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Abstract

The initial phase of innovative product design is marked by uncer-
tainty and complexity. This paper examines the use of participa-
tory workshops to navigate this phase within the ToCaro research
project. The project aims to develop tactile and multisensory inter-
faces for remote communication to mitigate feelings of loneliness
by promoting a sense of physical proximity. Fourteen co-design
workshops were conducted with senior participants (age > 65)
to examine their communication behaviors, identify latent needs
and evaluate physical sensations elicited by various materials and
forms of interaction. The workshops included semi-structured in-
terviews, sensory perception tests, interaction concept evaluations,
and “quick-and-dirty” prototyping. This paper outlines the facili-
tators’ experiences, the challenges, and learnings. Results indicate
that while participants exhibited varied levels of engagement, those
with a perceived need for new communication devices contributed
effectively to the creative process.
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1 Motivation and Objectives

The COVID-19 pandemic has highlighted the importance of social
and physical interaction for personal quality of life. While video
conferencing and virtual encounters bridged gaps, it became clear
that “something was missing” [5]. Physical presence appeals to
other senses and supports an “embodied experience” facilitating
implicit, non-verbal communication and the transmission of emo-
tions [19]. Research shows that the sense of touch has the potential
to elicit, influence, and display emotions, and it is an important
communication channel, potentially capable of alleviating feelings
of social isolation [3, 8, 12].

1.1 The ToCaro Research Project on Emotion
and Tactile Interfaces in Remote
Communication

The ToCaro project investigates the potential for technology and
tangible interaction to convey physical proximity in remote com-
munication. The objective is to enable interaction between two
or more individuals using ToCaro devices, which have a textile
surface equipped with sensors to detect touch and pressure. These
interactions will be mediated through “artificial muscles” (dielectric
elastomer actuators [9]; HASEL actuators [11]) and actuators that
transmit signals. e.g. light, sound and heat. The device must be
capable of modifying its shape and surface area with centimeter
precision and achieving large displacements using hydraulic or
pneumatic elements. This capability is intended to enrich remote
communication on sensory and emotional levels, thereby alleviat-
ing feelings of social isolation caused, for example, by pandemics,
physical distance, or health constraints. The design and functional-
ity of the device have not yet been precisely defined and are in the
preliminary stages of development.

1.2 User Involvement in the Early Development
Phase

The ToCaro project follows a participatory approach actively in-
volving potential end-users and stakeholders in the initial stages of
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problem definition and ideation. The aim is to “make the decision
process richer and more varied [...]” [1, p. 121] by collecting dif-
ferent perspectives, experiences and desires, and thus achieve “an
impact with positive, long-range consequences” [14, p. 9]. At the
heart of the Scandinavian tradition of participatory design, which
emerged in the 1970s [2], is the idea that “[...] the people destined
to use the system play a critical role in designing it” [16, p. 11].

The initial project phase of ToCaro focuses on problem definition
and the exploration of preliminary ideas and concepts for elderly
people (age > 65) - a social group susceptible to loneliness in Ger-
many, as longitudinal data on long-term trends indicate [15]. To
limit the Gray Digital Divide [10], which states that elderly people
are less able to access new technologies, we are involving the target
group by exploring their needs and feelings in “design partnerships”
[17, p. 164] following the participatory approach [18]. This aims
to enable developers and designers to empathize with potential
users and create tacit knowledge, which is difficult to articulate
verbally [13].

This paper reflects on a co-design workshop format the ToCaro
project has employed, along with the challenges, limitations, and
lessons learned from the practical experiences with the target group.

2 A Reflection on a Co-design Workshop With
Elderly People

2.1 Overview

Fourteen co-design workshops were held to explore the diverse life
experiences of potential users and to experimentally investigate
emotional and physical perceptions of materials and haptic inter-
actions. The participants’ expertise was utilized to define relevant
target groups and usage scenarios for the ToCaro device.

Participants were recruited through community centers (2), a
newspaper article (10) and personal inquiries (2). The 14 partic-
ipants, aged 65-81, included 11 women and 3 men with diverse
professional backgrounds, including engineering, art therapy, sales,
teaching, psychology, and social pedagogy. None had severe cog-
nitive or motor impairments. They stated a medium level of tech-
nology affinity (M=2.9; SD=0.38) and slightly negative attitudes
towards technology (M=3.5; SD=0.70) compared to positive atti-
tudes (M=2.5; SD=0.72), according to the “Affinity for Technology-
Electronic Devices” (TA-EG) questionnaire, using scales from 1 -
5 [6]. The 90-minute individual workshops were divided into three
parts: 1) semi-structured interviews on communication behaviors
and related needs; 2) testing stations for haptic perception; and
3)“quick-and-dirty” prototyping of an ideal ToCaro device. The fol-
lowing sections present the workshops’ hands-on exercises and key
findings, highlighting the challenges and limitations of the methods
and tools employed.

2.2 Hands-on Part I: Touch & Feel and Haptic
Interaction Testing

2.2.1 Objectives and Procedure. Hands-on Part I is based on peo-

ples’ ability to associate tactile stimuli with qualitative adjectives [12].

It thus focused on participants’ physical perceptions and emotional
sensations in relation to different materials and interactions. This
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task was designed to explore our target group’s subjective sensory
associations, linked to attributes, memories, and judgments.

At the Touch & Feel Station, participants evaluated four mate-
rials with different tactile and visual properties (birch plywood,
translucent silicone sheet, cotton fabric, and tinplate steel) that
are representative of potential material types for ToCaro devices.
Participants explored the materials in both blind and unblinded
conditions. At the Haptic Interaction Station (see Fig. 1), interactive
prototypes were designed with basic technologies - e.g. a thermo-
electric cooler and a telephone vibration motor - to simulate five
potential interaction scenarios of the ToCaro device. These sce-
narios involved (body) heat transfer, vibration, touch (pressure or
counter-pressure), motion (wiggle, nudge, transfer of movement at
a distance), and playful interaction using a balloon-based tactile dot
matrix. For both stations, participants were asked to state their asso-
ciations and to rate their subjective perception using a set of bipolar
scales with pairs of opposing terms, e.g. “attractive”/“repulsive”,

» <«

“valuable”/“inferior”, “exciting”/“boring”.

Figure 1: Interaction toolkit to test 1-2: (body) heat, 3-4: vi-
bration, 5: touch, 6: motion, 7-8: playful interaction

2.2.2 Results. In the Touch & Feel Test, on average, all materi-
als were perceived as rather “familiar,” with cotton being the most
“comfortable;” “warm” and “soft.” in contrast to the “technical.” “cold”
and “hard” perceptions of tinplate steel. No considerable differences
were found between the blind and unblinded conditions. However,
there is a wide range of values for the different materials and oppos-
ing connotations, suggesting that perceptions vary considerably.
The only consensus among the participants was that steel is per-
ceived as hard and silicone as soft.

In the Haptic Interaction Test, the warm interaction item (1-2)
was perceived as “pleasant,” “soothing,” and “familiar” (see Fig. 2,
orange graph). Most of the participants associated these sensations
with soft items such as “blanket,” “soft/fluffy,” or “warm garment,’
and often with human qualities like “handshake” or “warmth of
the body.” The touch element (pressure and counter-pressure) (5),
involving interaction with another (invisible) hand, was rated simi-
larly, tending to be “attractive,” “pleasant” and “soothing,” but also
“interesting,” and “special” (see Fig. 2, dark green graph). In contrast,
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the vibration item (3-4) was perceived as mainly “technical,” rather
“repulsive,” “unpleasant,” and “disturbing” (see Fig. 2, blue graph).
Associations to this vibration were linked to physical complaints

and unpleasant stimulation current in physiotherapy. The results

special conventional
interesting uninteresting
attractive repulsive
pleasant unpleasant
exciting boring
natural technical
soothing disturbing
familiar unfamiliar
-3,0 2,0 1,0 0,0 1,0 2,0 3,0
»—heat vibration  -e—touch motion - playful interaction

Figure 2: Interaction concepts evaluation results

are relevant to ToCaro’s material selection. They indicate that in-
corporating warm elements or materials transferring body heat
can evoke a pleasant, human sense of connectedness, potentially
enhancing user experience. Contrary to our expectations, the touch
object was perceived as pleasant rather than eerie. This result is
valuable for our research on avoidance of eeriness in emotional
tactile communication. The perception of vibration will be further
investigated since studies show that vibration stimuli can evoke
various emotions, including happiness and alertness, depending on
amplitude, frequency, and its combination with other stimuli such
as heat [8, 12].

2.2.3 Challenges and Limitations. Participant observation revealed
frequent uncertainties in assigning material- and interaction-related
perceptions to the opposite connotations on the scales. We assume
that this often led to marking in the middle or filling in the scales
arbitrarily. For both the Touch & Feel Tests as well as for the Haptic
Interaction Tests, the sensory perceptions of the participants varied
considerably. Therefore, given the limited sample size of fourteen
participants, the study provides preliminary findings that suggest
trends that require further investigation. In the blinded condition,
participants often guessed the materials rather than relying solely
on haptic perception, which presented a challenge in distinguishing
haptic feedback from other sensory cues.

2.3 Hands-on Part II: “Quick and Dirty”
Prototyping

2.3.1 Objectives and Procedure. In the final part of the workshop
participants created low-tech prototypes using various materials
within a limited time frame. This method aimed to rapidly trans-
form ideas into physical models and facilitate the identification of
unanticipated [4] or latent user needs [14], application contexts, and
target groups. This approach aligns with the principle of “thinking
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through prototyping” [7], which encourages the hands-on explo-
ration of ideas.

Participants were asked to envision themselves on a futuristic
planet with limitless technology and to design a new device that
enables remote communication and the exchange of emotions and
touch with a loved one, without using a screen. They were asked to
consider several aspects of the device’s design, including features,
appearance, and, handling. Participants received materials such as
cardboard, clay, textiles, composite materials, and tools such as glue,
scissors, and needles. Finally, five key questions had to be answered
about the device’s functions, context of use, handling, emotions
conveyed, and methods of interaction.

Figure 3: Selection of "Quick-and-Dirty" prototypes created
by the participants

2.3.2  Results. The prototypes are designed in a way to facilitate
communication between seniors, including nursing home residents,
and their family, friends, and neighbors. They are meant to ac-
commodate seniors with cognitive or motor impairments, such as
dementia or osteoarthritis, and support independent and inclusive
interaction with senior-friendly controls, such as large buttons and
color-coded fields. Voice control and tactile feedback, such as vibrat-
ing or shaking of the device for incoming calls, were suggested for
seniors with sensory impairments. Evaluations indicated a desire
to convey emotional closeness over distance through heartbeat,
hand warmth, and facial expression, activating sensory responses
and achieving mood-enhancing or calming effects. Some partici-
pants added an 'T'm thinking of you’ feature to provide a subtle
communication option for seniors who may not have the cognitive
capacity to actively participate in the lives and daily activities of
others. Other features included safety and support functions such
as appointment and medication reminders, emergency buttons, and
playful interactions. Participants often envisioned their devices as
soft objects with textile surfaces that were large for easy handling
or that could be worn as accessories. Based on the identified target
groups and usage contexts, 7 personas were created and used in
a subsequent workshop with team members from the design and
technology departments to further define the use case and features
of the ToCaro device.
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2.3.3 Challenges and Limitations. The prototyping task was re-
ceived with varying degrees of enthusiasm and engagement. Half
of participants approached the task without hesitation, expressing
their ideas, needs, and desires bringing up issues and questions
that might not have come up in a mere verbal discussion. However,
others felt overwhelmed by the practical nature of the activity and
expressed a strong aversion to the creative technique, preferring
verbal or written notes instead. Despite clear instructions that aes-
thetic perfection was not the goal, many cited a lack of creativity
or skill as reasons for their reluctance. Additionally, participants
often did not perceive a need for a completely novel tool, compli-
cating the ideation process. In most cases, the supportive (guiding)
questions to facilitate entry into the creative process proved to be
helpful to encourage idea generation. However, translating these
needs into a tangible technological object remained challenging.

3 Lessons Learned and Discussion

In the initial phase of the project, we aimed to generate new, tangi-
ble communication ideas in co-creation with elderly participants.
This posed several challenges due to the novel nature of the device
and its need to address latent, often unconscious needs, compli-
cating requirement elicitation and conceptualization. Furthermore,
in particular our target group of elderly people may have found it
difficult to translate their needs into concepts for a digital device,
as they have less experience with new technologies and appear to
be less open to technological innovation [10] (see TA-EG results
in 2.1). An additional challenge was that the emotional and physi-
cal qualities associated with materials and interactions in different
contexts are still underexplored [12] in research.

The generative co-design activity described in section 2.3 faced
challenges due to participant disengagement. While this task yielded
inspiring outcomes, methodological improvements are needed in
participant recruitment, tools, materials and workshop implemen-
tation. Involving participants with relevant expertise or interests,
such as those in the creative field, could have improved interactions
and outcomes. Nevertheless, we consider participant diversity as
a key strength of the participatory design, emphasizing its impor-
tance in reflecting diverse life realities to enrich the outcome. A
clearer workshop description emphasizing the workshops practi-
cal aspects might have helped participants better assess their fit
in the study. The provided tools and materials also have an im-
pact on participant motivation and results. The materials did not
appeal to all participants, indicating a need for more neutral op-
tions. Alternatively, a pre-built toolkit with modular components
could encourage broader and more diverse engagement. It remains
a challenge to provide materials that stimulate creativity, without
biasing the design direction or discouraging participants. Empha-
sizing that prototypes do not have to meet aesthetic standards has
not always been effective. Showing examples of simple “quick-and-
dirty” prototypes could have reduced fear of failure. Individual
sessions provided an intimate space for sharing experiences. How-
ever, group sessions could have fostered mutual inspiration and
support, as described in [4], leading to more dynamic and collab-
orative prototyping. Group work might have also reduced stress
as the individual tasks of the workshops were very demanding on
the participants’ attention. Therefore, it is strongly recommended
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to limit the duration to 90 minutes and to include regular breaks.
The unfamiliarity with digital technology issues was a challenge
for all participants. When working with elderly people, it is partic-
ularly important to clearly and comprehensibly communicate the
workshop’s structure and objectives.
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