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Figure 1: (a) Picto is a robotic interface that allows users to record, replay, and remotely share their gestures both synchronously
and asynchronously. Paired Pictos enable dyads to share connected motions and various shapes, regardless of their physical
distance and time di�erence. (b, c) Synchronized motions of Pictos in remote locations. Picto allows users to engage with
rotational and linear hand motions through its knob and slider mechanism.

Abstract
We introduce Picto, a paired tangible interface that enables inti-
mate dyads to co-create shared kinetic messages, fostering playful
remote communication beyond temporal and physical constraints.
Picto's two modular units�a knob for rotational motion and a
slider for linear motion�allow users to craft personalized motions
and shapes symbolizing their signi�cant other. Presence can be
conveyed in real-time or asynchronously through record, replay,
and share features. Picto empowers users to express abstract ideas
through iconic gestures and non-verbal cues. Using a bistable com-
posite tape-spring structure, we developed a novel mechanism for
programming dynamic shape variations and motions. Picto's con-
trol system records, stores, and shares motion-based interactions.
A user study with intimate dyads evaluates Picto's usability and its
potential as a remote story-sharing platform and ambient presence
media enhanced by metaphorical and beat gestures. The results
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highlight its potential to enrich and sustain intimate relationships,
supporting social presence across distances.
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1 Introduction
Non-verbal behaviors, such as body language and hand gestures,
play a crucial role in elaborating and narrating the speaker's ideas,
engaging both the speaker and listener in interpersonal commu-
nication by reinforcing the content being conveyed [2, 24]. Beat
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gestures, which emphasize the topic being discussed without di-
rectly referring to it, accentuate certain words and phrases during
conversation. This indicates that incorporating hand gestures can
improve the clarity and retention of the information being shared
[42]. These engaging non-verbal cues signi�cantly a�ect the sense
of social connectedness and social presence.

Social connectedness refers to the positive experiences and re-
lationships individuals share with others in the social world [34].
It re�ects feelings of interpersonal closeness [27], which signi�-
cantly impact both mental and physical health [25, 38]. Closely
related to connectedness, social presence refers to the awareness
of another person in mediated communication and the resulting
degree of interpersonal interaction [31, 37]. Wiener et al. [47] and
Argyle et al. [5] observed that social presence is tied to the concepts
of "immediacy" and "intimacy," where levels of these qualities are
in�uenced by non-verbal behaviors. Immediacy behaviors, such as
nodding, are e�ective in enhancing social presence [31, 37].

However, conveying nuanced gestures and the accompanying
engagement to enhance social presence remains challenging in
remote communication mediated by digital media. The height of the
COVID-19 pandemic and resulting social distancing measures made
it di�cult to maintain social connectedness and a�rm our social
presence, leading to feelings of isolation and loneliness [26, 33].
Consequently, the importance of social and tactile connections
has become more apparent, revealing a gap in current computer-
mediated communication (CMC) technology to convey the sense
of physical presence.

Previous research in Human-Computer Interaction (HCI) has
explored various methods of using a�ective touch to enhance re-
mote communication, particularly in terms of tactile interaction.
This research includes di�erent forms of tangible interfaces, such
as wearable devices [8, 21, 29] and robotic arms [43]. However,
as Ryokai et al. [33] noted, the current trend in HCI's touch tech-
nology primarily focuses on recreating the physical sensation of
touch. There appears to be an overreliance on touch as a mediator
of connection, with insu�cient consideration of the contextual fac-
tors that in�uence the meaning and impact of touch. While touch
technology is an intriguing development in HCI, it is essential to
view it within the broader context of communication and connec-
tion, rather than depending solely on touch as a mediator. Their
study revealed that people highly value experiences of physical
connection with others, even when touch and close proximity are
not possible.

In this paper, we introduce Picto, a paired kinetic interface de-
signed for intimate relationships that enables users to record, replay,
and remotely share mediated non-verbal gestural messages. Picto
consists of two modular units�a knob for rotational motion and
a slider for linear motion�connected via a bistable tape structure.
This design allows users to create personalized motions and trian-
gular shapes, symbolizing their signi�cant other's presence. These
gestures can be conveyed in real-time or asynchronously through
Picto's recording, replaying, and sharing features. Picto's ability to
convey motions empowers users to express abstract ideas through
iconic gestures and subtle non-verbal cues.

We developed a novel mechanism using a bistable composite
tape-spring structure to construct a triangular base module that dy-
namically adjusts its edge angle and side length while maintaining

a constant perimeter. Users can manipulate this structure to control
both length and angle, facilitating linear and rotational gestural mo-
tions. Picto's control system allows users to record, store, and share
their motion-based interactions asynchronously or synchronously.

A user study with dyads in intimate relationships evaluated
Picto's usability as a shared kinetic object fostering mutual aware-
ness and its e�ectiveness as a remote story-sharing platform for
conveying tangible gestures. The results demonstrate its potential
to enrich and sustain intimate relationships by enhancing social
presence across physical distances, alleviating the pressure for im-
mediate responses, and maintaining interpersonal connectedness.

The contributions of this paper are as follows:

� To enhance the feeling of social presence and connectedness,
we outline the design requirements for creating a paired tan-
gible interface. We then develop a prototype of synchronized
and distributed tangible interfaces, named Picto, which en-
ables dyads to communicate through variations in motion
and shape, as well as record, replay, and share each other's
interaction history.

� We introduce an innovative mechanism using bistable com-
posite tape-spring to generate two degrees of freedom (DoF)
in planar motions. This allows users to use both hands to cre-
ate various shapes with rhythmic movements utilizing basic
linear and rotational motions. The development process and
hardware speci�cations are detailed.

� We conducted a user study with intimate dyads to address
the following research questions using a proposed study pro-
tocol and measurements of social presence and interpersonal
connectedness: 1. Can robotic-mediated tangible remote non-
verbal cues enhance the sense of social presence among
signi�cant others by promoting behavioral engagement, psy-
chological involvement, co-presence, co-location, and mu-
tual awareness? 2. Can the tangible remote non-verbal cues
facilitated by Picto increase the sense of connectedness? The
insights from the study results and discussions provide a
deeper understanding of the potential and design methods
for robotic-mediated tangible interactions.

2 Background
We review the concept and de�nition of core concepts related to the
scope and goal of this work including; connectedness, perception
of presence, and social presence and non-verbal cue. Based on this
review, we identify gaps in the existing research and emphasize
the importance of delivering remote non-verbal cues in an abstract
form to improve remote social presence and connectedness.

2.1 Connectedness
Connectedness includes various forms, one of which is social con-
nectedness, involving meaningful relationships with others and a
sense of belonging to a social group [44]. These di�erent forms
are essential for creating a sense of purpose and belonging. In this
context, our primary focus is on social connectedness.

The termsocial connectionbroadly refers to people's positive
experiences and relationships within the social world [34]. It de-
scribes the feeling of closeness to others. "Social connectedness"
speci�cally refers to "an attribute of the self that re�ects cognitions
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Table 1: Related work in regards to telepresence and kinetic block interface

of enduring interpersonal closeness with the social world" [27].
Researchers have identi�ed two types of social connectedness: 1)
overall social connectedness, which pertains to one's entire social
network, and 2) individual social connectedness, which concerns a
speci�c person [44].

Enhancing social connectedness has positive e�ects on both
mental and physical health and well-being [25, 38]. The methods
of socially connecting and participating in social activities have
evolved as digital technology has become more integrated into our
daily lives, altering our communication practices.

2.2 Perception of Presence
Presence is de�ned as "the sensation of `being there' in a medi-
ated environment" [23], and is categorized into physical and social
presence. Physical presence refers to the sense of being physically
located somewhere and includes concepts like telepresence and self-
presence.Social presence, on the other hand, pertains to the feeling
of being with and communicating with someone (the awareness
of another person) in mediated communication [6, 7, 37], and it is
linked to the concept of connectedness and the resulting degree of
interpersonal interaction [31].

The four attributes that de�ne `presence' are [23]: 1) The extent
and �delity of sensory information, 2) The match between sensors
and the display, 3) Content factors - ability to interact with the
content and to modify it, the user's representation or virtual body,
and the autonomy of the environment, and 4) User characteristics
(perceptual, cognitive, and motor abilities).

However, social presence is coupled with the level of `immediacy'
and `intimacy.' `immediacy' is the psychological distance reduced
by behaviors such as nodding and smiling, which enhance closeness
and nonverbal interaction [31, 47]. 'Intimacy' in interpersonal inter-
actions is expressed through both verbal and non-verbal behavior
[5].

Building on these concepts, Danchak et al. [12] proposed a model
of social presence where the level of intimacy is determined by band-
width and immediacy behaviors, with additional immediacy behav-
iors compensating for low bandwidth. Biocca et al. [7] later cate-
gorized di�erent de�nitions of social presence into three themes:
1) co-presence, co-location, and mutual awareness, expressing ele-
ments of being together; 2) psychological involvement, including
saliency, immediacy, intimacy, and self-disclosure; and 3) behavioral
engagement, realized through interactions that involve immediacy
behaviors. Non-verbal behaviors, such as eye contact, non-verbal
mirroring, and turn-taking [7], signi�cantly in�uence immediacy
and intimacy, which contribute to psychological involvement [31].
These non-verbal cues serve as implicit indicators of social presence.
The �ndings a�rm the importance of incorporating non-verbal
cues in mediated communication, as they play a crucial role in
enhancing the sense of social presence in remote communication.

3 Related Work
Huisman [20] cataloged prototypes designed for mediated social
touch, primarily aimed at conveying a general sense of positive
a�ect, often referred to as `intimacy,' towards the communication
partner. This research focuses on enhancing remote social presence
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through connectedness, which is achieved not only through social
touch but also through physical co-location, shared experiences,
and an enhanced sense of other's presence. We reviewed prior
works on developing paired tangible user interfaces that allow
dyads to remotely share content, with an emphasis on conveying
telepresence. Additionally, we explored kinetic robotic interfaces
with similar functionalities to Picto for recording and replaying
motions. Table 1 summarizes the related work.

3.1 Paired Tangible Interfaces for Remote
Communication

The use of tangible interfaces in remote communication has been
a signi�cant focus of HCI research, aiming to bridge the physical
and abstract distance between remote users through nontraditional
communication modes.

Messaging Kettle [4] is designed for paired use, where one user's
kettle usage triggers a noti�cation on the other user's device, and
vice versa. This simple interaction, grounded in routine, was tested
over months and years and showed varied usage practices among
di�erent user pairs, with the devices serving as platforms for creat-
ing their own tangible language.

Other works, such as LightTouch [16] and InTouch [9], also
present simple interaction schemes using natural haptics and fading
colored lights, focusing on the emergent language and emotional
aspects of interaction.

Projects like Here and There [28] and Yo-Yo Machines [15] show-
case a variety of physical objects built with a DIY and open-source
spirit to illustrate the empowering connectedness and universality
of an open-ended platform.

A speci�c case of remote communication is asynchronous, which
becomes nearly necessary given two people in drastically di�erent
time zones. For example, FamilyStories [19] is an audio recording
and playback device in which one user's recorded stories are played
back asynchronously on the other user's device, conditioned on
the state (such as time of day or sensed physical activity) of the
playback user being the same as the state of the �rst user at the
time of their recording, so as to increased the shared experience.

StoryBox [45] demonstrated the potential of tangible interfaces
to facilitate asynchronous communication between grandparents
and grandchildren, e�ectively engaging both generations. The re-
search embodied "making as a form of communication," showing
how tangible storytelling can foster creativity, bridge the inter-
generational gap, and address the diverse needs of di�erent age
groups.

Although not paired in the traditional sense of using two identi-
cal devices, [22, 39] are tangible interfaces focused on intergenera-
tional education. They leverage unique interaction functionalities
to approach education through play, fostering engagement across
di�erent age groups.

3.2 Kinetic Blocks
The ability to record user-inputted motions and gestures and then
automatically replay them later is a powerful framework for tangi-
ble interfaces. Topobo [30] is a 3D assembly system consisting of
small, modular units that can be connected to form customizable
structures. These creations can sense and record pushing, pulling,

Figure 2: Interaction method of Picto: (a) Two main manipu-
lating parts of Picto: slider and knob. (b) Rotating the Knob
(c) Sliding the Slider.

and twisting actions inputted manually by the user. Once recorded,
the active, motorized modules in the structure can replay the exact
same movements. CurlyBot [14], a wheeled table-top robot, can
glide over �at surfaces, detecting and replaying 2D trajectories
made manually by the user.

While these systems share Picto's functionality of motion record-
ing and replaying, Picto's focus is unique. Unlike [30] and [14], Picto
applies this framework to scenarios involving two users, introduc-
ing unique feedback interactions where di�erent users can perform
the recording and replaying components, respectively.

3.3 Bistable Beam Structure Mechanism
In the �elds of aerospace engineering and robotics, bistable com-
posite tape-springs (CTS) are employed in the development of de-
ployable mechanisms due to their mechanical properties, which
include stability in both extended and coiled states, and the ability
to withstand signi�cant deformations during folding [46]. Seriani et
al. [35] demonstrated the use of CTS in a storable tubular extendible
member parallel robot, highlighting its e�ectiveness in facilitating
planar vertical movement.

HCI researchers have also applied CTS in the development of
novel actuators for shape-changing interfaces. HapticBots [40] uti-
lized measuring tape strips as CTS to create distributed shape-
changing mobile robots. Additionally, Gomi et al. [17] introduced a
triangular actuating device stand, further exploring the applications
of CTS in HCI.

4 Design Requirements
Rettie [31] suggests that the sense of connectedness to an object is
not necessarily tied to practical information or speci�c meanings
but rather to its broader context and high-level abstract represen-
tation. He notes, "there is an experience of connectedness to an
object rather than to a person, although the meaning embodied
in the experience is derived from the other person." Building on
this idea, we propose that even a mostly static physical object can
evoke a strong sense of connectedness if mutual awareness and
shared context between two people are directly associated with
and central to the object's physical nature.

Biocca et al. [6, 7] outlined criteria and scope conditions for mea-
suring social presence. Following their guidelines, we established
the following design requirements to develop Pictos, aiming to
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Figure 3: Detailed system component of Picto: (a) A pair of two Pictos. (b) A distance sensor is positioned between the two
parts, located on the knob part to measure the real-time distance between them. Green and white LEDs are incorporated to
indicate di�erent functional states. (c) Three tactile buttons are located on the Knob part. The red button is designated for
recording desired motions, while the blue button initiates synchronized mode between the pair of Pictos. The green button
serves dual functions: 1. Replaying the recorded motion. 2. If held for longer, it saves the recorded motion onto the SD card and
immediately sends it to the paired Picto.

deliver social presence and awareness through gestural motions
over distance and time di�erence: (1) Co-presence, Co-location, Mu-
tual Awareness; (2) Psychological Involvement; and (3) Behavioral
Engagement.

Researchers have emphasized the importance of behavioral and
psychological engagement in enhancing the sense of social presence,
which is re�ected in the level of non-verbal behaviors. Non-verbal
cues-particularly hand gestures-play a vital role in expressing, com-
municating, and conceptualizing spatial information [2]. Alibali et
al. [3] noted that beat gestures, in particular, serve to emphasize and
draw attention to important points without directly referencing
them. Jacobs et al. [24] demonstrated the signi�cance of conver-
sational hand gestures in narrative tasks. Additionally, Sweller et
al. [42] found that using gestures during storytelling enhances
narrative recall.

To enable communication despite time di�erences, we accounted
for the requirements of asynchronous communication. We devel-
oped the system to record, replay, and share/broadcast interaction
motions created by the user, irrespective of physical distance and
time di�erence.

Following these design requirements for supporting remote so-
cial presence and connectedness-by fostering mutual awareness
through shared physical objects, and psychological and behavioral
engagement through shared non-verbal abstract cues- we devel-
oped a prototype of a paired tangible kinetic interface called Picto.
These considerations were also incorporated into the design of our
user study protocol, described in detail in Section 6

The detailed speci�cations of Picto are described in the following
section.

5 System design
As shown in Fig.2 (a), the main two interacting parts of the Picto are:
Slider and Knob. We designed Picto to have users interact with two
basic motions: rotation (Fig.2 (b)) and slide (Fig.2 (c)). The part that
holds the Knob stays at ground and only the Slider moves toward
or away from the Knob part.

Heider at al. [18] showed that basic geometric shapes and their
coordinated movement patterns can lead to the perception of com-
plex internal states, such as intentions, emotions, or motivations.
Building on this idea, we selected the triangular shape as the foun-
dational design for Picto due to its versatility in abstract motion
representation, drawing inspiration from both animation theory's
shape language and the Theory of Mind (ToM) [1, 18, 32].

We were particularly interested in how Picto's simple tangible
a�ordances a�ect users' expression of interpersonal distance. To
explore this, we designed Picto with two manipulatable parts, hy-
pothesizing that users would engage with them to represent their
perceived distance (Fig.12) or mental states.

The slider enables users to engage with linear motion by ad-
justing the length of the overall triangular shape, while the knob,
which involves rotational motion, allows users to change the angle
of the triangle's point. Both motions allow for the programming of
various shape changes or rhythmic movement patterns.

The detailed mechanism design and hardware speci�cations are
described in the following section.

5.1 Mechanism Design
The o�-the-shelf measuring tape used for the mechanism has a
width of 12mm and a thickness of 0.16mm. The bistable CTS mech-
anism was chosen for its ability to create a dynamically adjustable
triangular shape. The tape material was selected for its accessibility
and unique mechanical properties, enabling the bistable structure
necessary for dynamically shaping the triangle by adjusting length
and angle. The tape strip was fed through the slider and knob,
forming a closed-loop with 6 wraps in total. The total length of
the tape strip is 515mm. Depending on the location of the slider in
relation to the knob part and the angle of the knob, users can vary
the triangular shape of the strip loop.

Both actuation parts are located in the knob, controlling the
distance between the slider and knob and the angle of the knob.
For both actuations (Servo 1 & 2), we used micro servo motors
(MG90D) with a separate analog feedback. However, we modi�ed
the servo for the distance control to enable continuous rotation. As
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Figure 4: (a) Assembly view of a Picto. Two servo motors
were used for controlling the angle of the knob and distance
between the knob and slider. (b) Electrical system diagram of
Picto module and its connection with it pair. The electrical
system of the client and server is identical. The client and
server roles are preset for each Picto at the software system
level; however, there is no di�erence in functionality between
the two Pictos, and users are not required to con�gure these
roles. Either member of the dyad can initiate communication.

illustrated in Fig.4 (a), we used a wheel with an outer diameter of 32
mm �xed to Servo 2 to control the distance between the two parts of
Picto. By controlling the rotation speed of the wheel, which makes
contact with the tape-spring, Servo 2 can pull and push the slider.
The �xture of Servo 2, attached with the wheel, is connected to
Servo 1, which controls the angle of the knob. When not controlled
by another person in a di�erent location, the knob can be freely
adjustable by the user, and its angular position is constantly detected
by the analog feedback line (internal potentiometer of Servo 1).

The distance sensor (Time of Flight Distance Sensor VL53L0X) is
situated between the slider and knob parts (Fig. 3 (b)). As depicted
in Fig. 3 (c), Picto features three tactile buttons that trigger three
primary interaction functions: recording the motion (red circle but-
ton), replaying the recorded motion (green square button), and the
sync button (blue square button). The green button also functions
as a save and send button when held for longer than 1 second. To
indicate that the record has been saved and sent, the green LED
blinks. When users receive a motion message from their partner,
the green LED next to the button array begins to slowly breath,
indicating that the message has been received. During recording,
the green LED lights up to signify that the user is currently in
recording mode. When the replay function is activated, the white
LED lights up. Lastly, when the user activates the sync mode by
pressing the blue button, the green LED turns on, and the white

LED of the partner's Picto lights up to indicate that the pair of
Picto devices have entered sync mode. These colored LED light
patterns help users understand what to expect from their partner,
when they can program and send their message during their turn,
and prevent interruptions while their own Picto is in synchronized
mode, playing their partner's real-time message. Even if users press
any buttons while their Picto is playing their partner's message,
the pressed button's function will not be activated.

Figure 5: Kinematics schematic diagram of the 2 DoF Picto.
The frame of references is O(X, Y).

Fig. 4 (b) illustrates the electrical system of Picto. Data between
Pictos is transmitted via a WiFi connection. Each pair of Pictos
has an identical electrical system, but one Picto is set as either the
server or client on the software level. An Arduino UNO R4 WiFi
was utilized as the microcontroller (MCU) along with a data log-
ging shield (Adafruit Assembled Data Logging shield for Arduino)
equipped with an SD card. Two separate power supplies are utilized:
one for the MCU (5VDC 2A) and another for the two servo motors
(6VDC 2A).

We implemented the PID controller for the distance control
(Servo 2), and the position control of the servo motor angle (Servo
1) with analog position feedback.

5.1.1 Kinematics Analysis.Fig.5 illustrates the kinematics model
of Picto. Picto has 2 Degree-of-freedom (DoF).' 1 and' 2 represent
the revolute joints located at the Knob and Slider.� denotes the
end-e�ector." 1 refers actuation moment of the joint' 1 driven by
the Servo 1, and the angleU presents the angular position. The
length of each edge of the tape-spring triangle are noted as;1• ;2• ;3.
;̂1•;̂2•;̂3 are versors of the each edge. The kinematics equation is:

� = ' 1 ¸ ;1;̂1 = ' 1 ¸ ;1

�
� 2>BU
B8=U

�

The inverse kinematics equations are as follows:
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Fig.6 shows the range of motion of Picto's planar motion by
adjusting the Knob angular position and the Slider's linear position.
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Figure 6: Range of motion of Picto. (a) Knob angle: 17� � 96� .
(b) range of motion rendered by varying the Knob angle while
maintaining the distance between the knob and slider is at
maximum length. (c) Distance between the knob and the
slider: 75<< � 250<<

6 User Study
The objective of this study is to enhance social presence and in-
terpersonal connectedness through mediated tangible non-verbal
cues that emulate abstract gestures, thereby fostering behavioral
engagement, psychological involvement, and a heightened sense
of co-location, co-presence, and mutual awareness. Based on this
goal, we have developed the following hypothesis:

� H1: The presence of Picto, which supports mutual awareness
among intimate dyads, will increase the sense of interper-
sonal connectedness.

� H2: Interacting with Picto during storytelling will aid both
the narrator and listener in recalling shared memories better
than when Picto is absent and only voice communication is
used.

� H3: Interacting with Picto during storytelling will engage
with the story in a more playful manner and increase the
social presence of intimate others.

By addressing the research questions, we aimed to understand
how and when users prefer to use Picto during remote commu-
nication to convey speci�c stories. Furthermore, we explored the
relationship between a limited set of motions and abstract/concrete
words, providing valuable insights for potential applications of
Picto in various contexts.

6.1 Participants
A total of twelve dyads participated in the study (Male: 11, Female:
13). Participants were recruited from the internal email lists of a
university in the United States, with ages ranging from 21 to 49
years (mean = 30.04, SD = 7.24). Dyads were included if they identi-
�ed their relationship as intimate, based on a modi�ed Inclusion of
Other in Self (IOS) scale [36], where participants rated their level
of interconnectedness with their partner on a scale from 4 (slightly
close) to 6 (extremely close).

Of these dyads, eleven described their relationship as roman-
tic couples, and one identi�ed as familial. The primary languages
spoken by the dyads were English (4), Chinese (1), Ukrainian (1),
Bengali (1), German (1), Hebrew (1), and Spanish (1). Two dyads in-
cluded partners speaking di�erent languages: English and Spanish.
Eight dyads lived together, two resided in the same city, and two
lived in di�erent states.

Figure 7: User study procedure. The main two tasks were
randomized for each study with a dyad.

Regarding communication content, 83.3% of participants en-
gaged in both casual conversations and sharing daily activities
or status updates. Additionally, 45.8% discussed work progress,
37.5% shared memes, 33.3% exchanged greetings, and 29% arranged
meetings. In terms of preferred communication methods, 79.2%
of participants used text-based messaging most frequently, 8.3%
favored face-to-face interactions, another 8.3% preferred video calls,
and 4.2% primarily used phone calls.

Moreover, 87.5% of participants used their preferred communi-
cation channels daily, while 12.5% reported infrequent use due to
regular in-person interactions.

The study protocol was approved by the MIT Institutional Re-
view Board, and each participant was given a $20 gift card as a
token of appreciation for their participation.

6.2 Materials
For the two main tasks of the study, two short stories in English
were prepared. One story, about a young snail's journey to school,
was adapted from a study by Sweller et al. [41]. The other story,
created by the authors of this study, is designed in a similar style
to evoke either iconic or deictic gestures and revolves around two
people playing musical instruments together. Each story was split
into two parts, with each participant receiving one half during
the study. By narrating their half and listening to their partner's
narration, participants were able to comprehend the complete story.

The participants completed several questionnaires, including:
1) a demographic survey, 2) an in-between task survey, 3) story
recall questionnaires, and 4) a post-survey followed by a brief verbal
interview regarding their overall experience and interactions with
Pictos. The in-between task survey included questions about their
current sense of interpersonal closeness [36], a modi�ed IPO Social
Presence Questionnaire (IPO-SPQ) [13], and a modi�ed Presence
Questionnaire [48]. It also asked participants to rate the di�culty
of narrating their story and understanding their partner's narration.
The story recall questionnaires consisted of seven questions related
to the protagonist's speci�c behaviors and actions. All survey forms
and study materials are available in the Appendix.

6.3 Procedure
Fig. 7 summarizes the user study procedure. This user study was a
within-subjects study. The study took 60 minutes per dyad. Upon
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the participants' arrival, the experimenter explained the purpose of
the study, which was to evaluate the e�ectiveness of a paired robotic
interface for remote non-verbal communication, and presented the
study protocol. After �lling out the consent form, participants were
asked to complete a demographic survey form. The experimenter
demonstrated the basic functions of Picto, focusing on the share
button as it was the main function used during the main tasks.

Participants were �rst given a pair of Picto along with a list
of abstract (emotions) and concrete (action, deictic, volume/shape
related) word lists (attached to Appendix) to familiarize themselves
with interacting with Picto's motion and expressions. The experi-
menter observed the way they create new motions matching with
each word. They were then given half of each of two stories to
skim through, enabling them to better narrate the stories during
the main task session. After this 10-minute training session (Fig.8
(a, b)), the dyad was separated into two di�erent spaces (Fig.8 (c)).

Two tasks were randomly ordered, and the two stories were given
to each task in a randomized order. Task-A involved narrating and
listening to the story without using Picto, but through only a Zoom
call (only the audio was activated but video). Picto was removed
from their room during Task-A so that they did not feel any sense
of Picto's presence. Task-B also involved narrating and listening to
a di�erent story via Zoom call (voice only) while they were given
Picto and instructed to activate the sync mode and engage with it
when they were in turn of only narrating the story.

After each task, participants were given the in-between task
survey to complete. After completing the two tasks, they were
given story recall questionnaires. Once they completed the survey
forms, they were asked to return to the initial place together and
�ll out the post-survey. The study concluded with a short verbal
interview asking for their general impression of using the Picto
system, their experiences of narrating the story during each task,
and their recommendations for using the pair of Picto during their
daily activities and in private spaces.

Video recordings of each participant's interaction with the device
were made during the brainstorming session and the two main tasks
upon their consensus.

6.4 Results
6.4.1 Word Mapping with Motions.During the training session,
participants were given a list of words and asked to use Picto's
motions to express their meanings. It was noted that they found
it easier to create motions for deictic and action-related words,
whereas emotion-related words were more challenging to express.

Interestingly, 11 pairs independently developed similar motions
to convey happiness. They did this by quickly rotating the Knob
with a brief phase and bringing the Knob closer to the Slider. This
consistent gesture indicates a universal tendency to link speci�c
movements with positive emotions like happiness.

Furthermore, we discovered that lowering the height of Picto's
end-e�ector and reducing its shape size were more often associated
with negative emotions (depression, sadness, disgust). Additionally,
participants expressed anger by rapidly moving the Slider toward
the Knob, as if to crash into it. This suggests that participants
intuitively associated certain physical characteristics of Picto with
negative emotions.

For words related to concrete meanings such as shape, volume,
and size, participants commonly adjusted the triangular shape of
Picto to express these concepts. As illustrated in Fig.10, participants
employed the following strategies:

� Big vs. Small: Represented by the area of the triangle, achieved
by adjusting the perpendicular height of the top edge from
the ground.

� Short vs. Long: Indicated by the distance between the two
parts (knob and slider).

� Pointy vs. Dull: Expressed through the top interior angle of
the triangle.

Additionally, one pair of participants, who had experience in
sailing, immediately drew a metaphorical connection to a speci�c
triangular shape and the direction of Picto's end-e�ector relative
to a sail. This highlights the diverse and creative ways in which
participants adapted Picto's motions to convey meaning, drawing
upon their unique experiences and expertise.

6.4.2 Social Presence and Interpersonal Connectedness.We per-
formed a t-test to compare the two groups. The bar chart (Fig.9
(a)) displays the results from the modi�ed IPO-SPQ questionnaire,
contrasting experiences with Picto (yellow bars) and without Picto
(gray bars). Participants reported feeling more personal and socia-
ble when using Picto compared to only using voice communication.
The sense of personal connection was rated higher with Picto (aver-
age = 4.81, SD = 1.36) than without Picto (average = 4.29, SD = 1.62),
though this di�erence was not statistically signi�cant (P = 0.12 >
0.05). Similarly, sociability was rated higher with Picto (average =
5.15, SD = 1.08) compared to without Picto (average = 4.71, SD =
1.42), but this di�erence also lacked statistical signi�cance (P = 0.12
> 0.05).

The second bar chart (Fig.9 (b)) shows participants' responses
on various aspects of presence, comparing experiences with and
without Picto. These aspects include Possibility to Act, Realism,
Quality of Interface, Haptic, and Possibility to Examine. Participants
felt a slightly greater possibility to act with Picto (average = 4.08,
SD = 1.72) compared to without Picto (average = 4.06, SD = 2.33),
but this di�erence was not statistically signi�cant (P = 0.46 > 0.05).
Notably, the engagement level in terms of tactile interaction (haptic)
was signi�cantly higher with Picto (average = 4.10, SD = 1.59)
compared to without Picto (average = 1.98, SD = 1.75), and this
di�erence was statistically signi�cant (P = 0.00 < 0.05).

The average rating for the sense of interpersonal connectedness
after completing Task-A (without Picto) was 5.04 (SD = 1.07), while
after completing Task-B (with Picto), it was rated at 5.27 (SD = 0.70).

6.4.3 Memory Recall.The incorrect answer rate during Task A
was 28.5%, while for Task B, it was 33.7%. However, participants'
ability to recall the story was not signi�cantly a�ected by whether
they engaged with Picto or not.

For questions related to deictic information, the correct answer
rate was 68.8% with Picto, compared to 63.6% with voice-only com-
munication. Moreover, qualitative feedback from participants indi-
cated that recalling questionnaires involving directions (right, left,
behind, above) was easier with Picto. This improvement was attrib-
uted to the need to manipulate Picto to match the given directions,
enhancing their spatial memory and recall.
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Figure 8: A user study was conducted to evaluate the Pictos' ability to enhance the playfulness of the remote communication
experience via mediated non-verbal cues. (a, b) Intimate dyads were �rst introduced to play with a pair of Pictos to explore their
expressiveness and co-create motions to represent abstract and concrete words. (c) Then, they were separated into di�erent
spaces to complete storytelling tasks with and without Picto.

Figure 9: (a) Modi�ed IPO Social Presence Questionnaire (IPO-SPQ) Rating Result. (b) Modi�ed Presence Questionnaire result.
(c) Task Performance self-report result

Figure 10: Example of using Picto to express vol-
ume/size/shape related information. (a) Big, pointy,
short (b) Small, dull, long

6.4.4 Post-survey Self-report.The participants rated the intuitive-
ness of using the user interface of Picto as 3.75 on average (SD =
0.94) in response to the question "It was intuitive to use all func-
tions" (1: strongly disagree, 5: strongly agree). Regarding the ease
of learning to use all functions, they rated it as 4.12 on average (SD
= 1.07) (1: strongly disagree, 5: strongly agree).

The bar chart (Fig.9 (c)) presents participants' self-reported expe-
riences on Task Performance ("How do you think that you managed
to do the tasks in the system?") , Easy to Learn ("How easy did you
feel that it was to learn how to use the system?"), Playfulness ("How
playful did you feel that it was to interact with the system?"), and
Expressiveness ("How expressive was the story you heard from

your partner?"), comparing experiences with and without Picto.
Playfulness was rated higher with Picto (average = 5.46, SD = 1.25)
than without Picto (average = 5.05, SD = 1.66), but no signi�cant
di�erence (P = 0.18 > 0.05). Expressiveness was also rated higher
with Picto (average = 4.64, SD= 1.50) compared to without Picto
(average = 4.43, SD = 1.21), without signi�cant di�erence (P = 0.30
> 0.05).

Furthermore, twelve participants expressed their intention to use
Picto for simple greetings (e.g. Hi, good morning, good night, how
are you?, I'm thinking of you), particularly to check their partner's
status, especially in the morning and before going to bed. Also,
nine participants responded that they would use Picto to express
their simple mood (e.g. I love you, I'm happy, I'm upset, excitement).
Additionally, two participants mentioned that they would utilize
Picto as a means of grabbing physical attention from their partner,
serving as an alternative to digital poking, and as a reminder for
their partner to check their main communication channel when
urgent responses are needed.

Regarding the single-choice question `What function did you
enjoy the most?' aimed at gathering participants' overall feedback
on the di�erent functionalities for further device improvement,
45.8% of participants indicated that sharing synchronized motion
in real-time was the most enjoyable function, followed by playing
rhythmic motions (20.8%) and changing the shapes of the device
(16.7%). One participant commented that they particularly enjoyed
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the moment when their partner was laughing as they moved the
Picto around.

Regarding the open question of "Where would you place this
device at your place?", participants of the study responded that they
would place it wherever they can see it most often. Nine partici-
pants noted that they would place Picto on either their o�ce desk
or private room desk. Additionally, three participants mentioned
that they would like to move Picto around throughout the day. Four
participants said they would position it near their bed or in a very
private place so that they can feel closer to their partner and check
it immediately upon waking up. One participant mentioned that
they would hang the Picto on the wall to have more fun/goofy
usage in their private space. These insights provide a deeper under-
standing of how participants envision integrating Picto into their
daily routines and personal spaces.

The interest expressed by two couples with cats in using Picto
for remote play highlights an unexpected yet delightful application
of the device. This interest stems from the understanding that cats
enjoy random and unexpected motions, suggesting that Picto's
dynamic and customizable movements could provide stimulating
interaction for their feline companions even in their absence. This
novel use case extends Picto's potential beyond human-to-human
communication, showcasing its ability to foster connection and
presence across species.

Additionally, one participant mentioned wanting to give one of
the Pictos to their younger brother, who spends most of his time at
the computer desk playing online games and avoids communicating
with family. They felt that placing Picto on his desk would be a
great way for him to give gentle nudges of attention, allowing for
subtle communication without the social pressure of immediate
responses. They mentioned that even a random and simple motion
of Picto could provide reassurance by subtly checking in on their
brother's well-being in a non-intrusive way.

Moreover, a couple who live in di�erent states mentioned that
they would not mind delayed communication and would prefer
the record and replay functionality over synchronous communica-
tion. This preference arises from their frequent presence in remote
wilderness areas with limited access to mobile communication
and limited communication bandwidth. In such circumstances, the
ability to record and replay messages allows for expanded commu-
nication channel despite connectivity challenges. Similarly, couples
with family members living abroad highlighted that the asynchro-
nous messaging functionality is particularly bene�cial for sending
messages of care to their loved ones in di�erent time zones.

Regarding the impact of the inactive Picto on participants' per-
ception of their partner's presence, Fig. 11 shows participants' re-
sponses to the question, "How much would you feel the presence
of your partner having the device at your home/private place even
when the device is not moving?" The responses are measured on a
scale from 1 to 7, where 1 represents "No sense of presence at all"
and 7 represents "Strong sense of presence (Feels like my partner is
at my place)."

Overall, the data indicates that while an inactive Picto generally
provides a moderate sense of presence, the level of perceived pres-
ence varied among participants. Most participants felt a noticeable
presence (rating 5), but only a few experienced a very strong sense
of their partner's presence when the Picto was not active. This

Figure 11: Responses to the question of "How much would
you feel the presence of your partner having the device at
your home/private place even when the device is not mov-
ing?"

implies that while the Picto has a presence-enhancing e�ect, its ef-
fectiveness varies. It may require a longer period of co-experiencing
the pair of Pictos in the same place to build a stronger mutual aware-
ness and maximize its impact on users' perception of their partner's
presence.

Lastly, the participants' mention of the amusing squeaking sound
produced by rotating the Knob, particularly when discussing happy
and positive experiences, highlights the multisensory nature of
Picto's interaction. The association of speci�c sounds with emo-
tional content can help create a more immersive and engaging
communication experience, enhancing the sense of presence and
connection between partners.

7 Discussion
7.1 Hypothesis
The �ndings o�er partial support for H1. Participants reported a
slightly higher sense of interpersonal connectedness when using
Picto (average = 5.27, SD = 0.70) compared to not using it (average
= 5.04, SD = 1.07), but the di�erence was not statistically signi�cant.
Similarly, the IPO-SPQ questionnaire indicated that participants felt
a greater sense of personal connection and sociability with Picto,
though these di�erences were also not statistically signi�cant.

RegardingH2, the results were mixed. There was no signi�cant
di�erence in story recall ability, regardless of Picto use. The incor-
rect answer rate was slightly higher with Picto (33.7%) compared
to without it (28.5%). However, participants found it easier to recall
spatial information (e.g., right, left, behind, above) when using Picto,
likely due to the need to manipulate Picto to match the directions.

The results also partially supportH3. Participants felt a signif-
icantly higher level of engagement in tactile interaction (haptic)
with Picto (average= 4.10, SD = 1.59) compared to without it (aver-
age = 1.98, SD = 1.75), a di�erence that was statistically signi�cant
(P < 0.05).
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Figure 12: How the tangible a�ordance of Picto a�ects users'
ability to express their desired distance from others.

In conclusion, while not all hypotheses were fully supported,
the results provide valuable insights into Picto's potential to en-
hance social presence and engagement in remote storytelling. The
signi�cantly higher tactile engagement and qualitative feedback
on the ease of recalling directional information with Picto under-
score the importance of gestural interaction, particularly beat and
representational gestures, in remote communication involving spa-
tial information. Future research could explore factors in�uencing
shared-memory recall to remind individuals of past moments' levels
of connectedness over time in the context of tangible telepresence.

7.2 Observation
The observations from the user study highlight the in�uence of
Picto on participants' communication behavior and the potential of
tangible interfaces to enhance remote storytelling experiences. As
Fig. 13 illustrates, the introduction of Picto prompted participants
to adopt a more expressive communication style, incorporating ges-
tures and body movements to complement their verbal narration.
In contrast, when participants focused on reading the story from
a display without using Picto, they tended to constrain their hand
and body movements. This di�erence in communication behavior
underscores the role of visual aids, such as Picto, in encouraging
expressive communication and engagement during storytelling ac-
tivities. This �nding aligns with research on the bene�ts of beat
gestures in face-to-face storytelling [3, 24]. A study by Alibali et
al. [3] showed that gestures play both speaker-internal and com-
municative functions, and the visibility of gestures a�ects the fre-
quency of their usage. By allowing the dyads to share their gestures
via Picto and view each other's unique gestures, it in�uenced the
way they used their bodies during communication, regardless of
being able to see each other's faces.
7.2.1 E�ect of Gesture Visibility.The �ndings also suggest that
interacting with Picto during remote voice communication helped
dyads articulate the story in a playful manner, even with random
movements of the device. This observation aligns with previous re-
search on the bene�ts of beat gestures during in-person storytelling
[2, 3, 49]. The incorporation of tangible interaction through Picto
facilitated the recall of participants' verbal expressions related to
directional and behavioral information, enhancing the storytelling
experience and aiding in memory retention.

Interestingly, participants tended to relate even random motions
of Picto to their partner's hand gestures and unique behaviors. This
tendency serves as a reminder of the other's presence and often
leads to moments of laughter between couples. The attribution of

Figure 13: Observation result of participants' behavior in
comparison with when they were given with Picto (the per-
son on the right side was in the control of Picto) (a) and
without Picto (b) during the storytelling task.

meaning and signi�cance to seemingly random movements high-
lights the human inclination to seek connection and familiarity in
communication. This phenomenon not only reinforces the sense
of presence and connection between partners but also fosters mo-
ments of joy and amusement within the interaction.

The nature of Picto's design and interaction method also in�u-
enced participants' perception and use of the device. The sound
created by rotating the Knob, particularly the squeaking noise,
added an interesting dimension to the interaction. Couples tended
to generate this sound when the content of their conversation was
related to happy and positive experiences, suggesting that the au-
ditory feedback from Picto can be used to convey and reinforce
emotional states.

Furthermore, participants often interpreted the Slider part of
Picto as a character, such as a duck (Fig.12), and used it to adjust the
distance between the Slider and the Knob. This creative use of the
device demonstrates how tangible interfaces can inspire users to
develop their own narratives and incorporate the device into their
storytelling. By allowing participants to manipulate the physical
components of Picto, the device facilitates engaging storytelling
experiences, enabling users to express spatial relationships and
character dynamics in a tangible manner.

7.3 Co-creation and Language Evolution
As noted by Christiansen and Chater in "The Language Game [11],"
language is not a product of innate grammars or biological evo-
lution, but rather improvisation. The authors emphasize that lan-
guage's only requirement is that its users desire to understand and
be understood.

The concept of language evolution and co-creation is particu-
larly relevant. By providing users with tools to express themselves
through tangible interactions, Picto facilitates the emergence of a
shared language between users. One bilingual couple who partic-
ipated in the Picto study mentioned that using Picto for remote
communication felt like conversing in an entirely new language.
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They mentioned that they felt like creating their own secret, inti-
mate language in another dimension. The tangible nature of the
interfaces allows for the development of unique gestures, patterns,
and meanings speci�c to the dyad or group of users. Addition-
ally, we observed that participants began to build their language
based on shared experiences. For instance, as mentioned earlier, one
couple who practiced sailing together began constructing their lan-
guage using sailing metaphors, projecting the di�erent triangular
shapes of Picto onto the sail of a boat.

This co-creation process fosters a sense of intimacy and con-
nection, as users collaboratively build a shared understanding and
language through their interactions with Picto. We found that Picto
enables users to shape their communication style and create a per-
sonalized language that exists in its own dimension, re�ecting their
relationship and shared experiences. This highlights Picto's poten-
tial as a tool for fostering connection and playfulness in remote
communication.

7.4 Build a Mutual Awareness in Advance
While it may seem obvious, it is crucial for dyads to establish mu-
tual agreement and awareness regarding the use of paired Pictos
before using them in separate spaces. This fosters interpersonal con-
nectedness and trust as they collaborate to build a shared language
while physically interacting with the two identical, shared objects
(Picto). The study results emphasize this mutual understanding. For
example, when a couple was co-creating their shared language to
express one of the listed abstract words, they were able to con�rm
each other's unique interpretation of the word and how it would
be expressed through Picto's shape and motion variations. We ob-
served that having this shared experience in advance enriched their
remote communication, particularly when participants were in the
listener role. They expressed that they could imagine how their
partner moved their hand to send various messages through inter-
action with Picto, and often projected their partner's �gure onto
Picto's motions. However, to reinforce this argument, a comparative
study�examining dyads' interaction behavior when given time for
co-creation versus when immediately separated�should be con-
ducted. These �ndings suggest that merely having a paired tangible
interface is not enough to enhance connectedness. Instead, dyads
must actively engage in co-creation and establish a shared under-
standing of their interactions with Picto. This process of building
mutual awareness involves several key steps:

First, dyads should discuss their expectations, preferences, and
boundaries regarding Picto. Open communication ensures comfort
with the level of interaction and the types of messages or gestures
exchanged. Establishing clear guidelines helps create a safe and
supportive environment for exploring this new communication
medium.

Second, dyads should familiarize themselves with Picto's func-
tionalities and capabilities before using it in separate spaces. Hands-
on exploration allows users to develop a shared understanding of
the system's potential and limitations, fostering collaboration.

Third, dyads should co-create a personalized `vocabulary' of
gestures and interactions that hold unique meaning within their
relationship. This process enhances connectedness and adds emo-
tional value. By investing time in developing a shared language,

dyads are more likely to feel connected when using the system
remotely. The study with Picto also suggested that speci�c motions
are not necessarily required to evoke a sense of presence. As long
as there is strong mutual awareness, even random motion accompa-
nied by mechanical noise can provide comfort and act as a physical
nudge to capture attention.

Finally, building mutual awareness is an ongoing process that
extends beyond initial setup. Dyads should continually re�ect on
their experiences, share feedback, and adapt their use of the system
as their relationship evolves. Personalization plays a key role in
enhancing mutual awareness, as it allows user to infuse elements of
their identity into Picto, fostering a deeper sense of attachment. By
collaboratively customizing the device, dyads can create a shared
experience, which further supports the development of their unique
communication and interaction style. This is similar to purchasing
a physical object as a souvenir from a memorable place the dyad
visited together. For example, one participant mentioned want-
ing to add colored tape to the measuring tape part to personalize
Picto's appearance, making it feel more personal. Another couple
expressed interest in customizing the overall appearance together
by adding colors, attaching stickers, or placing magnets on the
tape. Maintaining open dialogue and a willingness to iterate on
their shared understanding ensures that Picto remains an e�ective
tool for fostering connectedness. Designing a system that naturally
guides dyads to maintain this behavior is a future research goal.

7.5 Challenges and Opportunities in
Gesture-Based Communication with Picto

The di�erences in results between voice-based and Picto interac-
tions can be attributed to several factors. First, the modi�ed Pres-
ence Questionnaire, particularly the quality of the interface, may
not have fully captured the participants' experiences with Picto.
Since participants were unfamiliar with the novel tangible inter-
face, their initial lack of familiarity likely in�uenced their scores.
Several participants mentioned after the study that it could have
been better for them to get used to with Picto if they were given
much more time beforehand than 10 min training session. Also,
they mentioned that if they have more time to use Picto regularly
in their daily lives, they might have become more comfortable and
adept at using it.

Since the current study focused solely on comparing voice-based
storytelling interactions with Picto, participants may have per-
ceived voice as the primary communication channel, emphasizing
direct and precise information exchange. While one couple noted
that the squeaking sound from Picto enhanced their ability to am-
plify certain emotions, many participants found the actuation noise
to be a major concern during conversations, as it distracted them
and made it harder to focus on the other person's voice. This likely
contributed to the higher self-rated task performance for voice
interactions (Fig.9 (c)).

The nature of the storytelling task may have also contributed
to the di�erences in performance between the two interaction
modes. Several participants mentioned that being in the narra-
tor role, where they had to articulate an unfamiliar story, was more
challenging than being in the listener role. In contrast, listening to
the story narrated by their partner while observing or interacting
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with Picto's movements felt like a more playful experience. This
added to the di�culty of using Picto, as narrators had to divide
their attention between telling the story and managing the un-
familiar tangible interface. On the other hand, participants were
more accustomed to voice-based interactions, which allowed for
smoother task performance. These factors likely in�uenced the
overall results, with voice interactions scoring higher in terms of
ease of use and task e�ciency. Although we designed the study for
a more controlled setting, we think that adding an extra task where
participants narrate a story from their own experiences could help
address the imbalance in task di�culty.

One bilingual couple also noted that learning to use Picto initially
felt like learning a completely new language. This unfamiliarity
may have contributed to the lower scores for ease of use compared
to voice interactions. The higher ease-of-use ratings for voice-only
interaction can be explained by the fact that voice communication
via platforms like Zoom is a well-established and familiar mode of
interaction, as the demographic survey revealed that participants
frequently communicated via video or phone calls, making voice a
more intuitive and habituated communication method.

In contrast, as one couple noted, Picto's speci�c motions re-
minded them of their partner's unique movements, highlighting
Picto's strength in encouraging users to engage with gestural in-
teractions and convey abstract non-verbal cues. This potential was
supported by the memory recall results, emphasizing the impor-
tance of non-verbal behavioral involvement in remote narrative
communication. Additionally, Picto can create an ambient presence
even as a static object (Fig.11), fostering the co-creation of shared
language and symbols, as discussed in Section 7.3 and 7.4. However,
this potential was not fully realized in the short study period and
may require extended use for participants to develop and evaluate
context-based shared tangible languages.

8 Future Work
In this paper, we focused on evaluating the potential of integrat-
ing mediated non-verbal gestural cues via paired tangible kinetic
interfaces in remote communication between intimate partners,
speci�cally regarding their perceived connectedness and social
presence. Sweller et al. [41] demonstrated the importance of en-
gaging gesture production in recalling narratives. Building on this,
we aim to enhance dyads' ability to recall shared remote memo-
ries through a robotic-mediated tangible interface. Given the study
results showing Picto's e�ectiveness, we plan to further validate
the signi�cance of using robotic-mediated tangible gestures for
memory recall by conducting an additional user study. In this study,
dyads will complete collaborative storytelling exercises. After a
week, they will be invited to recall their storytelling experiences,
focusing on the speci�c motions they co-created using Picto.

A longitudinal study will enable us to comprehend how intimate
dyads interact with Picto in their daily routines and observe the
evolution of various motions and gestural languages as they use it
collaboratively [4]. Furthermore, this study will provide a detailed
assessment of di�erent functionalities and their usage patterns,
including preferences for device placement and instances of relocat-
ing it within their environment. It will also highlight the usability
of the asynchronous communication aspect, which could mitigate

the current technical drawback of actuation noise that disturbed
participants during real-time interactions involving voice.

While Picto shows potential in promoting gestural communica-
tion and social presence, its current limitations�such as the steep
learning curve and disruptive actuation noise�pose signi�cant
barriers to its e�ectiveness. For instance, during real-time inter-
actions, the noise distracted participants from focusing on their
partner's voice, hindering seamless communication. These issues
suggest that further re�nement of the interface and improvements
to reduce actuation noise are necessary. In addition, implementing
audio recording, replaying, and sharing capabilities in Picto may
enhance gesture-based remote communication by providing ver-
bal cues alongside gestures, helping to reduce misunderstandings
arising from complex combinations of shapes and motions.

Exploring the implementation of force feedback interaction for
real-time synchronous communication could reveal whether it en-
hances traditional remote communication and collaborative work.
Nevertheless, �ndings from the user study and qualitative feedback
indicate that participants were less interested in using paired Pictos
for real-time communication. Instead, they appreciated the ambient
presence provided by Picto, which could be further supported by its
asynchronous communication functionality. This ambient presence
did not demand immediate responses; the mutual understanding
and context established while using the Pictos together in the same
space su�ced. Even the mere presence and random motion of the
Picto reassured them of their partner's well-being and conveyed
mutual thoughts.

The current prototype requires users to manually search through
the SD card's stored data to browse through the entire interaction
history and replay speci�c messages. A web-based graphical user
interface (GUI) could enhance user experience by allowing easy
navigation of past interaction histories and visualization of recorded
and received motions without needing the Picto hardware to actuate
each history.

The potential applications of Pictos as tangible symbolic repre-
sentations could be especially valuable in situations where access
to fast-paced, voice-based communication channels is limited. Also,
in collaborative work environments, Pictos could convey abstract
concepts such as agreement, uncertainty, or the need for attention
through intuitive physical interactions. In educational settings, Pic-
tos could be used as engaging tools to teach abstract ideas and
promote embodied learning experiences.

9 Conclusion
This paper addresses the critical need for enhanced remote commu-
nication by incorporating non-verbal cues and tactile interactions
to boost social connectedness and presence. We introduce Picto,
a kinetic interface designed for pairs to facilitate the recording,
replaying, and sharing of non-verbal gestural messages in close
relationships. Picto demonstrates its potential to improve computer-
mediated communication, enabling users to convey abstract ideas
through iconic gestures and subtle movements.

Picto's design features a novel mechanism with a bistable com-
posite tape-spring structure, allowing personalized motions and
shapes that represent the presence of a signi�cant other. By of-
fering linear and rotational gestural engagements, Picto enriches
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self-expression in remote communication. Additionally, its record-
ing and sharing functions help users maintain a sense of social
presence despite physical separation, emphasizing the importance
of connection and behavioral engagement in interpersonal relation-
ships.

A user study with intimate pairs has demonstrated Picto's usabil-
ity and e�ectiveness as a platform for sharing remote non-verbal
cues, enhancing interpersonal connectedness and personal attach-
ment to the system. Participants appreciated Picto's sociability and
playfulness.
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