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Abstract In this manuscript, we report on research that explores the application of virtual human patients to train
clinicians on empathic communication skills. During training, clinicians received empathy scores as they interacted
with two virtual humans portraying suicidal ideation, who at times provided nonsensical responses. We video-
recorded clinicians’ interactions with virtual humans and analyzed their facial expressions, as well as their verbal
responses. In phase I of our study, we analyzed clinicians’ facial expressions during three key moments: after a
sensical response from a virtual human (baseline), following the last nonsensical response of the interaction, and
after a sensical response that followed the last nonsensical response. In phase I, facial expressions were grouped
into Negative (anger, disgust, sadness, and fear) and Positive (happiness, neutral, and surprise) facial affective
behaviors. We observed that nonsensical responses from virtual humans can negatively affect clinicians’ positive
and negative facial affective behaviors. We found a significant increase in the percentage of time clinicians express
negative facial affective behaviors immediately following nonsensical responses. In phase II, we recruited additional
clinician-participants and investigated how different proportions of nonsensical responses affect clinicians’ facial
expressions of individual basic emotions (instead of groups of positive and negative facial expressions), as well
as whether nonsensical responses moderate the association between expressions of basic emotions and empathy
scores obtained by clinicians during training. We observed a statistically significant positive interaction between
proportions of nonsensical responses and angry facial expressions in predicting average empathy scores. That is,
the relationship between anger and empathy scores was significant at low and mean levels of nonsensical responses,
but not at high levels. These results suggest that at low and mean levels nonsensical responses negatively impact
clinicians’ performance, hindering their ability to acquire empathy skills. We discuss the impacts of technological
limitations during virtual human interactions, particularly nonsensical responses, and the importance of controlling
for such issues.
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1 Introduction

Virtual humans (VHs) have increasingly been employed to
support humans in discussing uncomfortable and difficult
topics. Researchers have sought to apply VH technology
in communication skills training and health-related contexts
[Rizzo et al., 2011; Yao et al., 2020]. For example, VHs
have been used in interpersonal communication training be-
tween physicians and high-risk suicidal patients [Yao et al.,
2020], promoting colorectal cancer prevention with the pub-
lic [Krieger et al., 2021], supporting service members’ Post
Traumatic Stress Disorder treatment [Rizzo et al., 2011]. Of-

ten, in training simulations, clinicians interact with standard-
ized VH patients. Standardized VH patients can provide con-
trollable, secure, and safe learning environments for repet-
itive practice [Stevens et al., 2006]. However, while re-
search investigating training contexts mostly consider error-
less VHs, the current technology typically applied to build
VH systems often make them prone to errors. For example,
when natural language processing systems fail to interpret
questions, or question-answer pairs are mismatched in the
dialog model, VHs may give nonsensical responses [Skar-
bez et al., 2011]. This may have profound implications for
VH-based simulations given that people tend to treat com-
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puters as social actors [Nass et al., 1994] and expect VHs
to respond as real humans would. Thus, it is important to
investigate how humans respond verbally and non-verbally
to VHs’ mistakes, as well as how such mistakes impact the
outcomes of VH-based training.
In this manuscript, we extend our research investigating

communication errors during VH interactions. We report on
our efforts investigating the effects of VHs’ sensical and non-
sensical responses on clinician-participants’ facial expres-
sions and overall performance during a simulation that seeks
to train clinicians on empathic communication skills. Clini-
cians interact with standardized virtual patients represented
by two VHs that demonstrate symptoms of the Suicide Crisis
Syndrome (SCS) [Bloch-Elkouby et al., 2021; Schuck et al.,
2019; Galynker, 2017]. SCS is associated with imminent sui-
cidal behavior and characterized by pervasive feelings of en-
trapment in which escaping from an unbearable life situation
is perceived as both urgent and impossible. The condition is
also characterized by feelings of affective disturbance, loss
of cognitive control, hyperarousal, and social withdrawal
[Bloch-Elkouby et al., 2020; Galynker, 2017]. During train-
ing, clinicians’ verbal responses to empathic opportunities1
were classified and scored using the Empathic Communica-
tion and Coding System (ECCS), a system designed to evalu-
ate clinicians’ empathy levels duringmedical interviews [By-
lund and Makoul, 2002]. Nonsensical responses emerged
during interactions, for example, due to issues in the conver-
sational model or the speech-to-text conversion.
In phase I of our study [Gomes de Siqueira et al., 2021],

we analyzed the effects of VHs’ sensical and nonsensical
responses on clinicians’ facial expressions during training.
Due to the preliminary nature of this phase, the basic emo-
tions elicited by the facial expressions were grouped into Pos-
itive and Negative. The Positive Facial Affective Behaviors
(PFAB) group is composed of happiness, neutral, and sur-
prise basic emotions, while the Negative Facial Affective Be-
haviors (NFAB) group includes anger, disgust, sadness, and
fear emotions. The results suggest that nonsensical responses
have a negative effect on clinicians’ facial expressions dur-
ing training and provide a broad understanding of the impact
of nonsensical responses in clinician-VH interactions. How-
ever, these results do little toward eliciting how nonsensical
responses affect individual facial expressions and clinicians’
performance (ECCS scores) during the empathy training.
In phase II, with the addition of several participants, we

analyzed how different levels of nonsensical responses affect
clinicians’ facial expressions, individual emotions, and per-
formance during training. To this end, we examine whether
different proportions of nonsensical responses during the
clinician-VH interactions moderate the relationship between
individual facial expressions (neutral, surprise, anger, hap-
piness, sadness, disgust, and fear) and the clinicians’ aver-
age ECCS scores. We hypothesize that exposure to differ-
ent proportions of nonsensical vs sensical responses and the
basic emotions clinicians demonstrate will negatively affect
and differently predict ECCS scores obtained by clinicians
during training. Taken together, our efforts aim to elicit

1Empathic opportunities are critical moments when patients directly
and clearly express their challenges, emotions, or progress to a clinician
during an interview [Bylund and Makoul, 2005].

how a VH system that may provide nonsensical responses
impacts clinicians’ facial expressions (and underlying basic
emotions) and how nonsensical responses impact training ef-
fectiveness. Broadly speaking, this work adds to the body
of knowledge investigating how technologically motivated
communication errors that occur while interacting with VH
systems can impact participants’ overall emotions and out-
comes during training simulations.

2 Related Work

2.1 Technology-motivated Errors and Virtual
Humans

Others have explored virtual agents in the context of tech-
nological errors [Lucas et al., 2018; Wang et al., 2013; De-
sai et al., 2013; Skarbez et al., 2011]. Lucas et al. [2018]
explored whether culture impacts how social dialogue can
mitigate the loss of trust caused when agents make conver-
sational errors. They found that culture matters, suggesting
a three-way interaction between culture, the presence of so-
cial dialogue, and the presence of errors [Lucas et al., 2018].
Wang et al.’s work focused on the impact of errors in the abil-
ity of virtual agents to persuade users [Wang et al., 2013].
Their system, similar to our own, made occasional mistakes
such as giving irrelevant responses. Their results suggest that
VHs who make mistakes during dialog are still capable of so-
cial influence, however, some users were more distracted by
errors than others and overlooked the underlying persuasive
information, rendering the simulation less effective. Desai
et al. [2013] showed that users demonstrate trust loss if ex-
posed to technological errors early in the interaction. They
suggest that trust demonstrates inertia but may change over
the duration of interactions. Skarbez et al. [2011] investi-
gated conversational errors between participants and VHs.
They analyzed the number of statements made by the par-
ticipants and VHs, the number of errors, and the duration of
the interaction. They propose a new method to evaluate VH
interaction errors that were found to be significantly corre-
lated with the Maastricht Assessment of Simulated Patients
(MaSP) [Wind et al., 2004]. Our work complements these
efforts by exploring the relationship between conversational
errors, participants’ facial expressions (and underlying emo-
tions), and performance during training.

2.2 DiscussingMentalHealthwithVirtualHu-
mans

Several research efforts employed VHs in mental health sce-
narios. VHs have been found to be invaluable tools to sup-
port humans acquire skills to have difficult conversations, in-
cluding those related to mental health. Like our approach,
SimSensei [DeVault et al., 2014] examines users’ verbal
and nonverbal communication during their interaction with
VHs. During the VH interaction, participants practice talk-
ing about mental health with a VH before talking to a real
clinician. In another effort, eSMART-MH [Pinto et al., 2015]
focuses on helping users with depression communicate with
clinicians by having them practice with VHs. The system
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Table 1. Examples of nonsensical responses. Nonsensical responses were responses by VHs that had no meaning or made no sense in the
context of the clinician-virtual patient dialog.

Participant’s Question Nonsensical Response
What’s your medical history? I am Cynthia.

Have you taken any risks lately? I take something for my thyroid, and
I’m on birth control.

has been found to be an effective tool to prepare users to talk
to real clinicians about their health and to reduce users’ anx-
iety toward sharing information about their issues. Several
systems, such as ours, focus on supporting clinicians to ac-
quire skills by interacting with VHs. Stuart et al. [2020] em-
ployed augmented reality to induce stress in nursing students
to teach them stress management techniques using VHs. In
another study, Stuart et al. [2022] explored learners’ ability
to identify verbal communication mistakes when interacting
with VHs and how communication mistakes can affect their
perceptions of credibility, reliability, and trustworthiness in
the VH. Their work shows that learners overlook infrequent
verbal communication mistakes and that mistakes may tem-
porarily lower learners’ credibility, reliability, and trust.

2.3 Virtual Humans and Empathy Training
Clinicians acknowledge that empathy skills are critical in
forming therapeutic relationships based on trust and open
communicationwith patients [Kim et al., 2004]. Researchers
have found that VH-based simulations can provide low-
pressure environments to effectively train medical students’
empathic communication skills [Kleinsmith et al., 2015].
Others have observed that empathy training with VHs can
increase clinicians’ awareness of their verbal and nonverbal
responses in situations in which patients disclose suicidal ten-
dencies or intentions [Foster et al., 2016]. It has also been
demonstrated that VH simulations can be used to train clini-
cians’ verbal and nonverbal skills to express empathy toward
real patients [Foster et al., 2016]. These works underscore
the importance of VH training related to empathy skills ac-
quisition. In this context, Empathic Opportunities have been
specifically developed to help elicit empathic responses from
users (typically clinicians) interactingwith standardizedVHs
patients. [Borish et al., 2014; Foster et al., 2016]. The level
of empathic responses elicited by empathic opportunities is
typically evaluated based on the ECCS proposed by Bylund
et al. [Bylund and Makoul, 2002; Foster et al., 2016].

3 Study Context
This study is part of a broader, multi-year project aimed at
training clinicians to effectively respond with empathy to vir-
tual human patients who exhibit SCS [Schuck et al., 2019;
Galynker, 2017]. The overarching goal of the project is to
enhance clinicians’ ability to recognize and respond to em-
pathic opportunities—critical moments during interactions
when patients clearly express their emotions, progress, or
challenges [Bylund and Makoul, 2005].
Clinicians participating in the study engaged with two VH

patients demonstrating symptoms of SCS and a high risk for

near-term suicidal behavior. During these interactions, clin-
icians were trained and evaluated on their ability to provide
high-empathy responses. Clinicians could ask questions ver-
bally or type them out, and the VHs responded verbally, with
lip-synced animations enhancing the realism of interactions.
However, theVH system, having undergone years ofmain-

tenance and adaptation by multiple research teams, some-
times produced nonsensical responses depending on the clin-
icians’ questions (Table 1 shows examples of nonsensical re-
sponses). While these nonsensical responses could be seen
as a limitation, they also contribute to the study’s external
validity. Similar flawed behaviors are likely to emerge in
natural language processing systems over time, making this
aspect of the study reflective of real-world scenarios.
Clinicians’ empathy skills were assessed using ECCS,

which categorizes and scores the level of empathy displayed
during these key empathic opportunities. Empathy scores
were computed based on clinicians’ responses, with higher
scores indicating a greater ability to engage empathetically
with the VH patients. Previous research has shown that thera-
pists’ empathy skills are strong predictors of positive therapy
outcomes [Ross andWatling, 2017], further underscoring the
importance of this training. In our study, the ECCS was used
to manually code and evaluate the clinicians’ empathy levels
during their interactions with the VHs, providing a critical
measure of their ability to connect emotionally and support-
ively with patients.

4 System Description
Participants accessed the Virtual People Factory (VPF2) plat-
form and interviewed a couple of standardized virtual pa-
tients. VPF2 is a VH authoring system [Rossen and Lok,
2012]. With VPF2, researchers can develop web-based,
conversation-specific VH training simulations. VPF2 virtual
humans can communicate verbally and nonverballly. Verbal
communication is based on conversational models that allow
VHs to hold conversations around predefined topics.
Conversational models consist of several tuples of multi-

ple questions associated with a single response:

(n-questions, 1-response)

This means that multiple questions from clinician-
participants are associated with a single response from
VHs. For example, if a clinician says, “Good morning,”
“Hi,” or “Good evening,” they may receive the same
response from the VH: “Hi. I am glad to see you.”
Conversational models may grow over time and become

large (over 300 question-response tuples) as topic-specific
conversational models are refined and extended, possibly
across multiple studies and research efforts led by distinct
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Figure 1. Virtual patients utilized in the study. (Left) Cynthia Young and (Right) Bernie Cohen. Both patients display pre-suicidal behavior and can discuss
their symptoms and background stories with clinicians. Participants could interact via voice or text. Interactons were logged by the system. Participants
could also access a description of the virtual patient, goals, and scope of the interaction using the right-side panel.

teams of researchers and practitioners. Maintenance and
technological issues of such large conversational models
may impact communication. Failure to customize conversa-
tional models adequately represents a source of nonsensical
responses during VH interactions. Additionally, failure to
adequately convert human speech to text, for example, due
to limitations in the sound capture apparatus is another po-
tential issue that may lead to nonsensical responses. In this
study, nonsensical responses originated both from issues in
the conversational model and speech-to-text technology.
The data collected in this study was obtained from the in-

teractions of clinicians that accessed the VPF2 system with
individual interaction web links sent to them by the research
staff. Clinicians interacted with VPF2 VHs remotely, using
their own equipment (laptop or desktop machines) or using
equipment (Dell latitude 7290 laptops) provided to them in a
lab setting. Figure 1 illustrates the VPF2 interface.
Clinicians were instructed to interact with the VHs prefer-

ably by voice. However, they could also use a keyboard to in-
teract with the VHs. Preliminary data analysis suggested that
clinicians that used the keyboard looked down (toward the
keyboard) while typing, hindering our ability to properly cap-
ture their facial expressions. For this reason, for clinicians
that typed their responses, a disproportionate percentage of
their facial expressions were classified as “Unknown’’ by the
facial expression recognition system. Additionally, it is pos-
sible that the mode of interaction (spoken vs. typed) could
represent a confounding variable. Therefore, we only consid-
ered clinicians who consistently looked at the webcams and
communicated verbally with VHs.

4.1 Virtual Patients Developed
The VHs Bernie Cohen and Cynthia Young were used in
this study. Both VHs displayed pre-suicidal SCS symptoms.
The 3D models of Cynthia and Bernie were developed us-
ing Adobe Fuse. Cynthia is capable of understanding 4310
questions and can provide 310 distinct answers, whereas
Bernie’s conversational model allows him to respond to 2186
questions with 286 distinct answers. We employed graduate
healthcare trainees to validate the questions-answer tuples of
the conversational models. The trainees were supervised by
our mental health expert collaborators.
Both VHs had specific backstories associated with them.

CynthiaYoungwas a 21-year-old female college student who
had failed two courses in the previous semester and was con-
sistently arriving late to classes. She was referred to the clin-

ician by a college counselor. Additionally, she had trouble
concentrating, which affected her ability to study. Bernie
Cohen had a generalized anxiety disorder. As a 53-year-old
gay man, Bernie was seeking treatment for depression and
presented several SCS symptoms [Galynker, 2017].
VHs were displayed at the top-left corner of the user in-

terface and occupied approximately two-thirds of the screen.
The rest of the screen’s real state was dedicated to a chat box,
information about the VH’s backstory, and buttons for navi-
gation (See Figure 1).

4.2 Facial Expression Analyses
Clinician-participants video-recorded their facial expres-
sions while interacting with the VHs. Later, the recordings
were analyzed using the Noldus Facereader Automated Fa-
cial Coding (AFC) software [Lewinski et al., 2014]. AFC
can recognize individual basic human emotions by analyz-
ing facial expressions. First AFC creates a 3D Active Ap-
pearance Model (AAM) based on a clinician’s face [Cootes
and Taylor, 2004]. Then, AAM obtains facial expressions’
intensity and probability on a continuous scale from 0 to 1.
AFC identifies seven basic emotions: happiness, sadness,

anger, surprise, fear, disgust, and neutral [Ekman et al., 1969;
Ekman and Cordaro, 2011]. AFC may also classify facial
expressions as unknown. AFC has been validated and has
shown high internal reliability [Cohen et al., 2013]. Based
on the Noldus Facereader data, we calculate the percentage
of time clinicians demonstrate each emotion in the video seg-
ments analyzed. In phase I of our study, facial expressions
were grouped as Negative and Positive emotions. Sadness,
anger, fear, and disgust were grouped as Negative Facial Af-
fective Behaviors (NFABs), following the grouping adopted
by [Cohen et al., 2013]. Toward accounting for all the emo-
tions, the PFABs grouped the remaining facial expressions
(Happiness, Surprise, and Neutral). We recognize that others
have pointed out some ambiguity with respect to the valence
of the Surprise emotion [Cohen et al., 2013]. This issue was
not present in phase II, since each facial expression was ana-
lyzed individually.

4.3 Study Design and Procedure
This study has been approved by the Internal Review Board
(IRB) and has followed the procedures in accordance with
the ethical standards of the institutional committee on human
experimentation. In this study, clinicians interacted with the
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Figure 2. Phase I: Video Segmentation Strategy. Three ten-second segments were generated from the interactions of each participant that met the inclusion
criteria (see Section 5.1.2). In total, thirty segments were analyzed.

system twice, with one week between each interaction. Once
clinicians accessed the VH system, theywere first introduced
to the system’s interface and how to interact with VHs. This
was followed by information regarding empathic opportuni-
ties. Next, clinicians began interviewing the VH. First, clin-
icians interacted with Cynthia. During the interaction, they
were free to interview Cynthia for as long as they wanted
until they felt that they had enough information about the
VH’s condition. After interacting with Cynthia, clinicians
accessed a feedback page with information regarding their
responses during the empathic opportunities that emerged in
the interview portion of the training simulation. After one
week, clinicians followed a similar procedure, this time in-
teracting with Bernie.

After interacting with the virtual patient in the second
week, clinicians completed the ”Virtual Human Interaction
Satisfaction Survey” [Foster et al., 2016], a self-report ques-
tionnaire designed to assess the feasibility, acceptability, and
perceived utility of the virtual human interaction. The survey
included 10 items, addressing various aspects of the VH in-
teraction, such as whether the interaction helped clinicians
learn how to formulate questions, whether the VH’s answers
were appropriate, and if the interaction simulated real life.

The responses and facial expressions analyzed were those
recorded during the clinicians’ interactions with Cynthia and
Bernie in weeks one and two. We followed the strategy
adopted by Yao et al. [2020] and combined the data regard-
ing clinicians’ interactions with Cynthia and Bernie since
they were both developed to demonstrate symptoms of SCS,
only differing in their appearance and background story. We
compared participants’ interactions with Bernie and Cynthia
in relation to the duration and number of empathic opportu-
nities elicited. It was observed that participants interacted
with Bernie (mean=20.75 min, st. dev.=8.72 min) and Cyn-
thia (mean=21.05 min, st. dev.=8.7 min) for about 20 min-
utes, triggering on average 18 empathic opportunities, Bernie
(mean=18.1, st. dev.=8.77) and Cynthia (mean=18.65, st.
dev.=9.12). This shows that clinicians’ interactions with
each of the VHswere similar regarding the duration and num-
ber of empathic opportunities triggered, supporting our ap-
proach to consider their combined interactions.

5 Phase I: The Effects of Nonsen-
sical Responses on Participants’
Grouped Facial Expressions

In the next sections, we briefly describe the methodology
and results of phase I of this study [Gomes de Siqueira et al.,
2021], and how it motivated phase II.
Phase I examined the facial expressions of clinicians as

they interacted with VHs who, at times, provided nonsensi-
cal responses. Clinicians’ facial expressions were analyzed
at three 10-second key moments during the interaction: mo-
ment 1) the baseline sensical response, moment 2) the last
nonsensical response, and moment 3) the sensical response
that occurred immediately following the last nonsensical re-
sponse (See Figure 2). Thirty segments were analyzed.
We analyzed the percentage of time clinicians demon-

strated NFABs and PFABs. We predicted that VHs’ nonsen-
sical responses would significantly affect clinicians’ facial
expressions. Our hypothesis was that we would observe an
increased percentage of time clinicians demonstrated NFABs
after nonsensical responses compared to after sensical re-
sponses. Conversely, we hypothesized that a sensical re-
sponse that immediately followed a nonsensical response
would counteract the effects of the nonsensical responses and
reduce the percentage of time clinicians showed NFABs.

5.1 Methodology
5.1.1 Participants

When phase I was conducted, twenty clinician-participants
(13 males and 7 females) had been recruited by the larger
empathy research project this study is part of. Participants
were psychiatry residents, clinical social workers, and psy-
chologists. Participants were recruited from the Mount Sinai
Health System (MSHS) and its three integrated hospitals, and
the Florida International University (FIU) – affiliated with
the Citrus Health Network. We recruited clinicians that had
active caseloads, without experience with VH training sys-
tems. We did not use crowdsourcing to collect responses.
Phase I was conducted in early 2020. Three of the partici-
pants interacted with the VHs remotely due to the COVID-19
pandemic using their own equipment. Ten participants met
the inclusion criteria of the study (See Section 5.1.2). Re-
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garding gender, two participants were females, and the rest
were males. The age of participants ranged between 27 and
46 (mean= 31.8, st. dev. = 10.85).

5.1.2 Inclusion Criteria

These are the inclusion criteria of phase I:

• Verbal responses: VH’s questions must have been an-
swered verbally. The participant was not considered if
responses were typed using a keyboard.

• Number of empathic opportunities: During the in-
teraction, at least one empathic opportunity must have
been triggered by the participant.

• One sensical response immediately after a nonsensi-
cal one: After an empathic opportunity, the participant
must have received at least one sensical response that
immediately followed a nonsensical one.

5.1.3 Segmentation of videos

The video recordings of clinicians interactions with VHs that
met the inclusion criteria were segmented for analysis. For
each recorded clinician-VH interview session, we generated
three 10-second segments at specific moments during the in-
teraction (See Figure 2).

• Segment 1 – reaction to an empathic opportunity: 10
seconds after the VH provided a sensical response to an
empathic opportunity.

• Segment 2 – reaction to the last nonsensical response
from the VH: 10 seconds immediately after the last
nonsensical response of the interaction.

• Segment 3 – reaction to a VH’s sensical response that
followed the last nonsensical one: 10 seconds imme-
diately after a sensical response from the VH that fol-
lowed the last nonsensical response.

For the data analysis, we used statistical methods to an-
alyze the percentage of time participants demonstrated the
seven basic facial expressions identified in each of the video
segments generated.

5.2 Results

In this section, a summary of the results containing only sig-
nificant findings is presented. Our goal is to describe these
findings from the perspective of motivating phase II of our
study. For the complete analysis, please refer to Gomes de
Siqueira et al. [2021].
We applied non-parametric statistical sign tests during

data analysis. The sign test statistical method tests for dif-
ferences between pairs of observations [Dixon and Mood,
1946]. We applied a non-parametric test because our data
did not meet the equality of variances and normality of dis-
tributions assumptions. We used the sign tests to compare
the percentage of time participants demonstrated PFABs and
NFABs (See Figure 3). We conducted six tests, which we
describe below (See Table 2).

Figure 3. Facial Affective Behaviors’ Mean Percentage of Time per Seg-
ment. Emotions are grouped by NFABs (negative) and PFABs (positive).
Bars represent standard error.

1. NFAB – nonsensical vs. baseline. Comparing the per-
centage of time participants demonstrated NFABs after
the last nonsensical response versus after the baseline
sensical response.

2. NFAB – nonsensical vs. sensical. Comparing the per-
centage of time participants demonstrated NFABs af-
ter the nonsensical response versus after the subsequent
sensical response.

3. NFAB – baseline vs. sensical. Comparing the percent-
age of time participants demonstrated NFABs after the
baseline response versus after the subsequent sensical
response.

4. PFAB – nonsensical vs. baseline. Comparing the per-
centage of time participants demonstrated PFABs after
the nonsensical response versus after the baseline sensi-
cal response.

5. PFAB – nonsensical vs. sensical. Comparing the per-
centage of time participants demonstrated PFABs af-
ter the nonsensical response versus after the subsequent
sensical response.

6. PFAB – baseline vs. sensical. Comparing the percent-
age of time participants demonstrated PFABs after the
baseline response versus after the subsequent sensical
response.

Next, we detail the significant results that were observed.
Data are medians unless otherwise stated.

(1) NFAB – nonsensical vs. baseline. We found a
statistically significant difference in the percentage of time
clinicians demonstrated NFABs after nonsensical responses
(mean= 0.311, st. dev= 0.317) compared to after baseline
responses (mean= 0.156, st. dev= 0.255), p = .031.

(5) PFAB – nonsensical vs. sensical. We observed a
statistically significant difference in the percentage of time
clinicians demonstrated PFABs after nonsensical responses
(mean= 0.465, st. dev= 0.353) compared to after sensical re-
sponses (mean= 0.6, st. dev= 0.36), p = 0.039. The results
of the other tests were not significant.
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Table 2. Facial Affective Behaviors Grouped by Negative and Positive Emotions (mean percentage of time.) Negative Facial Affective
Behavior groups negative emotions (anger, disgust, sadness, and Fear), while Positive Facial Affective Behavior groups positive emotions
(happiness, neutral, and surprise). Emotions not classified were labeled as “Unknown” and were not considered.

Baseline Sensical Nonsensical Sensical
Grouped
Emotions

Mean
(% time) Std. Dev. Mean

(% time) Std. Dev. Mean
(% time) Std. Dev.

NFAB 0.156 0.255 0.311 0.317 0.187 0.304
PFAB 0.58 0.37 0.465 0.353 0.6 0.36

5.3 Discussion
Analyses 1 and 5 presented statistically significant results.
Analysis 1 supports our hypothesis. We hypothesized that
participants would demonstrate NFABs for an increased per-
centage of time after nonsensical responses compared to af-
ter sensical responses. In analysis 1, we observed that par-
ticipants demonstrated NFABs for longer after nonsensical
responses (mean= 0.311, st. dev= 0.317) when compared to
after baseline (mean= 0.156, st. dev= 0.255) responses. Con-
versely, in analysis 5 we found an increase in the percentage
of time participants demonstrate PFABs after a sensical re-
sponse that immediately follows a nonsensical one (mean=
0.6, st. dev= 0.36) compared to after a nonsensical response
(mean= 0.465, st. dev= 0.353). Following the terminology
set by Desai et al. [2013], these results suggest that the ef-
fects of nonsensical responses on participants’ facial expres-
sions can be changed if participants are exposed to a sensical
response that follows a nonsensical one.
Taken together, these findings suggest that VHs’ nonsen-

sical responses can have significant effects on participants’
reactions and facial expressions during training. These re-
sults are relevant since facial behaviors play a critical role in
clinician-patient interactions, and motivated us to further in-
vestigate the effects nonsensical responses during clinician-
VH interactions. Next, we describe phase II of our study,
which investigates the effects of nonsensical responses on
each facial affective behavior identified independently, as
well as clinicians’ performance as measured by the empathy
scores clinicians obtained during training.

6 Phase II: The Effects of Nonsensi-
cal Responses on Clinicians’ Indi-
vidual Facial Expressions and Em-
pathy Scores

The results of Phase I provide a broad understanding of the
impact of nonsensical responses on clinician-VH interactions
since it analyzes facial expressions grouped by Negative and
Positive emotions. However, it does little toward eliciting
how the nonsensical responses and individual basic emotions
affect overall clinicians’ empathy skills acquisition during
the training simulation and overall performance. Phase II
of this study aims to address these limitations. To this end,
phase II focuses on examining whether different proportions
of nonsensical responses during the VH interactions mod-
erate the relationship between individual facial expressions
(neutral, surprise, anger, happiness, sadness, disgust, and

fear) and clinicians’ average empathy scores obtained during
training. We hypothesized that exposure to different propor-
tions of nonsensical vs sensical responses during the training
sessions and the different basic emotions clinicians demon-
strate would differently predict empathy scores obtained by
the clinician participants.

6.1 Methodology
The study design and procedure of phase II followed the steps
described in Section 4.3. The data analysis of phase II was
conducted in the earlymonths of 2022 and considered all data
available by the time the data analysis was performed. Com-
pared to phase I, several additional participants were consid-
ered which allowed the analysis of individual emotions (in-
stead of groups) and their impact on ECCS scores.

6.1.1 Participants

The additional clinician-participants considered in phase II
were recruited from the same pool used in phase I, the Mount
Sinai Health System and the Florida International University
. Participants had to be psychiatry residents, social workers,
or psychologists, have active caseloads, and have no prior ex-
perience with VH systems. By the time the data analysis for
phase II was conducted, the pool of participants had grown
to 54 participants in total, fromwhich 39 (25 males and 14 fe-
males) participants met the inclusion criteria of phase II (de-
scribed in Section 6.1.2). Participants’ ages ranged between
27 and 65 (mean= 33.7, st. dev.= 7.04).

6.1.2 Inclusion Criteria

The inclusion criteria of phase II are composed of the two
initial criteria of phase I. The third criterion of phase I (hav-
ing a sensical response immediately after a nonsensical one)
was not relevant to this analysis.

• Verbal responses: VH’s questions must have been an-
swered verbally. The participant was not considered if
responses were typed using a keyboard.

• Number of empathic opportunities: During the in-
teraction, at least one empathic opportunity must have
been triggered by the participant.

6.1.3 Segmentation of Videos

The video recordings of clinician interactions with VHs that
met the inclusion criteria were segmented to capture key em-
pathic moments. During each interaction, specific empathic
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Figure 4. Phase II: Video Segmentation Strategy. Moments of empathic opportunity were segmented into pre-empathic opportunity, empathic opportunity,
empathic response, and post-empathic opportunity. We analyzed the facial expressions of clinician-participants using data from the empathic response
segments.

opportunities were automatically identified within the tran-
scripts. These moments were categorized into four types:

• Pre-empathic opportunity: A clinician prompts an
empathic moment, for example, by asking, ’Do you feel
like you have lost hope?’

• Empathic opportunity: The VH expresses an emo-
tional state, such as, ’I feel like I can’t think straight
anymore.’

• Empathic response: The clinician acknowledges the
VH’s emotional expression with a response like, ’You
must have felt ashamed or humiliated.’

• Post-empathic opportunity: The interaction contin-
ues with the clinician asking further questions, such as,
’Do you ever feel like you are a burden on others?’

These empathic response segments, which capture the clin-
ician’s reactions, were later analyzed to identify and classify
the clinicians’ basic facial emotions (See Figure 4).

6.2 Metrics
The metrics utilized in phase II were the proportion of VHs’
nonsensical responses over the total number of VHs’ re-
sponses (during each clinician-VH interaction), the average
percentage of time clinicians demonstrated each individual
emotion (during empathic responses), and clinicians’ aver-
age empathy scores (calculated based on clinicians’ empathic
responses, as measured by the ECCS scale). We next de-
scribe each measure in detail.

6.2.1 Basic facial emotions

We analyzed clinicians’ facial expressions using the em-
pathic response segments described in section 6.1.3. Noldus
FaceReader (see Section 4.2) classified facial expressions
into basic facial emotions, and provided a percentage of time
each emotion was identified per video segment. For each
clinician-VH interaction, we averaged the percentage of time
clinicians demonstrated each of the seven basic facial emo-
tions and used statistical methods to analyze the data.

6.2.2 Nonsensical responses

VH’s nonsensical responses were those that had no meaning,
direction, or purpose in relation to the questions posed by

the participants (see Table 1). To quantify the nonsensical re-
sponses, the transcripts of the interactions between clinicians
and VHsweremanually coded by a research staff team. Each
instance of sensical and nonsensical response was counted
and the percentage of nonsensical responses over the total
number of responses was calculated during the interactions
with Cynthia and Bernie for each clinician.

6.2.3 ECCS scale

The ECCS scale categorizes empathic responses into three
distinct levels [Bylund and Makoul, 2005]:

• Level 1: The empathic response either ignores or only
implicitly acknowledges the central issue presented in
the empathic opportunity, indicating a minimal engage-
ment with the patient’s emotional needs.

• Level 2: The empathic response explicitly recognizes
the central issue and may include additional questions
to further explore the patient’s concerns, demonstrating
a moderate level of empathy and understanding.

• Level 3: The empathic response not only acknowl-
edges the central issue but also validates the feelings
expressed by the patient, reflecting a high level of em-
pathy and emotional attunement.

Each clinician was assigned an ECCS score based on the
level of empathy demonstrated in their responses to empathic
opportunities. These scores provided a quantitative measure
of the clinician’s ability to engage empathetically with pa-
tients. Clinicians’ responses were systematically coded ac-
cording to the ECCS levels, and an average empathy score
was calculated for their interactions with Virtual Humans
Cynthia and Bernie. This average score served as an indica-
tor of the overall quality of the clinician’s empathic communi-
cation throughout the interactions, offering valuable insights
into their ability to connect with their patients emotionally.

6.2.4 Inter-Rater Reliability

To establish a reliable ground truth classification for sensi-
cal and nonsensical responses and the ECCS scale, a team of
four psychology research assistants, who were already expe-
rienced in coding transcripts for the project, underwent ad-
ditional training led by one of the research team’s experts.
These assistants served as raters for identifying sensical and
nonsensical responses and classifying empathic responses
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Figure 5. Multilevel Regressions Examining Interactions between Fa-
cial Expressions and Nonsensical Responses in Predicting Average ECCS
Scores.

into the ECCS scale. Raters manually coded the transcripts
of interactions between clinicians and virtual humans. Inter-
rater reliability, a key metric to assess the consistency of the
ratings, was confirmed during the training phase, achieving
a score greater than 0.8. This process quantifies the level
of agreement among two or more independent coders assess-
ing the same set of subjects [Hallgren, 2012]. In instances
where raters disagreed, differences were resolved through
group discussions. If consensus could not be reached, the
final gold labels were determined by a majority vote.

6.3 Data Analysis
A series of linear mixed models [Bryk and Raudenbush,
1992] was conducted to examine whether different propor-
tions of nonsensical responses moderated the relationship be-
tween the basic facial emotions (i.e., neutral, surprise, anger,
happiness, sadness, disgust, fear) exhibited by clinicians and
their average empathy as measured by the ECCS scores. Be-
cause each clinician completed two interview sessions (one
with each VH), session was nested within clinicians as a ran-
dom intercept to account for the non-independence of ob-
servations. Simple slopes of all interaction effects were ex-
amined at low (i.e., -1 Standard Deviation (SD)), moderate
(i.e., mean), and high (i.e., +1 SD) levels of nonsensical re-

Figure 6. Simple Slopes of Interaction Effect between Angry Basic Facial
Emotion and Nonsensical Responses in Predicting Average ECCS Scores.

sponses, consistent with established guidelines [Cohen et al.,
2014]. Standardized coefficients with associated 95% confi-
dence intervals are presented to facilitate the interpretation of
effect size. All analyses were conducted in R using the lme4
[Bates et al., 2014] and lmerTest [Kuznetsova et al., 2017]
packages. Where necessary, we abbreviate Standard Devia-
tion (SD), Standard Error (SE), and the regression coefficient
estimate (B).

6.4 Results
Models examining interactions between each facial emo-
tion and nonsensical responses in predicting average ECCS
scores were estimated. Detailed statistics for each model are
presented in Figure 5. Simple slope analyses at low (-1 SD),
mean, and high (+1 SD) levels of nonsensical responses are
presented in Figure 6. Next, we summarize the findings for
each of the seven basic emotions.

• Neutral. The main and interaction effects between
happy facial emotion and nonsensical responses were
not significantly associated with average ECCS scores.

• Surprise. There were no significant main or interaction
effects between surprised facial emotions and nonsensi-
cal responses in predicting average ECCS scores.

• Anger. There was a significant interaction between an-
gry facial emotions and nonsensical responses in pre-
dicting average ECCS scores. Specifically, the negative
relationship between angry facial emotions and average
ECCS scores was:

1. Lower levels: Statistically significant and
stronger at lower levels (-1 SD) of nonsensical
responses (B = -.38, SE = .12, p = .002);

2. Mean levels: Statistically significant at mean lev-
els of nonsensical responses (B = -.18, SE = .08, p
= .022), and

3. High levels: Non-significant at high levels (+1
SD) of nonsensical responses (B = .01, SE = .10,
p = .916).

Figure 6 demonstrates the form of the interaction effect.
• Happy. The main and interaction effects between
happy facial emotions and nonsensical responses were
not significantly associated with average ECCS scores.
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• Sad. The main and interaction effects between sad fa-
cial emotions and nonsensical responses were not sig-
nificantly associated with average ECCS scores.

• Disgust. The main and interaction effects between dis-
gusted facial emotions and nonsensical responses were
not significantly associated with average ECCS scores.

• Scared. There were no significant main or interaction
effects between scared facial emotions and nonsensical
responses in predicting average ECCS scores.

6.5 Discussion

The results show a significant interaction between the angry
basic emotion and nonsensical responses in predicting aver-
age ECCS scores (See Figures 5 and 6). Specifically, there
was a significant negative relationship between angry facial
expressions and average ECCS scores at low levels (B = -.38,
SE = .12, p = .002) of nonsensical responses and at mean lev-
els (B = -.18, SE = .08, p = .022) of nonsensical responses.
However, no significant relationship was found at high lev-
els (B = .01, SE = .10, p = .916) of nonsensical responses.
Additionally, no significant relationships were observed for
the other basic emotions analyzed.
These results help us further understand the relationship

between nonsensical responses, basic emotions, and empa-
thy scores. The results of phase I suggest that nonsensical
responses fromVHs can increase the percentage of time clini-
cians showNFABswhile interacting with VHs. NFABswere
defined by grouping the anger, sadness, scare, and disgust
emotions. The results of phase I led us to hypothesize that
NFABs could potentially hinder VHs’ effectiveness during
training and therefore negatively impact users’ performance.
The results of Phase II support that hypothesis. Specifically,
the results of phase II suggest that there is a distinct role of
anger among the other NFABs. This was a surprising re-
sult since we expected that several negative facial behaviors
would be differently affected by different levels of nonsensi-
cal responses.

6.5.1 Implications of Low and Mean Levels of Nonsen-
sical Responses

The results suggest a significant negative relationship be-
tween anger and empathy scores for lower andmean levels of
nonsensical responses (See Figure 6), showing that at those
levels of nonsensical responses clinicians’ growing anger sig-
nificantly impacted training performance (as measured by
clinicians’ empathy scores) in a negative way. These find-
ings are consistent with prior work that found that increased
anger in learning environments can negatively impact learn-
ers’ performance [Assor et al., 2005].
Based on the results associated with exposure to low and

mean levels of nonsensical responses, we suggest that VH
researchers and developers must control for nonsensical re-
sponses and communication issues in general toward increas-
ing participants’ performance during training. Perhaps more
importantly, a major implication of these results is to high-
light the importance of controlling for participants’ emotions
during the VH-based simulation, specifically anger, toward
maximizing training effectiveness.

6.5.2 Implications of High Levels of Nonsensical Re-
sponses

Surprisingly, at high levels of nonsensical responses, we did
not observe a significant relationship between the anger emo-
tion and empathy scores (B = .01, SE = .10, p = .916) (See Fig-
ure 6). This means that no relationship can be drawn between
the angry facial expressions elicited and the ECCS scores ob-
tained by clinicians when there were high levels of nonsensi-
cal responses. Put simply, clinicians exposed to high levels
of nonsensical responses obtained scores ranging from high
to low without a significant relationship with the nonsensical
responses and emotions elicited.
While we can’t derive any conclusions regarding high-

levels of nonsensical responses, we suspect that, at all lev-
els, nonsensical responses may have distracted clinicians
and critically disrupted their engagement with the VH sim-
ulation. The results obtained at low and mean levels of non-
sensical responses are in alignment with Wang et al. [2013],
which found that distractions caused by VHs’ communica-
tion errors negatively influenced participants’ performance.
The results obtained at low and mean levels of nonsensical
responses are also in alignment with prior work that has ob-
served that a lack of engagement may hinder the effective-
ness of the simulation [Assor et al., 2005]. Additionally, non-
sensical responses may also have negatively impacted clini-
cians’ willingness to “suspend disbelief” during the VH sim-
ulation, further contributing to a loss of engagement. These
hypotheses may help explain the results obtained at low and
mean levels of nonsensical responses. We next analyze each
of these factors: engagement and suspension of disbelief.

6.5.3 Nonsensical Responses and Engagement

To support the hypothesis that clinicians’ engagement may
have decreased due to the increasing levels of nonsensical
responses—potentially exacerbated by the anger these re-
sponses elicited—we analyzed two proxy measures: clini-
cians’ perceptions of the perceived value and ease of use of
the VH interaction as a training tool.
Previous studies have shown that higher levels of user en-

gagement are positively correlated with both perceived value
and ease of use [Kim et al., 2013; Davis and Wiedenbeck,
2001]. These relationships informed our decision to use
these twomeasures as proxies for engagement, given that the
original data collection protocol did not consider collecting
data on clinicians’ engagement with the VH interaction.
After interacting with the second virtual patient, clinicians

completed the ”Virtual Human Interaction Satisfaction Sur-
vey” [Foster et al., 2016], which included several questions
assessing their experience (See Section 4.3). For this analy-
sis, we focused on two specific questions: their perceptions
of the value of VH interaction as a training tool and the ease
of use of the VH platform. Both questions were rated on a
5-point Likert scale, ranging from poor to excellent.
We conducted an exploratory follow-up analysis to ex-

amine how variations in specific input variables, such as
the level of nonsensical responses, influenced the outcomes.
This analysis utilized Pearson’s correlation coefficient to as-
sess the relationships between these variables. This approach



Effects of Nonsensical Responses in Virtual Human Simulations on
Clinicians’ Empathic Communication and Emotional Responses Siqueira et al.

revealed a negative relationship between the frequency of
nonsensical responses from the VHs and clinicians’ percep-
tions of ease of use (r = -.30, p = .007). A similar negative
correlationwas found between nonsensical responses and the
perceived value of the VH interaction as a training tool (r =
-.25, p = .022). While these findings are preliminary, they
suggest that as the frequency of nonsensical responses in-
creased, clinicians rated both the ease of use and the training
value of the VH platform lower. These results highlight the
diverse negative implications of increasing nonsensical re-
sponses, which can lead to distraction and disengagement in
VH-based training simulations, ultimately undermining their
effectiveness. Additionally, these findings underscore the
need for further research to directly examine engagement,
particularly how communication issues like nonsensical re-
sponses impact clinician engagement. This deeper explo-
ration will be crucial to fully understanding and enhancing
the overall success of training programs.

6.5.4 Nonsensical Responses and Suspension of Disbe-
lief

In training simulations involving VHs, participants must ac-
cept the otherwise unrealistic aspects of the clinical simu-
lation for the training simulation to be effective [Muckler,
2017]. Applying to the context of this study, clinicians must
be willing to “suspend disbelief” that VHs are “real” and de-
serving of empathy. Factors that contribute to participants’
ability to suspend disbelief include fidelity, emotional buy-
in, and the fiction contract [Muckler, 2017]. We suggest that
increasing levels of nonsensical responses can negatively im-
pact each of these factors.

It is possible that nonsensical responses may have im-
pacted participants’ perceived VH fidelity (real humans
would not respond with such nonsensical responses), their
emotional buy-in (participants may feel less inclined to feel
empathy toward VHs that give nonsensical responses than
real humans), and they may have felt that the fiction contract
had been broken (vHs were supposed to behave like real hu-
mans in the simulation.) Additionally, others have observed
that we are willing to suspend disbelief to gain pleasure [Hol-
land, 1967]. However, nonsensical responses can be argued
to promote experiences that are the opposite of pleasurable.
Indeed, in a post-interaction survey (responded after inter-
acting with the second VH,) clinicians from all levels of non-
sensical responses mentioned frustration and difficulty in be-
lieving that Cynthia and Bernie were human. One clinician
wrote, “I felt discouraged and frustrated since the VHs strug-
gled to understand what I was trying to say or ask. This does
not come close to communication and assessment with an
actual human.” Another clinician mentioned, “It was hard
to pretend it was a real patient.” These comments suggest
an inability of clinicians exposed to nonsensical responses
to form a significant relationship with VHs and further sup-
port the idea that difficulties in communication negatively
impacted clinicians’ ability to suspend disbelief, ultimately
contributing to a loss of engagement.

6.5.5 Nonsensical Responses and Negative Emotions

These results may have relevantmethodological implications
for those researching and utilizing systems that employ VHs
in training simulations, particularly regarding technological
failures and the emotions users may experience. Technologi-
cal limitations that impact communication (such as those that
cause nonsensical responses) may hinder clinicians’ empa-
thy skills acquisition and emotional training. Moreover, fail-
ure to control for clinicians’ emotions (in particular anger)
during real-world or virtual clinician-patient interaction can
undermine verbal empathic communication. During train-
ing, anger emotions may limit clinicians’ ability to acquire
skills. During real-world interactions with patients, clini-
cians demonstrating angermay be perceived as lacking empa-
thy. In sum, controlling for clinicians’ emotions, specifically
for anger, and controlling for technologically motivated com-
munication failuresmay be ofmajor relevance inVH training
simulations.

6.5.6 Nonsensical Responses and AI-based Conversa-
tional Models

Our study, which examines the use of virtual human pa-
tients to train clinicians in empathic communication, remains
highly relevant even as Artificial Intelligence (AI) conversa-
tional models advance. While modern AI systems have im-
proved in generating human-like interactions, they still pro-
duce nonsensical responses, particularly in the form of hal-
lucinations. These errors can disrupt conversations and neg-
atively impact training outcomes, much like the nonsensical
responses observed in our VH interactions.
In the broader context of AI, our findings underscore a

critical point: despite their advancements, AI conversational
models can still generate responses that disrupt sensitive in-
teractions, such as those involved in clinical training. Our
study provides valuable insights into how these disruptions
affect performance and emphasizes the need for careful con-
sideration of these issues. By addressing these challenges,
we can improve AI systems in training and other applications
where empathic communication is essential.

7 Overall Conclusion
This study presents our analysis of the effects of communica-
tion issues during clinician-VH interactions in a simulation
that aimed to train clinicians on empathic communication
skills. During training, clinicians received empathy scores
as they interacted with two VHs portraying suicidal ideation,
who at times provided nonsensical responses. We analyzed
clinicians’ empathy scores and basic facial emotions as they
were exposed to varying levels of nonsensical responses. In
phase I, we grouped emotions as Positive (PFABs) and Nega-
tive (NFABs). The results suggest that, after a nonsensical re-
sponse, participants demonstrate a statistically significant in-
crease in NFABs when compared to after a sensical response.
This key result of phase I motivated phase II of this study.
Phase II analyzed whether the proportion of nonsensical

responses during clinicians’ interactions with VHs moder-
ates the relationship between basic emotions and the average
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empathy scores obtained by clinicians during training. The
results show a statistically significant interaction between
levels of nonsensical responses and emotions (as elicited
by facial expression analysis) in predicting average empa-
thy scores. The relationship between angry facial expres-
sions and empathy scores was significant at low and mean,
but non-significant at high levels of nonsensical responses.
We suggest that nonsensical responses may impact users’ en-
gagement with the VH simulation and their ability to suspend
disbelief toward VH systems. These factors may hinder the
simulation’s effectiveness as a training tool, leading to the ob-
served impact on empathy scores. More broadly, the results
suggest that the anger emotion identified by facial analysis
and promoted by communication failures may hinder aspects
of the clinician-patient verbal communication, which is crit-
ical of any human interaction.
Our study, which examines the use of virtual human (VH)

patients to train clinicians in empathic communication, re-
mains highly relevant even as AI-based conversational mod-
els advance. While modern AI systems have improved in
generating human-like interactions, they still produce non-
sensical responses, particularly in the form of hallucinations.
These errors can disrupt conversations and negatively impact
training outcomes, much like the nonsensical responses ob-
served in our VH interactions.
Our research found that nonsensical VH responses led to

increased negative emotions in clinicians, such as anger and
sadness, which in turn hindered their ability to develop em-
pathy skills. Notably, these negative impacts were most pro-
nounced when the proportion of nonsensical responses was
low to moderate. This highlights the importance of manag-
ing such issues, even in sophisticated AI systems.
Overall, this study has demonstrated a viable approach to

identifying clinicians’ emotions during training and the im-
pact of technologically motivated communication failures on
empathic training effectiveness. We hope this work can moti-
vate the research community to broadly investigate and con-
sider technological and communication issues that impact
users’ emotions and their effects on training outcomes, par-
ticularly in simulations involving VHs and natural language
processing systems in the context of difficult conversations.

7.1 Future Work and Limitations
Beyond VH training simulations, this work may be relevant
to broader contexts. For instance, in real-world scenarios in-
volving telehealth therapy conducted over video conferenc-
ing, a poor connection will likely represent a technological
issue that may elicit negative emotions (such as anger) and
impede clinicians’ ability to empathize with patients. Fu-
ture work may show that controlling for users’ emotions and
technological issues may increase the effectiveness in such
scenarios too. Future work should focus on characterizing
the threshold at which participants’ performance is impacted
by such technological failures. Put simply, others should at-
tempt to determine the minimum tolerable percentage of non-
sensical responses that participants can be exposed towithout
critically hindering performance during training. Addition-
ally, regarding the anger emotion, future work could explore
strategies to support anger management during training. Ex-

pressing and controlling one’s anger have been shown to dif-
ferently affect learning performance [Boekaerts, 1994] and
could be coupled with efforts that aim to mitigate techno-
logical issues. For instance, future work may explore the
impact of treatments that aim to elicit positive emotions in
participants. It is possible that positive emotions could coun-
terbalance negative ones and potentially enhance training ef-
fectiveness, leading to increased user performance. Overall,
such efforts are relevant since they can potentially demon-
strate the usefulness of less-than-perfect systems, with im-
portant implications for the time and cost related to devel-
oping and maintaining solutions that employ complex VHs
and dialogue systems. It may be especially relevant to sys-
tems that have been maintained and adapted over the course
of multiple iterations (perhaps for years) by different groups
of researchers and specialists, a scenario that may become
more common as the number of solutions in use grows and
VH technology matures.
The results presented in this work are based on facial ex-

pression analysis. A limitation of this approach is that users
who preferred to communicate withVHs using a keyboard of-
ten looked down while typing and could not be considered in
the study. Noldus FaceReader requires that the users’ faces
be fully captured to be analyzed. Toward overcoming this
limitation, future work should investigate how nonsensical
responses affect the measurements obtained with other tech-
nologies such as galvanic skin response and heartbeat rate
sensors which do not require users’ facial expressions to be
captured. The results obtained in this work were observed as
nonsensical responses emerged during the clinician-VH in-
teractions, for example, due to issues in the conversational
model or during the speech-to-text conversion. This means
that participants were not exposed to predetermined nonsen-
sical moments. This approach limits our ability to analyze
the passage of time and how exposure to nonsensical re-
sponses in different moments affects the impact of nonsen-
sical responses on participants’ emotions. While the current
approach reproduces what may happen in the real world (en-
hancing external validity), exposing participants to nonsen-
sical responses at predetermined moments may allow for the
analysis of how the effects of nonsensical responses change
over time. For instance, others have found that drops in re-
liability after a period of good performance are in general
more harmful to users’ performance than early failures [De-
sai et al., 2012, 2013]. Additionally, in this study, each par-
ticipant may have received different nonsensical responses
depending on the questions they posed to the VHs. Expos-
ing participants to the same set (and number) of nonsensical
responses may increase the internal validity of the study.
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