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Abstract: High aggression is common and costly for mental health problems in young adults. Because
communication is a universal part of social relationships, including conflicts with others, it could be a
possible target for mediating aggression. This study aimed to evaluate whether the virtual reality (VR)based communication modification program can be utilized for aggression management. Fifty-eight
individuals with high aggression (n = 30) and with low aggression (n = 28) completed psychological
assessments associated with aggression and functional communication, and they participated in
the program, consisting of the three tasks: exploring the communication style, practicing functional
communication, and expressing empathy. The participants’ selections and their visual analog scale
scores, in response to questions in the tasks, were collected as behavioral data. Results indicated that
the high aggression group selected blaming dysfunctional communication style more frequently than
the low aggression group. VR-based parameters, expected to reflect dysfunctional communicationrelated characteristics, showed significantly different correlations with aggression-related traits
between the two groups. These findings show that our program may accurately represent an
individual’s aggressive traits and elicit the appropriate reaction.
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1. Introduction
High aggression is common and costly for mental health problems in people, especially
adolescents and young adults [1,2]. Its negative effects on health and economics are felt
throughout society [3–6]. Not only high aggression in criminal cases but also aggression
that occurs in everyday relationships, such as gaslighting and dating violence, have been
emphasized in social and economic costs [7,8]. Therefore, it is essential to develop effective
interventions for managing aggression in daily life.
Although research over the past two decades has provided noteworthy progress in
the development of interventions for managing aggression that demonstrate significant
effects in terms of both efficacy and effectiveness [9–11], most studies in the field of interventions for aggression management have focused on aggressive behaviors that have
already occurred, such as forensic events. It is problematic that the relevant service systems
still struggle to meet the needs of people at risk of exhibiting such behavior [12]. Moreover,
despite the diversity of situations in which everyday aggression can be revealed, most
programs for managing aggression in daily life have focused on specific issues, such as
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dating violence, making it difficult to be provided generally [13,14]. Therefore, in order to
manage the various aspects of day-to-day aggression, programs will need to have high
accessibility, low-cost characteristics, and universal elements that can be used in common
and various situations.
Communication is a universal element of all social relationships that people carry
out, and it can thus become a common factor related to all day-to-day aggressions. Remarkably, several previous studies have reported that functional communication mediates
stress by controlling conflict with others [15]. In contrast, nonfunctional communication
interferes with everyday relationships, such as family health, and increases problem behaviors [16]. In this context, the modification of dysfunctional communication has already been
emphasized in various social domains, including families [17], couples [18], healthcare
workers [19], and schools [20]. Therefore, modifying dysfunctional communication can be
an effective common target for managing a variety of daily life aggression. In addition,
several psychological factors, such as anger and parent–adolescent communication, should
be considered to modify dysfunctional communication [21,22].
Most representatively, the types of dysfunctional communication were proposed by
Virginia Satir [23] and included placating, blaming, computing, and distracting [24,25].
Placaters are non-assertive and conflict-avoidant, tend to seek approval, and are sensitive
to how others perceive them. Blamers are self-assertive without taking into account the
position of others and always blame someone or something else. Computers favor an
intelligent approach to analytically planning and solving problems and appear insensitive
to the feelings of others. Distractors try to avoid issues or manipulate the emotions of
others by using negative emotions to hide their feelings of inadequacy.
According to Satir’s model, dysfunctional communication can be addressed by exploring the feelings, perceptions, and cognitive expectations of the self in here-and-now
experiences [26,27]. This model has been applied to various populations, such as adolescents [28], college students [29,30], and couples [31], showing improvements in communication and interpersonal relationships. Concerning the application form, the model was also
effective in various forms, such as learner-oriented education methods and role-playing
forms [32,33]. Of note, here is a recent report that a counseling program based on Satir’s
model improved quality of life, including reducing aggression [34]. Based on these backgrounds, we developed a training program to modify dysfunctional communication, which
used virtual reality (VR). It has been reported in our previous feasibility study that this
program can be safely and effectively used for communication training [35].
VR has been widely studied as a tool with characteristics of high accessibility and
low-cost in providing psychological interventions. With technological advancements, VR
can easily provide realistic environments where individuals can communicate with others
anytime, anywhere, and can increase the effectiveness of repetitive training by generating
high immersion and strong motivation [36]. Considering these advantages, VR has been
used to promote emotional/social adaptation skills in patients with mental illness, including autism spectrum disorder [37], schizophrenia [38], and social anxiety disorder [39]. VR
has also well-established effectiveness in educational training for the general population,
making it suitable as a tool to deliver practical and valid communication theory [40]. In
addition, the advantages of VR include suitability for presenting emotional stimuli that can
induce aggression [41]. Recent studies have actually reported that VR can be effectively
used to manage aggressive behaviors in the context of emotional experiences [10,42–44].
Unlike these previous VR-based aggression management studies, our program attempts to
modulate aggression using VR as a means of embodying the here-and-now experience of
Satir’s theory.
The purpose of this study was to investigate whether the participants’ behaviors in
the virtual environment related to dysfunctional communication reflect the characteristics
related to aggression. Through this investigation, we tried to evaluate whether the VRbased communication modification program can be used for aggression management. The
following research questions were addressed: (1) Will participants with high aggression
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demonstrate different patterns in the behavioral parameters of the program than those with
low aggression? (2) Will the correlations between the behavioral parameters and psychological assessments scores for aggression and anger in participants with high aggression be
significant and reflect the characteristics of high aggression?
2. Materials and Methods
2.1. Participants
A total of 217 young male adults were recruited through notices posted in seven Internet communities mainly used by college students to receive employment or academic information, and the recruitment was carried out for five months from May 2020. All of them
provided the Aggression Questionnaire (AQ), Korean version (Cronbach α = 0.86) [45,46], a
29-item five-point Likert scale, with higher scores indicating stronger aggressiveness, to be
initially screened for defining cutoff values of two extreme groups in terms of aggression.
Based on the distribution of the total AQ scores, 76 for the highest 25% group and 62 for the
lowest 25% group were determined as the cutoff scores. A total of 60 volunteers (30 from
the highest group and 30 from the lowest group) were selected as participants and were
referred to as the high aggression (HA) and low aggression (LA) groups, respectively.
Exclusion criteria were the current use of psychotropic medications and any history of a
substance use disorder, neurological or neurodevelopmental disorder, major depressive
episodes, bipolar I disorder, or psychotic disorders. The application of these criteria was
made through the Mini-International Neuropsychiatric Interview [47] with a psychiatrist.
Although all participants completed the program without giving up, two participants
from the LA group were excluded from the analysis due to the unintended missing data
from the VR-based interactive feedback program. The two groups (HA and LA) showed
no significant difference in age (23.3 ± 2.5 years and 23.6 ± 2.7 years, respectively) and
education level (14.8 ± 1.5 years versus 14.6 ± 2.0 years, respectively). All participants
gave written informed consent after being informed about the procedure of the study. This
study was approved by the Institutional Review Board of Yonsei University Gangnam
Severance Hospital, South Korea.
2.2. Psychological Assessments
The results of the AQ were divided into four dimensions of aggression and summed
up for analysis, which were physical aggression, verbal aggression, anger, and hostility [45].
In addition, two different self-report scales were used for evaluating the participants’
psychological characteristics associated with aggression and communication. The StateTrait Anger Expression Inventory (STAXI), Korean version (Cronbach’s α = 0.72) [48,49],
a 44-item 4-point Likert scale, was used to assess state anger, trait anger, and anger expression. Of these, we included only three subscales for anger expression in the analysis,
such as the eight-item anger expression-in scale measuring how frequently angry feelings
are suppressed or inhibited, the eight-item anger expression-out scale measuring how
frequently an individual expresses anger toward others or objects, and the eight-item anger
control-out scale that measures the frequency with which an individual attempts to modify
the anger experienced and to actively control the expression of anger. The Korean version
(Cronbach’s α = 0.86) of Parent Adolescence Communication Inventory (PACI), a 20-item
five-point Likert scale, was used to assess the level of communication with parents on
the open or closed dimension [50,51]. The higher open score corresponds to more freely
expressing the thoughts and feelings without being oppressed, and the higher closed score
represents less hesitance to express the opinions and more careful selection of dialogue material. Meanwhile, the Simulator Sickness Questionnaire (SSQ), a 16-item questionnaire [52],
was used to investigate the occurrence and severity of cybersickness when immersed in
virtual environments for program experience.
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In the task of exploring the communication style, participants experienced dysfunctional communication in two categories of interpersonal conflict situations: conflict with
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In the task of exploring the communication style, participants experienced dysfunctional communication in two categories of interpersonal conflict situations: conflict with
family and conflict with a friend (Figure 1A-1). Participants experienced two situations
in each category in the order given: conflict with family: father and mother, conflict with
a friend: male and female friends. Participants should select twice one of five response
options reflecting the style of communication (placating, blaming, computing, distracting,
and functional) in each situation. Specifically, after hearing emotional remarks from a
virtual person, participants made the first choice (Choice 1) from five response options
that most closely resembled the response they were most likely to actually make. Then,
they experienced the recorded conversation consisting of their own reaction and the reaction from the virtual person corresponding to their selection. After experiencing the
recorded conversation, participants had to choose the second selection (Choice 2). The next
situation with another virtual person (mother or female friend) in the same category was
presented and proceeded in the same way. Participants had to repeat the two situations
each time they selected a dysfunctional communication style in any situation, and the
task was completed by selecting the option of functional communication in both situations
in each category. The number of selections for each dysfunctional communication style
made before both categories were repeated was recorded and referred to as NS-placating,
NS-blaming, NS-computing, and NS-distracting, respectively (Figure 1A-2).
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In the task of practicing functional communication, participants interacted with
someone who communicated dysfunctionally in four different conflict-driven situations
(Figure 1B-1). In each situation, participants listened to and freely responded to one of
four dysfunctional communication styles (placating, blaming, computing, or distracting)
exhibited by one of two or three others, and then listened to a possible example of functional communication via voice guidance. Next, they rated how close their response was
to the presented example using a visual analog scale (VAS), which presented ‘not at all’
(0) at the left end and ‘very much’ (100) at the right end. The VAS score was referred to
as the communication score with the placating, blaming, computing, or distracting style
(abbreviation: CS-placating, CS-blaming, CS-computing, and CS-distracting, respectively)
(Figure 1B-2).
In the task of expressing empathy, participants started with a virtual café with a friend
and selected one of six options: nephew, near home, restaurant, movie, my room, and on
the road. The friend told them about an event that evoked pleasure, fear, surprise, sadness,
disgust, and anger, respectively (Figure 1C-1), depending on the selection, and they were
asked to select and perform three situations among the options. For each selected situation,
participants listened carefully to his/her story, understood his/her feelings, said what they
wanted to tell him/her, and evaluated how much they agreed with his/her feelings and
how strong his/her emotion was using the VAS scale. The VAS score from the initial trial
of the three performed situations was used in the analysis, and the mean of the three VAS
scores was referred to as the empathetic feeling score and emotional intensity score for the
two respective questions (Figure 1C-2).
2.4. Statistical Analysis
Descriptive statistics were provided to explore the demographic characteristics, psychological characteristics related to aggression, the sense of cybersickness, and the parameters obtained during each of the three tasks. Independent t-tests were conducted to compare
the psychological assessments scores and behavioral parameters between the HA and LA
groups. Significant Pearson correlation coefficients between the behavioral parameters
and psychological assessments in the HA group were calculated. The z-tests after Fisher’s
transformation between the HA and LA groups were conducted to investigate whether the
behavioral parameters reflect aggression-related characteristics differently. The threshold
of statistical significance was an alpha level of 0.05. All analyses were performed using
the Statistical Package for the Social Sciences 25.0 (SPSS Version 25.0; IBM Corporation,
Armonk, NY, USA).
3. Results
3.1. Psychological Assessments
The HA and LA groups showed a significant difference in the total AQ scores
(77.7 ± 15.4 and 53.7 ± 8.9, respectively; t56 = 7.19, p < 0.001). The other psychological scale scores are presented in Table 1. The HA group showed significantly higher scores
in all AQ subscales than the LA group (all: p < 0.001). The HA group also exhibited
significantly higher scores in the anger expression-in (p = 0.001) and anger expression-out
(p < 0.001) subscales of the STAXI and significantly lower scores in the anger control-out
subscale (p < 0.001) than the LA group. However, the two groups showed no significant
difference in the PACI and SSQ scores.
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Table 1. Mean and standard deviation (SD) of psychological scale scores in participants with high
aggression and low aggression.

Variable
AQ
Physical aggression
Verbal aggression
Anger
Hostility
STAXI
Anger expression-in
Anger expression-out
Anger control-out
PACI
Open communication
Closed communication
SSQ

High Aggression
(n = 30)

Low Aggression
(n = 28)

t

p-Value

Mean

SD

Mean

SD

23.8
16.5
14.2
23.2

6.5
4.6
3.7
5.8

15.4
12.0
10.3
16.0

4.4
2.7
2.4
4.8

5.79
4.47
4.71
5.13

<0.001
<0.001
<0.001
<0.001

19.2
19.1
19.2

4.3
4.1
4.6

15.3
12.0
24.0

4.4
2.7
3.7

3.46
7.80
−4.34

0.001
<0.001
<0.001

68.3
63.5
26.2

17.4
13.4
10.2

74.9
70.3
22.0

15.5
13.0
7.9

−1.50
−1.94
1.76

0.138
0.057
0.084

AQ, Aggression Questionnaire; STAXI, State Trait Anger Expression Inventory; PACI, Parent Adolescence
Communication Inventory; SSQ, Simulator Sickness Questionnaire.

3.2. Behavioral Parameters
The results of participants performing the three VR tasks are presented in Table 2. In
the task of exploring the communication style, the NS-blaming was significantly greater in
the HA group than in the LA group (p < 0.05), but the NS-placating, NS-computing, and NSdistracting showed no significant difference between the two groups (Figure 2). In the task
of practicing functional communication, the communication scores were not significantly
different in the interactions with all dysfunctional communication styles between the two
groups. In the task of expressing empathy, the empathetic feeling score and emotional
intensity score showed no significant difference between the two groups.
Table 2. Mean and standard deviation (SD) of the behavioral parameters in participants with high
aggression and low aggression.

Variable

High Aggression
(n = 30)

Low Aggression
(n = 28)

Mean

Mean

SD

The task of exploring the communication style
0.8
0.9
1.2
0.9
0.4
0.7
0.1
0.3
1.1
0.9
0.7
1.0
1.2
1.3
1.4
1.1
The task of practicing functional communication
CS-placating
67.2
19.3
67.8
17.9
CS-blaming
62.4
22.0
58.1
24.8
CS-computing
54.4
23.1
60.6
22.9
CS-distracting
61.4
26.1
62.8
23.1
The task of expressing empathy
Empathetic feeling score
34.8
7.7
36.0
6.5
Emotional intensity score
40.3
5.9
42.8
5.0
NS-placating
NS-blaming
NS-computing
NS-distracting

NS, number of selections; CS, communication score.

t

p-Value

−1.57
2.27
1.58
−0.51

0.121
0.027
0.120
0.609

−0.12
0.69
−1.02
−0.22

0.905
0.492
0.311
0.824

−0.65
−1.69

0.522
0.097

SD
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greater NA-blaming in participants with high aggression seems to properly reflect their
characteristics related to anger expression.
Additionally, the correlation analysis between the number of selections for dysfunctional communication type and psychological assessments showed different patterns between the two groups. Particularly, the NS-distracting showed a negative correlation with
the AQ-anger subscale scores in the HA group, and this correlation was the only one that
showed a significant group difference in the z-tests after Fisher’s transformation. Individuals with the distracting communication style avoid conflicting emotion by blurring
focus without paying attention to self, others, and situations [58]. The AQ-anger may
reflect a tendency to harm others directly and physiological arousal and readiness for
aggression [45]. Therefore, the result in the HA group suggests that the greater the direct
aggression reflected by anger, the less choice of distracting communication style. This is
consistent with the previous research that reported the higher the aggression or anger, the
higher the possibility of direct violent action to resolve negative emotion [22].
In the task of practicing functional communication, the HA group did not show significant differences in the communication scores in the interactions with all dysfunctional
communication styles compared with the LA group, nor did they show significant correlations between the communication scores and psychological scale scores. People with
blaming communication are known to easily provoke anger in others [31]. Given that the
HA group showed significantly higher NS-blaming than the LA group, the negative results
in the task of practicing functional communication, which had no significant finding even
in the CS-blaming, are not as expected. These are not because the virtual environment
in the task did not induce conflict feelings in the HA group, but because there may be
other confounding factors affecting the determination of the communication score based
on self-evaluation. Decreased empathy and lack of objective understanding or judgment
seen by people with high aggression may interfere with the objective self-evaluation of
oneself [59]. Therefore, in order to obtain a more properly reflective response related to
aggression and anger, it will be necessary to include indicators that provide objective
information, not self-evaluation, such as bio-signals.
In the task of expressing empathy, the HA group showed no significant differences in
the empathetic feeling score and emotional intensity score compared with the LA group.
Although the empathetic feeling scores showed no significant correlation with any psychological scale scores in the HA group, the emotional intensity scores were positively
correlated with the anger control-out scores. This result suggests the emotional intensity
score, which reflects the degree to which highly aggressive individuals rate the emotion
of the virtual person in the interpersonal context, may also appropriately reflect their
aggression-related characteristics. The anger control-out score is a measure that reflects
an individual’s tendency to control their expression of anger [48]. The higher the score,
the more energy is invested in controlling and regulating the expression of anger [60].
Meanwhile, inability or unwillingness to empathize is generally considered an intrinsic
cause of a variety of aggressive behaviors, either physically [61] or sexually [62]. In our
previous study, the emotional intensity scores were positively correlated with psychological
rating scores that reflected perspective-taking, a cognitive dimension of an individual’s
empathy [35]. There was a report that the ability of taking perspective was related to
measures of anger control [63]. The higher the degree of estimating the other’s emotions,
the greater the mediating effect on the effectiveness of aggression management [64]. Taken
together, the emotional intensity score in our task of expressing empathy can be a good
target for future intervention applications in highly aggressive individuals.
There should be only manageable adverse effects for acceptability when using the
VR-based communication modification program. All participants in our study completed
the program without dropouts. Given that the weighted mean SSQ score of the projection
type of the head-mounted display used in the current study was 29.9 [65], the mean SSQ
scores of participants (26.2 in the HA group and 22.0 in the LA group) suggests that the
program may cause an acceptable level of adverse effects of cybersickness.
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Although the findings are encouraging, our study has several limitations. First, the
program introduced a feedback method to enhance functional communication between
people, but there are inevitable limitations in communication because it does not include
the interactive function of recognizing and responding to speech at a level that allows for
free conversation with participants. This will only be possible in an advanced version
in the future with the help of artificial intelligence technology. Scheduling for repeated
use and additional materials for training purposes rather than evaluation may also be
required. Second, the composition of the two groups in this study was based on selfassessment of aggression, which may differ from the evaluation of a third party because
it is a subjective evaluation. A more objective classification may be necessary for more
accurate results, given a previous report that self-assessment was not well compatible with
peer or teacher assessment in the investigation of the relationship between peer, teacher,
and self-assessment of aggressive behavior in adolescents [66]. Third, the small sample
size and only including young males limit the generalization of results. There is a need for
more intensive applicability studies with a larger sample of different age and gender.
5. Conclusions
In summary, this study tried to show the potential of using the VR-based communication modification program consisting of the task of exploring the communication style,
the task of practicing functional communication, and the task of expressing empathy in
anger control training for people with high aggression in the future. The main results were
that the NS-blaming was significantly greater in the HA group than in the LA group, the
NS-distracting was negatively correlated with physical aggression and anger scores, and
the emotional intensity scores were positively correlated with the anger control-out scores
in the HA group. These results provide evidence that our program may properly reflect the
individual’s characteristics related to aggression and induce the proper response. Using
our program can be an important starting point for developing more efficient methods for
delivering VR programs to manage aggression in the general public.
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