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Affective haptic devices (AHDs) are communication technologies utilizing
the sense of touch, and include mediated social touch (MST), symbolic
haptic messaging, and awareness systems that, for example, let one feel
another person'’s heartbeat. The COVID-19 pandemic and consequent social
distancing measures have led to a reemphasis of the importance of social
touch, and many people have experienced firsthand what it is like to miss
touching loved ones. This offers an excellent opportunity to study people’s
intention to use AHDs. For this purpose, a survey study (n = 277) was
conducted combining qualitative and quantitative data analysis methods.
Touch deprivation, resulting from not being able to touch a loved one, was
associated with intention to use AHDs: the more deprived an individual, the
higher his or her intention to use AHDs. Technology readiness and touch
aversion did not affect intention to use AHDs. AHDs for symbolic messaging
gained higher interest than MST and awareness devices, and long-distance
relationships were seen as the most likely scenario for using AHDs. Bi-
directionality, synchronicity, and symmetry were regarded as important
features for providing shared meaning and a sense of connectedness.
Reviewability, multimodality, and actuation type were also deemed important.
Limitations of the study and implications for the design of AHDs are discussed.

KEYWORDS

mediated social touch, social touch technology, haptic technology, communication
characteristics, technology interest, touch deprivation, COVID-19

Introduction

Social touch plays an important role in human development, attachment, bonding,
interpersonal communication (Hertenstein et al., 2006a; Gallace and Spence, 2010;
Jakubiak and Feeney, 2017; Cascio et al., 2019) and wellbeing (Field, 2014). However,
there are circumstances where direct skin-to skin contact is not possible, for example,
when in a long-distance relationship, when being isolated from the outside world for
longer periods (prisoners or people on expedition), or, as is the case at the time of this
writing, during the COVID-19 pandemic. During the current COVID-19 pandemic,
social touch has become less accessible for certain people (e.g., people living alone).
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It has yet to be investigated what the long-term effects of
this lack of touch as a result of lockdown measures are. It
has been proposed that social distancing can lead to touch
deprivation, also referred to as touch starvation (Pierce, 2020)
or touch hunger (Abbate!; Durkin et al., 2020). People with
touch deprivation experience a strong need for social touch,
either because they do not experience sufficient social touch
themselves or because they want to touch someone else who
is suffering from insufficient social touch (Pierce, 2020). Prior
research has shown that touch deprivation can have negative
effects on overall wellbeing (Field, 2010). Findings of surveys
conducted during the COVID-19 pandemic have provided some
early insight into the effects of the COVID-19 regulations
on people’s social touch interactions and their psychological
responses (Field et al., 2020; von Mohr et al., 2021; Burleson
et al., 2022). Research by Field et al. (2020) has shown that
more people are, indeed, experiencing touch deprivation during
the COVID-19 pandemic, resulting in a statistically significant
decrease in their wellbeing. As such, touch deprivation occurred
in particular among people living alone. The work by von Mohr
et al. (2021) shows that people mostly miss intimate forms
of touch (e.g., hugs or kisses). Moreover, touch deprivation
of intimate touch acts led to higher levels of anxiety and
loneliness. Research by Burleson et al. (2022) showed that people
who experienced less affectionate touch during the pandemic
reported more psychological distress. Researchers have been
calling for efforts to minimize these negative consequences
(Venkatesh and Edirappuli, 2020). Among the suggestions, it has
been proposed that communication tools need to be improved in
order to compensate for the lack of touch (Durkin et al., 2020).

Unsurprisingly, given the importance of touch, people came
up with creative solutions to safely engage in social touch
interactions during this pandemic, such as to bump elbows
(Katila et al., 2020) or the heels of their shoes (McKeever?) as
an alternative for shaking hands. Similarly, people have been
designing low-tech and low-cost solutions to enable social touch
for vulnerable populations, such as the elderly, for example, in
the form of “cuddle screens” that allow for hugging a loved
one through a physical barrier designed to prevent infections
(Push?).

Digital communication technologies that, in some form
or another, utilize the sense of touch might also provide a
solution to combat touch deprivation during social distancing
measures. Mediated social touch (MST) devices, for example,
aim to facilitate physical contact over a distance—simulating,

1 Abbate. Available online at https://www.self.com/story/craving-
physical-touch.

2 McKeever. Available online at: https://www.cnbc.com/2020/03/
05/the-coronavirus-is-seeing-the-footshake-replace-the-handshake.
html.

3 Push. Available online at: https://beverwijk.nieuws.nl/.
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for example, a hug (Teh et al., 2012) or handshake (Nakanishi
etal., 2014)—by means of haptic and tactile displays (Haans and
IJsselsteijn, 2006).

In addition to MST, of which the main aim is to simulate
social touches, designers have also created other devices offering
other forms of communication through a haptic channel (e.g.,
warmth, force or vibration, see Figure 1). One category of
devices facilitates the communication of abstract messages (e.g.,
RingU; Pradana et al,, 2015), representing affectional messages
such as “I'm thinking of you” or “I love you.” Furthermore,
one’s own emotions can be communicated by means of such a
symbolic tactile or haptic message (e.g., Huisman et al., 2013).
Another category is aimed at creating awareness of each other’s
activities, context or status (e.g., Iwaki et al., 2008; Markopoulos
et al., 2009). As all these three types of haptic devices have
been aimed at supporting communication of affective messages
using haptic or tactile displays, they can subsequently be placed
under the umbrella term “affective haptic devices” (AHDs). The
difference between the three categories of AHD:s lies in the type
of message that can be communicated.

Most work to date has focused on the creation of AHDs,
with research into the effects of the use of such devices lagging
behind somewhat (Huisman, 2017). In other words, most work
to date has focused on exploring designs possibilities through
the development of prototypical AHDs. Nevertheless, a body
of work is steadily building, showing the potential of AHDs as
communication tools. Research has been conducted on testing
the affective and behavioral responses toward haptic stimulation
(e.g., Haans et al.,, 2014; Erk et al., 2015; Harjunen et al., 2017;
Ipakchian Askari et al., 2019) and has explored the possibility
of using touch devices for communicating emotions [e.g.,
Hertenstein et al., 2006b; Huisman and Darriba Frederiks, 2013;
Teyssier et al., 2020]. However, research investigating people’s
interest in and perceptions toward AHDs has been rare (but see
Rognon et al., 2021). Some of the design research has included
user evaluations of AHD prototypes [e.g., Kowalski et al., 2013;
Park et al, 2013], but the majority of this work has been
conducted rather unsystematically and with very small samples.

Eid and Al Osman (2016) have argued that it is important
to take into account people’s perceptions toward AHDs when
designing AHDs, in particular with respect to how comfortable
people feel with using touch technology and sharing intimate
data. Technology acceptance models, such as TAM and
UTAUT2 (Davis, 1989; Venkatesh et al., 2012), propose that
a priori perceptions (e.g., attitude, perceived usefulness or
performance expectancy) can influence technology acceptance.
Gaining a better understanding of people’s a priori perceptions
and beliefs thus is beneficial for designing, evaluating, and
predicting user responses toward AHDs (Taherdoost, 2019).

Therefore, it is important to complement existing research,
which focuses predominantly on the creation of AHDs
and testing how these may affect affective and behavioral
interaction outcomes, with work focusing more systematically
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Mediated
Social Touch
Devices

Systems aimed at facilitating an affective
or playful touch through distance
between humans

FIGURE 1
An overview of the three categories of affective haptic devices.

Awareness
Devices

Affective Haptic Devices

Systems aimed at communicating specific
information of the other by means of
sending e.g. physiological information or
location-based information

Symbolic
Devices

Systems aimed at letting people commu-
nicate emotions or symbolic messages

on understanding (a priori) perceptions of and attitudes toward
AHDs. As AHDs are a novel technology, not much is known yet
about people’s interest and perceptions toward AHDs (Rognon
et al., 2021).

It has been proposed that affective responses toward AHDs
should be tested in a context where one experiences a need
for touch (Willemse, 2018). The current COVID-19 pandemic,
hence, provides an interesting opportunity to conduct research
on the people’s interests and perceptions toward AHDs in a time
where more people are exposed to touch deprivation.

To our knowledge, there has been only one other study
exploring peoples interests and perceptions toward AHDs
during this time of pandemic. In this survey study by Rognon
et al. (2021), a sample of 258 participants were asked to report
on what kind of social touch they missed out most, on what lacks
in current mediated communication, and on which interactions
they wanted to have with AHDs. The aim of the study was
to gain insight into which device features are needed for a
meaningful MST communication. Results showed the type of
social touch preferred for MST communication to depend on
relation type (e.g., a friend or a romantic partner). Moreover,
the results showed mixed findings regarding the perception of
people toward AHDs, with some people being positive while
others were more skeptical on communication through touch.

Although, Rognon et al. (2021) asked participants to report
on what social touch they missed most, it is a missed opportunity
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that the authors did not investigate how experienced touch
deprivation related to people’s intentions to use MST. Moreover,
in their work, the authors have focused solely on MST, thereby
lacking insights into other categories of AHDs, such as symbolic
and awareness type of AHDs.

Besides touch deprivation, there are two other factors worth
investigating when explaining individual differences in people’s
intention to use AHDs. Prior work in the field of AHDs has
suggested technology readiness to influence intention to use
(Wiedau etal., 2015). With AHDs being a rather new technology,
most people will be unfamiliar with it. Hence technology
readiness, that is, the extent to which people embrace new
technologies, may be an important factor behind individual
differences in people’s intention to use AHDs (Parasuraman,
2000). A possible second factor that may explain individual
differences in people’s intention to use AHDs could be the
personal characteristic of touch aversion, which refers to a
general dislike of being touched by others. More touch averse
individuals generally have less touch interactions and/or struggle
to communicate via touch (Johansson, 2013). Touch aversion
is a rather complex concept, and the extent to which people
experience touch avoidance can depend on the relational context
(Johansson, 2013; Strauss et al., 2019). On the one hand, one
may expect more touch aversive individuals to have less need
and thus less intention to use AHDs. On the other hand, AHDs
might offer a controllable and/or less intimate type of touch
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that may be appreciated by some touch aversive individuals.
Prior research has shown that for children with autism—who, in
general, dislike social touch interactions—providing touch in the
right format and through training had positive effects (Cullen
et al,, 2005). As no prior work has investigated the role of touch
aversion in people’s perceptions of and interests in AHDs, this
relation will be explored in the current study.

Research aims

The aim of this paper is to investigate people’s intention
to use different types of AHDs (i.e., MST, Symbolic, and
Awareness), and the various circumstances (or use cases) in
which they would see themselves use AHDs. In addition, we
explored what people consider to be the most important system
characteristics of AHDs (e.g., synchronicity or reviewability).
Finally, we examined how people’s intention to use AHDs is
related to individual differences in touch deprivation, touch
aversion, and technology readiness. For this purpose, we
conducted an online survey during a COVID-19 lock-down in
the Netherlands in April 2020. Social interactions with people
outside of the household were severely restricted during this
lockdown. The survey consisted of a combination of closed-
(e.g., rating scales) and open-format questions, which were
analyzed using both quantitative and qualitative methods. In
contrast to the work by Rognon et al. (2021), we did not focus
only on MST but on AHDs in general, including also symbolic
and awareness devices. Moreover, we included a measure of
touch avoidance.

Although most of this survey research was exploratory in
nature, we had three a priori hypotheses we wanted to test.
First, it is to be expected that intention to use AHDs increases
when people have a concrete need for social touch, such as
when they experience some level of touch deprivation. Thus,
our first hypothesis (H1) is that the extent of experienced
touch deprivation during the lockdown is positively correlated
with a person’s intention to use AHDs. Second, based on
Wiedau et al. (2015), we expect people that are, in general,
more interested in, and willing to use new technology, will
also have a stronger intention to use AHDs. Thus, our second
hypothesis (H2) is that there is a positive correlation between
self-reported technological readiness and general intention to
use AHDs. We also expected the relation between touch
deprivation and intention to use AHDs to depend on a person’s
technology readiness (i.e., the extent to which people embrace
and use new technologies; Parasuraman, 2000). Therefore,
our third hypothesis (H3) states that the relation between
touch deprivation and intention to use AHDs is moderated
by technology readiness. We expect that the effect of touch
deprivation on intention use will be more pronounced if people
also have higher levels of technology readiness, Since AHDs
are new technologies, we expect early adopters or people who
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are tech savvy to also have a stronger interest in using AHDs
when touch deprived. In addition to this, we also conducted an
exploratory analysis to test if touch aversion may moderate the
relation between touch deprivation and intention to use AHDs.

Method

Participants

The majority of the participants were recruited through the
JE Schouten participant database of TU/e. Other participants
were recruited through the personal networks of the authors.
When we closed the survey, a total of 277 participants had
started the questionnaire of whom 258 completed it. Data from
non-completed questionnaires were maintained for analysis,
where empty responses were indicated as missing values. From
the 258 participants, only 147 participants indicated to have
missed touch from a person during the lockdown. There were
about 138 participants out of the 258 who had filled in the open-
ended questions. However, a couple of entries were very short or
not descriptive (e.g., just reporting “no” as the answer).

Participants’ mean age was 27 years (SD = 10.24), with a
minimum age of 18 and maximum age of 70. The majority
of our sample consisted of students, with 56.3% being female,
43% male, 0.4% non-binary, and 0.4% preferred not to disclose
their gender. The participants were born in the Netherlands
(74.1%), Germany (0.4%), UK (1.1%), India (6.9%), China
(2.2%) and other countries (15.3%). For additional information
on demographics, see the Supplementary materials. An online
questionnaire was sent out to the participants during the
period between April 24 and April 30, 2020. During this
period, regulations in The Netherlands were to have social
distance, to avoid physical contact with people outside of their
household, and to work primarily from home if possible. The
participants who completed the survey could participate in a
lottery with a 10% chance to win 30 euros as compensation for
their participation.

Measures

The questionnaire contained a broad set of measurements,
of which not all directly addressing our research question
(e.g., questions regarding the social distancing regulations,
technologies used to stay in contact). Here, we discuss only those
measurements that are used in the analysis in this paper. The
entire questionnaire, as well as the results pertaining to the other
measurements, can be found in the Supplementary materials.

The questionnaire started with several demographic
questions regarding age, gender, country of birth, and country
of residence. To measure the extent to which people adopt or
embrace novel technology, we used the technology readiness
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index [TRI; Parasuraman, 2000]. The original scale was adapted
by choosing only one of the four constructs: innovativeness,
which consisted of seven items (e.g., “Other people come to you
for advice on new technologies.”). The items were measured on a
5-point scale, ranging from 1 (labeled with “strongly disagree”),
through 5 (labeled with “strongly agree”). For measuring touch
aversion, we used a scale similar to the one used in Ipakchian
Askari et al. (2020), which was, in turn, adapted from Wilhelm
et al. (2001). This instrument consists of 6 statements (e.g.,
“I prefer to avoid shaking the hands of strangers.”) that were
answered on a 5-point scale, ranging from 1 (labeled with “not
at all”) through 5 (labeled with “very much”).

To measure the extent of touch deprivation, an adaptation
of the scale by Punyanunt-Carter (2016) was used. Prior to
answering the touch deprivation questions, the participants
indicated whom they missed having physical contact with the
most as a consequence of the regulations around the COVID-
19 pandemic, and what kind of touch interaction they missed
most with this person. The participants were asked to keep
this person in mind while answering the remaining questions,
including the touch deprivation questions. The participants
who indicated that they did not have a person they missed
having physical contact with did not need to fill out the touch
deprivation questions. The touch deprivation scale was adapted
to measure both participants’ experienced need for touch, as well
as the participants’ consideration for others’ need for touch (i.e.,
experiencing a need to touch the other person, not because of
lacking social touch themselves per se, but because the other
experiences a lack of social touch). Moreover, the instrument was
adapted to make it more explicitly focused on measuring touch
deprivation in the current context (i.e., missing social touch
from a specific person in times of COVID-19). The adapted
touch deprivation scale consisted of eight items on a 5-point
scale, ranging from 1 (labeled with “strongly disagree”) through
5 (labeled with “strongly agree”), to measure the participants’
own need for social touch (e.g., “I do not receive enough skin-
to-skin contact from this person.”). Additionally, there were
three items on a 5-point scale, ranging from 1 (labeled with
“strongly disagree”) through 5 (labeled with “strongly agree”),
measuring the participants’ need for social touch, considering
the other person’s need (e.g., “I am currently longing to touch
this person”). From the factor analysis, we did not find two
separate constructs for measuring touch deprivation. Therefore,
we decided to combine the items of the two constructs in one
singe variable of touch deprivation.

To measure the intention to use AHDs, we included a
list of descriptions of nine different AHDs (see Table I for
the complete list). As the term “affective haptic devices” could
be confusing for the participants (as it is a rather unfamiliar
term), we decided to use the term “touch technology” in the
questionnaire when referring to AHDs. The participants were
asked to indicate on a 5-point scale, ranging from 1 (labeled
“I would not at all use this device”) through 5 (labeled “I
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will definitely use this device”) to which extent they would
use each of the devices if it had been available to them. The
participants were asked to answer these questions with the
person in mind whom they indicated earlier to miss physical
contact with the most. The participants who indicated that
they did not have a person they missed having physical contact
with did not complete this part of the questionnaire. The nine
AHDs in the list consisted of three devices for each category of
AHDs (i.e., MST, Symbolic, and Awareness). For the category
MST, we selected devices facilitating shaking hands (inspired by
Nakanishi et al., 2014), kissing (inspired by Zhang et al., 2016),
and hugging (inspired by Teh et al., 2012). The symbolic devices
consisted of a device for instant messaging through a haptic
channel (inspired by Mullenbach et al., 2014), communication
of mood through haptics (inspired by Rantala et al., 2013),
and a device communicating “thinking of someone” (inspired
by Feelhey”). For the awareness category, we selected devices
allowing the feeling of someone else’s heartbeat via haptics
(inspired by HB Ring®, someone else’s movement activity (e.g.,
their walking speed, inspired by Blum and Cooperstock, 2016),
and devices that enable the feeling of someone else lying on their
pillows (inspired by Iwaki et al., 2008). From these responses,
two additional variables were constructed by aggregating (i.e.,
averaging) the responses of each person in different ways: A
person’s overall intention to use AHDs (averaging across all
nine items), and the intention to use MST, symbolic AHDs,
and awareness AHDs (averaging across items per AHD type).
After the participants rated their intent to use these AHDs, they
were asked to explain the choices they made by means of an
open-ended question.

Next, the participants were asked to choose which three
characteristics they found most important for touch technology.
They were not asked to further prioritize between the three
selected criteria. We provided a list of 12 characteristics (see
Table 2). The list was composed of characteristics from general
communication technologies (e.g., synchronicity, modalities;
Dennis and Valacich, 1999), supplemented with haptic-specific
characteristics (e.g., actuation technology, touch location on the
body). After the participants indicated the three characteristics
they deemed most important in AHDs, they were asked to
explain their choices by means of an open-ended question.
Again, only the participants who indicated missing physical
contact with another person were asked to fill in these questions.

In the last part of the survey, the participants were asked to
read five different situations (see Table 3 for the complete list)
and to indicate for each situation how likely it would be for them
to use touch technology in that situation. Their answers were
measured on a 5-point scale, ranging from 1 (labeled “I would
not at all use touch technologies in this situation”) through 5

4 Feelhey. Available online at: https://feelhey.com/.
5 HB Ring. Available online at: https://thetouchx.com.
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TABLE 1 A list of AHD devices used in the survey.

10.3389/fcomp.2022.795927

TABLE 3 An overview of the scenarios.

MST1: A device that would allow you to shake hands remotely.

MST?2: A device that would allow you to give a kiss remotely.

MST3: A device that would allow you to give a hug remotely.

SYM1: A device that would allow you to send someone an instant message
through a haptic channel (e.g., warmth, vibration, or pressure).

SYM2: A device that would allow you to communicate your mood via a haptic
channel (e.g., warmth, vibration, or pressure).

SYM3: A device that would allow you to let someone know you’re thinking of
them via a haptic channel (e.g., warmth, vibration, or pressure).

AWAL: A device that would allow you to feel someone’s heartbeat via haptic
channel (e.g., warmth, vibration, or pressure).

AWA2: A device that would allow you to feel someone’s movement activity (e.g.,
their walking speed) via a haptic channel (e.g., warmth, vibration, or pressure).
AWA3: A device that would allow you to feel someone is lying on their pillow via

a haptic channel (e.g., warmth, vibration, or pressure).

TABLE 2 A list with characteristics of AHDs.

1. The ability to revise a touch message prior to sending it [Revisability]

2. The ability to re-play a touch message after receiving it [Reviewability]

3. The ability to receive the touch message in real time without a delay
[Synchronicity]

4. The number of people to which you can send a message and receive a message
from [Reach]

5. The ability to both receive and send a touch message [Bi-directionality]

6. The ability to have additional channels next to the touch experience (e.g.,
sound or video) [Modalities]

7. Both users have the same modalities (i.e., touch, sound, or video) at their
disposal [Symmetry]

8. The way in which you have to send a touch [Input Type]

9. The ability to easily take the touch device along with you [Portability]

10. The ability to wear the touch device on your skin (e.g., as bracelet or t-shirt)
[Wearability]

11. The physical sensation that is provided through the touch device (i.e., the
quality of the touch) [Actuation]

12. The ability to send a touch message on various body locations [Body location]

The labels of these characteristic, here shown in brackets, were not presented to the
participants in the survey.

(labeled “T will definitely use touch technology in this situation”).
After each scenario, people were asked to explain their choices
by means of an open-ended question. Only the participants who
had indicated missing physical contact with a person were asked
to fill in these questions. The scenarios were selected to reflect
different circumstances in which communication through touch
devices could be beneficial, including being in a long-distance
relationship in quarantine due to the spread of dangerous virus,
or if your parents are in a caring home (see Table 3 for the
complete list). Throughout all the mentioned measurements,
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1. If you and your romantic partner would be in a long-distance relationship.

2. If a dangerous virus would be spreading and regulations are withholding you
to go out of the house and visit your loved ones.

3. If your parents were staying in a caring home far away from where you live.
4.1If one of your loved ones was lying in the hospital.

5. To stay in contact with your loved ones (e.g., partner, family, or friends).

the participants were able to indicate to select the option “I
don’t know” or to skip a question if they were not able to
answer it.

Data analytic strategy

Before data collection, an a priori power analysis using the
application G*Power® was conducted to determine the minimal
number of participants. Since our statistical analysis mainly
involved correlations (i.e., for H1 and H2), we determined
the number of participants to have a power of 90% to detect
0.05 (two sided).
Given the, by and large, exploratory nature of this study, and

a correlation of at least p = 0.30 at o =

no clear indication of what size of population correlations
between variables to expect, we chose a minimal effect size
of interest of p = 0.30 to be able to uncover the most
interesting relationships between variables. Based on this power
analysis, a minimum sample size of n = 109 participants
was required. A sensitivity analysis (Perugini et al., 2018)
revealed that, with n = 109 participants, we had 90% power
to detect a reasonable small to medium effect size of f> =
0.10 for individual regression estimates for our moderated
regression model. Note that, for interaction terms, as for
example for testing H3, the sensitivity may be overestimated.
Since we expected not all participants to have experienced touch
deprivation during the pandemic, we opted for 200 participants
in total.

As a first step in our data preparation, we performed a series
of factor analysis on each set of items intended to measure
technology readiness, touch aversion, touch deprivation, and
intention to use AHDs (Hair, 2009). These factor analyses were
performed on the polychoric correlation matrix of the responses.
We used principal (axis) factoring as extraction, and oblique
oblimin as the rotation method. Prior to the analysis, items were
inspected for missing values, low inter-item correlations, and
low KMO values. To determine the number of factors, we used
parallel analysis (Dinno, 2009) and the estimated correlation
between factor scores, where we corrected for measurement
6 G*Power. Available online at: https://www.psychologie.hhu.de/
arbeitsgruppen/allgemeine- psychologie-und-arbeitspsychologie/

gpower.
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error attenuation (Charles, 2005). Based on the final factor
solution (see the Supplementary materials), factor scores were
calculated using the summated scale method. The Cronbach’s
alpha values were o = 0.87 for technology readiness, « = 0.84
for touch aversion, « = 0.88 for touch deprivation, and « = 0.92
for intention to use AHDs.

Next, we checked the normality of the four obtained
measures. Here and elsewhere in our analysis where normality
was tested, we relied on the Shapiro-Wilk’s test, using w >
0.97 as our criteria for sufficient normality. Intention to use
AHDs was found to be normally distributed, but technology
readiness, touch aversion, and touch deprivation were not. In
general, non-parametric analyses were performed with the latter
three variables. When this was not possible, for example, for
the moderated regression, transformations were applied: for
technology readiness, we used a square transformation, for
touch aversion, the inverse, and for touch deprivation, the
square root transformation. After this procedure, all factors were
normally distributed.

Finally, we examined outliers on the intention to use AHDs,
and on the transformed technology readiness, touch aversion,
and touch deprivation variables. Here and elsewhere in the
analysis where outliers were examined, we relied on Z-scores
using the |Z| > 3 criterion to identify an outlier. We did not find
any outliers in the data.

The analysis of the data was performed as follows,
described here in the same order as presented in the results
section. First, we summarized and provided descriptives of
the various touch deprivation questions (e.g., from whom
they missed touch most, and the participants’ self-reported
touch deprivation).

Second, we investigated the participants’ intention to use
AHD:s in their interactions with the person they indicated to
have missed most. People who did not indicate to have missed
touch from a person did not answer the intention to use
questions and, hence, were not included in the analysis. After
estimating descriptive statistics of each of the nine included
AHDs, we tested whether use intention was different for the
three AHD types using the Friedman test, and follow-up
Wilcoxon signed rank tests. For these and all other analysis
0.05, and
any exceptions (e.g., to correct for multiple tests) are explicitly

we performed, significance levels were set to o =

mentioned in the relevant Section of the Results.

Third, we analyzed our participants’ responses to the open-
ended question, asking to them to explain their ratings of
their intention to use the nine AHDs. These were analyzed
qualitatively using thematic analysis (Braun and Clarke, 2006,
2019), with each extracted (sub-)theme providing an answer to
the question of what is behind people’s intention to use AHDs.

Fourth, we investigated the relationships between touch
deprivation, technology readiness, touch aversion, and overall
intention to use AHDs. As a first step, we examined whether the
participants that reported not to have missed physical contact
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from a specific person had higher self-reported touch avoidance
than those that did indicate to have missed physical contact. For
this, the Mann-Whitney U test was used. Next, we estimated
the pairwise non-parametric Spearman correlations between
the four variables. The correlation between touch deprivation
and intention to use AHDs, and between technology readiness
and intention to use AHDs tested H1 and H2, respectively.
A measurement error attenuation correction was applied to
the correlations following Charles (2005). To further explore
the relationship between touch deprivation and the intention
to use AHDs, and to test H3, we performed a moderated
regression with overall intention to use AHDs as a dependent
variable, touch deprivation as a predictor, and touch aversion
and technology readiness as moderators. For this analysis, we
used the transformed variables, and predictors and moderators
were mean centered. Residuals were found to have a normal
distribution, but the homoscedasticity assumption was not met
(based on visual inspection of the residual against the predicted
scores plot), Therefore, we used heterogeneity consistent SEs
using the HC3 method. The SPSS add-on PROCESS (Hayes,
2020) was used with SPSS version 25 for conducting the
moderation analysis.

Fifth, what
envisioned to be the most likely use cases for AHDs.

we  investigated our  participants

Difference between the use cases was examined using
the
rank

Friedman test,

Responses  to

and follow-up Wilcoxon
the
question were summarized using an iterative inductive

signed
tests. follow-up open-ended
coding process.

Finally, we examined what the participants regarded as the
most important communication characteristics of AHDs based
on the frequency with which each characteristic was chosen.
Responses to the follow-up open-ended question were again

summarized using an iterative inductive coding process.

Results

Touch deprivation

More than half of our participants (57%) reported to
miss having physical contact during the corona lockdown,
38.9% did not miss having physical contact with others, and
4.2% responded with “I don’t know”/”other.” Of the 152
participants who indicated they missed having physical contact
with someone, 43.4% reported missing physical contact with
“friends,” 19.7% with “parents,” 17.8% with “family,” 16.4% with
a “partner;” and 2.6% picked “other” (mentioning, for example,
close colleagues, children, or grandchildren). When asked which
type(s) of touch they missed the most by this person, 92.8%
indicated missing a hug, 25% kisses, 19,7% a stroke, 19.1% a pat
on the shoulder, 14.5% handshakes, 3.3% chose “I don’t know,”
and 2% chose “other” (mentioning, for example, the arm in the
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arm, a squeeze on the arm or a playful touch). From the 147
participants that continued filling in the questionnaire and who
reported missing physical contact, average self-reported touch
deprivation was M = 3.30 (SD = 0.96; on a scale of 1-5).

Intention to use AHDs

Quantitative responses toward intention to use
AHDs

When looking at the mean intention (on a scale of 1-5) to
use for each of the nine individual AHDs (see Figure 2) we see,
on average, people expressed a stronger intention to use MST 3,
see Table 1 with an overview of the AHDs and their labels (M =
3.13; SD = 1.22), Symbolic 1 (M = 3.26; SD = 1.37), Symbolic 2
(M = 2.98; SD = 1.39), and Symbolic 3 (M = 3.30; SD = 1.42;
also Figure 3). People were less interested to use MST 1 (M =
1.82; SD = 1.22), MST 2 (M = 2.17; SD = 1.35), Awareness 1
(M =2.32; SD = 1.42), Awareness 2 (M = 2.08; SD = 1.29), and
Awareness 3 (M = 2.08; SD = 1.25).

Using the Friedman test (n = 147), we found our
participants’ intention to use AHDs to depend on the type of
AHD (i.e., MST devices, symbolic communication devices, and
awareness devices), with X%z) =106.8, p < 0.001. For the follow-
up Wilcoxon signed rank tests, we set our significance level at «
= 0.0017 to correct for multiple comparisons. Results revealed
a statistically significant higher intention (on a scale of 1-5) to
use for symbolic devices (M = 3.18; SD = 1.26) as compared to
MST devices (M = 2.38; SD = 1.18) and awareness devices (M
=2.15;SD = 1.21), with Z < 8.36 and p < 0.001. No differences
were found between MST and awareness devices, with Z = 2.43,
and p = 0.015.

Qualitative responses toward intention to use
AHDs

After having indicated their intention to use each specific
AHD on the 5-point response scale, the participants were
required to explain their choices via an open-ended question.
These qualitative responses were analyzed by means of a
thematic analysis (Braun and Clarke, 2006). Data were analyzed
by the first author and the second author together. First, both
authors individually went through the data and developed the
initial set of themes and sub-themes. Next, they discussed their
findings and through an iterative process came to the final set
of themes and sub-themes. The final analysis revealed four main
themes (see Figure 3). These will be discussed below alongside
the subthemes.

People’s attitudes and intention to use AHDs
differ

From the analysis, we see that peoples attitudes and
intention to use AHDs are mixed. This is reflected in the
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participants’ responses, which expressed both criticism and
positive aspects of AHDs, for some participants even in a single
response, ‘I am quite skeptic about all these devices, especially
for the shaking hands, feeling someone’s heartbeat and someone’s
movement activity. I would not get any satisfaction of it. Hugging
remotely and showing someone I am thinking of him or her seems
to be nice in my opinion, since it feels warm.” Furthermore,
people are critical toward these devices, reporting skepticism
regarding the abilities of such devices in compensating for a
lack of touch, T don’t believe that technology will be able to
relieve the need for physical contact” and expressing they do
not believe the technology could simulate real touch, “you can’t
replace the feeling of a real kiss, so I wouldn’t use that.” We
see that the critique in some cases depends on the device,
resulting in intention to use for one device while indicating
a critique toward other(s), “Some things are a bit too strange
to do for me, but I like the idea of a hug since it is funny
and cute.”

People also expressed that they would find it strange
to interact through these AHDs, “It seems weird to have
a machine to kiss and hug’ and some people expressed
discomfort regarding the use of such devices, “I would feel really
uncomfortable with this type of technology.” However, there were
also people who saw the benefit of AHDs. Some participants
expressed seeing value in AHDs as an enrichment of current
technology by, for example, communicating to someone that
you are thinking of them and to communicate affection, ‘It
is nice if someone knows you are thinking of them, that makes
them feel less alone. Furthermore, it would be nice to comfort
someone through a device,” and “Getting a hug really helps from
the emotional side to feel better.” Moreover, people also expressed
interest in touch acts they missed and/or normally experienced
prior to the COVID-19 pandemic, “T would like the device to give
a message to the person which is similar to the physical contact I
would normally have with this person.”

From the data, we also see several people expressing
concerns regarding the intrusiveness of AHDs, “This sounds very
intrusive, no thanks.” Furthermore, some people were critical
about mimicking something as personal and private as physical
contact through technology, “T also think that physical contact is
private and should not be intervened by technology.”

AHDs need to match the relation type

Another theme that we identified from the analysis is
people expressing that AHD(s) were not suitable for use with
the person in mind, because of the intimate nature of the
device, “The more intimate options are undesirable for contact
with a friend.” This resulted in some people finding it strange
to use a device for the person they had in mind, while
acknowledging it might be suitable for interacting with someone
else, such as a romantic partner, “Some of these use-cases seem
a little strange or unusual. Sharing heartbeat is something I'd
consider doing with my wife, not with a friend. I like the idea
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A bar graph visualizing mean likelihood of using AHDs for each individual
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of being able to give an indirect hug through such a device
or being able to let someone know I'm thinking about them,
though.” For some people, the fact that some AHDs were not
suitable for the person in mind also resulted in a more critical
attitude toward using the technology, “Technology is not the
same as real physical contact. Maybe if it would have been
my mom, I would have used one of these devices. But in my
case, I'm just referring to a friend.” For more comments by
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the participants about touch in specific relationships, see the
Supplementary materials.

AHDs need to be tested out first to explore
intention of use

From the analysis, it was also found that several people first
needed to try out the technology before knowing if it would be
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valuable for them. As this technology is rather new, some people
had a hard time imagining what the possibilities of these devices
would be, “I'm not sure how these technologies would take shape,
making it hard to imagine if I would want to use such technology.”
Therefore, it was hard for some people to decide what their
views were on a device, because even though they might be
positive/negative now, they needed to try out the devices first
before coming to a more definite conclusion, I think I prefer
skin contact and would think the use of a device is weird and not
the real thing. I have not tried it though so I wouldn’t really know.”

Not everyone is experiencing touch deprivation

Our analysis showed that not everyone was experiencing
a strong need for social touch. Some participants expressed
the lack of social touch was not the problem for them; rather,
physical presence of the other was missed, “I long the feeling of
being together with my friends and being able to attend activities
together. A handshake will not help me.” Other people expressed
they were not experiencing the loss of social touch with certain
people (e.g., friends or parents) as problematic, “I do not feel the
need for physical contact with my parents so badly that I would use
these devices as compensation.” Furthermore, it was expressed by
some that their need for social touch was already satisfied, as
they lived together with someone, “T personally don’t need these
devices, as I am living with my partner and am not in desperate
need of being touched.”

From the analysis, we also saw that, for some of the
participants who did not have strong experiences of touch
deprivation, this also made them less inclined to use AHDs,
“I do not feel the need for physical contact with my parents so
badly that I would use these devices as compensation.” However,
several people mentioned this might change if the COVID-19
social-distancing measurements would persist longer, “With my
parents I don’t need these devices of touch at home. Seeing them
via Skype and sometimes in real life is enough for now. Maybe if
the Corona measures are going to stay forever, my feelings toward
these devices might change. For now, it seems weird and maybe
even a little bit creepy to have such devices.” For more comments
by the participants about increasing/decreasing the amount of
social touch, see the Supplementary materials.

Relation between touch deprivation,
technology readiness, touch aversion, and
intention to use AHDs

Across all the participants, the average untransformed
technology readiness (on a scale of 1-5) was M = 3.51 (SD
= 0.85), and average untransformed touch aversion was M =
2.10 (SD = 0.85). For those 147 participants that indicated
to have missed touch from a person during the lockdown,
and who thus completed the intention to use AHDs items,
the average untransformed technology readiness was M =
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3.47 (SD = 0.92), and average untransformed touch aversion
was M = 2.00 (SD = 0.83). To explore whether there was a
difference in touch aversion between the participants that did
and those that did not miss touch from a person, the Mann-
Whitney U-test was performed. We found the participants who
reported not to have missed skin-to-skin contact to score higher
on touch aversion (on a scale of 1-5) as compared to those
that did miss having physical contact, with Z = 2.47 and p
=0.013.

To investigate how the intention to use AHDs relates to
touch deprivation, technology readiness, and touch aversion,
we first estimated the pairwise Spearman rank correlations
(rho) between the four untransformed variables. The resulting
correlation matrix includes the hypothesis tests needed for
H1 and H2. Next, we conducted a moderated regression to
test the combined effect of the three predictors, and the
touch deprivation by technology readiness (H3) and touch
deprivation by touch aversion interactions. The correlation
matrix (see Table4) revealed a positive and statistically
significant correlation between touch deprivation and intention
to use AHDs (rho = 0.48; p = 0.00), conforming our first
hypothesis (H1). The association between technology readiness
and intention to use was not found to be statistically significant,
with rho = —0.02, and p = 0.86. In other words, we did not
find support for our second hypothesis (H2). Although not
hypothesized, we did find a small and negative correlation, rho
= —0.19 and p = 0.02, between technology readiness and touch
deprivation, indicating that individuals with a higher propensity
to embrace and use new technologies may have experienced less
touch deprivation during the pandemic.

147)
with intention to use AHDs as the dependent variable, touch

Results of the moderated regression analysis (n =

deprivation as a predictor, and technology readiness and touch
aversion as moderators are presented in Table 5. The model
explained 21.3% of the individual differences in intention to use
AHDs. Consistent with the correlations reported above, touch
deprivation (H1; b = 1.70, and p = 0.00) but not technology
readiness (H2; b = 0.01; p = 0.39) was found to affect intention
to use AHDs. No support was found for H3 as the technology
readiness by touch deprivation interaction was not found to
be statistically significant, with b = 0.06, and p = 0.28. In
addition, no (moderating) effects of touch aversion were found
(see Table 5).

Possible use scenarios AHDs

The participants were asked to indicate how likely it would
be for them to use AHDs in various use cases (on a scale
of 1-5), such as a long-distance relationship or when a loved
one is in the hospital (see Table 3 for an overview of all the
scenarios). Based on the Friedman test (n = 131), we found
statistically significant differences between the various use cases
on the average likelihood to use AHDs in these scenarios,
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TABLE 4 Correlations (Spearman rho) between touch deprivation, technology readiness, touch aversion, and overall intention to use AHDs.

Intention Technology Touch Touch
to use AHDs readiness deprivation aversion
Intention to use AHDs 0.92° —0.02 0.48** 0.07
Technology readiness —0.02 0.87% —0.19% —0.07
Touch deprivation 0.53 -0.22 0.88* —0.10
Touch aversion 0.07 -0.08 0.12 0.84*

Values in bold are corrected for measurement error attenuation.
Diagonal contains reliabilities (Cronbach's alpha); “p < 0.05; "p < 0.01.

TABLE 5 Moderated regression predicting overall intention to use AHDs from touch deprivation, touch aversion, and technology readiness.

Model b SE(HC3) t p LLCI ULCI
Constant 2.59 0.08 32.05 <0.01 2.43 2.76
Touch deprivation 1.70 0.32 5.32 <0.01 1.07 233
Touch aversion —0.15 0.48 —0.31 0.76 —1.10 0.81
Touch deprivation x —0.46 1.40 —0.33 0.74 —3.23 2.31
Touch aversion

Technology readiness 0.01 0.02 0.86 0.39 —0.02 0.04
Touch deprivation x 0.06 0.05 0.28 0.28 —0.05 0.16

Technology readiness

The normality-transformed predictors and moderators were used in the analysis. The predictors and moderators were mean centered. Standard Errors (SEs) are heterogeneity consistent

using the HC3 method.

with x2(4) = 86.58 and p < 0.001. Follow-up signed rank
tests, with the significance level set at « = 0.0005 to correct
for multiple comparisons, revealed that the Long-Distance
Relationship scenario was, on average, rated as a significantly
more likely scenario for the use of AHDs (M = 3.90, SD = 1.12;
also Figure 4) as compared to the scenarios Spread of Dangerous
Virus (M = 3.46, SD = 1.29), Parents in a Caring Home (M
= 3.53, SD = 1.41), and Stay in Contact with Loved Ones (M
=298, SD = 1.43), with Z < 6.58 and p <.0l. No significant
difference was found between the Long-Distance Relationship
and the Loved Ones in the Hospital scenario (M = 3.71, SD =
1.40), with Z = 1.94, and p = 0.052. The Stay in Contact with
Loved Ones was rated as the least likely scenario in which to use
AHDs as compared to all other scenarios, with Z < 6.57 and p
< 0.01.

To arrive at a better understanding of people’s rationale
behind their evaluations, we asked them, for each scenario,
to explain their answers in an open-ended question. These
were analyzed by iteratively going through the data to create
a summary of people’s comments. Again, our participants
indicated that they had difficulties with evaluating the use cases
without actually having used AHDs in these scenarios. This
was mentioned by various participants in all but the Stay in
Contact with Loved Ones scenario. Below, we summarized, for
each scenario separately, the—often rather critical—comments
of our participants.
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Although some people expressed a critical view on AHDs,
overall, people were positive toward the use of AHDs in Long-
Distance relationships. People indicated that such relationships
result in a lack of intimacy and that touch is very important in
a romantic relationship, “We are in a long-distance relationship
right now, and this would be a great way to reintroduce touch”
and “Touch is important to me in a romantic relationship.”
Furthermore, it was expressed that AHDs could facilitate
couples in connecting with each other and to feel closer,
“Then my partner would feel closer to me and I could
let him know I think about him.” and “I think it would
help connect.”

The responses were rather mixed for the use of AHDs
during the spread of a dangerous virus. On the one hand,
people expressed no need for this type of intimacy with family
and/or friends, “For friends and family, I can perfectly well
survive without touching them as long as I can still talk to them”.
Moreover, some people expressed this technology being too
intimate for use with certain people (e.g., friends and/or family),
“T would probably use it, but I feel less comfortable with using
touch technologies for friends or family. It might feel too intimate.”
Additionally, some people expressed current technologies to be
sufficient for staying in contact, “I think that so far is my situation
since my family lives across the ocean, but it has been like that
since I came here, so the video calls are really good and I don’t feel
like anything else is missing.” On the other hand, there were also
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FIGURE 4
A bar graph visualizing mean likelihood of using AHDs for the various scenarios, with error bars indicating 95% confidence interval.

people who were still in doubt about the use of AHDs. Several visit them every time I think of them than to replace my need to
people expressed the possible length of the lockdown period see them with technology.” The participants also mentioned that
would influence their intention of use, “I am not sure, if the they did not intent on using AHDs because they believed that
regulations call for a 5-year lockdown, then yes, sure. Otherwise, video communication is sufficient, “T think that video chat will
not likely.” be more than enough,” and, “Normally, with my parents, I don’t
Some participants explicitly mentioned that the uncertainty have a lot of touch connection, so it’s nothing I am missing.” It was
of the duration of the pandemic was a reason for expressing an also remarked that AHDs are too intimate in this scenario, “I
intention to use AHDs, “Since we do not know how long this is would probably use it, but I feel less comfortable with using touch
going to last and there is no end date to look forward to, I would technologies for friends or family. It might feel too intimate.”
be more willing to try.” Others expressed it was depended on For the use of AHDs in a hospital, similar to the scenario
the circumstances, “If I know that they are at home safe, then where parents are in a caring home, several people expressed that
it wouldn’t be so important to me. I would prefer then just to intention to AHDs depended on the needs of the other person,
send a regular message or to call” and how their loved ones felt “Only if the person really requests or requires the feeling or touch
about using AHDs, “T think this would depend on the situation would I be using it.” Furthermore, it was once more mentioned
and how me and my loved ones are feeling.” However, others that AHDs could be used when visiting was not possible,
were more inclined to use AHDs because of a need for intimacy, although, visiting was preferred, “I would prefer actually going
“Currently, I'd love to have one to hug my grandparents” and there, but, if that’s not an option, it’s a good way to show you want
“This is the situation which is currently in my country. As I miss to send more support.” Some people conveyed that, under these
the contact at this moment, it would be really nice to have such a circumstances, it is important to show love to the person in the
touch technology.” hospital (e.g., by means of a visit) not by interacting through
Regarding the scenario of having parents in a caring home, a device or purely touching someone, “I think showing love to
the participants expressed several reasons to use AHDs. Some this person is by visiting this person, and not touching” and “A
explained it could be beneficial for their parents, “Since they hospital is temporary, of course, that person needs extra love, but
might be lonely.” It was proposed that AHDs could help in not via a device.” Several people were critical toward the use of
getting closer to each other and to show/receive affection, “this AHDs in a hospital, because it might not be suitable, “T don’t
way it is possible to have the feeling being closer to the other.” think it helps in that situation” also because they thought that
Others expressed the use of an AHD to depend on the needs AHDs could interfere with equipment, “may interfere with the
of their parents, “It depends on what they’d want, I would be hospital technology.” Additionally, people expressed no need for
open to the option.” It was also mentioned that AHDs could such a device, for example, because of the short stay in a hospital,
be a solution for the scenarios where physical interactions were “The hospital is, most of the times, for a short period; therefore,
limited or not possible, “If you are not able to go see them, I think I would use it less” or because video communication is
this would be a nice way to still do so.” However, many people sufficient, “For me, video is enough in this case.” However, other
expressed they preferred a real visit, “I would still rather visit people expressed AHDs could be beneficial because they can be
than use the technology, but it might be a good addition” and, used to show affection, “To let them know I am thinking of them
for that reason, did not intent on using AHDs, “I would rather and, maybe, they will feel better,” especially during times where
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it matters, “Its very heartbreaking if I cannot see and hug them
because it may be the last time. So I think this technology can help
with that” and “You want to support them”.

Regarding the use of AHDs to stay in contact with loved
ones, some people expressed a preference in using current
technology, “I rather stay in contact in other ways probably,
video calls or messages.” Other people expressed that it would
be beneficial to become closer and to show/receive affection, “to
keep and increase warmness in the relation.” Moreover, several
people expressed the use of AHDs to depend on the situation, “If
I could physically visit, I would; otherwise, I would definitely use
technology,” and “It depends on the situation, will use technology
only if we are not in the same household,” and also the person
they would use it for, “It depends on which of my loved ones. With
my friends, I feel a lot less need for touching each other than with
my family/partner.”

Important communication characteristics for
AHDs

In order to better understand which communication
characteristics people find most important in AHDs, we asked
the participants to choose their top three characteristics from
a list of 12 (see Table2). We found the characteristic “bi-
directionality” or the ability to both receive and send a
touch message to be the most frequently chosen one (see
Figure 5). People expressed such reciprocity to be an important
characteristic in social touch, as a social touch typically involves
a mutual interaction, “Touching is always an act of consent, and
mutual participation is the key.” Therefore, this characteristic
was found to be important in digital touch as well. The
participants, for example, expressed that if you send a message,
you want to receive something back in return and vice versa,
“If you would send a message to someone, it would be nice if it
would be reciprocated.” Such a mutual interaction can create a
feeling of connection, “I think it’s really nice to both be able to
send ‘messages’ to each other, to both feel the connection.”

Albeit than
synchronicity, symmetry,

less frequently bi-directionality, also

reviewability, modalities and
actuation were often chosen as important characteristics to
have in AHDs. Synchronicity, or the ability to receive the touch
message in real time without a delay, was found to be important
for its role in providing a real-time communication, and, hence,
a more realistic, mutual interaction. Rather than having to
wait on the response of the other, synchronicity was regarded
to result in a stronger feeling of connectedness, “I think it is
important that if you give someone a hug or touch through the
device, then that the person immediately receives this gesture. I
think this is the only way it feels more real, as you can immediately
respond to it and integrate it into your conversation/contact.” For
circumstances where real-time communication is not possible
(e.g., because a person is not available), reviewability was seen as
a promising solution, “Finally, if one of the members of my family

is not available but I have the need of feeling that person, then
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it would be nice if I can reply the latest message as a reminder.”
Additionally, people expressed it can be nice to re-experience a
touch message, similar to text messaging, “Replaying the touch is
nice, just as rereading messages. It can help you experience that
feeling again.”

Symmetry, or for both users to have the same modalities (i.e.,
touch, sound or video) at their disposal, was chosen as important
because it would result in the sharing of a similar experience,
“I want both my partner and I to have the same experience.”
Moreover, symmetry was argued to aid in the creation of a
shared meaning, “I think its most important that there is an
equality of the devices used to make sure it carries the same
meaning.” If touch devices are identical to each other, then
this can result in a better understanding of what the other
end will be experiencing. Having additional modalities besides
a tactile or haptic channel was found to be important as the
presence of supplementary cues can aid in the formation of
the meaning of the touch message, “It would be nice to be
able to explain the touch message by a text or sound message.”
Furthermore, additional modalities were argued to provide
information regarding the context of the touch (e.g., the sender
of the touch), “I think it is important that the touch goes together
with either a video or sound message so that you know where
the touch is coming from or whether to send a touch (e.g., your
family needs a hug because they just lost their job).” It was
also expressed that these supplementary cues can accommodate
making the experience more realistic as this involves multiple
senses, which are present in a naturalistic social touch setting,
“Furthermore, to make it feel more real, I think it is important
to include other modalities as those would be present in real life
as well.” The importance of a realistic touch experience was
also reflected in the importance of actuation, or the physical
sensation that is provided through the touch device. People
underlined the importance of the touch sensation being realistic,
as it, otherwise, cannot compensate for lack of touch and has no
added value to them, “It would be important that the sensation
is equivalent to a real touch or hug. Thus, I think quality is an
important factor. Otherwise, I would just stick to social media and
text messages and videos.”

Discussion

In this paper, we presented the results from an online
survey study of peoples intention to use AHDs that was
conducted during the COVID-19 lockdown in the Netherlands.
This situation offered an opportunity to investigate people’s
perceptions of and intentions to use AHDs under circumstances
where prospective use cases for these devices might be
more apparent to the participants. While our research was
mainly explorative, we also sought to provide answers to
three hypotheses.

Our first hypothesis (H1) stated that experiences of touch
deprivation are positively correlated with people’s intention to
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FIGURE 5

ones for AHDs.

A bar graph visualizing the frequencies in which a communication characteristic was selected as being among the top three most important

use AHDs. Findings from the survey show support for HI.
We found a moderate and positive correlation between the
participants’ reported touch deprivation and their intention
to use AHDs. The more touch deprived an individual is,
the more inclined he or she is to use AHDs. Responses to
the open-ended questions underlined this relationship, with
the participants who experienced a need for social touch, in
some cases, expressing a stronger intention to use AHDs. This
observation is further supported by the participants’ responses
to the five scenarios for which they were asked to indicate their
intention to use AHDs. The participants were more inclined to
indicate using such devices in the scenario where one is in a long-
distance relationship—a situation where one might encounter a
stronger need for social touch by one’s partner—a finding which
resonates with the participants’ responses to an experienced
lack of intimacy and to the importance of touch in romantic
relationships (Gallace and Spence, 2010; Suvilehto et al., 2015;
Jakubiak and Feeney, 2017). These findings suggest that, on
average, the participants that experienced touch deprivation
the most during the COVID-19 pandemic also had a stronger
intention to use AHDs.

Our findings do not support H2. In contrast to previous
research (Wiedau et al, 2015), we did not find technology
readiness to affect the intention to use AHDs. In other words,
despite AHDs being a novel technology, we found no evidence
that suggests the intention to use AHDs to be dependent on
an individual’s reported technology readiness. More research is
needed to confirm this finding.

Our findings also do not support H3. Although, we
hypothesized technology readiness to be a moderator of the
relation between touch deprivation and intention to use AHDs,
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no evidence was found in our data. However, we did find a
negative correlation between technology readiness and touch
deprivation. Although it remains speculative what explains this
correlation, a possible explanation could be that the participants
scoring low on technology readiness have less access to, are less
inclined to use, and/or are less satisfied with the use of other
communication platforms (e.g., Facebook, Skype, WhatsApp)
to stay in contact with their loved ones. This might have
resulted in them experiencing a higher need for social contact,
social touch included. While questions regarding technology
use were included in our survey, variance in the data was
too low to conduct meaningful analysis. Moreover, we did not
find evidence of age being a covariate; similar to the variable
technology readiness variance in the data was too low to
conduct meaningful analysis. More research is needed to further
elucidate these points.

Touch aversion was not found to have any influence
on peoples intention to use AHDs. On the one hand,
a negative association could have been expected as touch
aversive individuals may have little interest in communication
technologies that utilize the tactile and/or haptic modality. On
the other hand, a positive correlation could have been expected
as AHDs provide a more controllable and less intimate kind of
social touch. However, by only selecting the participants that
reported to miss skin-to-skin contact with a specific person,
we have limited the variance on our touch aversion measure.
Indeed, our results showed that the participants who reported
not to have missed skin-to-skin contact scored higher on touch
aversion as compared to those that did miss having physical
contact. It is important to note that this finding does not indicate
per se that people with touch aversion do not experience touch
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deprivation (see Debrot et al., 2020). Moreover, we must also
acknowledge that touch aversion comes in many different forms
(Johansson, 2013); each of which possibly affecting the intention
to use AHDs differently. Unfortunately, the one-dimensional
instrument used to measure touch aversion in this study cannot
differentiate between various types of touch aversion. Clearly,
more research is needed to understand these issues.

Our findings reveal that people differ in their intention to
use and in their attitudes toward AHDs. While some participants
indicated that AHDs have potential as an enrichment of current
communication, others were more critical toward this type of
technology, reporting discomfort and skepticism about AHDs
being able to compensate for a lack of touch. As such our
results are in line with earlier findings by Rognon et al. (2021).
The more critical views on AHDs might stem from AHDs
being a rather new type of technology. Because of this novelty,
people might be unfamiliar with AHDs in terms of quality,
functionality, and potential value (Rognon et al., 2021). Indeed,
the participants often indicated that they needed to try the
devices first before being able to evaluate them. The fact that
some participants were skeptical might also have indicated a
deeper aversion against AHDs in general. Our findings show
that people are particularly averse to AHDs that aim to simulate
or replace social touch (i.e., MST devices), with the exception
of hugging. Remarks by the participants illustrate that, for
some, social touch is too intimate to ever be mediated through
technology. The participants, on average, indicated a stronger
intention to use symbolic devices as compared to MST and
awareness devices. It seems from these findings that people are
most interested in using symbolic haptic and tactile messages
for communicating affection (Jones and Yarbrough, 1985; Hesse
etal., 2020) and offering social support (Sailer and Leknes, 2022),
possibly because these functionalities are found to be limited in
current communication media (Rognon et al.,, 2021).

AHDs for creating awareness about each other’s presence
(e.g., by letting another person feel one’s body movements)
were found to be the least interesting to the participants. One
explanation for this is that the use of these devices, in contrast
to the use of devices in the MST and symbolic categories, lacks
intentionality. With intentionality, we mean that a message is
sent to the other person as a conscious act with a certain aim,
rather than being automatically triggered by, for example, one’s
heartbeat. Indeed, the participants remarked that they would
like to be in control of what they share and when, rather than
sharing signals more autonomously. Additionally, our findings
suggest that the intention to use AHDs might also depend
on the type of relationship one has with the communication
partner, resembling earlier findings (Rognon et al, 2021). In
the questionnaire, people had to indicate whether they currently
miss social touch from one or more loved ones. They were
then asked to select the person from whom they missed social
touch the most and to fill in the remaining questions with
this person in mind. We chose this approach to make the
potential use cases for AHDs more concrete for the participants.
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However, for some participants, this resulted in them choosing
a person with whom they found interactions with AHDs to
be inappropriate.

In terms of what the participants considered to be
particularly important characteristics of AHDs, bi-directionality
was most frequently chosen by the participants, who stressed in
their remarks the importance of a mutual interaction (Mueller
et al., 2005). Additional characteristics found to be important
were synchronicity and symmetry. When looking at the data,
the participants indicated that the message having a shared
meaning was important corresponding to findings of Jewitt
et al. (2019). According to the participants’ responses, this is
something that can be more easily achieved with devices that
operate symmetrically (i.e., with the same input and output).
Moreover, the participants expressed the importance of a mutual
interaction, something received through synchronicity (i.e.,
receiving the sensation in real time). Furthermore, the types
of modalities were indicated as important (e.g., inclusion of
video and sound). Looking at the responses by the participants,
the importance of this characteristic relates to the notion
that additional cues can provide a clear context to the
interaction (e.g., knowing who the sender of the touch is).
Indeed, the interpretations and experience of a social touch are
highly dependent on context (Saarinen et al., 2021; Sailer and
Leknes, 2022). In naturalistic social touch, multimodal cues are
important for the interpretation and creation of the meaning
of a tactile sensation (van Erp and Toet, 2015). It seems that
people look for such additional multimodal cues in settings
where touch is mediated by technology as well. Additionally,
the characteristic actuation (i.e., the quality of the sensation)
was found to be important as this relates to providing a realistic
social touch experience.

When looking at the various communication characteristics
that our participants indicated as most important, it becomes
clear that these primarily resemble characteristics of face-
to-face communication, of which social touch is a form
(e.g., bi-directionality and synchronicity). At the same time,
however, symbolic AHDs, which do not need to rely on
natural face-to-face characteristics, were regarded as the most
interesting category of AHDs. This presents us with somewhat
of a paradox: The participants, on the one hand, deemed
it to be important that AHDs share the communication
characteristics of face-to-face interaction but were, on the
other hand, relatively negative toward devices which aim to
simulate social touch in face-to-face interactions (i.e., MST
devices). This may, in part, be explained by the participants’
skepticism toward MST but also indicates that, currently, our
participants are best supported by AHDs that provide a form of
symbolic communication that is bi-directional, synchronic, and
symmetrical, without being a literal translation of naturalistic
social touch. Designers of AHDs could take a broader view on
touch communication, focusing not solely on haptic technology
mimicking social touch but on developing novel forms of haptic
communication, which are more symbolic in nature, providing
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an alternative communication style alongside current mediated
communication (e.g., calling or texting).

Examples of devices that would meet at least some of these
characteristics have been around for quite some time already
(e.g., InTouch; Brave and Dahley, 1997). At the same time,
the participants also indicated that they found reviewability
(i.e., being able to replay or re-feel a received tactile or haptic
message multiple times) important. This is a characteristic that
is not available in naturalistic social touch but that can be an
added value of mediated communication devices, such as AHDs.
Alongside developing new forms of haptic communication,
future work could also investigate how to avoid the discomfort
of affective haptics that can be induced when aiming to simulate
naturalistic social touch by carefully balancing the characteristics
of AHDs and studying the context (e.g., the communication
partner and presence of other communication modalities) in
which they are used.

However, it must be noted that not all MST devices were
approached with the same level of skepticism, and that the
participants were, in fact, quite positive about AHDs that would
allow a person to hug someone over distance (i.e., a type of MST,
Rognon etal., 2021). More research is needed to explain why this
particular type of simulated touch was seen as more promising
than simulated handshakes and kisses; perhaps, the former were
seen as more plausible or technologically feasible than the latter
types. Moreover, the observed positive relation between touch
deprivation and intention to use AHDs in general, including
MST devices, does illustrate that AHDs can offer a solution
for those circumstances where interpersonal physical contact
is constrained. Future research should focus on disentangling
in a more systematic fashion how attitudes toward specific
AHD:s relate to an individual’s specific needs (e.g., individuals
experiencing touch deprivation in specific social contexts) while
taking into account individual differences in skepticism with
respect to technological feasibility and functionality as well as
anticipated comfortability or privacy-related concerns.

This study had several limitations. In the questionnaire, we
only measured touch deprivation and intention to use AHDs
for the group of people who indicated to have missed physical
contact with one or more loved ones. Although requiring
participants to answer the questions with a specific individual
in mind provided a more concrete use-case for the participants,
this did have the consequence of excluding data on touch
deprivation and intention to use AHDs for people who do not
miss physical contact. Although we cannot confirm this, one
would expect people not missing physical contact to experience
little lockdown-related touch deprivation. If so, then we have
possibly reduced the variance in the measurement of touch
deprivation, which, consequently, will have affected negatively
the size of correlations with other measures, including intention
to use AHDs.

Furthermore, our findings were based mainly on a student
population. We should, therefore, be careful about generalizing
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these findings to the general public. Students have been affected
by the lockdown differently than other population groups
(Shanahan et al., 2020), and may, in general, have different
priorities. Moreover, the young age of our sample might have
had an influence on interest in new technology. Past work has
shown that age can influence technology adoption (Morris and
Venkatesh, 2000).

A second limitation was that our survey was conducted in
the Netherlands. Social touch practices are culturally depended
(Field, 2014). Therefore, it would be valuable for future work to
study other cultures with different social touch behavior (e.g., the
USA or France) to see how cultural differences affect perceptions
of AHDs.

A third limitation of the current study is that AHDs were
described as “touch devices.” We decided to do so because we felt
that term would be more easily understood by the participants
than affective haptic devices (AHDs). Nevertheless, it is possible
that the term “touch devices” primed the participants to compare
AHDs primarily with naturalistic social touch, neglecting other
forms of mediated and face-to-face human communication.
This may have affected how certain questions were responded
to, for example, with respect to what characteristics they found
most important in AHDs.

Fourth, several participants indicated that they found it
difficult to evaluate the devices and use cases without trying
out the AHD first. Although, this is a logical consequence of
a study that aims to investigate people’s evaluation of AHDs
prior to having used one—we did not ask whether this was,
indeed, the case, but we deem such prior experience unlikely,
given that the commercial availability of AHD is very limited—
we may have supported the participants better in envisioning
what it would be like to use the AHDs in practice. Future
studies should consider providing participants with illustrations
or movie clips demonstrating the workings and usage of the
AHDs, perhaps, also including design concepts of future AHDs.
At the same time, we must acknowledge that peoples a priori
evaluations and thoughts about AHDs may change (e.g., as to
what system characteristics are most important) after having
actually used the device. Hence, to fully understand people’s
experiences and attitudes toward AHDs the current study
needs to be extended with fieldwork where people get to
experience the devices firsthand, preferably for an extended
period of time.

Finally, our study was conducted during a COVID-19
lockdown. Although this presented a unique opportunity to
investigate people’s perceptions of and intentions toward using
AHDs, the current study may not generalize to other situations
in which social touch is restricted. In other words, more
research is needed to investigate whether and, if so, how
the present findings would change when other, perhaps more
mundane touch deprivation situations are studied, such as long-
distance relationships or when one’s spouse is in a hospital or
nursing home.
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Despite these limitations, this study provides important
insights into what drives people’s perceptions of and intentions
to use AHDs, and into the kind of media characteristics they
find important in them. In general, our findings illustrate the
complexity of designing AHDs, the form of which will depend
on the specific needs and use-case of the user. To our knowledge,
this study is unique in that it not only focuses on a wide range
of AHDs (i.e., MST, symbolic communication, and awareness
systems), but in that it investigates people’s intention to use these
technologies during a time where many people experience a lack
of physical contact. The COVID-19 pandemic has emphasized
the importance of touch, and we hope that this study will
contribute to designing effective haptic communication devices
in support for human wellbeing.
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