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This study investigated the possible effect of virtual
interpersonal hugging on alleviating individual sad
emotion. Using emotional self-assessment and skin
conductance responses, we recorded subjective and
objective indicators before and after sad emotion induc-
tion, and after virtual interpersonal hugging, and
assessed the role of (1) the characteristics of hugging,
(2) participants' familiarity with the virtual hugging tar-
get, and (3) participants' face resemblance and perspec-
tive toward the virtual me-avatar initiating the
hugging. Results showed that (1) hugging a virtual tar-
get, but not the mere action of hugging, improves the
regulation of sad emotion, (2) visual information domi-
nates haptic information in the virtual hugging process,
(3) facial familiarity of virtual targets of hugging and
facial resemblance of the me-avatar to participants do
not affect the emotion regulation effect, and (4) first-
person perspective of the virtual me-avatar influences
both perceived ownership of hugging action and emo-
tion regulation. Overall, virtual interpersonal hugging
contributes to the regulation of sad emotion.
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INTRODUCTION

Touch is a particularly important human sense, on which newborns rely already, and
which continues to be important during daily life. Touch is, in a sense, the modality that
allows as the most direct experience of our physical and social environment. We often do not
only touch ourselves but also receive touch from family members, peers, and even strangers
through handshake, hugs, or massage. Social touch (Field, 2019) has been revealed to promote
our physical and mental well-being, such as to relieve stress and regulate negative emotions, to
increase prosocial behavior, reduce stereotypes and prejudice, possibly through conveying of
sympathy and love feelings, and build togetherness (Packheiser et al., 2024; Saarinen
et al., 2021).

The importance of touch was made particularly salient through the recent COVID-19 pan-
demic, which significantly reduced the frequency of social touch by increasing interpersonal
distance. Indeed, the sudden outbreak of the COVID-19 pandemic during late 2019 had a pro-
found impact on global mental health. According to the World Health Organization's (WHO)
World Mental Health Report released in June 2022 (World Health Organization. World Mental
Health Report: Transforming Mental Health for All), the incidence of common mental disor-
ders such as depression and anxiety increased by over 25% in the first year of the COVID-19
pandemic, indicating a rise in negative emotional experiences in individuals (Aknin
et al., 2022). Negative emotions encompass a range of unpleasant subjective experiences that
not only narrow consciousness and impair behavioral capabilities but also disrupt adaptive
behaviors (Fredrickson & Branigan, 2005). Moreover, negative emotions can manifest anxiety
and depression symptoms, impairing people's ability to pursue future intentions (Harris &
Cumming, 2003).

In the Diagnostic and Statistical Manual of Mental Disorders (DSM-1V), sadness is consid-
ered to be a significant criterion for diagnosing depression, and individuals with a depression
predisposition show a preference for sad emotions in specific situations (Rottenberg, 2005). Sad-
ness, as a typical and common negative emotion, often arises from events involving loss, set-
backs, pain, or misfortune, making individuals feel distressed and helpless (Bonanno, 2004),
and links to dysfunctional beliefs (van Rijsbergen et al., 2015). Previous research indicates a cor-
relation between the number of previous episodes of major depressive disorder (MDD) and
heightened levels of sadness during recovery (van Rijsbergen et al., 2015). Additionally, experi-
ences of sadness or daily stress can directly predict the recurrence of depression (Rucci
et al., 2011; van Rijsbergen et al., 2012).

Emotional regulation toward the sad and other negative emotions is important in daily life
(Koole, 2010). Evidence suggests that college students who use fewer emotional regulation strat-
egies tend to exhibit more depressive symptoms (Dryman & Heimberg, 2018). Importantly,
emotional touch (one of various kinds of emotional social contact), as an important emotional
regulation strategy (Eckstein et al., 2020; Morrison, 2016a; Wijaya et al., 2020), was tremen-
dously reduced during the COVID-19 pandemic. The emotional touch refers to interpersonal
contact that is pleasant, comfortable, and akin to caressing, including social touch, C-tactile
touch, and massage therapy (Spitoni et al., 2020). When individuals experience emotional
touch, various brain regions associated with positive emotions are activated (Morrison, 2016b).
Hugging another person, as one of the earliest forms of touch and emotional communication in
humans, has been extensively studied for its positive effects on physical and mental health. For
example, research has shown that hugging can increase testosterone levels in males (van
Anders et al., 2011), buffer stress (van Raalte, & J., & Floyd, K., 2021), and convey emotional
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support and social support effectively (Cohen et al., 2015), and daily hugging frequency
correlates with better daily mood (Packheiser et al., 2022).

However, during the pandemic, public health measures implemented to curb the spread of
COVID-19, such as regional lockdowns, travel restrictions, and social contact limitations,
significantly disrupted routines of daily life. Especially these measures led to a reduction in
social interactions, social touch from others was unavailable and not considered to be safe
(Packheiser et al., 2023), which in turn resulted in decreased social support and an increase in
perceived stress, depressive symptoms, feelings of loneliness, and anxiety among the population
(Buecker & Horstmann, 2021). Research indicates that the lack of social support during
the pandemic led to a decrease in the release of oxytocin (Gryksa & Neumann, 2022), a
hormone associated with emotional bonding and emotional social contact (Morhenn
et al., 2012). Thus, during the pandemic, the frequency of hugging significantly decreased
(Packheiser et al., 2023), which probably contributed to a sustained negative emotional state in
many individuals.

How can science help to deal with such situations, like when social distancing and
separation is unavoidable? Here, we considered the possibility to find a way replacing human-
to-human hugging by means that still contribute to regulating negative emotions. Recent devel-
opments in technology have led researchers to explore the effects of hugging between humans
and man-made objects, such as Hugive pillows (Keshmiri et al., 2018; Sumioka et al., 2019) and
hugging robots (Block & Kuchenbecker, 2019; Hedayati et al., 2019), commonly with a positive
impact on emotional regulation. Given the rather high cost of such dedicated devices, we were
interested to see whether virtual reality (VR) technology, which can be used to interact with
other (virtual) agents in a virtual world (Freeman et al., 2017; Mohr et al., 2013), might provide
comparable advantages. While virtual worlds share some commonalities with the real-world
(Girvan, 2018), VR technology is rather cheap and flexible, which makes it easier to adjust it to
individuals and their specific needs. Of particular interest for our purposes, acting in virtual
environments liberates the agent from the constraints of the real world, which is particularly
useful under real-world conditions that are psychologically counterproductive, like the pan-
demic. VR technology has been successfully used to induce more relaxed emotional states and
more positive emotions (Beverly et al., 2022; Riva et al., 2020), to reduce people's subjective
stress (Beverly et al., 2022), and to overcome psychological burdens of the COVID-19 pandemic
(Riva et al., 2020).

Importantly and directly related to our current study, in previous touch studies, social touch
in VR environments has been proven to be effective in affecting emotion and behavior
responses (Ahmed et al., 2020; Askari et al., 2021; Ravaja et al., 2017). In the present study, we
applied this approach to the regulation of sad emotions, which we attempted to improve
through virtual hugging. Given that we know relatively little about hugging in general, except
for its positive effects, and virtual hugging in particular, we were not testing directed hypotheses
but explored possible conditions that might moderate the efficiency of virtual hugging with
respect to the regulation of sad emotions.

More specifically, we conducted four experiments to thoroughly investigate the effect of vir-
tual interpersonal hugging on sad emotion regulation (see Figure 1). The first two experiments
focused on the effect of hugging. In Experiment 1, we aimed to establish our paradigm and, if
possible, demonstrate a sad emotion regulation effect of virtual hugging. We also tested the role
of visual contact between the avatar that served to represent the participant (the me-avatar) and
the avatar to which the hugging action was directed. Experiment 2 aimed to assess the possible
role of tactile information in the virtual hugging process, Experiment 3 tested whether the facial
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I control me-avatar to hug with target avatar, which helps my sad emotion regulation.

FIGURE 1 General schematic diagram of experimental content.

familiarity of the hugging target is important, and Experiment 4 finally tested the impact of the
embodiment of the me-avatar. Like previous studies, participants’ emotions were assessed by
means of both subjective ratings and objective measures—skin conductance responses (SCRs)
reflecting arousal changes in the autonomic nervous system (Bufo et al., 2022). SCR has long
been used to assess physiological responses in emotion studies (Cacioppo et al., 1993). For
example, participants’ SCR level were found to be activated more after watching sadness-
inducing films than watching neutral films (Gross & Levenson, 1997; Kreibig et al., 2007) and
also after participants recognized sad as compared to neutral facial emotions (Banks
et al., 2012).

The four factors of interest (roles of visual contact, tactile information, facial familiarity, and
embodiment) were determined with reference to previous studies (Packheiser et al., 2024;
Saarinen et al., 2021), in which the authors used meta-analysis on previous social touch studies,
concluding that the intervention efficacy of social touch is likely to rely on characteristics of the
toucher (the virtual target in current study), the touchee (the me-avatar participants controlled)
and the touch (the motor, visual and tactile information associated with the hugging and
contact).

EXPERIMENT 1. THE EFFECT OF VIRTUAL HUG ON SAD
EMOTIONS

Method

Experiment 1 employed a within-subject design with four conditions (see Table 1 for details),
the order of which was fully counterbalanced. The dependent variables were participants’ emo-
tional level, measured through emotional self-assessment scores and SCR. The main hypothesis
was that, when people are in a sad emotional state, engaging in a virtual hugging action with a
visible virtual other significantly reduces their sadness.
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TABLE 1 Experimental design of Experiment 1.

Virtual target Virtual contact
Condition/action present Hugging with target
1. Hugging target Yes Yes Yes
2. Hugging empty space with target Yes Yes No
3. Watching target Yes No No
4. Hugging empty space without target No Yes No

Participants

A total of 38 participants, all female, right-handed, and aged between 18 and
24 (Average = 20.03, STD = 1.24), took part in the virtual experiments. Only female partici-
pants were recruited in order to control for potential effects of gender, as previous evidence
indicated that females tend to be more easily influenced by social hugging (Benenson, 2013).
The study received approval from the local ethics committee, ethical guidelines were followed,
and participants provided informed consent. Participants were compensated for their participa-
tion and debriefed of the experimental procedures after the experiment.

Apparatus and materials

We used HTC Vive Head-Mounted Display (HMD) and four wireless motion trackers. The
motion trackers are bonded on the forearms and feet of participants for movements tracking
and interacting within the virtual environment. VR programming was accomplished using
software Vizard. Throughout the experiment, the Biopac mp160 was used to collect SCR, and
the remote transmitter was tied to participants' left wrist. The virtual scene was constructed
using 3ds Max software (see Figure 2).

Sad Emotion Induction Video: At first, the experimental video materials were created and
screened by psychology students. Then, 15 participants who did not take part in the experiment
were invited to rate the sadness and arousal of 12 videos on a 1-9 scale (sadness: 1 indicating
not sad at all, 9 indicating very sad; arousal: 1 indicating very excited, 9 indicating very calm).
Objective indicators (SCR) were also collected before and after participants viewed the videos.
Lastly, four sad film clips with consistent subjective and objective levels were selected, among
them there were no significant difference in sadness: F(3,15) = 0.327, p = .806, and arousal: F
(3,15) = 0.752, p = .526. See Table 2.

Research procedure

Each condition of Experiment 1 consists of four stages: the preparation stage, emotion
induction stage, virtual action stage, and resting stage. The specific experimental process is
shown in Figure 3.

Preparation Stage: Upon entering the laboratory, participants first filled out a personal infor-
mation form. The experimenter explained the instructions and procedures and then assisted
participants to put on the HMD and the SCR remote transmitter. In the virtual environment,
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FIGURE 2 3ds Max Virtual Space.

TABLE 2 Arousal and sadness for four sad emotion induction materials (M + SD).

Film source (all in Chinese) Duration Arousal level Sadness level
“Ex-Files 3: The Return of the Exes” 268 s 4.86 + 241 5.86 + 1.77
“I Want Us to Be Together” 273 s 4.00 + 2.00 6.86 + 1.35
“Sorrow Floats Upstream” 260 s 4.53 +1.81 6.80 + 1.21
“Hi, Mom” 265s 4.47 + 1.51 7.13 + 0.99
- . . Baseline .
Participants wear Sit for 5 minutes S . »| Sad emotion
> —>{subjective emotion| . .
apparatus to calm induction
assessment
. Post action One minute action Post induction
Stop recording | - . < .
« emotion « (hugging or |¥ emotion
SCR data .
assessment watching) assessment

FIGURE 3 Experimental flowchart.

participants took a first-person perspective (1PP) of a virtual avatar (the me-avatar), whose vir-
tual body coincided spatially with their own real body. With Vive trackers, participants could
control the virtual avatar's limb movements, walk around, and see the avatar in a virtual mir-
ror. After becoming familiar with virtual environment and avatar, participants sat quietly for

d 'T '5202 ‘7S808SLT

wouy

B5USD| SUOLULLIOD SAIER.D) 3|ed! dde au Aq pauseA0b 818 SoPILE YO (86N J0 S9N J0j ARIQIT BUIIUO /811 UO (SUORIPUOD-PUB-SLLLBILID" AB| 1M AeJd1[Bu1|UO//SA1Y) SUORIPUOD PUe SLLB L 31 39S *[5202/20/2T] uo Ariqiauiiuo A8 |IM ‘Saueiqi AiseAIuN uepidT Aq 20002 MUde/TTTT'OT/I0P/WO00" A3] 1M’



SADNESS IS REDUCED BY VIRTUAL HUGGING Health ‘ HE!! 7 of 29
Well-Being

5 min and then completed an emotion self-assessment rating (van Rijsbergen et al., 2012, 2015)
as a baseline measure, where participants rated their emotional sadness (1 indicating “not sad
at all” and 9 indicating “very sad”) on a 9-point Likert scale.

Emotion induction Stage: Participants watched a video clip, completed emotion ratings
again (the post-induction emotion assessment).

Virtual action Stage: In Condition 1, participants saw a virtual target (the target was always
female avatar, same gender with participants) approaching from a distance and sitting in the
virtual sofa nearby, extending arms to hug with the participant, as shown in the left image of
Figure 4. Participants were required to lean to her and hug with the virtual target for 1 min.
The hugging was only visually seen, without any haptic feedback. In Condition 2, participants
saw a virtual target approaching and sitting in the virtual sofa, but the target would not hug, as
shown in the right image of Figure 4. Instead, participants were required to perform the
hugging with the empty space for 1 min, without seeing or touching any virtual target. In
Condition 3, participants saw a virtual target approaching and sitting in the virtual sofa,
without extending arms for hugging, participants were required to do nothing, but just simply
sit with the target for 1 min. In Condition 4, the virtual target did not appear, but participants
were required to hug the empty space for 1 min. After that the virtual target stood and left,
participants filled in the emotion ratings again (the post hugging emotion assessment).

Resting Stage: Participants sat quietly for another minute; the experimenter stopped
collecting SCR data and assisted participants to take off the HMD and SCR apparatus.

Results
Ratings

Results were analyzed by means of a 3 (Time Stage: Baseline vs. post-induction vs. post-action)
* 4 (Condition) repeated measures analysis of variance (ANOVA). It revealed a significant effect

FIGURE 4 The participant immersed in the virtual environment, experiencing the embodiment from a 1PP.
If looking downward and seen from the mirror, the participant could see the virtual me-avatar engaging in
interpersonal interaction with a virtual target (left) vs. no hugging (right).
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of time stage, F(2,74) = 33.950, p < .001, pn2 = 0.745, but no effect of experimental condition,
p = .201. The significant interaction, F(6,222) = 4.360, p < .001, py2 = 0.105, was disentangled
by running one-factorial ANOVAs (Time Stage: Baseline vs. post-induction vs. post-action) sep-
arately for each condition. See Figure 5 and Table 3.

The main effect was significant for all four conditions: Condl. F(2,74) = 39.717, p < .001,
pn2 = 0.518; Cond2. F(2,74) = 48.025, p <.001, pn2=0.565; Cond3. F(2,74) = 59.897,
p < .001, py2 = 0.618; and Cond4. F(2,74) = 33.207, p < .001, py2 = 0.473. LSD post hoc com-
parisons also showed significant increases of sadness from baseline to post-induction for all four
conditions: Condl. Mean Difference = 1.658, SE =0.236, p <.001; Cond2. Mean
Difference = 2.184, SE =0.244, p <.001; Cond3. Mean Difference = 2.206, SE = 0.187,
p < .001; and Cond4. Mean Difference = 1.711, SE = 0.196, p < .001. This suggests that the
movie successfully induced sadness in the participants.

Also, sadness was reduced from post-induction to post-action for all four conditions: Cond1.
Mean Difference = 2.079, SE = 0.291, p < .001; Cond2. Mean Difference = 1.421, SE = 0.191,
p <.001; Cond3. Mean Difference =1.289, SE =0.164, p <.001; and Cond4. Mean
Difference = 1.237, SE = 0.234, p < .001. However, sadness was significantly lower at post-
action than at baseline in Condition 1 only, Mean Difference = 0.421, SE = 0.205, p = .047, but
still higher at post-action than at baseline in all other conditions: Cond2. Mean
Difference = 0.763, SE = 0.240, p =.003; Cond3. Mean Difference = 0.737, SE = 0.209,
p =.001; and Cond4. Mean Difference = 0.474, SE = 0.219, p = .037. Hence, all activities
(or the time they took) were successful in reducing sadness after induction, but only Condition
1 allowed emotion regulation to reduce sadness to the pre-induction level or more.

SCR

We averaged SCR values across 30 s, for the time (a) before watching the clip, (b) at the end
of emotion induction, and (c) at the end of the action, separately, corresponding to the
subjective emotional assessment at three time points: baseline, post-induction, and post-action
(Bufo et al., 2022). Results were analyzed as the ratings. The 3 (Time Stage: Baseline vs. post-
induction vs. post-action) * 4 (Condition) repeated measures ANOVA revealed a significant
main effect of time stage, F(2,74) = 19.806, p < .001, pn2 = 0.349, but not of experimental

<+ Hugging target <+ Hugging target

= Hugging empty space with target = Hugging empty space with target
Watching target Watching target

¥ Hugging empty space without target * Hugging empty space without target

L4
a
@

b}
N
&

4

L4

a
2

»
SCR(log(microsiemens+1))
N

Emotion ratings in Exp1

D
©o

Baséline Post in}luction Poste‘action Baseline  Post induction Post action

FIGURE 5 Sadness levels under different experimental conditions at different time stages in Experiment 1.
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TABLE 3 Sadness levels under virtual hug and control conditions at different time stages in Experiment 1
(n = 38).

Stage Measure Action M SE
Baseline Emotion ratings 1. Hugging target 4.816 0.159
2. Hugging empty space with target 4.605 0.222
3. Watching target 4.474 0.154
4. Hugging empty space without target 4.816 0.135
SCR 1. Hugging virtual target 10.075 0.726
2. Hugging empty space with target 9.995 0.723
3. Watching target 9.867 0.746
4. Hugging empty space without target 9.886 0.643
Post-induction Emotion ratings 1. Hugging virtual target 6.474 0.212
2. Hugging empty space with target 6.789 0.220
3. Watching target 6.500 0.176
4. Hugging empty space without target 6.526 0.238
SCR 1. Hugging virtual target 13.414 0.925
2. Hugging empty space with target 13.483 0.975
3. Watching target 13.064 0.924
4. Hugging empty space without target 12.825 0.855
Post-action Emotion ratings 1. Hugging virtual target 4.395 0.171
2. Hugging empty space with target 5.368 0.170
3. Watching target 5.211 0.173
4. Hugging empty space without target 5.289 0.223
SCR 1. Hugging virtual target 11.579 0.624
2. Hugging empty space with target 13.036 0.757
3. Watching target 13.262 0.864
4. Hugging empty space without target 12.617 0.695

Abbreviation: SCR, skin conductance response.

condition, p = .573. The interaction was significant, F(6,222) = 2.619, p = .018, pn2 = 0.066;
and thus disentangled like the ratings.

The main effect was significant for all four conditions: Condl. F(2,74) = 12.741, p < .001,
pn2 = 0.256; Cond2. F(2,74) = 13.822, p <.001, pn2=0.272; Cond3. F(2,74) = 15.107,
p <.001, ppn2 =0.290; and Cond4. F(2,74) =15.677, p <.001, pn2 = 0.298. Comparisons
showed that SCR increased from baseline to post-induction in all four conditions: Cond1. Mean
Difference = 3.340, SE = 0.629, p <.001; Cond2. Mean Difference = 3.488, SE = 0.790,
p <.001; Cond3. Mean Difference =3.197, SE =0.703, p <.001; and Cond4. Mean
Difference = 2.940, SE = 0.524, p < .001, indicating that the emotion induction worked. SCR
decreased significantly from post-induction to post-action in Condition 1, Mean
Difference = 1.835, SE = 0.741, p = .018; but in the other three conditions: Cond2. Mean
Difference = 0.447, SE =0.758, p =.559; Cond3. Mean Difference = 0.198, SE = 0.759,
p = .795; and Cond4. Mean Difference = 0.208, SE = 0.681, p = .762.
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The SCR at post-action was still significantly higher than at baseline in all four conditions:
Condl. Mean Difference = 1.505, SE = 0.611, p =.019; Cond2. Mean Difference = 3.041,
SE = 0.603, p < .001; Cond3. Mean Difference = 3.395, SE = 0.611, p = .001; and Cond4. Mean
Difference = 2.732, SE = 0.541, p < .001. Taken altogether, results indicate that only the
hugging of a virtual other was successful in reducing sadness-related emotional activation.

Discussion

Even though the result patterns differ in detail (which may imply that SCR changes more
slowly than subjective ratings do), both ratings and SCR measures suggest that only Condition
1, with the actual hugging of a virtual other, was successful in supporting emotional regulation.
This may suggest that the hugging action and target are both necessary, while the mere hugging
action or the dealing with a virtual other as such are not sufficient. This result is consistent with
previous findings (Levav & Argo, 2010), in which the authors found that participants were more
likely to conduct risky decisions if they received a comforting touch on shoulder by a stranger,
as compared to no touch.

EXPERIMENT 2. THE CONTRIBUTION OF VISUAL-HAPTIC
STIMULATION

Of all our sensory modalities, vision usually dominates information acquisition for human per-
ception (Ernst & Banks, 2002). Multisensory integration, the process by which the brain com-
bines information from independent but temporally corresponding signals from multiple
sensory modalities (Miller et al., 2017), can resolve perceptual ambiguities, enhance perceptual
judgments, and optimize individual actions (Helbig & Ernst, 2007; Lalanne & Lorenceau, 2004;
Talsma, 2015). Along the same lines, in VR studies, participants who were exposed to multi-
modal stimuli reported a better presence in virtual environments (Marucci et al.,, 2021).
Researchers also found that participants’ sense of identification in tasks involving bimodal and
trimodal stimuli was superior to tasks involving only visual stimuli (Venkatesan et al., 2023).
Especially, one study (Haynes et al., 2022) designed a haptic cushion and participants were
made to believe that, if the cushion can “breathe” (similar to a breathing human), it can ease
participants’ anxiety. It thus is possible that multisensory stimulation enhances the effectiveness
of sad emotion regulation with virtual hugging, and haptic information may play an important
role therein.

Experiment 2 combined visual information about virtual hugging with real haptic sensation.
Manipulations targeted the visual virtual target (hugging targeted a human or a doll), the real
haptic sensation (related to a human or doll), and the modality consistency of the hugging. We
hypothesized that, when visual-haptic information is modality consistent, especially when both
visual and haptic information related to a human, the impact on sadness would be strongest.

Method

A two-factor within-subject design was employed, with three experimental conditions
(Condition 1, hugging seen virtual human and felt real person; Condition 2, hugging seen
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virtual human and felt real doll; Condition 3, hugging seen virtual doll and felt real doll), and
three time Stage (Baseline vs. post-induction vs. post-action). The dependent variables were
again emotional self-rating scores and SCR. The sequence of the experimental conditions was
fully counterbalanced. See Table 4.

Participants

Forty-two female students from Southwest University in China were recruited. After
preliminary analysis, two participants with invalid data were excluded, leaving 40 participants
(age range: 18-24, M = 21.00, SD = 1.52) for data analysis.

Research materials

Visual and haptic stimuli: The haptic stimulus was provided by real doll and a real human,
who was a trained experimenter. The corresponding virtual doll was constructed using 3ds Max
software (see Figure 6), and the virtual human was the same as in Experiment 1. The trained
experimenter wore specific attire, to control for additional variables when conducting the hug-
ging. Everything else was as in Experiment 1.

TABLE 4 Experimental design of Experiment 2.

Condition See hugging with Feel hugging with
1. Human/human Human Human

2. Human/doll Human Doll

3. Doll/doll Doll Doll

FIGURE 6 3D Virtual doll model.
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FIGURE 7 Haptic stimuli in Experiment 2; left panel: hugging human; right panel: hugging doll.

Experimental procedure

The experimental procedure was similar to Experiment 1, with the only difference relating to
the hugging process. In Condition 1, participants hugged the experimenter in reality and
watched this event (i.e. their me-avatar hugging a virtual human) in the virtual mirror in the
VR environment. In Condition 2, participants hugged the doll in reality but watched their me-
avatar hugging a human in the virtual mirror. In Condition 3, participants hugged the real doll
and watched this event (i.e. their me-avatar hugging a virtual doll) in the virtual mirror (see
Figure 7).

Results
Ratings

A 3 (Time Stage: Baseline vs. post-induction vs. post-action) * 3 (Condition) repeated
measures ANOVA was conducted. Again, the main effect of time stage was significant,
F(2,78) =164.063, p <.001, pp2 = 0.808, while the effect of experimental condition
was not, p =.296. The interaction was close to significance, F(4,156) = 2.402, p = .052,
pn2 = 0.058.

Separate one-factorial ANOVAs showed significant effects of time stage for all three condi-
tions: Condl. F(2,78) = 63.907, p < .001, pp2 = 0.621; Cond2. F(2,78) = 89.037, p < .001,
pn2 = 0.695; and Cond3. F(2,78) = 81.426, p < .001, py2 = 0.676. LSD comparisons showed
significant increases of sadness from baseline to post-induction for all three conditions: Cond1.
Mean Difference = 2.400, SE = 0.240, p < .001; Cond2. Mean Difference = 2.425, SE = 0.189,
p < .001; and Cond3. Mean Difference = 2.075, SE = 0.180, p < .001; indicating again that the
induction of sadness worked.

Sadness decreased significantly from post-induction to post-action in all three conditions:
Condl. Mean Difference = 2.750, SE = 0.320, p <.001; Cond2. Mean Difference = 2.100,
SE = 0.208, p < .001; and Cond3. Mean Difference = 2.125, SE = 0.197, p < .001; indicating
that all actions were accompanied by a reduction of sadness. This reduction reached the origi-
nal baseline, as implied by the nonsignificance of differences between baseline and post-action
in all three conditions: Condl. Mean Difference = 0.350, SE = 0.225, p = .128; Cond2. Mean
Difference = 0.325, SE = 0.194, p = .102; and Cond3. Mean Difference = 0.050, SE = 0.193,
p = .797. See Figure 8 and Table 5.
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FIGURE 8 Sadness levels under different experimental conditions at different time stages in Experiment 2.

TABLE 5 Sadness levels under different visual-haptic stimulation conditions at different time stages in

Experiment 2 (n = 40).

Stage

Baseline

Post-induction

Post-action

Measure

Emotion ratings

SCR

Emotion ratings

SCR

Emotion ratings

SCR

Abbreviation: SCR, skin conductance response.

SCR

A 3 (Time Stage: Baseline vs. post-induction vs. post-action) * 3 (Condition) repeated measures

Condition (see/touch)

W N = W N H WD W W W N

. Human/human
. Human/doll

. Doll/doll

. Human/human
. Human/doll

. Doll/doll

. Human/human
. Human/doll

. Doll/doll

. Human/human
. Human/doll

. Doll/doll

. Human/human
. Human/doll

. Doll/doll

. Human/human
. Human/doll

. Doll/doll

M

4.350
4.175
4.575
8.434
9.174
8.899
6.750
6.600
6.650

11.626
11.143
11.430

4.000
4.500
4.525
9.636
9.281
9.694

SE

0.162
0.199
0.138
1.097
1.124
1.107
0.250
0.163
0.174
0.970
1.117
1.019
0.206
0.203
0.183
0.829
0.895
0.835

ANOVA vyielded a significant main effect of time stage, F(2,78) = 13.073, p < .001, pn2 = 0.251,

but neither an effect of experimental condition, p = .931, or an interaction, p = .337. Similarly

to ratings, LSD post hoc comparisons showed a significant increase of SCR from baseline to
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post-induction, Mean Difference = 2.564, SE = 0.586, p < .001, a significant decrease from
post-induction to post-action, Mean Difference = 1.862, SE = 0.358, p < .001, and no difference
between baseline and post-action, Mean Difference = 0.701, SE = 0.579, p = .233, suggesting
that the movie successfully induced participants’ subjective sad emotions and that all the
manipulations did support the reduction of sadness.

Discussion

Despite some numerical differences pointing to a particularly strong effect of Condition 1, the
three conditions are statistically equivalent with respect to their impact on emotion regulation.
Our finding is consistent with previous study that manipulated visuo-tactile congruency and
found that the incongruence only influences participants' perceptual bias but not their sensitiv-
ity to visuo-tactile stimulation (Lanfranco et al., 2024). Our results were also consistent with
previous predictions that, people engaging in touch with other human or even object both bene-
fits, while the human-human touch benefits larger on physical and mental health. This is possi-
ble because of the contribution of skin-to-skin contact in human-human interaction
(Packheiser et al., 2024).

EXPERIMENT 3: THE EFFECT OF FACIAL FAMILIARITY OF
THE VIRTUAL TARGET

Experiment 3 investigated the effect of virtual target identity on sad emotions regulation with
virtual hugging. Specifically, we examined whether the participants’ perceived familiarity of the
virtual target can influence the regulation effect. We manipulated this factor by creating famil-
iar virtual faces (that the virtual other was equipped with) based on photos of participants’ fri-
ends, an unfamiliar virtual face, and a virtual doll with a corresponding doll face. We assumed
that the social relationships implied by the degree of familiarity would strengthen the impact of
virtual hugging on sadness regulation, because in previous studies, females tended to avoid
social touch in a non-intimate interpersonal situation involving strangers more than males did
(Sorokowska et al., 2021); also touch from a partner or familiar person was shown to be experi-
enced as more pleasant than touch from a stranger (Saarinen et al., 2021), and participants
reported lower levels of pain (Goldstein et al., 2016).

Method

Participants

Forty-two students from Southwest University in China were recruited. The participants' ages
ranged from 18 to 24 years (M = 20.22, SD = 1.5).

Research design

A two-factor within-subject design was employed, with three experimental conditions. In Con-
dition 1, the virtual target's face looked like a friend of the participant; in Condition 2, the
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TABLE 6 Experimental design of Experiment 3.

Condition
1. Human/friend's face
2. Human/unfamiliar-avatar face

3. Doll

virtual target's face was unfamiliar to the participant, like in Experiments 1 and 2, and in
Condition 3, the virtual target's face was of a doll, as shown in Figure 6. The other independent
and dependent variables were as in the previous experiments. See Table 6.

To measure familiarity, we used the Inclusion of Other in the Self Scale (IOS) and asked
participants to rate the closeness degree between themselves and the virtual other on a scale
ranging from 1 to 7—with increasing overlap of two circles from nonoverlapping to over-
lapping. The scale was thought to reflect the psychological distance (perceived otherness)
between oneself and others, where low overlap indicates more and high overlap indicates less
psychological distance (Aron et al., 1992).

Research procedure

The experimental procedure was similar to Experiments 1 and 2, with the only exception
relating to the hugging process. For Condition 1, we built new virtual target with the face of a
friend of the participants; in Condition 2, we just used the same virtual target as in Experiments
1 and 2, and in Condition 3, we used the same humanoid doll as in Experiment 2.

Results
Manipulation check

IOS results were assessed by means of an ANOVA with conditions as factor. The main effect
was significant, F(2,72) = 17.313, p < .001, py2 = 0.325, and LSD comparisons showed that I0S
ratings were significantly higher in Condition 1 (mean = 4.351, SE = 0.202) than in Condition
2 (mean = 2.862, SE = 0.244), with Mean Difference = 1.459, SE = 0.311, p < .001, and higher
than in Condition 3 (mean = 2.784, SE = 0.230), with Mean Difference = 1.568, SE = 0.286,
p < .001, while Condition 2 did not differ from Condition 3, with Mean Difference = 0.108,
SE = 0.295, p =.715. This confirms our assumption that face familiarity was higher in
Condition 1 than in the other two conditions.

Ratings

A 3 (Time Stage: Baseline vs. post-induction vs. post-action) * 3 (Condition) repeated measures
ANOVA yielded a significant main effect of time stage, F(2,72) = 148.105, p < .001,
pn2 = 0.804, but no effect of experimental condition, p = .591, or the interaction, p = .326. LSD
comparisons showed a significant increase of sadness from baseline to post-induction, Mean
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Difference = 2.640, SE = 0.187, p < .001, a significant decrease from post-induction to post-
action, Mean Difference = 2.514, SE = 0.165, p < .001, and no difference between baseline and
post-action, Mean Difference = 0.126, SE = 0.166, p = .453. Like in Experiment 2, this suggests
that the sadness induction worked, and that all three conditions had a comparable impact of
sadness reduction down to baseline levels. See Figure 9 and Table 7.
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FIGURE 9 Sadness levels under different experimental conditions at different time stages in Experiment 3.

TABLE 7 Sadness when the virtual target showing different facial familiarity and at different time stages in
Experiment 3 (n = 42).

Stage Measure Condition M SE
Baseline Emotion ratings 1. Human/friend 4.000 0.209
2. Human/unfamiliar 3.973 0.184
3. Doll 3.973 0.184
SCR 1. Human/friend 9.710 0.932
2. Human/unfamiliar 10.002 1.054
3. Doll 9.771 1.086
Post-induction Emotion ratings 1. Human/friend 6.622 0.234
2. Human/unfamiliar 6.595 0.217
3. Doll 6.649 0.220
SCR 1. Human/friend 13.672 1.373
2. Human/unfamiliar 13.124 1.096
3. Doll 12.582 1.124
Post- action Emotion ratings 1. Human/friend 3.757 0.227
2. Human/unfamiliar 4.270 0.158
3. Doll 4.297 0.177
SCR 1. Human/friend 10.456 0.866
2. Human/unfamiliar 10.837 0.926
3. Doll 10.952 0.908

Abbreviation: SCR, skin conductance response.

85UB01 SUOWIWOD dATERID 3|geatidde au) Aq pausenoh 8Je e YO ‘8N J0 S3|NJ 10 ARG 1T BUIIUO AB|IM UO (SUO N IPUOD-PUB-SWLBIALIOO" A3 |IM ARe.d1[Bu|UO//SHNY) SUORIPUOD PUe SWB L 8U) 88S *[5202/20/2T] U0 AiqiT8uIiuO AB|IM ‘Sa1kiq 1T AISBAIUN UsPRT Aq 20002 Mude/TTTT 0T/I0p/w0d | 1M ALIq1jpulju'S N -dee //sdny Wwouj papeojumod ‘T ‘5202 ‘vS808S5LT



SADNESS IS REDUCED BY VIRTUAL HUGGING Health HEE! 17 of 29
Well-Being \

SCR

A 3 (Time Stage: Baseline vs. post-induction vs. post-action) * 3 (Condition) repeated measures
ANOVA vyielded a significant main effect of time stage, F(2,72) = 30.355, p < .001, pn2 = 0.457;
but no main, p = .871, or interaction effect, p = .289. LSD comparisons showed that SCR
increased from baseline to post-induction, Mean Difference = 3.298, SE = 0.481, p < .001,
decreased from post-induction to post-action, Mean Difference = 2.377, SE = 0.439,
p < .001, but that the post-action SCR was still significantly higher than at baseline, Mean
Difference = 0.921, SE = 0.385, p =.022. While this pattern again suggests the sadness
induction worked and that SCR may change more slowly than ratings do, it does not provide
evidence that the three different conditions would support sadness reduction in different ways.

Discussion

No significant difference among the three conditions was found, which suggests that partici-
pants do not care so much whether a hard avatar looks familiar or humanlike—as long as some
actual target is actually hugged. We note that this outcome does not quite fit with the men-
tioned previous study, which found touch avoidance of females in non-intimate relationships
(Sorokowska et al., 2021). However, a closer look reveals rather complicated data patterns
obtained in related studies. Sorokowska et al. (2021) asked participants to report their willing-
ness to hug a stranger and the felt comfort with touch and found that females scored higher
than males on both measures (Fromme et al., 1989). Another study found that females value
social touch as more positive, whereas men consider touch toward strangers as more comfort-
able (Trotter et al., 2018), and in yet another study, females were more likely to report touch
comfort with a less familiar other female (Schirmer et al., 2022). Hence, the available findings
suggest a complicated picture. Moreover, our participants were certainly aware that they were
in a VR environment, which means that it was clear to them that they would not actually inter-
act with a stranger but with an avatar, like in other games, they may be familiar with. In other
words, hugging an avatar may not be comparable to real interactions with unfamiliar others.
Nevertheless, Experiment 3 suggests that the positive impact of virtual hugging is not hampered
by a lack of familiarity with the hugged virtual other. This result pattern is consistent with pre-
vious touch studies, in which familiarity of the toucher did not matter too much for at least
adult participants (Packheiser et al., 2024). Also another reason may be possible: as our samples
are university students, the familiar target avatar was designed according to their friends rather
than partners. Previous findings suggest that touch from romantic partners may be more effec-
tive than friend and strangers, while touch effectiveness from the latter two may be similar
(Floyd et al., 2018; Saarinen et al., 2021).

EXPERIMENT 4. THE EFFECT OF EMBODIMENT TOWARD
THE VIRTUAL AVATAR

In Experiment 4, we investigated the effect of embodiment (Maselli & Slater, 2013) toward the
virtual me-avatar. The embodiment of physical bodies is generally assumed to influence how
individuals perceive the world (Cosmelli & Thompson, 2011). Embodiment has at least three
main properties: (1) a highly spatially specific representation of self in the body (i.e. people
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locate themselves inside the skin of their body); (2) the self-attribution of this spatial representa-
tion; and (3) the assumption that the body acts out one's own will (Ma et al., 2023). In the words
of Kilteni et al. (2012), the sense of embodiment (i.e. the degree to which participants feel a vir-
tual body is their own) relies on self-location (me located in the virtual body), agency
(me controlling the virtual body's movements), and ownership (the appearance of the virtual
body is consistent to my memory). Given that Experiments 1-3 have already shown the impor-
tance of agency, as participants freely controlled the me-avatar to hug the target avatar and
watched this event in the virtual mirror, Experiment 4 focused on the influence of the two
remaining factors: self-location and ownership.

We manipulated ownership by varying the facial resemblance between participants' own
face and the face of their me-avatar, which participants could watch through the virtual mirror.
We hypothesized that, if embodiment plays a role, this resemblance should increase the impact
of virtual hugging on sadness reduction, as implied by a previous study (Senel et al., 2023). We
manipulated location by varying perspectives: first vs. third-person perspective (1PP/3PP). Stud-
ies have found that the embodiment sense in 3PP is not as strong as in 1PP (Slater et al., 2010),
and compared to 3PP, the activation of the motor cortex during motion observation or imagina-
tion is stronger in 1PP (Ge et al., 2018; Lorey et al., 2009). We thus inferred that 1PP may
improve sadness reduction as compared to 3PP.

Method

A 2 (Perspective) x 2 (Resemblance) within-subject design was employed. The resemblance
degree was manipulated by building the virtual avatar face with participants’ own facial photo
or using a pre-built avatar, which was the same as the avatar in Experiments 1 and 2. The
dependent variables were the same as before. See Table 8.

Participants

Forty female undergraduate students from Southwest University participated in the experiment.
After preliminary analysis of the data from 40 participants and post-experiment interviews,
three participants with inadequate data were excluded, resulting in a total of 37 valid datasets.
The participants’ ages ranged from 18 to 24 years (M = 20.90, SD = 1.39).

Research materials

We used a body embodiment questionnaire (Kokkinara et al., 2015; Ma et al., 2023), assessing
the sense of agency, self-location, and the sense of ownership. The questionnaire included

TABLE 8 Experimental design of Experiment 4.

Condition Me-avatar face Perspective
1. Own/1 pp Own face 1pp
2. Unfamiliar/1 pp Unfamiliar/avatar face 1pp
3. Own/3 pp Own face 3pp
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Likert scales ranging from 1 to 7, where 1 represented strongly disagree, 4 represented
undecided, and 7 represented strongly agree. The average score across all questions was taken
as the subjective sense of body ownership.

Q1. During the game I felt as if I was located where I saw the virtual avatar to be.
Q2. During the game I felt that the virtual avatar was me.

Q3. The movements of the virtual avatar were caused by my movements.

Q4. It seemed that I can control the virtual avatar.

Research procedure

The experimental procedure was similar to the other experiments, with the only differences in
the virtual hugging stage (see Figure 10). 1PP: Participants were located in the body of the

FIGURE 10 (upper panel) First-person perspective (1PP), (lower panel) third-person perspective (3PP) in
Experiment 4.
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virtual me-avatar and controlled it at will; they could see their virtual “me” avatar through the
virtual mirror, as in Experiment 1. 3PP: Participants were located out of and behind the virtual
avatars; they could control and see the virtual me-avatar and the hugging from 3PP or through
the virtual mirror.

Results
Manipulation checks

Ownership results were tested by means of a repeated measures analysis ANOVA with condi-
tion as factor. The analysis revealed a significant main, F(2,70) = 7.937, p = .001, pn2 = 0.185.
LSD post hoc comparisons showed that ownership ratings were significantly higher in
Condition 1 (mean = 9.333, SE = 0.326) than in Condition 2 (mean = 7.833, SE = 0.502), with
Mean Difference = 1.500, SE = 0.628, p < .022, or Condition 3 (mean = 7.139, SE = 0.515),
with Mean Difference = 2.194, SE = 0.632, p = .001, while Condition 2 did not differ from
Condition 3, with Mean Difference = 0.694, SE = 0.396, p = .88. Hence, visual resemblance
between participant and me-avatar boost perceived ownership, when combined with 1 pp.

Ratings

A 3 (Time Stage: Baseline vs. post-induction vs. post-action) * 3 (Condition) repeated measures
ANOVA yielded a significant main effect of time stage, F(2,70) = 249.391, p < .001,
pn2 = 0.877, but no effect of experimental condition, p = .294. The interaction was significant,
F(4,140) = 2.610, p = .038, pn2 = 0.069. Separate one-factorial ANOVAs showed significant
effects of time stage for all three Conditions: 1. F(2,70) = 137.060, p < .001, py2 = 0.797; 2. F
(2,70) = 111.779, p < .001, pn2 = 0.762; and 3. F(2,70) = 82.898, p < .001, pn2 = 0.703. See
Figure 11 and Table 9.

LSD comparisons showed significant increases of sadness from baseline to post-induction
for all three conditions: Condl. Mean Difference = 2.222, SE = 0.165, p < .001; Cond2. Mean
Difference = 2.389, SE = 0.208, p < .001; and Cond3. Mean Difference = 2.250, SE = 0.212,
p < .001, indicating again that the induction of sadness worked. Sadness decreased significantly
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FIGURE 11 Sadness levels under different experimental conditions at different time stages in Experiment 4.
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TABLE 9 Sadness levels at different embodiment degree and time stages, in Experiment 4 (n = 40).

Stage Measure Condition M SE
Baseline Emotion ratings 1. Own/1 pp 4.528 0.152
2. Unfamiliar/1 pp 4.333 0.159
3. 0wn/3 pp 4.472 0.141
SCR 1. Own/1 pp 7.131 0.835
2. Unfamiliar/1 pp 6.942 0.917
3. 0Own/3 pp 6.781 0.773
Post-induction Emotion ratings 1. Own/1 pp 6.750 0.184
2. Unfamiliar/1 pp 6.722 0.162
3. 0wn/3 pp 6.722 0.176
SCR 1. Own/1 pp 9.535 1.031
2. Unfamiliar/1 pp 9.323 0.884
3. Own/3 pp 8.989 0.899
Post-action Emotion ratings 1. Own/1 pp 4.500 0.152
2. Unfamiliar/1 pp 4.472 0.141
3. 0wn/3 pp 5.028 0.129
SCR 1. Own/1 pp 7.314 0.647
2. Unfamiliar/1 pp 8.099 0.728
3. 0wn/3 pp 8.321 0.754

Abbreviation: SCR, skin conductance response.

from post-induction to post-action in all three conditions: Condl. Mean Difference = 2.250,
SE = 0.156, p < .001; Cond2. Mean Difference = 2.250, SE = 0.140, p < .001; and Cond3. Mean
Difference = 1.694, SE = 0.182, p < .001, indicating that all actions were accompanied by a
reduction of sadness. This reduction reached the original baseline for the 1 pp conditions, as
implied by the nonsignificance of differences between baseline and post-action in Condl, Mean
Difference = 0.028, SE = 0.146, p = .851, and Cond2, Mean Difference = 0.139, SE = 0.183,
p = 454, while in Cond3, sadness was still significantly higher at post-action as compared to
baseline, Mean Difference = 0.56, SE = 0.146, p = .001.

SCR

A 3 (Time Stage: Baseline vs. post-induction vs. post-action) * 3 (Condition) repeated measures
ANOVA revealed a significant main effect of time stage, F(2,70) = 26.316, p < .001,
pn2 = 0.429, but no significant effect of conditions, p = .925, or an interaction, p = .257. LSD
comparisons showed that SCR increased from baseline to post-induction, Mean
Difference = 2.331, SE = 0.319, p <.001, decreased from post-induction to post-action,
Mean Difference = 1.371, SE = 0.308, p < .001, but the post-action SCR was still significantly
higher than at baseline, Mean Difference = 0.960, SE = 0.341, p = .008. As before, this pattern
suggests that the sadness induction worked, and that SCR may change more slowly than ratings
do. It does not suggest differences between the three conditions, however.
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Discussion

The ratings suggest that participants did not care whether the me-avatar was or was not similar
to themselves, as long as hugging occurred under 1 pp conditions. Hence, it is the perspective
that matters (Petkova & Ehrsson, 2008). This time, the SCR data did not only differ with respect
to the degree to which the baseline level was reached after action but they also failed to show
any difference between 1 and 3 pp. This may to some extent be consistent with previous studies
showing that vicarious touch has a stronger impact on SCR than on subjective feelings. For
example, research has shown that individuals can accurately recognize different emotional
states when observing others engaging in touch communication, suggesting that vicarious touch
may elicit similar emotional responses as personal touch (Walker et al., 2017). Moreover, when
individuals observe others being touched, similar brain regions are activated as when they
themselves are touched (Rigato et al., 2019). It thus may be possible that subjective feelings
were mediated by cognitive processes including considerations about embodiment, in a top-
down fashion; in contrast, the SCR might have been triggered more in a bottom-up fashion,
thereby reduce the impact of embodiment (Ma & Hommel, 2013).

COMPARISON ACROSS EXPERIMENTS

Given that four conditions of our four experiments had very similar designs (viz., Condition
1 of Experiment 1, Condition 1 of Experiment 2, Condition 2 of Experiment 3, and
Condition 2 of Experiment 4), we compared these four conditions in a cross-experimental
ANOVA of ratings and SCRs with experiment as factor. Nothing significant was found, how-
ever, in the emotion ratings, p = .296, or SCRs, p = .571. The results again verified that the
effectiveness and robustness of virtual hugging on emotion regulation across different samples.
In view of the remaining differences between these conditions, this can be taken to suggest that
haptic information is not as important as visual information if it comes to the impact of virtual
hugging on emotion regulation. Indeed, considering that in all these conditions participants
could freely control the movement of the me-avatar in 1PP, the visuomotor correlation can be
taken to be sufficient to induce embodiment (Ma & Hommel, 2015) and thus contribute to emo-
tion regulation, whereas haptic information and visuo-haptic modality congruency may not
add much.

GENERAL DISCUSSION

The current study aimed to test whether, and to what degree, virtual hugging might serve to
reduce personal sadness. We explored several factors that the existing literature deems as poten-
tially important, including the target of the hugging action, the characteristics of the me-avatar,
and the avatar representing the hugged other, multisensory visuo-haptic-motor integration,
familiarity, and embodiment.

Experiment 1 established the effectiveness of virtual hugging in the regulation of sadness,
and the other experiments demonstrate that this effect is replicable. Previous studies have indi-
cated that hugging behavior itself, or the so-called self-touch, may already be sufficient to
reduce stress and cortisol responses (Dreisoerner et al., 2021). This raised the possibility that
mere hugging may already improve sadness, even in the absence of any target. However,
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Experiment 1 indicated that mere hugging is not sufficient, but that some virtual target is
needed. Previous studies that might be taken to suggest that hugging might work by itself
(e.g. Fromme et al., 1989) might actually reflect the impact of the readiness or intention to inter-
pret touch as positive, rather than any effect of the hug actually given. Participants may acquire
beliefs that self-soothing touch may be a good means to regulate stress through experience or
communication, and it may be these beliefs that are at play in studies demonstrating an impact
of self (Dreisoerner et al., 2021). However, moving such scenarios to VR might reduce the
impact of experience from real life, which may explain that we did not find any evidence for
the impact of hugging actions as such. In other words, it is not impossible that moving our
designs back to real life shows a stronger effect of the hugging action on its own.

In Experiment 2, we tested the possible impact of haptic information and visuo-haptic corre-
spondence on the virtual hugging effect, because previous research with hugging robots has
emphasized the importance of multimodal information and integration (Eckstein et al., 2020;
Geva et al., 2022). While all we found were a few numerical hints without any statistical signifi-
cance. Accordingly, our findings indicated that the visual experience of a hugging agent and a
receiving other, together with the motor experience of hugging action, are sufficient to support
people's regulation of sadness.

In addition, previous research also suggested that the characteristics of the receiving other,
the hugging target might matter. It was reported that social support from familiar audiences
reduces self-reported anxiety, even without showing stress-buffering effects on cortisol levels
(Debrot et al., 2024; Mascret et al., 2019). Though checks confirmed that our manipulation of
familiarity of the target in Experiment 3 worked as intended, we did not find any evidence for a
role of familiarity. For one, this may have to do with the fact that previous studies, like that of
Mascret et al. (2019), signaled social support by providing facial and bodily information, which
may have attracted the attention of participants significantly. In contrast, our research design in
VR environment might have attracted attention more to the hugging process, so that facial fea-
tures may have been more neglected. For another, previous studies (e.g. Debrot et al., 2024)
have manipulated the familiarity degree with romantic partners and opposite-gender strangers,
while we used same-gender virtual avatars with different faces—which may also have induced
other forms of attentional salience. Nevertheless, our observation, that familiarity does not seem
to play a central role for the impact of hugging, is consistent with findings showing that social
robots (which are clearly unfamiliar to us and dissimilar to our acquaintance) can help with
pain and stress relief through interactive touch (Geva et al., 2022).

Also consistent with previous observations (e.g. Petkova & Ehrsson, 2008) is our finding in
Experiment 4 that a 1PP renders virtual hugging more effective. As our embodiment sense to
our real body naturally implies the self-location, which is that “I” locate in my own body and
interact with outside world from a 1PP. If so, with the 1PP, as compared to the third-person per-
spective, the participant more likely feels it is me who is hugging, but not just observing and
imitating. While, the resemblance between participant and the me-avatar is not so important,
as indicated in previous studies, with matched multisensory stimuli, people are easily to obtain
embodiment sense toward avatars of different face and body features (Maister et al., 2015).

CONCLUSIONS

In this study, we verified the effectiveness of virtual hugging on sadness regulation and identi-
fied the contribution of several factors from hugging interaction, virtual target characteristics,
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and me-avatar embodiment. Considering the development of VR technological and practical
demands of human society, VR hugging may be of great promise for not only sad emotion regu-
lation but also human well-being promotion.

LIMITATIONS

Some limitations in both our experimental design and technical aspects may be considered in
guiding future investigations. Firstly, we tested females only, which begs the question whether
males may equally benefit from virtual hugging. As pointed out, sexes seem to differ in emotion
response and regulation (Domes et al., 2010; Gardener et al., 2013; Kinner et al., 2014), and
females tend to be more easily influenced by social hugging (Benenson, 2013), which may result
in different findings in male participants. Another question is whether familiarity and similarity
effects, which were lacking in our experiments, are stronger if the avatar modeling is improved
and/or if the attention of participants to particular details is under tighter experimental control.
Finally, it might be interesting to study if the strength of hugging effects varies with individual
traits, and whether they are similar to other negative emotions, such as stress, fear, and anxiety.
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