.

The sim-first group, however, reported higher levels of anxiety towards the simulation
activity relative to the vid-first group. This would also make sense as the vid-first trainees
learned what specific strategies they could use in harassment interventions and were provided
with examples of harassment and intervention scenarios from the instructional videos. The sim-
first trainees, however, lacked this knowledge, and therefore must have had more uncertainty
concerning what to expect or how to successfully meet the simulation objectives; this uncertainty
can easily turn into anxiety.!? These findings highlight how learning design can impact the
emotional experiences of learners.

5.1.3 The Emotional Experience of Anti-Harassment Education

My empirical studies showed the different ways of approaching emotions research,
specifically by showcasing how multimodal emotions data can illustrate the different emotional
landscapes of learners relative to solely relying on self-reports. Specifically, by just examining
the emotions self-report data, the reasonable conclusion to make is that our harassment
intervention tends to elicit positive-activation emotions. This conclusion is quite different from
the conclusion I made when I looked at three different sources of emotions data.

I believe the discrepancies in the findings are due to the characteristics of self-report
measures. Specifically, self-report measures in my study relied on recall of emotional
experiences, as opposed to reporting ongoing experiences. Memory recall may be prone to

misattribution or misremembering what discrete emotions were experienced, as well as the
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intensity of those emotions, and even the sources of the emotions. In addition, it would be up to
the learners to interpret the prompts of the self-report questionnaires to some extent. When the
prompt asks how the learner felt towards the simulation activity, the learner will decide,
subjectively, which aspect of the simulation to focus on as they recall emotion episodes. For
example, in our anti-harassment training, a learner could have focused on the following aspects
of the simulations to the exclusion of others: the mannikin’s silicone skin being more difficult to
work with than anticipated; the senior resident being unable to provide any procedural help
despite the senior resident helping being the norm in real situations; certain harassment
intervention strategies seemingly not being effective; and so on. Focusing on just the end results,
many may have said that the simulation was enjoyable, while during most of the simulation it
was filled with confusion and anxiety as shown in my content analysis. While probing emotions
via speech content analysis is a promising way to address these shortcomings of self-report
measures, self-report questionnaires that focus on specific aspects of the learning experience
(e.g., ask emotions regarding just the use of the mannikin) may be another solution.

The discrepancies in the findings also come from the fact that the addition of EDA and
content analysis simply offer more dimensions of emotions. Further, EDA data is not
retrospective, but rather preserves the temporal nature of emotions. The content analysis from the
simulation debriefing provided insights to the sources of emotions, and other diverse sets of
emotions not captured by self-report measures. Combining all these data channels allowed me to

draw a more nuanced picture of the anti-harassment training experience.
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5.1.4 Emotions, Learning, and Simulation Performance

The first anti-harassment study we conducted (chapter 3) revealed limited relationships
between learning and emotions. The findings were still congruent with the CVT, and prior
reviews that have outlined the tendency of emotions’ impact on learning.!%?® Specifically,
enjoyment of the video instruction was positively linked to knowledge levels, while boredom and
anxiety was negatively linked to knowledge levels. I believe the engaging animations and
illustrations, and carefully crafted presentations of the videos would have fostered enjoyment in
watching the videos. Further, residents may have found examples of harassment types and
harassment scenarios relatable. Studies external to medical education have found that relatable
content can elicit positive emotions.!?%127 Ergo, it stands to reason those who connected with the
content experienced more positive emotions, which could have fostered enhanced cognitive
engagement and motivation.>*

However, relatability does not guarantee positive emotions,'?® and in fact, emotional
engagement to an emotionally charged or sensitive topic such as harassment may elicit negative
emotions, such as anxiety.’!"!!! These emotions can be helpful in learning, but requires them to
be resolved during learning, and not hinder cognitive processes needed for learning.?® T posit that
for some of the learners, the relatable content to harassment was foo relatable, evoking specific
past memories or knowledge regarding harassment experiences. Recalling harassment related
experiences and feeling anxiety would be a distraction to learning, and therefore it makes sense
to see anxiety linked to lower knowledge levels.

Finally, some residents may not have valued anti-harassment education, or did not

appreciate the difficulty level of the learning materials. Medical education has traditionally
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focused more on technical skills acquisition,'?® and some residents may subscribe to this tradition
and find training related to non-technical skills such as managing harassment scenarios simply
less valuable, therefore boring.>* Further, I believe that our video instructions’ learning content is
easy relative to what medical residents would have had to learn throughout their academic
career—the lack of challenge may also contribute to the feeling of boredom. As boredom relates
to disengagement, it makes sense to observe the negative link to knowledge levels.>*

The second anti-harassment study we conducted (chapter 4) showed that emotions may
play a role in how residents choose to intervene during the harassment simulation. To clarify, |
did not find any significant difference in terms of simulation performance scores (assessed via
checklist) between three distinct emotional profile groups identified via cluster analysis.
However, I did find a difference in the specific intervention response the residents showed
depending on what kind of emotional profile they had. Those who were relatively less aroused as
shown by their EDA chose to directly intervene. Those who showed higher levels of positive
emotions, but showed a high degree of responses from the harassment situation did not directly
confront the harasser. I believe this finding not only underscores how different emotional profiles
can lead to different simulation performances, but also highlights the natural next step in
studying emotions: emotion regulation.>*!?° This is especially so as the residents that seemed
relatively calm to their peers, still reported anxiety and other negative emotions during the
simulation debriefing. I believe these residents may have certain emotional regulation strategies
that allowed them to have a different emotional profile relative to their peers. Specifically, as
suppressing emotion expression (a type of response modulation) would not lead to lower

physiological activities,?® other strategies such as attentional deployment (i.e., shift attention to a
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different object focus, therefore eliciting different emotions) or cognitive change (i.e., re-appraise
the value and control of the situation and therefore elicit different emotions) may be more
appropriate for explaining the results.

It is worth clarifying that the CVT’s propositions and associated findings concerning how
positive-activating emotions can often lead to desirable performance and learning outcomes is
not a guarantee of positive emotions always leading to a good educational outcome. The context
and type of emotional responses, as well as ones ability to regulate these emotions, are crucial in
determining their impact on learning and performance. In our study, residents experiencing
confusion and anxiety along with positive emotions showed that the source and nature of the
emotions are important factors. Additionally, learners with a calm emotional profile still
experienced emotions, but may have effectively regulated them to focus on cognitive processes
beneficial for learning. Accordingly, both the presence of certain emotions and the strategies

used to manage them are essential for achieving optimal educational outcomes.
5.2 Contributions

While there are is similar knowledge synthesis work that has documented the emotional
experience of learners in medical education’ or general SBE in healthcare education,” my
dissertation is the first to systematically investigate how emotions and related constructs are
conceptualized and measured in SBE research, and provide a critical view of what the current
gaps are regarding the lack of theory-driven research. I believe this dissertation contributes to the
slow, but firm turn towards deeper integration of relevant theories in emotions research in

medical education and SBE research.

262



This dissertation is also, to my knowledge, the first to map out the emotions of medical
residents during their anti-harassment training. Further, I have not only examined the more
typical video-based instructions, and associated emotions, but also answered the call for SBE in
anti-harassment education!'®®, and have provided rich descriptions of medical residents’
emotional experience. I have also shown how instructional designs will elicit different sets of
emotions, underscoring the importance of medical educators being aware of their learners’ affect
when designing interventions.

This endeavor highlights several methodological contributions. First, it shows the merit
of multimodal analysis in SBE, something I have identified to be rare.!*? Relatedly, my research
demonstrated how cluster analysis can be used with not just unimodal data, but also multimodal
data to provide additional insights into identifying emotional profiles of learners. Further, my
research has shown how multi-method approaches that integrate both quantitative and qualitative
data can provide further context in emotions research, particularly towards object foci.

I lastly highlight how my dissertation shows the importance of looking at varied sets of
emotions and object foci. It may seem at first glance, reading literature on the CVT and related
empirical and review studies, that educators should primarily focus on eliciting positive emotions
from learning environments. However, given the nature of certain learner characteristics (i.e.,
medical residents and their daily tasks), the emotionally charged subject domain (i.e.,
harassment), and the complex nature of emotions and their ties to various psychological
processes, it makes sense not to always fixate on asking whether the learning experience was
positive. Research should also consider various sources and aspects of emotions and ask how

they tie into learners’ behaviour and performance.
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5.3 Limitations and Future Directions

The initial knowledge synthesis study my dissertation set out to include aimed to survey
the entire medical education literature, instead of focusing on just SBE. While this is one
limitation, as I have stated in Chapter 2, this may also serve as a strength of my scoping review.
First, the initial aim of taking on the entire medical education literature was formulated without
concrete knowledge of just how vast the literature was at the time. As our expert librarian
pointed out, and as aligned with Arksey and O’Malley’s framework!®! for conducting scoping
reviews, such an oversized scope would have diluted the results of our review, and may have
made it more difficult to extract meaningful conclusions or to identify precise research gaps.
Second, also aligned with the framework, is the iterative process of conducting such a knowledge
synthesis, where research questions and scopes are adjusted as researchers acquire a deeper
understanding of the literature.!®!

Nonetheless surveying how emotions are conceptualized in other subfields of medical
education, or other related healthcare fields can serve as a future direction. While my study
focused on not only medical students, but also medical interns, residents, and fellows across all
spectrums of medicine, future work could focus on a subset of the population, or subfield within
medicine or surgery. Further, while my study was limited to published empirical articles, future
work could embrace the gray literature to capture more nuanced view of how emotions are
conceptualized by medical educators.

Sample size can be a limitation for some of the analyses in my empirical studies.
However, as emphasized in Chapter 4, I believe our recruitment efforts were successful, and

even analyses with smaller samples met the typical size found in health professions education

264



research.!3? Future directions include securing a larger sample size through potentially
conducting a multicenter or multi-year study, or recruiting related populations that may have
more participants available (e.g., nursing students). Such research should provide insights
towards not just the generalizability of my findings, but can also enhance power of analyses, or
allow analyses requiring larger samples.

Partially related to sample size, future studies can expand on the limitations I had in terms
of follow-up. Specifically, my follow-up was not feasible due to only 18 participants being
available from the overall 51 participants we analyzed during the intervention. The field needs
more studies that examine how knowledge and performance is (not) retained overtime.!33-133
Aside from securing more participants for follow-up investigations, future anti-harassment
education research could test the potential shift of knowledge and simulation performance
relating to harassment interventions. As deliberate practice is a core part of SBE and achieving
expertise,!3*136 the need for repeated anti-harassment education also serves as an educational
need for medical trainees.

Further, future studies could examine the potential difference in emotions between
simulations and real-life situations. Specifically, simulations may not fully capture the intensity
and complexity of emotions experienced in real-life situations, where stakes and consequences
are higher. Participants might perceive less risk in a simulated setting, leading to behaviors that
differ from those in real-world contexts. For example, intervening in simulated harassment may
feel less intimidating than confronting real harassment, affecting the authenticity of the
emotional responses and actions taken. Additionally, the knowledge that a scenario is simulated

could influence participants’ engagement and emotional investment. This context might result in
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lower levels of stress, empathy, and other psychological and behavioral responses compared to
real-life experiences. Furthermore, different psychological processes might be at play in
simulated versus real environments, potentially leading to divergent outcomes. Thus, while
simulations offer valuable insights, it is crucial to consider these limitations and strive for
methods that enhance the ecological validity of such research. Future studies should aim to
bridge the gap between simulated and real-life investigations to ensure findings are more
generalizable. One such method is recruiting professional actors to serve as the senior resident
and medical student.

Though not a limitation, we have opted to focus on self-report survey, EDA, and
simulation debriefing speech content data. Future studies could examine different data channels,
such as heartrate for inferring valence®” or voice features for inferring activation'*’ (e.g., pitch
and amplitude). Behavioural analysis from videos can also serve as a data source for emotions,
as Torménen and others (2022) have shown by conducting valence coding of learners’
interactions.!*® While other data channels such as brain imaging or facial expressions remain a
challenge especially in SBE environments, future technological advancements and a possible
reduction in masking frequency for COVID-19 may allow for feasible implementations of such
measures.

As I have pointed out through my chapters, the next natural step in emotions research
after examining generated emotions is emotion regulation. Therefore, knowledge synthesis
examining how emotion regulations are conceptualized by residents therefore remains an
important future direction. Further, future research can shift the focus from instructional designs

to individual differences in trainees, specifically their emotion regulation processes, and their
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roles in learning and performance. Other factors such as prior experience with harassment, and
demographic variables including ethnicity and gender should also be included in future research.
Finally, educational interventions can include evidence-based content on how to form effective
emotion regulation strategies for better performance in challenging situations such as intervening

harassment.

267



Chapter 6: Conclusion

My dissertation has focused on how emotions can be conceptualized and studied in the
context of anti-harassment education for medical trainees. Emotions are complex, and require
adequate tools, such as theoretical frameworks and evidence-based measurements to properly
study. This complex nature stems from its multicomponent characteristics, and its relation to
other related but distinct constructs and processes. Simulation training environments are
generally filled with fear and anxiety but have ample room for other emotions to be captured.
These emotions can change based on how the simulations are designed, but also when the
simulation is provided in relation to other learning activities. Emotional profiles can be made not
just from self-report surveys, but from other multiple channels to provide rich, nuanced
summaries of learners’ emotional experiences. Emotions can have an impact on how trainees
behave and perform in simulations.

The development and testing of the instructional videos and simulation activity [ was the
lead developer of is a firm step towards addressing the urgent issue of harassment in health
professions training. While multimodal approaches for emotion identification is the future of
SBE research, emotion regulation represents another important avenue of research. Effectiveness
inter and intrapersonal management of emotions will play a crucial role in addressing harassment

and anti-harassment education.
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