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ABSTRACT
Emotional contagion is a phenomenon in which one’s emo-
tions are transmitted among individuals unconsciously by
observing others’ emotional expressions. In this paper, we
propose a method for mediating people’s emotions by trig-
gering emotional contagion through artificial bodily changes
such as pseudo tears. We focused on shedding tears because
of the link to several emotions besides sadness. In addition,
it is expected that shedding tears would induce emotional
contagion because it is observable by others. We designed
an eyeglasses-style wearable device, Teardrop glasses, that
release water drops near the wearer’s eyes. The drops flow
down the cheeks and emulate real tears. The study revealed
that artificial crying with pseudo tears increased sadness
among both wearers and those observing them. Moreover,
artificial crying attenuated happiness and positive feelings in
observers. Our findings show that actual bodily changes are
not necessary for inducing emotional contagion as artificial
bodily changes are also sufficient.
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1 INTRODUCTION
Feeling-as-information theory posits that emotions oper-
ate as information sources to signal what is happening in
the surrounding environment, affecting our behaviors and
decision-making unintentionally [57]. Although emotions
play critical roles in everyday life, we do not necessarily
know how we interact with our emotions. Therefore, our
interest is in exploring technologies to mediate emotions
to people and thereby uncover the interaction mechanism
between our emotions and the environment.
Research in cognitive science have shown that a partic-

ular emotion can be elicited as a result of bodily changes
[34]. According to the facial feedback hypothesis [58], an
intentional smile enhances one’s own posive feeling, but
an intentional frown enhances the negative feeling. Inter-
estingly, similar effects have been observed when simply
holding a pen between one’s lips or teeth [58] or by mim-
icking another person’s facial expressions [39]. These facts
show that an intentional change in expression leads to an
unconscious change in one’s emotion.
On the other hand, previous research have also found

that the requirements for evoking emotions does not include
only actual bodily changes but also one’s recognition of those
changes [56]. Some studies have revealed that actual bodily
changes are not necessary for evoking emotions. For exam-
ple, a study on false heart rate feedback [61] showed that
the perceived attractiveness of an image can change when
participants believe that the rapid or slow heartbeat heard
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Figure 1: Teardrop glasses: An eyeglasses-style wearable de-
vice that aims to trigger emotional contagion with pseudo
tears. A drop of water flows onto the face near the inner cor-
ners of the wearer’s eyes, and the water flows down his/her
cheeks.

is their own. The study showed that when artificial bodily
changes are perceived as one’s own, the perception changes
one’s emotion to match the perceived bodily changes.

Based on these studies, several researchers have been ex-
ploring interaction techniques that mediate intended emo-
tions to users by making them believe that the artificially
generated bodily changes are actually occurring in them
[7, 8, 49, 62]. However, as one’s own bodily changes are nec-
essary to trigger one’s emotions, those systems can only
influence the direct users of those systems. This means that
we have to prepare as many systems as the number of users.
This would be a limitation when we intend to induce the
emotions of multiple people simultaneously (e.g., amplify-
ing emotions of people in a movie theater or regulating the
emotions of people in a group therapy).
In contrast, a phenomenon in which emotion is uncon-

sciously and instantly transmitted among people is known
as emotional contagion. This is caused by observing another
person’s bodily changes [10, 27, 29] or other emotional ex-
pressions, which are physical manifestations of one’s emo-
tions [13, 22, 23, 41, 48]. We believe this phenomenon can
be used to create an efficient system that can cause a chain
reaction involving multiple people with a single device by
simply presenting the bodily changes in one person.

In this study, we assumed that we can induce specific emo-
tions in the person from whom the artificial bodily change is
applied and the people around him/her observing the bodily
changes and the accompanying emotional expressions. In

particular, we focused on the shedding of tears as a trigger
to induce certain emotions because crying is known to relate
to various emotional states such as anger, happiness, joy,
and sadness [20, 25, 44, 53]. Crying for emotional release is
also known to be quite beneficial for stress relief and mental
health [3, 6, 19]. Moreover, shedding tears is a bodily change
observable by others, and visible tears promote empathy
[30]. Then, we developed Teardrop glasses, which reproduce
a sensation similar to that of the user crying (Figure 1). Drops
of water fall near the inner corners of the user’s eyes and
flow down his/her cheeks. We believe that we can mediate
emotions by allowing people to believe that the person pre-
senting the artificial bodily change is actually shedding tears
(i.e., artificial crying).

Our research makes the following contributions that can
lead to a greater understanding of whether artificial bodily
changes influence emotions:

(1) A novel concept that aims to mediate people’s emo-
tions through emotional contagion using artificial bod-
ily changes.

(2) The design and development of a wearable device that
aims to trigger emotional contagion with artificial bod-
ily changes, such as pseudo tears, which are observable
by surrounding people.

(3) The results of our user study show that both the indi-
vidual expressing artificial crying with pseudo tears
(wearer) and peoplewho observed him/her (non-wearers)
felt sad. Thus, pseudo tears can trigger emotional con-
tagion.

(4) Moreover, we found that non-wearers are significantly
more affected by the artificial crying than wearers of
the device.

2 BACKGROUND
To build upon our research, we drew on psychological re-
search investigating how bodily changes and emotions relate
to each other and HCI research based on those findings. In
addition, we reviewed relevant works on tears and emotions.

Theories of Emotions
Emotions and Bodily Changes. The mechanism of how we
feel emotions has been studied for a long time, and various
theories have been proposed and discussed throughout his-
tory. These theories of emotions share a similar notion that
emotions are triggered by recognizing changes in one’s own
body. The James-Lange theory [35] states that involuntary
bodily changes, such as heart rate, sweating, and muscle
movements, caused by responses to specific stimuli, activate
subjective feelings. In other words, we are sad because we cry,
and we are happy because we smile. The two-factor theory
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of emotion [56] also supports such a paradoxical relation-
ship between emotions and the body and states that bodily
changes precede the experience of emotions, and these bod-
ily changes influence our emotions. In addition, Damasio
et al. argue that bodily changes occur prior to the experi-
ence of emotions and that emotions contribute to biasing
decision-making [9].

Some studies have demonstrated that not only actual bod-
ily changes but also artificial ones can trigger subjective
feelings in people [43, 45, 61]. For example, Valins taped fast
and slow heartbeat sounds and presented them as the par-
ticipants’ own. Interestingly, this manipulation caused the
participants to alter their preferences/judgments [61]. Simi-
lar to our work, Mori et al. [45] focused on tearing and found
that pseudo tearing on a participant’s face caused him/her to
feel sad. Liang et al. [43] reported that pseudo tears increase
negative emotions and recall negative events.

Emotional Contagion. It is known that the emotions of others
unconsciously influence ours. This phenomenon is called
emotional contagion, in which we feel the same emotions as
others when we perceive their bodily changes and emotional
expressions. For example, you might feel sad when you see
someone crying, happy when you hear a cheerful voice, and
irritated when you are next to someone shaking his/her legs.
Emotional contagion involves the process of automati-

cally imitating the bodily changes and emotional expres-
sions of others, such as facial expression, voice tone, posture,
and body movements [27]. The emotions are then triggered
by the recognition of imitated bodily changes, as described
above.

Research have also shown that emotions can be shared via
online communications, such as a text chat [22, 23] and a so-
cial networking service [13, 40, 41]. The results showed that
even observing emotional expressions without embodiment
can influence our emotions.
In our study, unlike the above studies that investigated

the direct effect of pseudo tears, we focused on investigating
whether emotional contagion can be triggered by pseudo
tears reproduced by our device.

Attempts to Mediate Emotions in HCI
Based on the theoretical background on emotions, some re-
search have demonstrated the capability to enhance positive
feelings [60, 62], regulate negative feelings [7, 8], support
the use of cognitive abilities [47, 59], augment entertain-
ment/cinematic experiences [16, 18], and so on.
For example, Nishimura et al. [49] presented a tactile de-

vice for simulating a heartbeat and found the same results as
those in Valins’ work. Costa et al. [7] also focused on false
heart rate feedback and developed a wearable device that

aims to regulate a user’s anxiety by providing a pseudo heart-
beat vibration. Yoshida et al. [62] focused on pseudo facial
expressions and created a mirror-like system that reflects the
user’s facial expression as a slight smile or frown to induce
positive and negative affects in the user. While these studies
aimed to induce specific emotions in a person who is directly
presented with an artificial bodily change, our work focuses
on the mechanism of emotional contagion to mediate the
emotional experiences of multiple people at once.

Some researchers have demonstrated that artificial bodily
changes in others influence subjective feelings. Nakazato et
al. confirmed that creativity during a brainstorming session
can be enhanced by slightly changing their facial expression
and making them smile [47]. Suzuki et al. developed a video
chat system in which his/her partner’s facial expression is
modified to synchronize with his/her own change in facial
expression. They confirmed that the mirror effect induced by
the system improved the impression of the partner during the
conversation [59]. These studies showed that artificial bodily
changes can be used to enhance our emotions and cognitive
abilities, but primarily focused on enhancing an individual’s
emotions in response to the individual’s voluntary emotional
expression during communications. In addition, our study
attempts to examine whether particular emotions can be
mediated to multiple people via technologies.
On the other hand, Picard proposed the concept of Af-

fective Computing [51] by relating emotions to computing.
Based on this concept, many have studied methods to an-
alyze and sense emotions [52], training systems [32], and
interaction techniques [4] to better improve the human emo-
tional experience with technology. In addition to Picard and
her colleagues, researchers in HCI have also proposed inter-
faces that mediate emotions through haptics [50, 55], taste
[17, 36], and other modalities [24, 33]. Our research is similar
to affective computing, but our primary interest is mediat-
ing emotions based on the theories of emotions and bodily
changes.

Tears and Emotions
Previous research have found that there is a relationship
between emotional tears and a variety of emotions, such
as sadness, happiness, anger, and joy [20, 25, 45, 53]. These
emotional variations indicate that the emotion elicited by
tears is context-dependent.
For example, people who were observed as crying while

watching a sad movie were found to feel sadder than those
who did not cry [20]. Furthermore, it was reported that the
addition of tears to a neutral facial expression (digitally added
using Photoshop) could increase the perceived need for sup-
port [2]. In contrast, participants remembering their most
recent crying episode tended to feel positive rather than
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Figure 2: External view of Teardrop glasses. (a) An infrared sensor is positioned at the top of the left arm for communication
between the control circuit and the communication module. The control circuit and a AAA battery are inside the stems of the
glasses. (b) Two tubes are attached around the areas of the inner corners of eyes. (c) A tube before splitting into two, a filter,
and a syringe are connected to an electromagnetic valve.

negative [3, 6]. However, this was attributed to the emo-
tional support received from people around the crying per-
son whose emotions were recovered during his/her crying
episode. Therefore, these studies indicate that, for tears to in-
duce feelings other than sadness, the context of one’s crying
and the memory of social interactions during one’s crying is
necessary. Overall, these studies indicate that tears typically
connote negative feelings, especially sadness, in the absence
of social interactions with others and specific emotional con-
texts.

3 DESIGN AND IMPLEMENTATION
We developed a wearable device similar to eyeglasses called
Teardrop glasses. This device places water drops near the
inner corners of the user’s eyes, but not in the eyes owing to
hygiene considerations. The water subsequently rolls down
the wearer’s cheeks.

Design Considerations
Before designing the device, we considered the following
issues that might influence the experience.

Components of Tears. Non-emotional tears consist of 98 %
to 99 % water and the remaining is a protein substance [12].
Emotional tears, which are shed when a person’s emotions
change, have a higher concentration of protein than, for ex-
ample, irritant-induced tears have by 24 % [14]. However, the
relationship between physiological effects and the composi-
tions of tears remains unclear because the amount of tears
that people produce is limited [46]. Nonetheless, the primary
component of emotional tears is water, and it is conceivable
that the proportions of water and protein in reproduced tears

do not influence emotion evocation. Therefore, we used or-
dinary purified water that is harmless to humans to produce
pseudo tears.

Location of Overflowing Tears. Tears are secreted by the
lachrymal glands, which are located at the top of the outer
corner of the eyes, and redundant tears flow into the puncta
and the lachrymal duct, which are located at the inner cor-
ners of the eyes, caused by muscular actions during blinking
[1, 63]. In accordance with the flow of tears as described here,
but depending on the shape of the eyes, the points at which
tears overflow the lower eyelids tend to be near the inner
corners of the eyes. Mori et al. described dropping water
near the lachrymal ducts to invoke sadness [45]. Therefore,
we selected the inner corners of the participants’ eyes as the
locations at which to apply drops of water as pseudo tears.

Hardware Design
We then designed an eyeglasses style wearable device to
release a drop of water near the inner corners of the wearer’s
eyes. The frame of our device was 3D-printed and fabricated
with UV-curable resin. The device consists of a battery (AAA),
a control circuit, an electromagnetic valve (LEE Company
LHLA0352311H), two springs, a syringe with purified water,
and tubes to carry water (Figure 2). The circuit board consists
of an Arduino-compatible microcontroller (ATtiny85, 8 bit,
8 MHz), an infrared sensor, and a motor driver. The total
weight of the device was 72g, including the water in the
syringe. Its dimensions are approximately 175 mm × 150 mm
× 40 mm.
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Figure 3: Mechanism of water flow. Two springs are always
pushing the syringe. When the valve is closed, water stops
flowing (left). When the valve is open, water flows (right).

Figure 4: A drop of water flows onto the region near the in-
ner corners of the wearer’s eyes.

Mechanism for Dropping Tear
Water flows down in drops from two tubes that are located
near the inner corners of the user’s eyes (Figure 2 (b)). The
position from which the water drops can be adjusted by
changing the lengths of the tubes and the positions of the
nose pads, by considering the variations in eye distance and
size.
A syringe is used to store and refill the water and can

be detached from the device (Figure 2 (c)). The syringe is
attached to the electromagnetic valve via a small water fil-
tration filter to prevent the valves from jamming. A tube
extending from the valve is divided into two near the inner
corners of the eyes.
Two springs fitted on the left side of the device push the

syringe. When the electromagnetic valve opens, the spring
pressure is released, and the water within the syringe flows
into the region near the inner corners of the user’s eyes
(Figure 3 and 4). We employ this motor-free mechanism
based on the lightness and quietness of the device.

One drop of water, with a liquid volume of approximately
0.02 ml to 0.05 ml is produced when the electromagnetic
valve is opened for approximately 300 ms. This water drop
volume is approximately equal to one drop of an emotional
tear [15].

Figure 5: The communicatioin module, which is attached to
the monitor, reads the brightness behind the module and
control the flow of the water. (a) Water flow stops when the
display brightness turns black. (b)Water flows when the dis-
play brightness turns white.

Communication
The flow of water can be remotely controlled via infrared
communication with 38-kHz modulation. When the device
receives a message, the electromagnetic valve opens to allow
water flow.

We developed a small, rectangular infrared communica-
tion module consisting primarily of an infrared LED and a
photodiode positioned on opposite sides, along with a mi-
crocontroller (Arduino Pro Mini, 16 MHz). The size of the
communication module was approximately 10 mm × 16 mm
× 17 mm without the microcontroller. This module can be
attached to the corners of a PC monitor. The infrared LED
sends messages to the device based on the brightness mea-
sured by the photodiode. If the module detects the white
color (#255), it sends a message to the device to allow water
flow. Meanwhile, if the module detects black color (#0), it
sends a message to stop the water flow (Figure 5). Hence, the
control information of the eyeglasses can be embedded into
a rim (only the part placed in the communicatioin module) of
the content shown on the monitor. In addition, tears can only
flow while the user is facing the monitor with the module
because of the directional characteristic of the infrared LED.
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4 EVALUATION
Study Design
In this study, we investigated whether artificial crying with
pseudo tears, which are generated by our device, can influ-
ence emotions, especially sadness. The existence of explicit
social interactions among participants causes ambiguity in
the type of emotions that would be induced by artificial
crying. As the first step of our investigation, we assumed a
situation without social interactions. We measured the effect
of artificial crying on the emotions of the participants while
they were engaged in a passive activity that does not include
social interactions with others, for instance, watching neu-
tral visual content. Since tears typically connote sadness in
the absence of apparent emotional contexts, we expected
that the participants felt sadness even when they watched
neutral visual content.

After each participant had received instructions regarding
the study, we ensured that tears flowed near the inner corners
of a participant’s eyes and did not directly enter his/her eyes
while using the device. The temperature of the water poured
into the syringe was approximately 40 ◦C, which is higher
than the body temperature, to account for the subsequent
decrease in temperature before the water is released from
the eyeglasses.

It should be noted that Mori et al. [45] showed that drops
of water applied to the temple could not invoke sad feelings,
in contrast to drops of water applied to the cheek. Therefore,
in our tests, we only produced water droplets near the inner
corners of the participants’ eyes.

This study was approved by the local ethics committee.

Visual Stimuli
The participants were asked to watch three different 10 min
slide shows. Each slide show consisted of 40 neutral images
randomly selected from 168 neutral images in the Interna-
tional Affect Picture System (IAPS) database [42]. The emo-
tional rating of the images as neutral is described in [21]. We
used visual stimuli involving neutral images in this study
to prevent the participants from inferring that this study
aimed to measure sadness or other particular emotions. The
order of the images was randomized for each participant
group and condition, which is described later. Each image
was presented for 15 s (40 images × 15 s = 10 min).

Setup
The slide shows were displayed using an LCD color moni-
tor (EIZO FlexScan S2432W, 24.1 inches, 1600 × 1000 pixels)
placed on a table in a closed quiet room. Each image was
displayed in the center of a black background. The height of
each image was 1000 pixels, and the width varied depending

on the aspect ratio of each image. The monitor was posi-
tioned approximately 1 m in front of the participants. The
stimulus presentation was controlled using a computer (Ap-
ple MacBook Pro Retina 15 inch Late 2013, 2.6 GHz Intel
Core i7, 16 GB RAM, NVIDIA GeForce GT 750M, running
OS X 10.11.3).
A rectangular color code (black or white) was embedded

at the top left of each slide. The communication module was
attached to that area with double-sided tape on the monitor
to read the color code. The code color is typically black but
turned white for a period of 300 ms in conjunction with
the dropping of tears; subsequently, the code color returned
to black. It should be noted that only the color behind the
module was changed, and the other area was not changed.
During each of these 300-ms periods, the electromagnetic
valve of the eyeglasses opened, and water flowed. The tear-
dropping interval was determined based on a preliminary
study, as described below.

The participants used noise-canceling earplugs to reduce
audible noise while they were watching the visual stimuli
during the study to ensure that they concentrated on the
visual stimuli.

Preliminary Study: Tear-dropping Interval
We performed a preliminary study to determine the inter-
val for dropping tears. To avoid degradation of the visual
content viewing experiences as a result of the pseudo tears,
the frequency of tears had to be within a range that did not
interfere with watching the visual content. The participants
were asked to watch four different 5-min slides that had
approximately the same visual stimuli as described above,
except that they consisted of half the number of images.
Tear-dropping intervals of 50, 25, 10, and 5 s were tested. The
order of the intervals was randomized for each participant.
After watching each slide show, participants were asked

to rate their responses to the question "Were you able to focus
on watching the slide show?" on a seven-point Likert scale (1
= strongly disagree, 7 = strongly agree). We recruited four
participants (three males and one female) for this study. They
did not know the purpose of this research.
The average ratings and their standard errors for the in-

tervals of 50, 25, 10, and 5 s were 4.0 ± 0.58, 3.5 ± 0.5, 3.25 ±
1.11, and 1.5 ± 0.29, respectively. These values indicate that
the shortest interval of tear dropping (5 s) interfered notice-
ably with the participants’ concentration while watching the
slide show. In contrast, the degrees of concentration main-
tained by the participants were similar for the tear-dropping
intervals of 10, 25, and 50 s.

We concluded that the participants might not have focused
adequately on watching the slide shows if tears flowed down
at short intervals. In contrast, a low frequency of tear flow
might not influence the emotion of the people watching
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the slide shows. Thus, we determined that the water should
be dropped every 25 s, which was the second of the three
intervals for which similar results were obtained.

User Study: Emotional Contagion by Artificial Crying
This study examined whether emotional contagion could be
triggered by artificial crying with pseudo tears. Our main
objective was to evaluate the feelings of the participants who
observed the artificial crying. Although the effects of direct
presentation of pseudo tears have already been investigated
[43, 45], we also measured the feelings of the participants
who had presented pseudo tears to confirm that the partici-
pants shared similar emotions.

In this study, three-participant groups watched three slide
shows involving neutral images from IAPS [42] together un-
der three different conditions. The control condition where
none of the participants wore the glasses and only watched
a slide show was used to measure the baseline of the partici-
pants’ emotions. We compared the differences in the effects
generated when the participants watched a slide show with
pseudo tears and under the control condition. To compensate
for the effect of simply wearing the glasses, the condition in
which participants wore the Teardrop glasses but no water
flowed down their cheeks was also used in this study. One
participant (wearer) in a group wears the glasses in each
condition except the control condition; a wearer and two
non-wearers were determined based on the answers of a
questionnaire collected at the beginning of the study.

Participants. Twenty-one participants (ninemales and twelve
females; mean age = 22.2 years; standard deviation = 4.21)
participated in the study. None of the participants partici-
pated in the preliminary study. Each received an Amazon
gift card worth approximately $19 (¥2,000) for their partici-
pation.
Research have shown that the degree of emotional con-

tagion of sadness differs depending on the interpersonal
relationships of the people involved [37], in that emotional
facial mimicry of a negative emotion is less likely to occur
among strangers [5], and that the susceptibility to other
people’s feelings differs according to gender [31]. Thus, we
recruited participants in groups of three persons of the same
gender, including friends, seniors, and juniors, who were
already acquainted with each other.
A total of seven groups (three groups of males and four

females) participated in this study. We did not inform the
participants that the real purpose of the studywas tomeasure
the their emotions. Rather, we asked them to write down
their impressions regarding each slide show. In addition, the
participants were informed that the eyeglasses used in the
study would reproduce the sensation of shedding tears, as
the participants might have been surprised if they had no

prior warning that water drops would be flowing down their
faces.
Note that if the participants usually wore eyeglasses, we

asked them to wear contact lenses instead. After the study,
we explained the purpose of the experiment to those who
wished to know.

Condition. This study used a within-participants design. The
participants watched three slide shows of different condi-
tions:

• Control: Participants watch a slide show without the
glasses. (baseline of participants’ emotions)
• Glasses-without-tears: Participants wear the glasses
while watching a slide show, but no water drops fall.
• Glasses-with-tears: Participants wear the glasses and
are given some tissues to wipe tears away while watch-
ing a slide show. The water drops every 25 s. One or
two drops of water fall downwhen the electromagnetic
valve opens.

The order of the conditions was randomly assigned and
counterbalanced across groups using a Latin-square design.
The images used in each condition and their order were also
randomized, but there were some cases in which the same
images appeared in multiple conditions.

In the glasses-with-tears condition, we allowed the partic-
ipants to wipe away tears with tissues because the wiping
away tears is an emotional expression that accompanies cry-
ing naturally.

Procedure. The participants were asked to sit in front of a PC
monitor and watch three different 10-min slide shows. More-
over, the participants were told not to speak with each other
during the study to eliminate the effect of social interactions.
Informed consent was obtained from each participant after
the instructions about the study were provided.

Before watching the first slide show, the participants were
asked to complete an assessment of their susceptibility to
other persons’ emotions using the Emotional Contagion
Scale (ECS) [11]. The Japanese version of the ECS question-
naire was used [38]. The ECS questionnaire consists of 15
questions, and someone who is likely to mimic the emotions
of the people around him/her presumably obtains a higher
rating. To eliminate the weak influence of emotional conta-
gion resulting from a deficiency in empathy, the participant
who obtained the lowest rating in a given group was chosen
to be the wearer, such that he/she could wear the eyeglasses
during each condition except for the control condition while
watching the slide show. The other two participants (non-
wearers) in the same group did not wear the glasses while
watching the slide show. However, they were also aware of
the functionality of the glasses.
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To cause non-wearers to easily notice that the wearer
appeared to be crying during the study, the wearer sat at
the center of the group. Non-wearers were allowed to see
wearers while watching the slide shows.

After watching each slide show, we asked the participants
to write down their impressions regarding each slide show,
in addition to recording their emotional ratings using a self-
report inventory. Then, the participants had a 5-min break
to reset their feelings.
Following the three sessions under different conditions,

the participants were asked to write what they thought of or
noticed during the study. Finally, we gave the participants
an Amazon gift card ($19) preloaded with an amount slightly
higher than the standard hourly fees to compensate for the
negative feelings that might have been evoked by this study.

The study lasted at most 90 min.

Hypotheses. Previous studies have shown the relationship
between tears and sadness [20, 45]. Moreover, according to
Russell’s circumplex model of emotion [54], happiness has an
inverse relationship with sadness. This led to the following
hypotheses:

• H1-a: The sadness of non-wearers in the glasses-with-
tears condition will be higher than that in other condi-
tions.
• H2-a: The happiness of the non-wearers in the glasses-
with-tears condition will be lower than that in other
conditions.

In addition, we hypothesized that artificial crying changes
participants’ impressions of visual stimuli. We assumed that
the texts that the participants wrote after the glasses-with-
tears condition would include more negative phrases than
those written after other conditions; for example, researchers
[22, 23] found that the text messages written by the par-
ticipants were influenced by their emotions. In this study,
we asked the participants to describe three topics that re-
late to visual stimuli, such as their impressions of it, what
they thought and remembered while watching them, and
the scenes they remember. Three different topics were used
because the participants might write only a few comments
about each topic. From the above, the following hypothesis
was considered:

• H3-a: The positive-negative valence of the text by the
non-wearers under the glasses-with-tears condition will
be lower than those under other conditions.

Finally, we assumed that the emotions of the wearers were
also influenced by the pseudo tears and they felt like the non-
wearers. The three hypotheses below apply to wearers:

• H1-b: The sadness of the wearers in the glasses-with-tears
condition will be higher than those in other conditions.

• H2-b: The happiness of the wearers in the glasses-with-
tears condition will be lower than those under other con-
ditions.
• H3-b: The positive-negative valence of the text by the
wearers under the glasses-with-tears condition will be
lower than those under other conditions.

Measurements. We used a self-report inventory to measure
participants’ emotions in accordance with prior works on
crying and emotional contagion [20, 28]. The participants
were asked to rate their emotions after watching each slide
show. In this study, five feelings (love, anger, happiness, sad-
ness, and shame) were rated on a nine-point Likert scale (1 =
strongly disagree, 9 = strongly agree). However, our primary
interests were feelings of sadness and happiness. Thus, other
feelings were used to ambiguate the focus of the study to the
participants.
To evaluate the positive-negative valence of the partici-

pants, we used the sentiment analysis of the Google Cloud
Natural Language API 1. This sentiment analysis can identify
prevailing emotions from the text. The scores are normalized
within -1.0 (negative) to 1.0 (positive). In this study, we ana-
lyzed the texts regarding the impressions of the slide shows
obtained from the participants using this API.

Results
Figure 6 shows boxplots of sadness (left) and happiness
(right), rating changes of the glasses-without-tears and the
glasses-with-tears conditions. Data were collected by sub-
tracting the sadness and happiness ratings in the control con-
dition (emotion ratings in the glasses without/with tears con-
dition - emotion ratings in the control condition). AWilcoxon
signed-rank test was performed to evaluate the sadness and
happiness changes among the wearers and non-wearers. Sta-
tistical differences were found in sadness in both wearers
and non-wearers (wearers: Z = -2.31, p < 0.05, r = 0.62; non-
wearers: Z = -2.49, p < 0.05, r = 0.47). However, statistical
differences were found in happiness only in non-wearers
(wearers: Z = -1.25, p = 0.25, r = 0.33; non-wearers: Z = -2.44,
p < 0.05, r = 0.46).
Figure 7 shows the average positive-negative scores of

the texts that the participants wrote after watching the slide
shows. The analysis method we used outputs normalized
data (-1.0 to 1.0); therefore, we did not use the score in the
control condition as a baseline and compared three scores
without any modification. The scores were analyzed using a
2 × 3 mixed-design ANOVA to clarify the relations between
the wearer/non-wearers and the conditions. The analysis
revealed that there was a significant interaction between the
wearers/non-wearers and the conditions (F(2,38) = 3.74, p
< 0.05, η2 = 0.09). Multiple comparisons with the modified
1https://cloud.google.com/natural-language
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Figure 6: Boxplots showing the sadness (left) and happiness (right) changes of wearers and non-wearers. The changes are
calculated by subtracting the ratings in the control condition from the ratings in other conditions (emotion ratings in the
glasses-without/with-tears condition - emotion ratings in the control condition).

Figure 7: Average positive-negative scores estimated from
the participants’ texts written after each condition. Error
bars denote standard errors.

sequentially rejective Bonferroni revealed that the positive-
negative scores in non-wearers under the glasses-with-tears
condition were significantly lower than those of the control
and glasses-without-tears condition (p < 0.05, respectively).

5 DISCUSSION
Emotional Effects of Artificial Crying
The purpose of this study was to examine whether emotional
contagion can be invoked using pseudo tears, and whether
the participants share similar emotions. We expected the
participants to feel sadder or less happy under the glasses-
with-tears condition than under the other conditions. The
results of the user study show that the sadness rating in the
glasses-with-tears condition was higher than the ratings for
the other conditions for both the wearers and non-wearers.

This indicates that people around the wearer (non-wearers)
are influenced by the artificial bodily changes of the wearer.
Moreover, wearers also feel sadness by a droplet imitating a
teardrop falling down the face. These results support H1-a
and H1-b.

The happiness rating of non-wearers in the glasses-with-
tears condition was lower than the ratings for the other
conditions. However, no significant differences were found
in the happiness ratings of the wearers. This supports H2-a
but does not support H2-b. Similarly, the positive-negative
scores of the non-wearers in the glasses-with-tears condition
were lower than those in the other conditions. No signifi-
cant differences were found in the positive-negative scores
of the wearers. This supports H3-a but does not support
H3-b. These results suggest that the non-wearers are more
influenced by artificial crying. This means that people who
observed the artificial tears were more emotionally influ-
enced than the people who shed the pseudo tears.
On the other hand, the participants might expect some

relationship between sadness and teardrops produced by the
device, regardless of the visual stimuli. In this study, it was
difficult to deny the possibility that wearing the device itself
caused a priming effect. However, if sadness was primed,
then the average happiness rating of wearers should have
decreased (which was not observed in our study). Therefore,
we believe that the results indicate that it is difficult to say
that there was a priming effect.

We gathered feedback from the participants after the study.
Some wearers reported that artificial crying influenced their
emotions.
"I felt sad because the (pseudo) tears made me think I was

actually crying."
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"I felt that the slide show in this session (glasses-with-tears
condition) was sad compared to the slide show in the first
session (control condition)."

Similarly, one non-wearer mentioned that artificial crying
influenced his/her emotions:
"The person next to me wiping his/her tears made me sad

even though the slide show was neutral."
One participant from the wearers remarked on the reality

of the pseudo tears:
"I had a strange feeling when the tears rolled down."
No participants were actually reported crying. One partic-

ipant, however, commented:
"My nose was runny because I felt as if I was crying."
Although notable behavioral changes such as actual cry-

ing were not found in our study, the comments from the
participants suggest the emotional effects of artificial crying.

Greater Emotional Impact on Non-wearers
The results of the user study suggest that the wearers were
more emotionally influenced than non-wearers by the artifi-
cial crying. In this study, to eliminate the weak influence of
emotional contagion resulting from a deficiency in empathy,
we used the ECS questionnaire to divide the participants
into wearers and non-wearers. Since the ECS is used to mea-
sure susceptibility to other people’s emotions, we assigned
participants with low ECS scores as wearers who present
pseudo tears as their own. This is because we assumed that
there is no correlation between ECS scores and the degree
to which emotions were elicited by perceiving the pseudo
tears as their own bodily changes. However, people who are
less affected by the emotions of others tend to show less
emotional expressions [26]. This implies that individuals
with low ECS scores are less susceptible to artificial bodily
changes. This might cause differences in perceived emotions
of pseudo tears.

In addition, the differences in the perceived reality of tears
between wearers and non-wearers might be a factor that
influenced their emotions. From the wearer’s perspective,
the device only provides a haptic sensation on the cheeks,
which is not the complete sensory experience of crying. For
non-wearers, there is no way to determine whether the tears
were real or not, because the device effectively occluded the
wearer’s eyes, preventing non-wearers from seeing the full
facial expression.

Stress Relief Through Pseudo Tears
The happiness rating and the average positive-negative score
of wearers of the glasses-with-tears condition were higher
than those in other conditions, although significant differ-
ences were not found. The feedback from the participants
help to explain this. Some comments by the participants
suggest that they associate pseudo tears with stress relief.

One participant remarked that he/she felt refreshed by the
pseudo tears:

"Finally, I felt refreshed and settled down."
Another participant remarked that he/she wanted to use

the device for stress relief:
"I thought about using this device again when I want to

relieve stress."
In fact, tears, typically considered an expression of distress,

are believed to be involved in physiological or cognitive
mechanisms for decreasing the stress reaction and causing
someone to feel relaxed [19]. Such an effect might have a
positive influence on the wearers in the glasses-with-tears
condition. In this study, we focused solely on the emotional
aspect of tears, but the participants’ comments suggest the
intriguing possibility that our device can partially reproduce
the homeostatic regulation of tears. If this is true, this type
of technology can be beneficial in the field of mental health
and well-being and can be used to help people cope with
stressful situations in their everyday lives.
None of the non-wearers, however, mentioned feeling

refreshed after the pseudo tears, the results of the user study
showing that they did not have higher positive emotions
under the glasses-with-tears condition. This means that the
pseudo tears did not refresh the non-wearers, and only the
emotional influence of tears appeared to be shared among
the participants.

Usage Scenarios
In this study, we proposed Teardrop glasses to augment the
viewing behavior and experiences emotionally through ar-
tificial crying. It is no longer unusual to wear glasses to
augment viewing behaviors and experiences, such as wear-
ing eyeglasses to supplement their vision and wearing 3D
glasses to view stereoscopic images. Additionally, the form
of glasses is desirable to present the pseudo tears naturally
near the wearer’s eyes because glasses are typically worn
around the eyes. Thus, Teardrop glasses employs a simple
tear-dropping mechanism that enables them to be as close as
possible to actual glasses in size, lightness, and shape such
that people can wear it as eyeglasses without discomfort.

Our findings can be applied to movie theaters and amuse-
ment parks to enhance the subjective reality through the
direct inducement of emotions, as 3D glasses are commonly
used in these places, and our mechanism can be installed
easily on 3D glasses. Our findings suggest that, in these situa-
tions, pseudo-tearing capability does not need to be installed
on all devices because emotional contagion can be used.
We found that our findings might be useful for promot-

ing mental and social health in group therapy, regulating
emotions of participants with emotional contagion triggered
by a therapist’s pseudo emotional expression. We expect
that Teardrop glasses can be used to alleviate the symptoms
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caused by psychological factors including shedding tears, as
mentioned earlier, have the effect of relieving their mood
[3, 6].
Finally, we considered that the proposed device may be

useful for releasing tears to evoke particular emotions. In the
same manner a "laugh track" is commonly used in comedy
drama, pseudo tears can be used as a "cry track" for inducing
and enhancing sadness or an impressive situation, with tears
as feedback, while watching movies at home. For the current
implementation, the color code (the brightness of the display)
was used to synchronize the timing for dropping tears and
the elapsed time of the stimuli. The control module reads
the brightness of the color code that is embedded in the slide
show and sends the commands to the device. This simple
control method allows not only programmers or engineers
but also filmmakers and directors to freely design the timing
of dropping tears by simply embedding the color code in the
film they make, leading them to produce movies that can
directly influence the emotional experiences of the viewers.

6 LIMITATIONS AND FUTUREWORK
Other Emotions
We also cry when we are happy or impressed by some-
one/something, as crying enhances our feelings in such situ-
ations. In future studies, it would be interesting to evaluate
whether artificial crying can enhance emotional experiences
while the participants are watching a happy or sad video,
instead of a neutral video. We would like to evaluate whether
significant differences exist depending on the type of video
stimuli used. We believe that the use of other emotional
video stimuli, such as those evoking happiness or sadness,
increases the intensity of the emotion evoked and the variety
of emotions.

Wiping Tears Away
The independent effects of pseudo tears and wiping tears
were not revealed in this study. Since the objective of our
study is to clarify "the effect of artificial crying" and not
merely the teardrops, we decided to allow natural actions
that accompanied shedding tears. Moreover, there was a pos-
sibility that the unnaturalness of not wiping away tears may
induce a different emotion than what we intended. Therefore,
we allowed the wearers to wipe away tears during the study.

Hygiene Issues
We did not pour water directly into the eyes of the partic-
ipants because of hygiene considerations. However, if the
hygiene issue can be adequately addressed, it would be possi-
ble to reproduce the sensation of gathering tears in the eyes
and of the tears flowing through the lachrymal ducts, which
causes a runny nose. This would improve the effect of the

emotional evocation by truly reproducing the phenomenon:
crying.

Physiological Measurements
In this study, we found that artificial tears influenced the
subjective experiences of the participants. However, the be-
havioral changes related to crying were not found, such
as actually shedding tears. Because the subjective results
were confirmed through our study as the first step in ex-
ploring the concept of emotional contagion with artificial
bodily changes, further research is required to investigate
whether physiological changes can be observed through the
measurement of physiological responses, such using elec-
troencephalogram (EEG), facial electromyography (EMG),
skin conductance, or heart rate responses.

Sociocultural Difference
To test whether artificial bodily changes induce emotional
contagion, we gathered a group of participants in a close
relationship to invoke emotional contagion effectively. Since
emotional contagion is an innate nature of humans, we ex-
pect that the same phenomenon can be observed in a group
of people with various relationships. However, further study
is needed to demonstrate how emotional influence differs
depending on the relationship between people within the
group, as well as the group size.
On the other hand, some may not want to shed tears in

public. However, we assume that shedding tears is acceptable
for many people, depending on the situation described as
usage scenarios, such as amusement, entertainment, and
therapy. In addition, it should be noted that the benefit of
our device is that if the user does not want to show they are
shedding tears, they can simply remove the device.

Design of Device
Although none of the participants raised concerns regarding
the current style of the device, we believe that we should
consider alternative designs for those who wear headwear
and eyeglasses.

In this study, we designed and implemented an eyeglasses-
style wearable device. However, we believe that any style of
the device that can drop water droplets around the eyes will
reproduce the same effect.
Moreover, the bulky arms, from the exposed springs and

syringe, and the battery, interfere with wearing the device
for people who already have a headwear, such as a hat, head-
scarf, or turban. We used a syringe for sealing, ease of wa-
ter replacement, and aspect of hygiene, but we believe that
changing the device’s structure to keep the water and spring
inside the device make the arm more slender. Replacing a
AAA battery with a smaller LiPo battery also contributes to
reducing the arm.
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7 CONCLUSION
We proposed a method for mediating people’s emotions
through emotional contagion using artificial bodily changes
that can reproduce the sensation of crying. We developed
an eyeglasses-style wearable device called Teardrop glasses
that apply drops of water to the regions near the inner cor-
ners of the wearer’s eyes at a controlled rate. A user study
showed that artificial crying with pseudo tears caused the
participants wearing the glasses to be sad and also caused
other participants around them to be sad.

We believe that this is the first study to demonstrate that
artificial crying can invoke sad feelings in both the partici-
pants who shed tears and their observers. We conclude from
the results of this study that our minds can be mediated not
only by pseudo changes to our own behavior but also by the
observation of pseudo changes in other people’s emotional
expressions. Moreover, non-wearers were more emotionally
influenced by artificial crying than wearers. Their happiness
rating was significantly lower when pseudo tears were pre-
sented. The text analysis of their impressions of the visual
contents also supports the emotional influence of artificial
crying. These findings contribute to the design interactions
between humans and their minds using technology.
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