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Abstract— In this study we explore whether having access to
other person's heartbeat-signals has the capacity to act as a
nonverbal channel for the exchange of affective information.
Within an experimental setting (N=33) we exposed sender-
subjects with emotional stimuli that varied in the level of
emotional intensity that they induced. Simultaneously, non-
collocated receiver-subjects were provided with vibrotactile
representations of senders' heartbeat-signals, and tasked to judge
whether the signal had been caused by exposure to either a
stimulus of low or high emotional intensity. Cases of successful
mediation of affective information were defined as the agreement
between receivers’ choices with senders' self-reported affect.
Results demonstrated that the average rate of successful
mediation of affective information for sender-receiver couplings
was significantly larger than what might have been expected by
random chance. This finding highlights the potential of
heartbeat-signals as a nonverbal channel for the communication
of affective information. Implications for applications and future
areas of investigation are discussed.

Index Terms— affective computing, affect mediation,
computer-mediated communication, affect-aware assistive
technology, affective communication technology, physiological
signals

1. INTRODUCTION

Apart from verbal communication, our understanding
of others' emotions is primarily the result of empathic
processes that involve the interpretation of a variety of
nonverbal cues [1]. During personal interaction, changes in
features and constellations of facial expressions [2], the tone of
their voice [3], or body postures [4], [5] provide constant hints
about others' thoughts and feelings.

However, while changes in these characteristics of their
physiology are accessible for our interpretation of others
feelings, others are not: psychophysiological investigations
have uncovered that numerous components related to the

autonomic nervous system (ANS) — the branch of the peri-
pheral nervous system responsible for regulating the
functioning of the internal organs and managing the body's
energy expenditure [6] — are impacted by emotional function-
ing as well [7].

The origin of this connection is assumed to be found in our
early evolutionary heritage, where emotions evolved as distinct
categories of adaptive response mechanisms to situations that
demanded rapid and coordinated actions across different
systems to ensure the survival of the organism [8], [9].
Autonomic activity is considered to be an important part of
these responses, having the purpose of preparing the body for
drastic actions, e.g. fleeing from a suddenly emerging predator,
or getting ready to fight it off [10]. Several prominent theories
of emotion are based on the notion that feeling these physio-
logical reactions unfolding in our own bodies plays a crucial
role in defining the experiences that we call emotional [11]-
[13].

The field of affective computing is actively searching for
means of exploiting this relationship to empower computers
and robots with emotional understanding: sensors quantify
physiological activity into numerical data, that is then used in
attempts to predict users' affective states allowing computer
systems to adapt their functioning in response to this
information [14]. While the primary driving force behind this
research is the improvement of human-computer interaction, a
strain of research also investigates the potential of technology
to enhance human beings' emotional understanding of each
other [15], [16].

One approach to make the psychophysiological meaning of
biosignals accessible within interpersonal interaction might be
to render these normally invisible components perceivable
through technology [17]. Various projects have explored
feedback based on biosignals to augment face-to-face
interactions [18], or mediated communication systems [19],
[20] by acting as additional sources of affective information.



An example for such a system can be seen in a wearable device
developed by Picard and Scheirer [18] dubbed the
Galvactivator, which measures the electrodermal activity of its
wearer — a well-known indicator of emotional arousal [21] —
and makes it accessible for others by displaying it as the
brightness of an integrated LED.

A promising candidate to be used within this approach may
be feedback representing the beating of the human heart. It is
one of the most widely measured responses connected to
autonomic activity during emotional functioning and was
found to be impacted across a broad range of different
emotional categories [22]. Moreover, in contrast to many other
physiological reactions occurring during emotional episodes,
people have interoceptive access to their own cardiac activity
in the form of a pulsed signal that they can keep track of, and
the degree of this awareness was found to impact both the
quality [23] and intensity [24], [25] of their emotional
experiences.

Furthermore, empirical results demonstrate that heartbeat-
signals are capable of conveying some of the meaning that
psychophysiological investigations have associated with them
also to human beings that interpret them. In a laboratory study
Janssen et al. [26] manipulated heart rate and heart rate
variability of artificially constructed heartbeat-signals in order
to study the impact of these changes on participants attributions
of emotional intensity. Their findings revealed a positive
correlation between the tempo of the heartbeat-signal and the
amount of emotional intensity that participants assigned to it.
Moreover, in the same study they showed that participants
interpreted the emotional intensity of fast and slow heartbeat-
signals similarly to that of emotional and neutral facial
expressions. This connection is largely congruent with actual
changes in cardiac activity during a broad range of emotional
experiences, many of which entail an increased heart rate [22].

Similar results have emerged in earlier studies on the
effects of false autonomic feedback [27]. Valins provided
[28] participants with bogus representations of their own
heartbeats alongside a series of emotional stimuli.
Manipulations of tempo and direction of the feedback led them
to judge a stimulus as having an increased emotional impact on
them.

Because emotional experiences have been associated with
the change of patterns in cardiac activity, and because
individuals associate changes in heartbeat-signals as an
indication of varying levels of emotional intensity, we expect
that having access to another person's heartbeat can mediate
information about the intensity of their affective state.

Previous research projects have incorporated the
transmission of heartbeat-signals in technological prototypes
for interpersonal communication, but their focus has rested
either on questions of design and technological conception
[29]-{31], or on the exploration of effects in the context of
social connectedness and intimacy [17], [32] . However, no
attempt has been undertaken to empirically explore the
potential of such a system for affective communication.

Therefor, in this study we explore the capacity of heartbeat-
signals to act as a medium for the transmission of information
about their owners affective state.

To conduct this investigation, we constructed a wearable
device that allows measurements of one person's heartbeat to
be transmitted to a second person, where they are recreated in
the form of a beat-by-beat vibrotactile representation. Using
this device to connect two participants in a sender-receiver
setting, we evaluated the ability of receivers to successfully
relate to the intensity of affect experienced by senders while
they were being exposed to a series of emotional stimuli.

The remainder of the paper is structured as follows: In
section II we aim to contextualize this research by describing
the motivation behind the development of technology dealing
with the communication of affect. In section III we give a
detailed description of the experimental setting that we
conducted to investigate our research question, the results of
which we describe in section IV. Finally, in section V we
discuss our findings and describe their potential implications
for the development of affect mediation technology drawing on
heartbeat-feedback. In addition, we outline a general research
agenda for potential targets of future investigations of
heartbeat-feedback in specific, and the usage of physiological
feedback as nonverbal channels for affect mediation in general.

II. BACKGROUND AND MOTIVATION

Emotional expressions and behavior function as powerful
source of information in social interactions; they provide
insights about others' appraisals of an object or a situation, as
well as their potential behavior and intentions [2]. The
resulting empathic processes can have a profound influence on
observers' own affective states as well: they do not only
understand how the other is feeling, but they share this feeling
to a certain degree [33], [34]. For instance, the empathic
attuning to the distress of others is a crucial motivation for
pro-social behavior and sympathy between human beings [35].

Likewise the expression of emotions plays a decisive role
in the emergence of social structures by fostering cohesion or
exclusion between groups and individuals [36]. Empirical
findings indicate that individuals are more likely to share
emotions when interacting with someone close to them
[37] and do so more intensely [38]. This sharing of emotions
is part of the formation of intimate bonds between human
beings, but also a mechanism for strengthening and
maintaining them [39], [40].

Unfortunately, there are conditions where the body's natural
capabilities are unable to fulfill their usual role at supporting
emotional expression and awareness, be it because their correct
functioning is impaired due to physical damage — for example
as the result of severe injuries of the sensory or motor system
[15] —, or due to a complex affliction like autistic spectrum
disorder [41]. Typically communication technologies exercise a
limiting effect on the fidelity of socio-emotional interaction as
well. For example, certain forms of Computer-mediated
communication (CMC) facilitate the explicit expression of



emotions, but do not convey the same sense of implicit
awareness of other individuals' affective state that is offered by
nonverbal cues in face-to-face interaction [42].

Because of the important role of emotions within human
social interactions, ongoing research in the fields of Human-
Computer Interaction and Affective Computing is investigating
technological solutions to improve their expression under these
conditions. One example for this undertaking can be seen in the
development of affect-aware assistive technologies that aim to
counteract the limiting impact of physical impairments on the
expression of emotions [15] , while affective communication
technologies [16] and systems providing implicit emotional
awareness [20] aim to improve existing ways of socio-
emotional interaction through technology.

III. EXPERIMENTAL SETUP

To evaluate the capacity of mediated heartbeat-signals to
facilitate the exchange of information about the intensity of
others' affective state, we adapted a sender-receiver setting
similar to the one deployed by Buck et al. [43], [44]. They
describe a setup in which a sender is presented with different
categories of pleasant and unpleasant slides, while being
watched by a non-collocated receiver through a CCTV-system.
Receivers are tasked with associating a category from a list of
options that they deemed to best fit the stimulus that caused
senders' responses. Through comparing the categories of
receivers' judgments with the category of stimuli that senders
are exposed to, this procedure results in a basic behavioral
measure of spontaneous facial expressions to facilitate the
exchange of information about the affective states in question.
The physical separation of participants in this setting excludes
the influence of other communication channels.

To accommodate this setting for the present study, we
substituted the exposure of receivers to spontaneous facial
expressions with the exposition to beat-accurate representations
of senders' heartbeat-signals. We manipulated the level of
intensity of senders affective states between low- and high-
levels and asked receivers to choose the type of stimulus that
they thought might be a plausible cause for the resulting
heartbeat-response. Their choices consisted of one high
intensity and one low intensity option.

With respect to this experimental setup, our general
hypothesis that heartbeat-feedback is capable of mediating
information about the intensity of senders' affective state can
then be operationalized in the following way:

H1: Receivers will associate high intensity stimuli with
heartbeat-signals from situations in which senders reported
to be in a high intensive affective state, and associate low
intensity stimuli with heartbeats from situations in which
senders reported to be in a low intensity affective state to a
degree that is significantly above random chance.

TABLE 1. DISTRIBUTION OF PARTICIPANTS ACCORDING TO AGE, GENDER
AND OCCUPATION

Gender
Male Female
21 12
Age
18-27 28-43 44-60
22 9 2
Occupation
Professional Student
14 19

A. Participants

A total of 34 subjects were recruited for the study, of which
33 (m=21, f=12) successfully completed it. The data of one
participant was damaged due to a technical defect. See Table I
below for an overview over demographics of the sample.

B. Material

The experiment was conducted at the New Delft
Experience Lab at the Delft University of Technology. Two
identical tablet-computers were used to run custom software
that provided instructions to the participants, controlled the
exposure to stimuli, and collected rating-data.

To facilitate the transmission of heartbeat-feedback a
system of wearable devices has been developed specifically for
this experiment, which allows receivers to access a beat-by-
beat representation of senders' heartbeats in the form of
vibrotactile pulses on their wrists. Senders' equipment
consisted of a Polar H7 heart rate-monitoring chest belt to
measure participants' cardiac activity in the form of inter-beat
intervals (IBI). This measurement represents the duration
between two consecutive beats, and as a result contains
information about both the general speed at which the other's
heart is beating (i.e. heart rate) as well as slight variations in
the timing between individual heartbeats (i.e. heart rate
variability). Previous research found both of these features to
be of relevance for participants interpretations of a heartbeat-
signals emotionality [26].

In line with the usage of auditory representations of
heartbeat-signals in earlier studies [17], [26] the duration of
each pulse defaulted to 500ms. However, to keep consecutive
beats distinguishable from one-another at individual IBIs
below 500ms (corresponding to a heart rate of above 120 bpm),
the pulse duration was adjusted for these cases in the following
fashion:

PulseDuration,,,=0.9 * IBI,

Sensor displacement and movements can lead to erroneous
readings, which manifests itself exceptionally large or small
IBIs. Since these might influence the way that receivers
interpret the heartbeat-signal, we applied filtering based on the



situation of the experiment to compensate for artifacts: IBIs
below 333ms (equal to a heart rate of ~180 beats per minute)
were not transmitted, while individual IBIs above 1700ms
(equal to a heart rate of ~35 beats per minute) were split up and
interpolated using a running average.

C. Methods of Assessment

As a basis for identifying emotional impact of a stimulus on
senders we collected their self-reports of experienced affect in
terms of pleasure-, arousal-, and dominance (PAD)-dimensions
using the AffectButton-instrument described in [45]. It presents
users with an iconic facial expression that dynamically changes
with mouse or touch interaction, and allows them to report
their affective state in a manner that is both nonverbal and
implicit. The following instructions were used in combination
with the rating task: “How did watching the movie make you
feel? Move your finger over the surface of the face depicted
above until its expression matches your experience as closely
as possible. You can change your rating as often as you like
before continuing.”

Because instruments for quantifying emotional experiences
include implicit theoretical assumptions about the structure of
affect, we need to briefly introduce the PAD-model to motivate
its usage in context of this study. The PAD-model is a widely
used method to describe affective phenomena in terms of a set
of underlying dimensions or factors. Instead of classifying
emotions as members of discrete categories — e.g. anger,
sadness, or neutral —  factor-based theories provide a
description of an experience's underlying affective core within
a continuous space [46]. Consequently, to describe an emotion
within the PAD-framework means to assign it a specific
position within each of the three orthogonal dimensions of
pleasure (how positive or negative is the experience?), arousal
(how much bodily activation or alertness are involved in the
experience?), and dominance (how much control do I feel over
my environment during the experience?) [45].

The individual dimensions in PAD-space stretch out into
two directions from a central point of origin, which designates
neutrality, into positive and negative extremes. So might
sadness be placed in a region with negative pleasure (-P),
negative arousal (-A) and negative dominance (-D), while
elation might be described as having positive pleasure (+P),
positive arousal (+A), and positive dominance (+D).

Within such a dimensional representation of core affect, the
quality of an affective experience is represented by the
proportion of the different coordinates in relation to each other,
while its intensity can be seen as encoded in terms of their
deviation from a neutral affective state, i.e. the absolute values
[47]. Consequently, each dimension contributes equally to
shaping the experienced intensity: a feeling with a neutral
arousal-component can still be considered intense, provided it
scores high on the other dimensions. In mathematical terms
this conception of PAD-intensity can be expressed as the
magnitude of a vector from the coordinate origin of PAD-
space.

In the context of the AffectButton each dimension is
quantified in a normalized range between -/ and /. However,
because of the specific way that it internally maps the three-
dimensional PAD-coordinates to the two-dimensional
representations of facial expressions it shows to users, values
along the arousal-dimension have to be interpreted differently
than those for the other dimensions: instead of 0 representing
the lowest possible intensity as is the case for pleasure and
dominance, this state is here represented by the value of -1.

The following formula reflects this state of affairs, and has
been used within this study to derive an integrated measure of
senders' intensity of experienced affect (IA) from the collected
PAD-values:

IA =V p°+(a+1)*+d’

To assess receivers' ability to relate to senders' affective
state we used a dichotomous selection task in which they were
asked to select the stimulus that they thought to be the potential
cause behind the heartbeat-signal that they had received from
senders. They were always offered with two potential choices —
one associated with low and one with high intensity affect.
Instructions provided with the differentiation task were:
“Which of these two film clips do you think the sender has been
watching?”

D. Stimuli

Film-clips for the usage in the experiment were extracted
from sets that had been suggested by previous studies [48]—
[51], or from stock footage possessing comparable qualities.

A stimulus was considered to be of low intensity when it
was associated with a neutral emotional category, or had been
associated with neutral valence and low arousal-levels. These
clips were expected to induce and be associated with Jow
intensity affective experiences. Membership in the high
intensity category was based on a stimulus' association with a
discrete emotional category that has been found to reliably
impact measurements of cardiac activity (amusement, anger,
disgust [22]), and/or high ratings of positive or negative
valence, as well as arousal. These stimuli were expected to
cause and be associated with affective experiences of a high
intensity.

In an informal pilot-experiment, low intensity stimuli with
a duration longer than 3 minutes seemed to cause participants
in both sender and receiver roles to lose patience and show
signs of annoyance. Therefor, stimuli above 3 minutes were
filtered out, or trimmed in length where this seemed possible
without destroying their capability to convey their target
emotions.

E. Procedure

Both participants were greeted together and briefed in
detail about the structure of the experiment. This especially
included a detailed warning that some of the stimuli used
within the experiment to induce emotions were selected to



spark intense negative experiences. Once they had confirmed
that they had understood their task, and the potential risks
involved, their informed consent was obtained in writing. They
were then assigned to their initial roles as either a sender or a
receiver, before being relocated to separate rooms.

At each location the experimenter provided instructions on
how to handle the equipment needed for their task. Part of this
introduction included the information that their counterpart was
situated in identical conditions to themselves, i.e. seated on a
chair, using the same kind of equipment.

Initially, both participants were tasked to simultaneously
watch a set of six film clips — consisting of three low and three
high intensity options. They were then informed that three
random clips from this set would be presented to their
counterpart during the experiment. Participants were then
asked to view all the clips until they themselves were of the
opinion that they had sufficiently understood the emotional
meaning of each, before proceeding with the experiment. From
here on the experiment progressed in different ways for either
subject, depending on their respective role.

The overall procedure per experiment consisted of a block
of three trials per participant, which were in turn structured as a
linear progression through three distinct phases.

Upon completion of one block, participants' roles were
switched and the equipment between them was exchanged.
Hence, every participant did undergo the experiment in both
roles.

Each trial started with a baseline-phase in which neither
senders nor receivers were exposed to a stimulus for a period
of 30 seconds. Receivers were provided with heartbeat-
feedback of senders during this phase, in order to offer them a
reference point known to contain no manipulation of senders'
affective state.

In the following exposure-phase, a single stimulus was
presented to senders, which was randomly selected from within
the set that receivers had explored before. While senders were
viewing the clip, receivers were provided with their heartbeat-
signals as feedback.

A trial was concluded by an evaluation-phase where ratings
from both participants were obtained. Senders were asked to
describe their emotional experience in response to the stimulus
that they had been presented with as accurately as possible.
Receivers were tasked to select the one of the two potential
options that they deemed most likely to be the movie clip that
had caused the heartbeat-signal that they received during the
exposure phase from the sender. These options were presented
in the form of still images representing specific movies
belonging to the set that receivers had explored at the
beginning of the experiment. Each pair consisted of one high
intensity choice and one neutral choice. After a selection had
been made, both choices were removed from the pool of
potential options for the remaining trials of the block.

IV. RESULTS

In this section we give an overview over the results
obtained from the experiment described above, over the
procedure that was used to classify cases of successful
mediation of affective intensity, and the evaluation of our
hypothesis.

A. Classification of self-reported affect

The intensity of the affective state that has been induced in
senders by a stimulus was derived from subjects' self-reported
values of their intensity of self-reported affect (I4). We first
conducted a median split (Mdn = 1.466) to segment the
collected I4-values (n = 99, M = 1.263, SD = .998) into two
distinct proportions. Observations above (and including) the
median (n = 50, M = 2.173, SD = .29 ) were classified as
situations that caused in senders a high intensity affective state
(high-14), while data-points belonging to the proportion below
the median (n = 49, M =336, SD = .41) were considered to
represent situations in which a stimulus resulted in senders
being in a low intensity affective state (low-14).

B. Classification of successful mediation of affect

Based on the classification of the emotional impact in
observations, successful mediation of affective information
between senders and receivers was defined as those cases
were receivers chose a low intensity stimulus and a sender
reported a low-IA, or where receivers had selected high
intensity stimulus and senders' reported high-IA. See Table 11
below for an overview of the classification scheme for
successful exchanges.

C. Manipulation checks

Congruent with the intended induction-pattern of two
distinct levels of intensity in senders' affective states. a Welch
two sample t-test showed a significant difference between
high-AI and low-Al groups in terms of their self-reported
affect (t = 25.7, df = 86, p<0.01).

There might have been an inherent bias in the stimuli that
were presented to receivers in the dichotomous selection task
which might have lead to them to be selected or avoided
independently of the heartbeat-signals that accompany them,
e.g. due to aesthetic preferences. To account for this
possibility, we compared the proportion of selections at which
each stimulus was chosen in total over all the occasions during
which it had been presented to receivers, against what would
have been expected in case of a random selection (.5). Results
showed no significant deviation for all stimuli (one binomial-

TABLE II. SCHEME USED FOR THE CLASSIFICATION OF SUCCESSFUL
AFFECTIVE EXCHANGES

Sender Receiver's
High Intensity Low Intensity
High Intensity Successful Unsuccessful
Low Intensity Unsuccessful Successful



test per stimulus, two-sided). This indicates that without
accounting for its role in the experiment, there is no
systematic pattern to whether receivers selected a specific
stimulus or not.

D. Hypothesis testing

According to the outlined classification scheme, successful
exchanges of affective information from senders to receivers
occurred in 60.6% of all trials within the experiment. A
detailed view of the pattern of successful mediations by level
of affective intensity can be found in Table I below.

To evaluate the overall capacity of heartbeat-feedback to
enable the successful exchange of affective information from
senders to receivers, we performed an analysis of individual
sender-receiver proportion of successful affective exchanges
over their block of trials (n=33, M=.606, SD=.306). Results
of a one-sample t-test against the rate that would be expected
by random chance (M=.5) indicated a significant positive
difference ( p=.027, df=32, t=1.993, one-tailed).

This finding lends support to our hypothesis that having
access to other persons' heartbeat-signals can mediate
affective information about their emotional experiences.

To control for potential effects of the order in which
participants were assigned their roles within the experiment,
we additionally compared the rates of successful exchanges
between those participants that first assumed the role of
senders, and those that first assumed the role of receivers. A
Welch Two Sample t-test showed no significant divergence
between the two results (df=28, t=1.172, p=.251), indicating
no effect of role on the success-rate of affective exchanges.

A more detailed comparison of the proportions of cases of

successful mediation by their level of affective intensity
revealed that high intensity affect was mediated more
successfully than random chance would predict (p=.016,
binomial test, one-tailed), while this was not the case for low
intensity affect (p=.196, binomial test, one-tailed).
To investigate whether the presence of high intensity affect
had a systematic influence on the success between sender-
receiver couples within the experiment, we computed a
Pearson product-moment correlation coefficient between the
amount of their successful trials and the amount of cases of
reported high-intensity affect in their respective blocks.
Results indicated no significant correlation between the two
variables (r =.003, n=33, p=.986).

TABLE III. CONFUSION MATRIX FOR CASES OF SUCCESSFUL MEDIATION
OF AFFECTIVE INFORMATION.

Sender Receiver
High Intensity Low Intensity
High Intensity 32 (64%) 18 (36%)
Low Intensity 21 (42.8%) 28 (57.2%)

V. DISCUSSION

In this study we explored the potential of a beat-by-beat
representation of one person's heartbeat-signal to enable the
mediation of information about the intensity of the emotional
impact that a stimulus had on them to another person. We
successfully induced high- and low intensity affective states
within senders,and recorded the category of stimuli that
receivers judged to be the cause for the resulting heartbeat-
signal.

We hypothesized that if mediated heartbeat-signals contain
meaningful information about senders' experiences of
emotional intensity, receivers' judgments and senders' self-
reports would agree a significant amount of times in the level
of affective intensity that they signify. Our findings indicate
that the average rate of successful exchanges across sender-
receiver dyads was significantly higher than what might be
expected by random chance alone. This result points to the
potential of heartbeat-signals to form a nonverbal channel that
possesses the capacity of exchanging information related to the
intensity affective states between two individuals.

The ability demonstrated by receivers in our study to relate
to senders more often than not without having any prior
training or practice supports the suggestion made by Janssen et
al [26] that the mechanism behind the interpretations of others'
heartbeats is the intuitive familiarity of interpreters with their
own heartbeat-signals during emotional functioning.

However, despite the overall capacity of heartbeat-signals
to allow receivers to relate to senders' affective states, not all
sender-receiver couplings were equally successful: for some of
them all trials ended with a successful mediation, while for
others heartbeat-feedback did allow any form of affective
exchange at all.

Our findings indicated a potential influence of the level of
intensity of the affect that is exchanged on the successful
outcome of the mediation process. Trials involving high
intensity affect were generally more successful than trials
involving low intensity affect. However, the presence of high
intensity affect in senders was not able to account for the
increased success of certain sender-receiver couplings.

In this sense it may be beneficial to conceive of empathic
processes based on heartbeat-feedback as possessing a similar
structure to those based on natural nonverbal channels: their
capacity to facilitate successful understanding within
interpersonal interaction is not an inherent quality of the
channel over which it takes place, but instead emerges as the
result of an interpersonal process between the individuals
participating in it. As such, it is dependent on dispositions of
both the person making the inferences and the person that they
concern [52].

As such, variations in the success of different sender-
receiver pairings may result from numerous influences on both
the connection between emotional experiences and the
heartbeat-signals accompanying them on the side of senders
(the “encoding” of the affective information), or on the



inability of receivers to interpret these signals accurately (the
“decoding” of the affective information).

Indeed, it maybe that the heartbeat-signals of certain
senders generally vary in how easy they are to read for others.
An anecdotal example for this is provided by the observed
performance of one sender-receiver couple in this study. Being
a trained athlete the tempo in the heartbeat-signal of the sender-
subject was very low, and seemed to be changing only mildly,
independently of the emotional impact that he reported stimuli
to have on him. The receiver-subject in this couple did not
manage to draw on his heartbeat-signals to relate to his
affective state within a single of the trials in this constellation.

In a similar fashion, given that familiarity with ones own
cardiac activity is likely involved in the mechanism that steers
individuals ability to interpret heartbeats-signals [26], it may
well be that the level of cardiac awareness that a specific
receiver possesses also provides advantages at accurately
interpreting the emotional meaning of others' heartbeats.

Hence, a possible reason for the increased rate of success
of heartbeat-feedback when it comes to the mediation of high
intensity affect might be a general difference in the salience of
the affective information in the accompanying heartbeat-
signals, that cannot be registered by all receivers.

A. Limitations

There are several limitations to the degree that the results
obtained from this study can be generalized beyond the scope
of this experimental setting.

For once, having access to someone else's heartbeat is not a
natural phenomena, but is facilitated through a technological
device that presents participants with a representation of
measurements of the cardiac activity of another person. As
such, there are idiosyncratic characteristics in the form in
which the heartbeat-signal was translated and presented to
receivers that resulted from the design decisions that we made
in its construction. Some of them, might have had an influence
on the results, such as the duration of the pulses for individual
heartbeats, the position of the actuator on the skin, or the way
that the device recognized and interpolated faulty heartbeat-
measurements. We tried to account for these facts by making
all relevant design decisions explicit in the materials section, so
that they are reproducible and their potential impact can be
assessed.

Furthermore, there are aspects of the evaluation procedure
that may have had an influence on the results that we have
obtained. One such constraint is that we implicitly rely on the
agreement between the a priori classification of film clips as
either associated with low or high affective experiences and
the meaning that receivers themselves associated with them.
Explicit self-reports of the affective qualities that they
assigned to the stimulus might therefor be a useful
improvement to bolster the validity of the data generated by
the selection task in future investigations.

Moreover, it is possible that the forced-choice
dichotomous selection task which has been used to assess

receivers ability to relate to the heartbeat-signals resulted in
measurement artifacts that influenced the size of the effect.
While the experimental procedure used in this study does not
shed light on the confidence with which they made their
choices, many participants reported after the experiment that
they judged the task as being difficult and that they were
unsure about the correctness of their judgments. This could
indicate that individuals' interpretations of others' heartbeat-
signals are likely captured better in the form of varying
degrees of certainty or intensity, than along a sharp categorical
boundary.

While senders' self-reports indicate that the induction of
different levels of emotional intensity was successful, it is
possible that this did not entail a physiological response in all
cases. Prototypical emotional responses that involve a coherent
response of experiential, behavioral and physiological
components are notoriously difficult to elicit with ethically
acceptable laboratory procedures, and the presentation of film
clips is no exception in this respect [48]. Under which
conditions such coherence in emotional responding exists is
generally debated among the scholars of emotion, and despite
indications that the intensity of the accompanying experiences
exercise an influence on its manifestation, findings indicate
that even then components might not react uniformly across
different emotions [53], [54]. Since we presented sender-
receiver pairs with stimuli that were selected to be clearly
different in the level of emotional intensity that has been
associated with them, but independently of their membership to
a specific emotion category, their impact on receivers cardiac
responses might have been different. We tried to minimize this
influence by selecting only stimuli from emotional categories
that had been suggested by previous research as being
generally able to elicit cardiac reactions.

Additionally, there is evidence that age plays a role for the
intensity of emotional reactions that films are able to elicit in
participants [51]. Since the majority of the subjects within the
study were male university students between 18-27 years, this
might have had an influence on the objective level of intensity
that we could elicit, and as a consequence on the results of the
experiment.

B. Applications

The results of this study indicate that having access to a
person's heartbeat-signal allows a recipient to relate to the
affective state of its owner. This opens up potential applications
in a broad variety of domains.

So could heartbeat-feedback be implemented to augment
existing forms of text-based computer-mediated communi-
cation with an additional nonverbal channel that offers their
users awareness of each others' emotional reactions to their
messages.

In a similar way heartbeat-signals that are coupled to text
messages might act as an additional signal for the intensity of
the explicit aspect of the message. Other forms of mediated
communication that reduce the range of nonverbal cues for



empathic understanding between their users, e.g. voice-only
communication, might be augmented similarly.

Especially interesting for applications is the emergence of
wearable technology that has the capacity to incorporate
sensors for physiological signals and actuators to provide
feedback in various modalities in an unobtrusive way. These
systems could allow heartbeat-feedback to be constantly
accessible to the immediate surroundings of their users, and as
a result form a permanent additional source of meaningful
affective information about their wearers.

Providing feedback of a person's heartbeat to others does
not depend on that person having to have a functioning motor
system. As a consequence, heartbeat-feedback might be of use
in assistive technologies that aim to enhance the affective
expressions of individuals whose natural capacities are
hampered by an affliction, such as patients that suffer from
Parkinson's disease [55].

Similarly, because heartbeat-signals can be rendered
tangible using different modalities, they might be able to form
a channel for the exchange of affective information that is also
accessible to individuals with sensory impairments, such as
the blind or the deaf. However, due to the fact that heartbeat-
signals need to be made accessible by their owners, and
cannot be accessed unilaterally by recipients, it is likely only
viable option for this purpose within constrained contexts, and
not as a general means to enhance emotion recognition.

C. Future Research

While the results of this study offer preliminary insights
into the capacity of heartbeat-signals to act as a channel
through which affective information can pass, they point to a
broad range of targets for further investigations.

In our understanding, the findings of this work could be
expanded on three meaningful ways: (1) through a continued
focus on the effect of heartbeat-signals in isolation that has
been indicated by the findings of this study, (2) an exploration
of the potential of other physiological signals as nonverbal
channels for affective exchange to produce similar effects, or
(3) an investigation of the interaction of heartbeat-signals with
other communication channels. In the following we will briefly
outline some of the issues that research could address for each
of these areas.

1)  Effects in isolation

Questions that might be addressed in further in-depth
investigations of the capacity of heartbeat-signals within affect
mediation systems might focus on their capacity to allow the
exchange of more specific information, the impact of the form
in which the heartbeat-signals are represented on their
interpretation by receivers, as well as an investigation of
contextual factors on the emergence of successful affective
exchanges.

While cardiac activity on its own does not contain
information that allows a unique identification of specific
categories of emotion, certain emotions have been reported to

differ reliably from one another in various metrics of cardiac
activity during their response [22]. It could be insightful to
examine the potential of heartbeat-signals to allow receivers
the differentiation between these specific types of emotional
experiences of another person.

An important aspect that has been largely overlooked in
research on the provision of artificial heartbeat-feedback is the
relationship between the form of their representation and their
meaning. Different modalities have been used to render
heartbeat-signals tangible in psychological studies and
communication systems, ranging from representations as
raindrops [32], to different aural representations (e.g. [26],
[56]), or the tactile pulses used in this study and in [31]. It is
unlikely that these different techniques of representation have
no influence on the resulting interpretations of what they
signify. So are certain features of stimuli known to influence
appraisal and attribution at a perceptual level, e.g. angular and
round lines [57], or characteristics of auditory stimuli, like
pitch and tempo [58]. Therefor, it might be insightful to
investigate whether there are systematic influences of the way
in which heartbeat-signals of others are presented to receivers
on the kind of inferences that they make.

Investigations could also unearth the existence of factors
that might explain the observed variation in success of
different sender-receiver pairs to exchange affective
information through heartbeat-signals in this study.

One starting point might be the systematical investigation
of the potential influence of different levels of affective
intensity on a successful mediation that has been hinted at by
the results of this study. Investigations in this respect might
also focus on dispositions of participants themselves, e.g. their
level of cardiac awareness — i.e. are receivers good heartbeat-
perceivers or poor heartbeat-perceivers — , or their individual
level of cardiac reactivity — i.e. are senders' hearts prone to
react strongly or only mildly during emotional episodes.

2)  Effects of other physiological signals

Despite exploration through a range of prototypical
systems, there has been no formal investigation of the ability of
other physiological reactions to convey discernible emotional
meaning in the context of interpersonal interaction.

A potential hurdle for other physiological signals to convey
emotional meaning might be that they cannot be rendered
tangible in a way similar to how they are experienced. The
beat-by-beat form of heartbeats-signals is not just an arbitrary
mapping of measurements of a physiological reaction
occurring alongside an emotional reaction, but represents a
direct reflection of it: it can be artificially modeled in a similar
way as it is experienced occurring inside the human body.

While many potential candidates for signals may be equally
imbued with psychophysiological meaning, they are unlikely to
possess the equivalent of this intuitive representation. An
example can be seen in the activity of sweat glands in the skin
that are quantified as electrodermal activity (EDA). It is known
as a reliable indicator for sympathetic arousal during emotional



episodes [22], but does not possess an equivalent to the feeling
of our heart pumping in our chest during emotional upheaval.
Hence, it seems doubtful that there is a representation for it that
holds the possibility for a similar intuitive understanding of its
meaning. Future research on the communication of other
biosignals might focus on candidates that share this connection
with cardiac activity, and look for ways to shape
representations in a fashion that are analogous to how they are
experienced, in order to allow recipients to draw on their
familiarity in an interpretation.

3)  Interaction with other communication channels

Future investigations might focus on a systematic study of
the effects of heartbeat-feedback when used in combination
with other channels through which affective information is
exchanged. Hints for possible interactions exist for example
with facial expressions: findings of a study on the influence of
false heartbeat-feedback on participants' interpretation of facial
expressions found it to have a stronger impact on the emotional
appraisal of neutral than emotional faces [59]. A special case in
this area of future investigations might be the exploration of the
effects of a bidirectional exchange of heartbeat-signals on
participants' ability to relate to each other

VI. CONCLUSION

In this research we explored the potential of heartbeat-
signals to enable the exchange of affective information in
interpersonal communication. To investigate this capacity we
constructed a system that enables the transmission of one
person's heartbeat to a second person in the form of beat-by-
beat vibrotactile representations. We then conducted an
experiment in which we evaluated the capacity of recipients of
this feedback to relate to the level of emotional intensity that
the owners of the heartbeat-signals experienced in response to
emotional stimuli.

Our findings indicate that affective information can be
exchanged through heartbeat-feedback. This result highlights
the potential that the usage of heartbeat-feedback hold for
improving aspects of socio-emotional interaction, both through
the enhancement of existing forms of emotional expression
through technology, or through the creation of entirely new
means for affective exchanges between human beings.
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