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Abstract

Virtual reality interview simulator (VRIS) is an effective and valid tool that uses virtual reality technology to train people’s
interview skills. Typically, it offers candidates prone to being very nervous during interviews the opportunity to practice
interviews in a safe and manageable virtual environment and realistic settings, providing real-time feedback from a virtual
interviewer on their performance. It helps interviewees improve their skills, reduce their fears, gain confidence, and mini-
mize the cost and time associated with traditional interview preparation. Yet, the major anxiety-inducing elements remain
unknown. During an interview, the anxiety levels, overall experience, and performance of interviewees might be affected by
various circumstances. By analyzing electrodermal activity and questionnaire, we investigated the influence of five variables:
(D) Realism; (I1) Question type; (II1) Interviewer attitude; (IV) Timing; and (V) Preparation. As such, an orthogonal design
Lg(4' x 2%) with eight experiments (OAg matrix) was implemented, in which 19 college students took part in the experiments.
Considering the anxiety, overall experience, and performance of the interviewees, we found that Question type plays a major
role; secondly, Realism, Preparation, and Interviewer attitude all have middle influence; lastly, Timing has little to no impact.
Specifically, professional interview questions elicited a greater degree of anxiety than personal ones among the categories
of interview questions. This work contributes to our understanding of anxiety-stimulating factors during job interviews in
virtual reality and provides cues for designing future VRIS.
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1 Introduction

Researchers have conducted extensive investigations on
systems for VR interview training and evaluation. For
instance, Hartholt et al. designed a virtual job interview
practice system aimed at high-anxiety populations, such
as individuals with Autism Spectrum Disorder and for-
mer convicts (Hartholt et al. 2019). Similarly, Adiani et al.
created a VR-based job interview training platform for
autistic individuals, offering a less anxiety-inducing vir-
tual environment for practicing interviewing skills (Adiani
et al. 2022). Jin et al. developed an agent-based VR train-
ing and multidimensional evaluation system to assist intro-
verted college students in managing interview anxiety (Jin
et al. 2019). Additionally, Gebhard et al. presented a job
training simulation environment with social cue recogni-
tion techniques, targeting young people who are currently
not engaged in employment, education, or training (Geb-
hard et al. 2014).

Studies have found that visual display (Kwon et al. 2013),
interview questions (Hartwell et al. 2019), interviewer’s
attitude (Kwon et al. 2009), timing (Schwartz et al. 2015),
and preparation (Gantt 2013) could all potentially influence
interviewees’ behavior. Nevertheless, most studies today val-
idate and evaluate an entire product without examining the
multiple factors separately. Not only do we know very little
about the significant elements that truly influence interview
anxiety and the overall experience (e.g., cognitive load and
discomfort (Wang et al. 2021a, b)), but we also need a solid
understanding of how each factor affects the interviewee’s
external performance (e.g., verbal expressions, eye contact,
and body movements), especially when multiple factors
are assembled in one system; thus, our research serves as
a pioneer for such an investigation. Therefore, a study on
factors contributing to people’s interview anxiety is required
to create successful training programs and develop tailored
therapy approaches.

As such, we developed the virtual reality interview sim-
ulator (VRIS), where the above factors were introduced
and investigated within an orthogonal design to examine
their significance separately.

In this paper, we question whether the above five factors
(I) ReaLism; (IT) QuesTioN TYPE; (III) INTERVIEWER ATTITUDE;
(IV) Timing; and (V) PreparaTioN will indeed significantly
influence interviewee’s anxiety during a job interview. We
hypothesized that all of these factors could potentially have
a pronounced effect on interview anxiety. Considering the
above mentioned, the current study proposed five research
questions (RQs) with the following hypothesis (H):

e RQI: How do different interview questions affect the
interviewee? HI: Professional interview questions
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can cause more anxiety, worse overall experience, and
poorer performance than personal questions.

e RQ2: How does preparation for an interview affect the
interviewee? H2: Being unprepared for an interview can
be more nervous and uncomfortable than being well pre-
pared for the content of the interview.

e RQ3: How does the timing of the answers to interview
questions affect the interviewee? H3: Timed answers can
be more nerve-wracking than untimed answers, leading
to worse performance.

e RQ4: How do different levels of realism affect the inter-
viewee? H4: A more realistic scenario would make inter-
viewees more nervous and reduce their eye contact with
the interviewer.

e RQS5: How does the interviewer’s attitude affect the inter-
viewee? H5: Compared to an interviewer with a positive
attitude, an interviewer with a negative attitude will elicit
increases in skin conductance response, decreases in eye
contact, a higher cognitive load during the interview, and
more unsatisfactory performance.

We then conducted an orthogonal experiment design with
eight different interview conditions using a mixed level
Lg(4! x 2%) orthogonal table including all five factors above
to examine the significance of each factor on interview anxi-
ety, overall experience, and performance. In addition, we
measured the interviewee’s electrodermal activity (EDA)
during the interview, given that increased EDA has been
associated with anxiety. Finally, in all eight conditions, we
asked the interviewee to fill out a self-rated anxiety ques-
tionnaire and NASA-TLX criteria once the interview was
completed. The interviewer would also rate the interviewee’s
performance during the interview. Followed by the mixed-
effects model and the associated post-hoc analysis for the
data collected from questionnaires and electrodermal activ-
ity, we found that all five of the above factors had different
levels of influence on interviewees’ anxiety, overall expe-
rience, and interview performance, among which TYPE OF
InTERVIEW QUESTIONS had the most significant impact, in
particular, the professional questions significantly increased
the interviewee’s anxiety, discomfort, electrodermal activity,
and cognitive workload.

The proposed work aims to identify anxiety-stimulating
factors during job interviews in virtual reality and provides
detailed insights into designing future VRIS.

2 Related work

Relevant prior work includes studies of interview anxiety,
psychotherapy in virtual reality, and virtual reality interview
systems. This section summarizes those works.
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2.1 Interview anxiety

In recent years, the global pandemic has exacerbated the
employment landscape, resulting in reduced hiring by many
companies. This situation has given rise to a range of anxie-
ties among college students (Mok et al. 2021), including the
prevalence of interview anxiety disorder IAD). IAD is char-
acterized by symptoms like speech disturbances, socially
inappropriate behaviors, and general nervousness (Levine
and Feldman 2002). Additionally, prior research has indi-
cated that heightened interview anxiety prompts individuals
to adopt more defensive self-presentation strategies. This, in
turn, can hinder interviewees’ performance and reduce their
competitiveness (Feiler and Powell 2016). Current studies
have indicated that feelings of nervousness, anxiety, frustra-
tion, and distress during interviews were evoked by a highly
evaluative situation, talking to strangers, and a sense of lack
of control (McCarthy and Goffin 2004) since interviews
involve both cognitively demanding tasks (responding to
interview questions), and socially demanding task (inter-
acting with an interviewer), which is ultimately judged by
another person (the ratings made by the interviewer) (Powell
et al. 2018).

Measurement of anxiety, nervousness, stress, and frus-
tration typically contains self-perceived questionnaires and
physiological indicators. Self-perceived questionnaires,
such as the Measure of Anxiety in Selection Interviews
(MASI) and NASA-TLX, are commonly used for this pur-
pose. The MASI, for instance, assesses interview anxiety
across five dimensions: communication anxiety, appearance
anxiety, social anxiety, performance anxiety, and behavioral
anxiety (Zielinska et al. 2021; McCarthy and Goffin 2004).
National Aeronautics and Space Administration Task Load
Index (NASA-TLX) (Hart 1986) is a subjective workload
rating scale. It assesses workload through six dimensions:
mental demand, physical demand, temporal demand, per-
formance, effort, and frustration. It is regarded as the most
effective in representing workload when compared to other
subjective workload scales (Hill et al. 1992). Physiological
indicators of anxiety and nervousness encompass gaze fixa-
tion and eye-blink rate captured by an eye tracker (Kwon
et al. 2009, 2013), Electrodermal activity, which becomes
measurable during emotional activation, heightened cogni-
tive load, or physical exertion (Greco et al. 2016), is also
employed. Additional physiological markers include heart
rate variability (HRV), blood pressure (BP), electroencepha-
logram (EEG), and cortisol sampling (Roos et al. 2021).

2.2 Psychotherapy in virtual reality
Since the inception of virtual reality, numerous research

studies in psychotherapy have explored virtual settings, par-
ticularly investigating their potential for treating psychiatric

conditions. As awareness of social phobia grew, North et al.
conducted groundbreaking research by introducing virtual
reality exposure therapy (VRET) as a treatment for social
phobia. They developed a virtual auditorium capable of real-
time activation (North et al. 1998). In this virtual environ-
ment, the audience and audio responses adjusted in response
to the experimenter’s voice, prompting the experimenter to
speak louder and more forcefully. The experiment, guided
by feedback from questionnaires, revealed that VRET effec-
tively alleviated anxiety symptoms associated with public
speaking and presentations. While the experiment primarily
focused on auditory stimuli, it underscored the importance
of further investigating the relationship between VRET and
human psychology.

Virtual reality exposure therapy (VRET) has become an
important treatment for various anxiety disorders. By using
computer-synthesized virtual scenes (Kampmann et al.
2016) to emulate social circumstances (Emmelkamp et al.
2020), we can expose patients to virtual social situations and
interactions that could induce different levels of social fears.
For example, one study indicated the utility of VR in induc-
ing stressful reactions through a combination of stressors for
healthy subjects (Kerous et al. 2020).

Further studies have implied that there are three precondi-
tions for the treatment of anxiety disorders through VRET,
including immersion, anxiety, and presence (Huang et al.
2021). Parsons et al. reported 21 case studies (Parsons and
Rizzo 2008) confirming that VRET can effectively treat
arachnophobia (Garcia-Palacios et al. 2002), flying pho-
bia (Bafios et al. 2002), phobia of public places (Botella
et al. 2007), and acrophobia (Coelho et al. 2006). Also,
research has shown that VRET has been used in treating
substance abuse (Albright et al. 2021), high-functioning
autism (Didehbani et al. 2016), and eating disorders (Clus
et al. 2018).

Several researchers have highlighted the significance of
social cognition interaction training for children with Autism
Spectrum Disorder (ASD). For instance, Didehbani et al.
developed a virtual reality-based social cognitive train-
ing program to enhance the social skills of children with
ASD (Didehbani et al. 2016). Their research, which assessed
aspects such as emotion detection, social attribution, atten-
tion, and executive functioning, demonstrated that the virtual
reality platform effectively improved the social deficits com-
monly associated with ASD. In addition to virtual reality
social cognitive training for children with ASD, Burke et al.
introduced Virtual Interactive Training Agents (ViTA) as
a tool to enhance social skills and reduce anxiety among
young individuals with ASD and other developmental dis-
orders (Burke et al. 2018). The results indicate that individu-
als who experienced the ViTA training have demonstrated
improved self-promotion, self-advocacy, and responding to
situational queries.

@ Springer
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2.3 Virtual reality interview systems

Virtual reality can promote job interview skills with some
unique features that other platforms such as desktops or
tablets can hardly provide, including (1) realistic interview
environments allowing candidates to practice, (2) immer-
sive interaction with virtual interviewers to receive real-time
feedback, and ( 3) high-pressure interview atmospheres
helping candidates accommodate interview-related stress
and anxiety.

Virtual reality training systems have demonstrated sig-
nificant effects on individuals’ anxiety levels, overall experi-
ences, and performance in various scenarios. Regarding anx-
iety, previous studies have found that visual display (Kwon
et al. 2013), interview questions (Hartwell et al. 2019),
interviewer’s attitude (Kwon et al. 2009), timing (Schwartz
et al. 2015), and preparation (Gantt 2013) could potentially
affect interviewee’s anxiety. In addition to feelings of anxi-
ety, the impact of virtual reality on overall experience (e.g.,
discomfort, eyestrain, and psychosocial stress) has also been
reported. For example, apparatus affects the quality of expe-
rience, with HMDs experiencing higher eyestrain and visual
discomfort than PCs (Souchet et al. 2022). Helminen et al.
have found the V-TSST (virtual trier social stress test) is
effective at inducing psychosocial stress, which can lead to
poor physical and psychological health outcomes, though
the effect size is less than that from the traditional TSST
(Helminen et al. 2019); Kothgassner et al. have indicated
that the perceived social presence did not differ over time in
the VR TSST conditions as time was not a significant factor
(Kothgassner et al. 2021). Furthermore, the virtual environ-
ment can influence interviewee performance. For example,
prior studies have identified a positive relationship between
the number of completed virtual interviews and improved
interview performance (Smith et al. 2017); the results of
M Barreda—Angeles et al. have shown that compared to the
neutral audience, the negative audience elicited increases in
skin conductance level and heart rate variability, decreases
in voice intensity, and a higher ratio of silent parts in the
speech, as well as a more negative self-reported valence,
higher anxiety, and lower social presence (Barreda-Angeles
et al. 2020).

Virtual reality interview systems have showcased their
effectiveness in assessing and training interview-related
skills within simulated environments. For instance, Aysina
et al. introduced the job interview simulation training (JIST)
to enhance the psychological preparedness of pre-retirement
unemployed individuals for job interviews (Aysina et al.
2017). The research revealed that repetitive practice of
interviews in a stress-free virtual environment significantly
increased psychological readiness for actual interviews. This
suggests the potential for JIST to contribute to increased re-
employment among pre-retirement job seekers in the future.
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Furthermore, studies have shown that highly interactive vir-
tual reality role-play training is more effective than tradi-
tional role-play training for improving various interpersonal
skills. Smith et al. conducted a study to evaluate the feasibil-
ity and effectiveness of a role-play simulation titled “Virtual
Reality Job Interview Training” (VR-JIT) in enhancing job-
related interview content and performance-related interview
skills among individuals with Autism Spectrum Disorder
(ASD) (Smith et al. 2014). Their findings underscored the
capacity of VR-JIT to enhance job interview skills in indi-
viduals with ASD.

3 VRIS framework
3.1 Orthogonal experimental design

The orthogonal experimental design is an efficient method
of studying the effect of multiple factors within one sys-
tem simultaneously compared to the conventional methods
of studying each factor separately by selecting one of the
variables to change its parameters and fixing the rest of the
variables. It selects some representative combinations from
a full-scale test according to the modern algebra of Galois
theory (Addelman 1962; Huffcutt et al. 2011). The orthogo-
nal table based on orthogonality ensures that the effects of
all factors are obtained with a minimum number of trials.

We identified five independent variables that potentially
affect interviewee’s anxiety levels during a job interview in
virtual reality: (I) LEVEL oF ReALIsM (4 levels); (II) TYPE oF
INTERVIEW QUESTIONS (2 levels); (II) INTERVIEWER’S ATTITUDE
(2 levels); (IV) TiMED or UNTIMED ANSWERS (2 levels); and
(V) WitH or WitHOUT PREPARATION (2 levels). To determine
the relative importance of these five variables and find out
what factor most stimulates the interviewee’s anxiety, we
constructed an orthogonal fractional factorial design to
arrange the tests by using a mixed level Lg(4! X 2*) orthogo-
nal table with all these five variables in a total of eight sets
of conditions, as shown in Table 1. For example, to conduct
the seventh experimental group, the participants had to test
with the Oculus Quest 2 HMD in a virtual job interview
environment and be asked ten professional questions without
preparation before the interview began. Each question will
be timed 30 seconds for the answer by an interviewer with a
negative attitude (e.g., passive body movements and negative
verbal feedback).

The first independent variable (I) LEVEL OF REALISM cOT-
responded to the visual display of the interviewer. We were
aware that a video conference (e.g., through Skype and
Tencent Meeting) would be considered quite “real” as an
online meeting using video conferencing is generally a well-
accepted form of a remote interview. In our context, “real-
ism” refers to the level of immersion. Previous studies have
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Table 1 Orthogonal design with

- . Experiment Interviewer attitude Question type Timing Preparation Realism
multi-factors and mixed levels group

1 Positive Personal Yes Yes Video-conferencing
2 Positive Personal No No Realistic VR

3 Positive Professional Yes No Cartoon VR

4 Positive Professional No Yes Onsite meeting

5 Negative Personal Yes No Onsite meeting

6 Negative Personal No Yes Cartoon VR

7 Negative Professional Yes Yes Realistic VR

8 Negative Professional No No Video-conferencing

found that higher visual display levels provoke more anxiety
and the sense of presence (Kwon et al. 2013). Therefore, to
create four different kinds of realism, we set four conditions
representing a continuous spectrum of immersion, i.e., the
least to the most immersive, including an interviewer pre-
sented by video conference on a laptop computer (PC), a
low-poly and cartoon-like 3D avatar representing the human
interviewer (VRI), a realistic interviewer with a high fidelity
3D human avatar (VR2), and a face-to-face real human inter-
viewer (REAL) (see Figure 2). In the experiments under PC
condition, interviewees conducted video interviews with live
interviewers via video conference. In the experiments under
VRI and VR2 condition, animated sequences of the inter-
viewer’s avatar were played automatically by the software in
a VR headset, and a conversation with a live interviewer was
conducted via voice conference. Each of the interviewers’

Fig. 1 Four experiment settings
for job interview simulation
under the conditions: video-
conferencing (PC), cartoon

VR (VRI), realistic VR (VR2),
onsite meeting (REAL)

avatars had a full-body presentation, but each of the 19 inter-
viewees only had both hands as a physical presence in the
virtual environment. In the experiments under REAL condi-
tion, the interviewee had a face-to-face interview with a live
interviewer (see Figure 1).

The second independent variable (I) TYPE OF INTERVIEW
QUEsTIONS corresponded to two categories of questions: pro-
fessional inquiries and personnel interview questions, since
the previous study has also shown that different types of
interview questions have an impact on interviewee’s perfor-
mance (Hartwell et al. 2019). For each of the eight groups
of interviews, we prepared different interview questions
accordingly, so there were eight separate sets of interview
questions in total, and each category (i.e., professional and
personnel) had four sets of interview questions of the same

(b)Cartoon VR
L

~
1Y
By

1 |
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Fig.2 Four levels of realism T mmew
(a)Video-conferencing

from the least to most immer-
sive (from left to right): video-
conferencing (VRI), cartoon
VR (VR]I), realistic VR (VR2),
onsite meeting (REAL). Two
types of attitude: positive and
negative (from top to bottom)

L

(a)Video-conferencing

difficulty with each set including ten interview questions.
All the interview questions were in the additional materials.

The professional inquiries consisted of the professional
knowledge the interviewee has learned in college, which
involved computer networking, operating systems, pro-
gramming and algorithms, linear algebra, databases, and
principles of computer composition. Each question had the
corresponding correct answers and would examine the inter-
viewee’s memory, logical thinking ability, reaction speed,
and mastery of professional knowledge. These professional
questions were collected from final exams, internship inter-
views, job interviews, and interview questions for the gradu-
ate school review. Each of the four professional question
sets had an equal number of questions of the same difficulty
level. However, as personnel questions did not come with
standard answers, we had to divide them into five categories:
basic personal information, personality assessment, emo-
tional control, organizing and planning skills, and creative
questions; then, we formulated the four personal question
sets by choosing the same number of questions from the
five categories.
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(b)Cartoon VR

(b)Cartoon VR

(c)Realistic VR

(d)Onsite meetig

(l)Positive

(c)Realistic VR (d)Onsite meeting

(Il)Negative

The third independent variable (III) INTERVIEWER’S ATTI-
TUDE corresponded to the interviewer’s attitude (body lan-
guage and tone of voice) and response to the interviewee’s
performance during the interview process. In our experi-
ment, instead of using appearance, we employed body
language and verbal feedback to differentiate interviewer
attitudes. A previous study discovered that the participants
exhibited more anxiety by the attitude of virtual avatars
than the avatar’s level of realism (Kwon et al. 2009). We
designed two types of interviewers with positive and nega-
tive attitudes. Both interviewers would give interviewees
real-time responses based on their performances. The posi-
tive interviewer would respond with positive feedback on the
interviewee’s answers (If the interviewee did well, the inter-
viewer would respond “Excellent, exactly right.” If the inter-
viewee did not perform well, the interviewer would reply
“It’s okay, there is no rush; please take your time to think
about it.”) with positive animations (e.g., greeting, hand-
shaking, listening with full attention, nodding, and acknowl-
edging, see Figure 2). The negative interviewer would start
the interview by emphasizing “I will only ask all the ques-
tions once and will not repeat them, so listen carefully.”
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Fig. 3 Real interview site (L) &
virtual scenario built in Unity
(R)

During an interview, the interviewer would give negative
feedback on the interviewee’s answers (If the interviewee
is unable to answer or answers incorrectly, the interviewer
will respond “You can’t answer such a simple question?”” or
“Totally wrong, it’s all learned knowledge.” or “Organize
your language more clearly, time is up.”) , and with negative
animations (e.g., shaking head, yawning, pouting, rubbing
shoulders, looking around impatiently, talking on the phone,
or texting, see Figure 2). As presented in Table 1, there were
two real human interviewers, each appearing four times to
represent either the negative or positive attitude. The posi-
tive interviewer appeared in experimental groups labeled
1-4, and the negative interviewer appeared in experimental
groups labeled 5-8.

The fourth independent variable (IV) TiMED OR UNTIMED
Answers corresponded to whether to time each interviewee’s
answer. There is also past literature on the effects of timed
and untimed questions on student performance and anxiety
(Schwartz et al. 2015; Morris and Liebert 1969). In the case
of a task without time limitation (i.e., no timing), each inter-
view question could be answered for any length of time; in
the case of a time-sensitive task (i.e., timing), for each inter-
view question, the interviewer would time the interviewee
for 30 seconds and interrupt the interviewer’s answer as soon
as the time is up.

The fifth independent variable (V) WiTH oR WITHOUT
PrEPARATION corresponded to whether the interviewee was
given 5 minutes to prepare for that round of the interview
before the job interview began. During the 5 minutes, the
interviewee could review the ten interview questions for that
round and could search for information or memorize the
relevant materials distributed by the staff to structure their
answers in advance.

3.2 Apparatus

Figure 1 shows our experiment setup. The whole system
had four different settings for the four levels of realism.
In all conditions, participants were asked to wear an E4
wristband on their left wrist, and a smartphone on the side

would display the real-time physiological data acquisi-
tion without being seen by the participant. For the video-
conferencing condition, interviewers conducted video
conferences with the interviewee via Tencent meeting on
a laptop computer with Windows 10 operating system,
NVIDIA GeForce RTX 3060 GPU, and a 16.1 monitor
with a resolution of 1920 X 1080. The cartoon VR and real-
istic VR conditions used the same experimental equipment
setup. Interviewers conducted a Tencent meeting with the
interviewee on a laptop computer while wearing a Meta
Oculus Quest 2, a standalone headset with an internal,
Android-based operating system, graphics of 1832 x 1920
pixels per eye at 90 Hz, and 6 GB of LPDDR4X RAM
processor. Through a fiber-optic link cable, we connected
the socket of the VR headset to the USB socket of the
laptop computer, allowing us to cast the scene rendered
in the VR headset directly to the laptop computer through
the SideQuest application. Then, the picture on the lap-
top computer would be screen shared with the interviewer
through Tencent meeting so that the interviewer could give
verbal feedback in real time according to the animations of
the avatar and the interviewee’s performance. The inter-
viewee could also hear the interviewer’s voice reply in the
Tencent meeting on the laptop computer linked to the VR
headset. For the onsite meeting condition, interviewees
had a face-to-face interview with real human interviewers
in the real site as Figure 3 demonstrates.

3.3 Application

The Unity applications consisted of scenes and interview-
ers’ avatars, and the Unity3D version we used for develop-
ing the application is 2020.3.25. In order to focus only on
the realism of the avatar itself, we excluded the interfer-
ence of different environments by making them the same
as the physical environment. We built a virtual interview
scene based on a real interview scene by using the abun-
dant 3D models in the Unity Asset Store. Figure 3 demon-
strates a real interview site and virtual interview scenario.

@ Springer
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We designed the corresponding avatars based on two real
females (see Figure 2). In order to present avatars with dif-
ferent realism (cartoon and realistic), we used two different
modeling approaches. The cartoon avatar was developed
by using Ready Player Me', a free web platform that sup-
ports users to automatically generate an avatar that resem-
bles a real person by uploading a selfie. The realistic avatar
was created by using AvatarSDK?, which is an advanced
avatar creation toolkit using Al to create photorealistic and
lifelike 3D avatars from selfie photos.

We initially used the XR Interaction Toolkit and Ani-
mation Rigging packages to incorporate VR components
and inverse kinematics into the interviewers’ avatars.
This allowed for the tracking of upper body movements in
real time. However, this approach was eventually abandoned
due to the significant training required for interviewers to
operate the system and make the avatars’ movements look
natural. For instance, animating hand gestures or finger
movements by pressing the grip and trigger buttons resulted
in less fluidity compared to pre-animated sequences. In our
case, animation was used to distinguish between the inter-
viewers’ attitudes (positive and negative). However, real-
time tracking implies more random behaviors, making
it challenging to control the magnitude and frequency of
movements for each interview. Eventually, we opted for the
Mixamo auto-rigging tool to rig and animate our characters
with animations required by different attitude types (e.g.,
handshaking for the positive interviewer and pouting for
the negative interviewer). Avatars of interviewers were pro-
grammed to achieve various autonomous animations using
the corresponding animator controller. With the animator
components added to our avatars, the avatars would auto-
matically play the pre-customized animation sequence with
natural transitions. Using the Unity XR Interaction Toolkit?,
we built our application on the Android platform as “apk”
files, which would run on an Oculus Quest 2 headset.

3.4 Participants

The participants were recruited from our university cam-
puses with voluntary consensus. They were undergraduate
students facing internship, job, and graduate school review
interviews in the next year or two. They were, therefore,
likely to be the primary users of the VRIS. They were
sophomores and juniors from the School of Information
and Software Engineering and had taken the same required
computer science courses. All computer-related questions in
the interview were selected from compulsory undergraduate

! https://readyplayer.me
2 https://avatarsdk.com

3 https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolk
it@2.2/manual/index.html
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courses; thus, participants were supposed to have sufficient
knowledge and expertise to answer these questions. Nine-
teen university students (M = 11, F = 8) participated in this
experiment, aged between 19 and 21 (M =19.9, SD=0.64).
Participants received ¥100 each as a reward. Each partici-
pant performed the interviews in all eight experiment con-
ditions within four days (twice daily). Each participant was
interviewed twice a day (i.e., once in the morning and once
in the evening) with a 12-hour interval between the two ses-
sions. Each interview is approximately 5-10 minutes long.
The serial numbers of the experiment conducted each time
were counterbalanced to reduce sequence effects. Partici-
pants were instructed to interact via VR controllers and to
familiarize themselves with the entire VR experiment, as
in Figure 4.

3.5 Procedure

The flow chart of the experimental protocol is represented
in Figure 4. The experiments were conducted in a con-
trolled studio environment, maintaining a room tempera-
ture between 25°C and 27°C using indoor air conditioning.
The studio was purposefully designed to resemble a serene
and inviting lounge, creating an atmosphere in which users
could utilize the Virtual Reality Interview System (VRIS)
to simulate job interviews. We supposed that many real-life
interviews occur in comparable settings. Before commenc-
ing the interviews, participants were required to complete
the Measure of Anxiety in Selection Interviews (MASI) and
the General Self-Efficacy (GSE) scale. This step was taken
to identify exceptional cases of individuals who might be
excessively nervous about the interview or potentially suffer-
ing from a related condition, as well as those who exhibited
little to no nervousness. During our interview experiment,
participants were instructed to envision the scenario as a
genuine job interview. They were advised that each inter-
view question posed by the interviewer should be consid-
ered thoughtfully and answered carefully. Throughout the
interview, a staff member seated beside the interviewee
was responsible for gathering physiological data using
a bracelet. At the end of each interview, the interviewees
were requested to complete two questionnaires, namely the
NASA Task Load Index (NASA-TLX) and a self-assessment
anxiety questionnaire. Additionally, the interviewer provided
performance ratings for the interviewees on a score sheet
for that particular round. In the two VR scenarios, the inter-
viewer could not see the interviewees who were wearing VR
headsets, so the ratings were given based on the interview-
ees’ vocal responses and the VR casting from a 2D monitor.
When interviewees were not looking into the interviewer’s
avatar and turned their heads randomly elsewhere (e.g.,
floor, ceiling, and desk) to avoid eye contact, the interviewer
could observe such behavior from the VR casting.


https://readyplayer.me
https://avatarsdk.com
https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit%402.2/manual/index.html
https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit%402.2/manual/index.html

Virtual Reality (2024) 28:56

Page90f20 56

Fig.4 Flow chart of the experi-
ment. (1) Repeat two times in
one day (one in the morning
and one in the evening with a
12-hour interval). Each partici-
pant performed the interviews
in all eight different experiment
conditions within four days. (2)
Choose one of the experiment

Training to the Participants

Qculus E4
wristband

Quest 2

setup for each interview

Fill MASI and GSE
questionnaire

No—<Preparation? Yes

\ 4
No

v

Prepare five

(b)

3.6 Data analysis

In order to comprehensively assess interview anxiety, overall
experience, and interview performance, we combined sub-
jective questionnaires and objective physiological signals,
where the questionnaires were divided into interviewees’
self-perceptions and interviewers’ observations and evalua-
tions, and we used electrodermal activity, in particular skin
conductance response, as a quantitative approach to measure
interviewees’ anxiety.

Questionnaires Each of the five dimensions (communica-
tion anxiety, appearance anxiety, social anxiety, performance
anxiety, and behavioral anxiety) of the MASI includes six
questions, for a total of 30 questions. More than 35% of the
answers to the MASI questions scored above three on the
five-point response scale (1= strongly disagree, 5= strongly
agree) could indicate that the participant once displayed con-
siderable anxiety in at least some aspects of the interview.
Self-efficacy significantly influences human behavior (e.g.,
stress reactions, self-regulation, coping, achievement striv-
ing, and career pursuits) (Zeng et al. 2020). A 10-item ver-
sion of the General Self-Efficacy (GSE) scale (Johnston et al.
1995) of which the total score range is 10-40 using a 5-point
Likert metric with options “1 = Not at all true, 2 = Hardly

preparation minutes
Conduct the ©
interview
v y
Rtervicwer Interviewee fill
One NASA-TLX
Wear the E4 scores rating —» table —->

wrlstband chart questionnaire

(1)

true, 3 = Moderately true, 4 = Exactly true” was used to
measure the interviewees’ ability to deal with various stress-
ors in their life and, in particular, to have control over their
actions in the interview setting. The Chinese version of GSE
(Zhang and Schwarzer 1995) has been validated by Zhang
and Schwarzer to have good reliability and validity. Gener-
ally, a score of 20 or below on the GSE scale indicates low
self-efficacy. As for NASA-TLX, interviewees were asked
to rate each of the six dimensions on a twenty-step bipolar
scale with a score from 0 to 100 (0= Very Low, 100=Very
High). This scale measures the interview’s mental, perfor-
mance, and psychological effects on the interviewer across
different experimental groups.

We also designed a self-assessment questionnaire with
three questions for interviewees to rate their levels of anxiety
(ranging from O to 100), subjective discomfort (ranging from
0 to 100), and eye contact avoidance, as studies have found
that less eye contact is strongly associated with the inter-
viewee being more anxious, more uncomfortable and less
well behaved, which equates to more nervousness (Howell
et al. 2016). Prior research has suggested that interview-
ers can detect interview anxiety with reasonable accuracy
(Feiler 2010). Therefore, for interviewers to assess inter-
viewees, a performance rating scale with three dimensions

@ Springer
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was applied, each rated from 0 to 100. These dimensions
include: non-verbal behavior, assessing signs of nervous-
ness, such as limited eye contact; answers’ quality, regarding
correctness, logic, and time management; communication
skills, considering pause duration, and pause rate. The self-
assessment questionnaire and performance rating scale can
be found in the appendix.

The MASI and GSE scales were applied only once before
participant recruitment to screen out extreme cases. Follow-
ing each interview, participants were requested to complete
the NASA Task Load Index (TLX) and the anxiety self-
assessment questionnaire, as depicted in Figure 4.

Physiology measures: The physiological measures related
to feelings of anxiety in our study are mainly composed of
EDA (Electrodermal Activity). We used the Empatica E4
bracelet with two electrode sensors to measure these data. It
captures conductance (inverse resistance) through the skin,
passing a minimal amount of current between two electrodes
in contact with the skin to obtain EDA signal data. One com-
ponent of EDA is the phasic component, which refers to the
faster-changing elements of the signal—the skin conduct-
ance response (SCR) (Braithwaite et al. 2013). Tonic data
in EDA signals, such as SCL (skin conductance level) levels
vary according to individual differences and changes in the
experimental setting and thus need to record baseline for fur-
ther analysis. Yet, our analysis mainly focused on ER-SCR
(Event-related skin conductance response), which is one
kind of phasic data when specific events (e.g., visual stim-
uli or stressful events) induce corresponding SCRs where
individual differences and changes in time and environment
play little role. So recording the baseline is not mandatory
when analyzing ER-SCR in our experiment. (Kritikos et al.
2019) indicated that electrodermal activity was an effective
tool for anxiety detection within a virtual reality interactive
scenario. The processing for extracting the ER-SCR from
the EDA data is as follows:

(1) Raw data collection: the data from the E4 wristband
website was collected right after each interview. And
then, raw EDA data with Unix timestamps were con-
verted to the local time of the lab.

(2) ER-SCR extraction: we used the neurokit2 package*, a
python toolbox for neurophysiological signal process-
ing. Through functions neurokit2 provided, we could
feed raw EDA signal and got returns like the number
of occurrences of Skin Conductance Response (SCR),
the mean amplitude of the SCR peak occurrences, and
other SCR information for future analysis (Makowski
et al. 2021).

4 https://pypi.org/project/neurokit2/

@ Springer

4 Results

All participants completed the orthogonal experiment,
and therefore, we opted for the mixed-effects model (also
named “multilevel model” or “hierarchical model”) to ana-
lyze the data > from repeated measures (Bates et al. 2014).
The mixed-effects model includes fixed effects associated
with the response variable and random effects not related
to the response variable. In order to get over the effect of
individual differences on the interview experience, we set it
as a random effect in this model. Other variables presented
in Table 1 are fixed effects. A mixed-effects model can study
whether one factor has a higher impact on the response
variable compared to the other factors. In comparison, the
post-hoc analysis can compare the effect of different levels
in one factor. Therefore, we carry out the analysis of the
mixed-effects model and post-hoc analysis. Data analysis
was performed in R, and no significant interaction effects of
any combinations of independent variables were detected.
The significance level was set to .05. We also used correc-
tions when performing the post-hoc analysis.

Based on the eligible samples of MASI, nine interviewees
have experienced substantial interview anxiety, representing
47% of the total number of interviewees. According to the
GSE questionnaire, we found that participants achieved an
average score of 25.21, and eighteen participants acquired a
score between 20 and 30, i.e., they met the criteria of “high
self-efficacy,” while only one participant got a score of 17,
indicating “low self-efficacy and sometimes low confidence

Lt}

4.1 Feedback on anxiety

Table 2 presents the results of mixed-effects model for
analyzing the effect of five independent variables (Inter-
viewer attitude, Question type, Time keeping, Preparation,
Realism) on interviewees’ anxiety. We measured inter-
viewees’ anxiety in three ways, which were self-perceived
anxiety, physiological anxiety, and interviewer-rated
anxiety; self-perceived anxiety was from the self-rated
anxiety scores in questionnaires for interviewees as a
subjective indicator, physiological anxiety was the ER-
SCR data extracted from electrodermal activities embod-
ying the level of anxiety as an objective indicator, and
interviewer-rated anxiety was from the rating chart for
interviewers. Results from the mixed-effects model indi-
cated that Question type (F 133 = 89.31,p = .01, 11; =.40),
Preparation (F 33 =5.45,p = .02, 71; =.04), and Real-
ism (F 33 = 3.14,p = .02, = .02) all have significant
influence on self-perceived anxiety; while Question

3 Available on reasonable request
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Table 2 Analysis of

IO . Interviewer attitude Question type Time keeping Preparation Realism
factors affecting interviewee’s
agxietty usi(;l% ggxed]-)l: | Self-perceived Anxiety SS=55.7 $8=220322 SS=1.3 SS=1344.1 SS=2322.7
QD;CDSF‘;’%;) amer= F=23 F=89.31 F=.005 F=5.45 F=3.14
p=-63 p<.01** p=94 p=.02* p=.02%
n;=.40 11[%:.00 nﬁ:.OO np2=.04 17[3:.02
ER-SCR S$S=.0074 S$S=.0072 S$S=.0034 S$S=.0005  SS=.0014
(Gomboa2008) F=4.38 F=4.30 F=2.05 F=.32 F=28
p=.04* p=.04* p=.15 p=57 p=-84
nﬁ=.03 11P2=.03 nﬁ=‘02 np2=.00 11[3:.00
Interviewer-rated SS=1392.1 SS=4642.1 S$S=2063.2 S$S=65.8 SS=1276.3
Anxiety F=6.78 F=22.61 F=10.04 F=.32 F=2.07
p=.01* p<.01%* p<.01%* p=.57 p=.11
11/%:.05 11,3:. 15 nﬁ=.07 ;1/3:400 77/%:.02

type (F) 33 =4.30,p = .04, 112 =.03) and Interviewer
attitude (Fy 33 =4.38,p=.04, r;; =.03) both sig-
nificantly affect physiological anxiety; followed with
interviewer-rated anxiety, from the interviewer’s
point, interviewees’ anxiety is affected by Question
type (Fy 133 =22.61,p < .Ol,n]% =.15), Interviewer atti-
tude (Fy 33 =6.78,p= .01,;1; =.05), and Time keep-
ing (F 133 =10.04,p < .01,;1[% =.07), which is quite dif-
ferent to the results reported by interviewees.

Further post-hoc analysis is shown in Table 3. Pair-
wise comparisons were performed using the t test.
Compared to Personal question, Professional ques-
tion significantly leads to higher self-perceived anxi-
ety (MD =24.07,t33,=945,p < .Ol,n; =.40), With-
out preparation also leads to higher self-perceived
anxiety (MD = -5.95,133 = =2.33,p= .02 x,1) = .04),
compared with the Realistic VR interview, PC
interview are linked to lower self-perceived anxi-
ety ( MD = -75,t53=-2.08,p = .O3,r1p2 =.03
), similarly, Real person interview leads
to significantly lower self-perceived anxi-
ety (MD=-10.7,t53=-297,p < .Ol,n[% =.06) than
Realistic VR.

When it comes to physiological anxiety, only
Question type and Interviewer attitude have sig-
nificant influence with a negative interviewer
( MD=.01,t133=2.10,p=.04,11§=.03 ) induc-
ing more physiological anxiety than the positive
one; yet unlike self-assessed anxiety, personal ques-
tions (MD = —0.01, ¢33 = =2.07,p = .04, '71% = .03) tends to
induce more physiological anxiety than professional ones.

In terms of interviewer-rated anxiety, same as
self-assessed anxiety, Professional question sig-
nificantly leads to higher interviewer-rated anxi-
ety (MD =11.05,153, =4.75,p < .01,113 = .15), also Real

person (MD = =7.63,t33 = 2.32,p = .02, 115 = .04)and PC

(MD = =7.63,t33 =2.32,p = .02, nﬁ = .04) interview both
induce less interviewer-rated anxiety than Realistic VR
which is in line with the results of self-assessed anxiety;
but inconsistent with self-assessed anxiety, Interviewer
attitude and Time keeping also play a role with a negative
interviewer(MD = —6.05,1,5; = =2.60,p = .01, 115 =.05)
and keeping time for 30s each ques-
tion (MD =7.37,t3;, =3.17,p < .Ol,nz =.07) inducing
more interviewer-rated anxiety than the positive one and
without time keeping.

4.2 Overall experience

To get a full picture of the interviewees’ experience, we col-
lected their Cognitive load, Discomfort, and Avoidance of
eye contact through NASA-TLX and subjective self-assess-
ment questionnaires.

Table 4 demonstrates the effect of interview fac-
tors on the cognitive workload measured through the
NASA-TLX in six dimensions using a mixed-effects
model. We can observe that Interviewer attitude does
not have any significant influence on the NASA-TLX
criteria, while Question type has significantly affected
Mental demand (Fl,133 =37.79,p < .01,11; =.22),
Physical demand (F) 3 =772,p < .0l5 =.05),
Temporal demand (F, ;; =20.85,p < .01,113 =.14),
Performance (F) ;33 =3375p<.0Ly =.14),
Effort (F,;;=378,p= .05,;1; =.02), Frustra-
tion (F) 33 =34.87,p < .01,1]5 =.21). Among six cri-
teria, Timekeeping only has significant effect on Physi-
cal demand (F,;;=4.50,p= .03,;1p2 =.03) and

Temporal demand (F, ;; =15.11,p < .01,;13 =.10).
Preparation and Realism have similar significant effect
on Performance (F ;3 =06.57p=.0L79 =.05,

and F| 33 =334,p= .02,1113 =.02, respectively,)
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Table 3 Post-hoc analysis for factors affecting interviewee’s anxiety using t test (MD=mean difference, df=133)
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and Frustration (F3; =7.75,p < .01,7) = .06, and
F\ 133 =3.83,p = .01, = .03, respectively).

The post-hoc analysis was also performed for the
NASA-TLX criteria, given in Table 5. Professional
question tends to increase more Mental demand
(MD =17.49,t,3;, =6.15,p < .01,;73 =.22), Physical
demand (MD = 6.13,¢3;, =7.32,p < .01, 115 =.29), Tem-
poral demand (MD = 12.04,t,,; = 4.57,p < .01,71; =.14),
Effort (MD =5.01,t,33,=194,p = .05,;15 =.03), and
Frustration (MD = 17.78,t53, =591,p < .01,11]3 =.21),
but reduce Perfor-
mance (MD = 12.04,1,5; = 4.57,p < .Ol,nﬁ =.14). With
Timekeeping, interviewee experienced more Physi-
cal Demand (MD =4.68,t;; =.18,p = .03,115 =.14)
and mor e Temporal
demand (MD =10.25,t3;,=3.89,p< .01,11; =.10).
Also, Preparation can significantly improve the Per-
formance (MD=7.7513 =256,p<.0lL,n =.05)
and reduce Frustra -
tion (MD=-838,t;;=-278p< .OI,n; =.05).
Compared to the interview via Real person, Car-
toon VR interview has an adverse effect on the Perfor-
mance (MD = —11.95,t33 =-2.99,p < .01,;7[% =.06),
Realistic VR will increase the Frustra-
tion (MD = 14.13,t5, = =3.32,p < .Ol,n}% =.08).

Table 6 presents the self-perceived discomfort and the
level of eye contact avoidance.

Discomfort is significantly influenced by Ques-
tion type(F) 33 =53.62,p < .01,173 =.29), Prepa-
ration(F 33 =3.81,p= .05,11[3 =.03), and Real-
ism(F) 133 =6.51,p < .01,;1[% =.05), while Avoidance
of eye contact is greatly affected by Interviewer
attitude(F]’m=4.03,p=.04,n§=.03), Ques-
tion type(F3;3=834,p< .01,115 =.06), Prepa-
ration(F 33 =691,p < .01,71; =.05) and Real-
ism(F) 133 =3.69,p = .01,715 =.03).

Further post-hoc analysis of Discomfort and Avoid-
ance of eye contact in Table 7 demonstrates that more
Discomfort discomfort tends to arise under condi-
tions with Professional questions than Personal ques-
tions (MD=2024,t3,=732,p< .01,711% =.29 ),
Without preparation than With prepara-
tion(MD=-540,t3; =-195p=.05 *,11]% =.03 ),
Cartoon VR than Real per-
son(MD = 12.79,t53 =3.27,p < .01,;7; = .07), Realistic
VR than PC(MD = —9.84,1,5; = =2.52,p = .01, 115 =.05),
and Realistic VR than Real per-
s on ( MD=-15.68,t33, =4.01,p < .01,7][3 =.11 ).
Also, Avoidance of eye contact which means less
eye contact with the interviewer is associated with a
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Table 4 Analysis of cognitive workload of the interviewee using mixed-effects model (NumDF=1, DenDF=133)

Mental demand Physical demand Temporal demand Performance Effort Frustration
Interviewer attitude SS=112.9 S$5=20.63 SS=0.8 SS=265.8 S$S=720.8 SS=154.0
F=.37 F=.11 F=.003 F=.87 F=2.85 F=.45
p=-54 p=.73 p=.95 p=35 p=-09 p=-50
7*=.00 7*=.00 7*=.00 7*=.00 7*=.02 7*=.00
Question type SS=11620.0 SS=1428.7 SS=5508.1 SS=10263.2 S$5=955.01 SS=12007.9
F=37.79 F=7.72 F=20.85 F=33.75 F=3.78 F=34.87
p<.01%* p<.01%* p<.01%* p<.01** p=.05* p<.01**
n*=.22 n*=.05 n*=.14 n*=.20 n*=.02 n*=.21
Timekeeping SS=720.8 SS=833.79 SS=3992.4 SS=857.4 SS=265.8 SS=519.5
F=2.34 F=4.50 F=15.11 F=2.82 F=1.05 F=1.51
p=.13 p=.03* p<.01%%* p=.09 p=-30 p=22
n*=.02 n*=.03 n*=.10 n*=.02 7*=.00 n*=.01
Preparation SS=628.2 SS=119.13 SS=87.0 SS=1997.4 SS=351.06 S$S=2669.5
F=2.04 F=.64 F=6.57 F=1.39 F=7.75
p=.15 p=43 p=.57 F=6.57 p=.24 p<.01%*
7*=.02 7*=.00 7*=.00 p=.01* n>=.05 7*=.00 n*=.06
Realism SS=1026.8 SS=261.0 SS=1085.0 SS=3044.0 SS=673.7 S$S=3952.5
F=1.11 F=47 F=1.37 F=3.34 F=.89 F=3.83
p=.34 p=.70 p=-26 p=.02% p=44 p=.01%
7*=.00 n*=.00 n*=.01 n*=.02 n*=.00 n*=.03

Negative attitude(MD = 6.12,15; = 2.01,p = .04, n’% =.03)
interviewer, Personal Ques-
tion(MD = 8.80, ¢33, =2.89,p < .01,11[% =.06), and No
preparation(MD = —8.01,1,;3 = =2.63,p < .Ol,n; = .05);
surprisingly, Realistic VR can greatly reduce eye con-
tact than any other conditions including Cartoon
V R ( MD=-884,t3;,=-2.05p=.04, 175 =03 ),
PC(MD = —-11.40,t33 = =2.64,p < .01,71[% =.05) and
<Real Person(MD = —13.21,1,33 = =3.06,p < .01,;1; =.07
).

4.3 Interview performance

The interviewers’ feedback on the interviewees’ perfor-
mances and ability includes Communication skill (e.g.,
the ratio of pauses, errors, stammering, slurring, and ver-
bal chanting) and Overall performance (e.g., accuracy,
logic, and time control); a better communication skill
means more fluent, accurate and constructive oral pres-
entation to interview questions while a better performance
indicates more correct, logical, and adequate answers
within time limits. The mixed-effects model results are
given in Table 8.

From the interviewers’ point, interviewers’ Over-
all performance can be significantly influenced by

Interviewer attitude (F)3; =3.98,p= .04, 115 =.03),
Time keeping (F) 33 =5.83,p=.02, n}% =.04) and
Preparation (F| 33 =4.91,p = .02, 113 = .04); and their
Communication skill tends to be affected by the Ques-
tion type (Fj33=641,p= .01,115 =.05) and Real-
ism (F 33 = 3.05,p = .03, nz =.02).

The post-hoc analysis was carried out to study the effect
of different levels of significant factors from the inter-
viewer’s opinion; results are given in Table 9. According
to the results, interviewers’ Communication skill tends
to be better with Personal question than Professional
question(MD = —=5.92,t53 = -2.53,p < .01,112 =.05),
but it can be worse under condition Real Person than
Cartoon VR(MD = 6.58,t53 =1.99,p < .05,112 =.03)
PC(MD =09.74,t35=29%.,p < .01,;1; =.06).
Meanwhile, interviewees’ Overall performance is
worsen by Negative interviewer, Timekeeping, With-
out preparation, Cartoon VR than Positive inter-
viewer(MD = —4.76, 53 = —=2.00,p = .05, ;15 =.03), No
timekeeping(MD = —=5.76,t,33 = =2.42,p = .02, nz =.04),
With preparation(MD = 5.29, 1,33 = 2.42,p = .02, 11,2, .04),

and Real Person(MD = —7.37,t53 = —=2.18,p = .03, n, = .03
).

and

(]
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Table 5 Post-hoc analysis for factors affecting interviewee’s cognitive workload using t test (MD=mean difference, df=133)

Mental demand Physical demand Temporal demand Performance Effort Frustration
Interviewer attitude: Negative - Positive = MD=-1.72 MD=-0.74 MD=-0.14 MD=-2.64 MD=-4.36 MD=2.01
t=-.61 t=1.78 t=-.05 t=-.94 t=-1.69 t=-.67
p=>55 p=-74 p=-96 p=.35 p=-09 p=-50
n]%z.OO n§=.02 np2=0 n]%z.OO nj=.02 ’7,,2:~00
Question type: Professional - Personal MD=17.49 MD=6.13 MD=12.04 MD=-16.43 MD=5.01 MD=17.78
t=6.15 t=7.32 t=4.57 t=-5.81 t=1.94 t=5.91
p<.01%* p<.01%** p<.01%* p<.01%* p=.05* p<.01%*
nﬁ:.22 nﬁ:.29 ;1;=. 14 n§=.20 11§=.03 11;:21
Timekeeping: Yes- No MD=4.35 MD=4.68 MD=10.25 MD=-4.75 MD=-2.64 MD=3.70
t=1.53 t=.18 t=3.89 t=-1.68 t=-1.03 t=1.23
p=.13 p=.03* p<.01%* p=.10 p=.31 p=22
11;:.02 111%:. 14 ;1;=. 10 11;:.02 n]%:.OO n§=.01
Preparation: Yes - No MD=-4.06 M=1.76 MD=-1.51 MD=7.25 MD=3.04 MD=-8.38
t=-1.43 t=-1.95 t=-.57 t=2.56 t=1.18 t=-2.78
p=.15 p=42 p<.57 p=.01%* p=.24 p<.01%*
i1§=.02 n§=.03 11;=0 11;:.05 11;:,01 111%:.05
Realism: Cartoon VR - PC MD=1.45 MD=-0.89 MD=1.61 MD=-7.37 MD=-4.87 MD=2.05
t=.36 t=1.78 t=.43 t=-1.84 t=-1.34 t=.48
p=.72 p=77 p=.67 p=.07 p=.18 p=.63
11;=.00 i1§=.00 11;=0 r[;=.02 11;:01 11;=.00
Realism: Cartoon VR - Real Person MD=3.42 MD=2.66 MD=0.61 MD=-11.95 MD=-3.84 MD=6.66
t=.85 t=5.06 t=.16 t=-2.99 t=-1.05 t=1.56
p=40 p=40 p=-87 p<.01%* p=-29 p=-12
11§=.00 I1§=. 16 11;=0 1113=.06 71§=.00 ;1§=.02
Realism: Cartoon VR - Realistic VR MD=-3.68 MD=0.82 MD=-5.29 MD=-3.29 MD=-5.37 MD=-7.47
t=-91 t=-0.74 t=-1.42 t=-.82 t=-1.47 t=-1.76
p=-36 p=-79 p=-16 p=41 p=.14 p=-08
m,=.00 m,=.00 =01 m,=.00 m=.02 m=.02
Realism: PC - Real Person MD=1.97 MD=3.55 MD=-1.00 MD=-4.58 MD=1.03 MD=4.61
t=.49 t=1.49 t=-0.27 t=-1.14 t=.28 t=1.08
p=.62 p=25 p=-79 p=25 p=-78 p=-28
m,=.00 m=.02 1,=.00 m,=.00 m=.02 m,=.00
Realism: PC - Realistic VR MD=-5.13 MD=1.71 MD=-6.89 MD=4.08 MD=-0.50 MD=-9.53
t=-1.27 t=-2.52 t=-1.85 t=1.02 t=-.14 t=-2.24
p=-20 p=-58 p=.07 p=31 p=-89 p=.03*
;12:.01 ;1/3:.05 ;15:.03 113:.00 111%=.02 11/3:.04
Realism: Real Person - Realistic VR MD=-7.10 MD=-1.84 MD=-5.89 MD=8.66 MD=-1.53 MD=-14.13
t=-1.76 t=-4.01 t=-1.58 t=2.16 t=-.42 t=-3.32
p=-08 p=-56 p=.12 p=.03* p=.68 p<.01**
m=.02 m=.11 m=21 =03 m=.00 =08

5 Discussion

Regarding user experience, participants were asked post-
experiment if the interviewer’s movements were live or pre-
recorded sequences. Four participants believed the move-
ments were live, while twelve were uncertain due to their
focus on answering the interview questions. Interestingly,
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only three participants suspected the movements were pre-
recorded, noting some appeared to repeat.

To answer the five research questions and the correspond-
ing hypotheses about the effect of different variables, we
found that each of the factors played a specific role, with
Question Type having the greatest impact, followed by
Interview Attitude, Preparation, and Realism all having
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Table 6 Analysis of

. . > Interviewer attitude  Question type ~ Time keeping  Preparation Realism
interviewee’s discomfort
and avoidance of eye contact Discomfort ~ $S=920.2 $S=15562.1  SS=9.5F=.03 $S=1105.9 $S=5673.5
using mixed-effects model p=.8517>=.00 F=3.81 F=6.51
(NumDF=1, DenDF=133) p=.05* n?=.03 p<.01**
7*=.05
F=3.17 F=53.62
p=.07 p<.01**
}72=02 7’]2=29
Avoidance of SS=1422.5 SS=2944.5 SS=469 SS=2440.0 SS=3908.7
eye contact F=3.69
p=.01*% n>=.03
F=4.03 F=8.34 F=1.32 F=6.91
p=.04* p<.01%* p=-25 p<.01%**
n*=.03 n*=.06 7*=0.00 n*=.05

approximately the same effect, and finally Timekeeping hav-
ing the smallest effect. Our findings both negate and sup-
port some of the hypotheses. Our results implied that pro-
fessional questions, being unprepared, timed answers, and
negative interviewers can indeed cause more anxiety than
their respective opposites. However, in terms of Realism, it
was predicted that a greater level of realism would result in
greater anxiety, but this turned out not to be the case, where
Realistic VR was found to have the greatest anxiety-inducing
effect.

Regarding the independent variables, we found that
Question type has the most significant effect among other
independent variables. In particular, professional questions
can lead to higher anxiety on each dependent variable and
dimension. For example, considering anxiety, professional
questions can lead to more self-perceived, SCR-embod-
ied, and interviewer-rated anxiety; for overall experience,
professional questions can cause more discomfort, more
cognitive load, and less eye contact; and for interview
performance, professional questions can cause decreased
communication skills. The only exception is the overall
performance on which Question Type has no significant
impact. There has been little research on the impact of
Question Type on interview anxiety; also, the impact of
many question variables remains poorly understood, for
example, question variables including whether the ques-
tion is open or closed (Gee et al. 1999), experience-based
or situational questions (Ellis et al. 2002), “lower-order” or
“higher-order” thinking (Bradley et al. 2008). Our research
focused on professional and personal questions related to
job interviews. Our data suggest that professional ques-
tions can cause more cognitive load than personal ques-
tions. Susan Gee et al. (Gee et al. 1999) mentioned that a
recall question requires more cognitive processing than an
answer to a recognition question, which offered valuable
insight into our study. The professional questions in our

survey required a memory search and thus can be defined
as recall questions. In contrast, personal questions with
specific cues provided were very familiar with recogni-
tion questions. However, Susan Gee used a sample of 157
children aged nine to thirteen, and our experiments mainly
targeted college students. Next, Interview Attitude, Prepa-
ration, and Realism all have considerable effects on each
dependent variable. Apparently, a negative interviewer
can cause more SCR-embodied anxiety, interviewer-rated
anxiety, less eye contact, and worse performances. Joung
Huem Kwon'’s finding considered that anxiety level was
affected more by the attitude of the virtual interviewer
than its level of realism (Kwon et al. 2009), whereas our
findings do not support that the attitude’s impact necessar-
ily outweighed the level of realism. Joung Huem Kwon’s
experiment only focused on virtual humans and did not
include a real human interviewer. Also, the indicator of
the interviewee’s anxiety used in Joung Huem Kwon’s
study was simply physiological measurements (i.e., the
percent rate of gaze fixation and eye blink). In a similar
study, Patrick Gebhard (Gebhard et al. 2014) designed two
types of virtual recruiters: a sympathetic one with friendly
facial expressions and a warm tone, and a demanding one
with unfriendly facial expressions and a cold tone. They
found that the participants felt that the demanding char-
acter induced a higher stress level than the understanding
character and felt less comfortable, which aligns with our
discovery regarding the effect on the overall experience.
Similarly, no preparation before an interview can lead to
more self-perceived anxiety, more discomfort, a higher
cognitive load regarding frustration, and worse perfor-
mance. This is consistent with a previous study which
suggested that job-seekers perform better in job inter-
views when they are better prepared and have rehearsed
answers to common interview questions, and the experi-
ential practice of mock interviews may enhance students’

@ Springer



Virtual Reality (2024) 28:56

56 Page 16 of 20

NO.”Nr MO.HNr OO.”NQ OO.”NQ MO.”Nr
#€0=d 90'=d 9y=d x10'=d Lo=d
S0'e=d Sye=d €6'=d 17'9=d Pre=d
0°2061=SS SY'91L=SS 8I'TT1=SS TTeel=SS S91L=SS [[Is uonesunuwo?
—O.HN: wo.HN: vo.HN: oo,HN: mo.HN:
yr=d x20'=d x20'=d 66'=d xp0'=d
¢8'1=d 16v=d £8'6=4d 1000'=d 86'¢=d
YT E0CI=SS 81'€901=SS [ANCIAENY £0'=SS €1'798=SS ouewIojred [[e10AQ
wsIeay uoneredarg Surdooy auurg, ad£y uonsong) IpPMITE JOMITAIIU]
(¢€1=Aque( ‘T=JqWNN) [OPOW S}09Jo-paxTu Sursn ooueurIofIad ,SO9MIIAISIUT UO UOTIBN[RAD SIOMOTAIONUI JO SISA[eUY g 3|qel
LO=5h Sor=h 00°=5k g0r=sl 00°=5k 00'=¢h 00°=5k 90=gh c0r=sh
#x10>d #x10>d L9'=d x0'=d 1g'=d gg=d #x107>d go=d #107>d sv0=d
90°¢-=) ¥9¢-=1 W= S0c=1 10 1= 65=1 SI'1=1 68C=1 10C=1 10800 9K
ITel-=adN Oy I1-=dIN 8 I=AdIN ¥8'8-=dIN LEY=AN S T=AdN 10°8-=dIN 1S e=dN 08'8=dIN CI'9=dIN  JO 9oUBPIOAY
_d _d _d 4 _d _d _d 4 _d
11 Hmt S0 HN: 20 HN: 90 HN: L0 HN: 20 HN: 00 HN: 62 HN: 20 Hmt
wx107>d «10'=d gr=d 9t'=d #x107>d 8L0'=d gg=d #107>d Lo=d
10y-=1 = 67" 1= YL O== Lce= 8L'1=1 8= L= 8L1=)
8L'1=)
89°CI-=AdIN ¥8'6-=UdN ¥8'S=AdIN 68"C-=dIN 6L CI=AdN ¥6'9=AIN 0" S—=ain 0S°0-=adIN YT 0c=dIN ¢6'y=adN Hojwossiq
JAA A AA onsifeay uosIod od - [euos1og- 2ANISO{ -
JNSI[BAY - UOSId ONSIeay - Dd UOSId [8Yy - - YA UOOMED B9y - YA UOO) YA UOOUERD ON -SOx [euoIssoJold  QANRSON opm)
[y wIsIey wsIeey D WsIeay RN =N -IeD) [WSIRIY wwisifeay SO :uoneredarg :Surdooyowry,  :odA)uonsend)  -1Ie JOMOIAIOIU]

(EET=JP ‘UIAYIP UBIW=(TIA]) 1S9} } SUISN J0LIUOD K3 PUE JIOJWOISIP S,99MIIAINUI TUNIJYe SI0)Oky J0] SISA[eue J0y-1sod / 3|qel

pringer

AQs



56
Page 17 of 20
Virtual Reality (2024) 28:56

: iewing (Hansen and
. _ job interviewing (
preparation for real W(;rld Jce of Realism is much more
influen : -
g Hansen 2006). The tlln ariable has four levels, mixed
Z : ince this v . -
Gk Comphcated. simee hat Realism has a significant impact
& 2 5 = effect model indicates tha discomfort, cognitive load, eye
g - = YT _ — . iety, dis ) )
% 5 TT Z 75 z = i C"> on self-perceived anXl'ca};ion skills, with further post-hoc
= 2 A8 Ty muni > . ore
5 E Q; % I &N@E LN contact, and (iiqn(l;overed that Realistic VR induces H.ltive
i s . i ogni
analysis, we di ' discomfort, higher ¢
% 8 Self_perCGiVed anxiety, «rnore d less eye contact than PC
é ;:;3 § o N (\'l = 8 load regarding frUStraUOI.L aI'l ainst our prior hypothe—
i a2 ﬁ = T il Ji and even Real Person, which is agaused more anxiety than
“EEISTL=3lhs ses that Real Person should havek:)lce and in line with many
. it is reasona . .
3 g Realistic VR yet, 1t Is R is effective in inducing stress
Z : - TNt 53 previous findings thatIVZ' mer et al. 2019; Fallon et al.
<+ X ] . . )
Z — o< Il Zos< o al. 2011; Zim . an
58 25 ¥ S NLQ (Wallergiird et i ignificant difference shown in any
<5 FramEss 2021). Also, there is no sig Realistic VR and Cartoon VR
' ’ - n Reali
. dependent variables betwee educe eye contact compared
:Ia g \O except fOr RealiSllC VR canr lth Jean_LuC Lugrin’s ﬁnd-
— ° - oS w
('.E)' x| o oo Tewn = to Cartoon VR, which al.lgns level of realism for avatar
27> |QI| i TAS Wl ing that graphical details or 'g ¢ differences (Lugrin
< § -2 TS, SN - . 1 no sjgnl can i .
Ze2|2Law visual display revea d unexpectedly, Timekeeping ha}S
015). Lastly and u ) . _rated anxi-
= etal. 2 ly shown in interviewer-ra
5 & 3 the least impact, only cifically, keeping time increases
~ : 0 ! nce; spe » RS . in
DB ot = &g ety and performa : Ii and cognitive load considering
4|2 ey g2 g I.g T L interviewer-rated anxiety d, also leads to worse perfor-
< = e s I g0 . mand, 3
'3 CE8|51 LeS physical and temporal de bility to finish tasks under time
: mance. Nevertheless, the abi y,ous study has validated a
5 & = . - revi X .
= > = = ency is crucial; thus, a P ing time-limited deci-
5|5 S b o+ 8 urg . roving tim
c |2 § 5 %S A s C"J' virtual training system for imp s (Romano and Brna
= S N \ a : ce .
g 5 8 g % I &leg Il sion skills and learning performaln focused on interview
' : search mainly .
A 2001)9 Whlle our re : erformance as the preVI
i d of learning p ) . 1
\E, .. erformance instea . he potential of virtua
R % & o tudy, both studies indicated the p
g |.= ) ! * S .
o |l =0 <+ © "N ous o
z %Z = S % A i % {ﬁ reality as a training tool. riables, results indicate that
% E é % ﬂ &NQQ =R Regarding the depel’ldent Vab Qu(,;sl‘l'On type, secondly
§ Anxiety is greatly influenced }}'mekeeping, Preparation
g .. i attitude, and lastly Ti . ; tly influ-
E| 2 ° Interviewer . 1l experience is greatly
5 % = = QL and Realism; while Overa ation, and Realism, secondly
g 22 Teog8 JINE= S enced by Question type, Prepar iy yet Performance is
fleg |STLLERLL Interviewer attitude and Tlmekgepiﬂf almost the same level
: |F - iables and w .
3 effected by all five Varlabljon slightly having more impact.
5 g o of influence with I.Drepara li association between depend-
=2 E & = o We further investigated the . ociations between
21223 Theze = = iables and found consistent ass oty and inter.
= > 2 8 1S .. ||h ent varia . . d anxie y’
s|12€2|a (ﬁ] v g I les ; anxiety, SCR-embodie . Real-
5 & eived and
S|9g8 |54 self-perc X ecially in Question Type, :
5 viewer-rated anxiety, esp induce more anxiety than
£ ) X here Realistic VR tends to inconsistency
& 5] %02 lg L w | Person. However, we found an in NASA
= = <t N er. . b . _
S22 o T84 PC and Rea , erformance collected in
LA | <o ived p d
a 5 g : A z S ? A o ? I between Self_perce d performance; interviewees ten
o A= ol Il g ot : i -rate ’ ]
HEE R R TLX and interviewer ncpes are influenced by Question
: : 5 to believe their Perf(’;m; lism while interviewers think
S .c o ; and , KRea . r
:‘é 3 s type, Preparation es are mainly affected by InlerWeW"h
< E =3 that their performanc ration even though bot
g — ?S g . Timekeeping, and Prepa
p EZ $E attitude,
=} 3 “ @)
fd

@ Springer



56 Page 180f20

Virtual Reality (2024) 28:56

sides found Preparation influenced performances. The
inconsistency might be because the interviewer had a full-
body avatar. However, the interviewee only had both hands
as a physical presence in virtual reality, where the inter-
viewers could only judge the interviewee’s voice without
facial expressions or eye contact to rate their performances.
Therefore, the interviewer’s evaluation might need to be
completed in virtual reality. For the interviewer to evalu-
ate the interviewee’s performance more comprehensively,
the interviewees could also interact with more expressive
avatars, such as a customized avatar with facial and motion
capture that can deliver their feelings, facial expressions,
and body movements in real time. The previous study also
showed that facial animation could increase the enfacement
illusion and avatar self-identification (Gonzalez-Franco et al.
2020).

Our findings have a few implications for the optimiza-
tion and development of VRIS: (1) Professional questions
and an interviewer with a negative attitude can remarkably
induce anxiety during an interview; (2) VR interviews can
indeed be effectively used to produce a similar interview
experience, inducing the same or even more anxiety and
discomfort than a real person interviews to the interview-
ees; (3) low-fidelity avatars can provide the same user
experience, anxiety level, cognitive load as the high ones
while having lower requirements for computational per-
formance, time latency, network load, and hardware; (4)
preparation is still the critical element to have good per-
formance; (5) during an interview, self-perceived anxiety
and the interviewer’s evaluated anxiety are approximately
the same which means that the interviewer can detect the
interviewee’s tension level well.

6 Limitation

Quantifying anxiety presents challenges. Electrodermal
activity responses may not provide an accurate repre-
sentation of anxiety and can be influenced by extraneous
factors like food and drink intake. Therefore, for future
research, we recommend considering alternative measures
for a comprehensive quantification of anxiety. These alter-
natives may include eye movements, facial expressions,
voice intonation, physical gestures, or neural activity. Fur-
thermore, our short-term, sequential experiments do not
account for the potential influence of long-term studies.
Conducting extended, consecutive interview studies may
reveal additional insights relevant to the design of Virtual
Reality Interview Systems (VRIS). Additionally, investi-
gating the relationships between dependent variables can
help elucidate whether higher anxiety levels correlate with
worse interview experiences or performance.

@ Springer

7 Conclusion

We developed and evaluated a virtual interview simulator
to investigate the possible causes of anxiety in job inter-
views within VRIS. Employing an orthogonal experimen-
tal design comprising eight job interview conditions and
evaluating it with 19 college students, our study aimed to
discern the significance of five potential anxiety-inducing
factors. The research provides valuable insights into the
core factors that contribute to interview-related anxiety
and influence the overall interview experience and perfor-
mance. Results affirm the significance of specific variables
and emphasize the necessity of considering the "Ques-
tion Type" within VRIS. Additionally, we identified the
effectiveness of VR interviews in comparison to traditional
in-person interviews in terms of anxiety induction. This
suggests that VRIS holds promise as a valuable tool for
interview training and practice.

Appendix A Interview questions
and questionnaires

Our supplementary materials include eight sets of interview
questions (i.e., 4 sets of personal questions and 4 sets of

professional questions), a “Self-assessment Questionnaire”

and a “Performance Rating Scale” see®.
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