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Abstract
Participation and social inclusion influence individuals’ health and well-being. These factors can be easily disturbed, 
especially for those with disabilities. Designers and engineers have tried harnessing technology to assist people via 
producing prototypes of assistive devices, such as smart clothing and furniture. This study approaches that user surface 
and inspects the user’s needs for participation through clothing and furniture. We thus arranged two similar workshops 
with student participants (n = 37) from four different educational units, creating 10 innovative concepts to support 
participation and social inclusion. All aimed to support participation via improved self-regulation, increased safety, or 
environmental control. Most of the concepts were connectible to another device, such as a mobile phone. All devices 
were made adjustable to meet personal preferences. This study aligns with previous ones by concluding that assistive 
technology should be unobtrusive, give timely responses, and interact with other devices. These initial concepts are 
ready to be turned into tangible prototypes.

Article highlights

– Participation and social inclusion have remarkable 
meaning for an individual’s well-being and health. 
Commonly, assistive technology aims to solve chal-
lenges in daily living by promoting health and well-
being. For this reason, we arranged two similar co-cre-
ation workshops and asked the participants to innovate 
smart clothing and furniture concepts that will pro-
mote greater participation and more social inclusion.

– This study also identified users’ needs, such as increased 
safety and independence, supported communication, 
self-regulation and awareness, and an effective learn-
ing tool.

– The majority of the concepts were designed to be 
adjustable to meet personal preferences, let individuals 
interact with other devices (such as a mobile phone), 
and give timely responses.
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1 Introduction

The phenomenon of participation has been widely 
researched [1, 2]. It is defined by The World Health 
Organization (WHO) as “involvement in a life situation”, 
while the definition offered by the International Clas-
sification of Functioning, Disability, and Health (ICF) 
includes being autonomous or in control of one’s life 
through assistance, if one is unable to be completely 
independent [3, 4]. In contrast, social exclusion is often 
referred to as the opposite of participation and catego-
rized as a loss of social relations [5]. These social losses 
and barriers that prevent participation can be caused by 
a weakened ability to perform, challenges in undertak-
ing or receiving communication; executive functioning; 
or self-regulation difficulties [6–10]. Often these barriers 
stigmatize people, aggravating their ability to partici-
pate [6]. The issues mentioned here, however, are just 
the tip of the iceberg when describing the causes of 
social exclusion. Thus, it is important to establish how 
participation can be better supported for all.

As smart wearables do aim to improve human life, 
they often seem to correlate with participation: We thus 
briefly introduce a few smart wearables, such as a head-
worn navigation device to assist indoor navigation—eas-
ing the daily walks of the visually impaired [11]. Due to 
the navigating difficulties in various situations, research-
ers have discovered how to help the visually impaired 
find and use crosswalks [12]. This solution utilizes con-
sistency analysis and transfers information to the user’s 
wearable device. Navigation challenges have motivated 
other researchers to develop a haptic stimuli device 
[13]. This device, designed like a belt, gives navigation 
instructions by vibrating the side that must turn to reach 
a destination. Another example of participation with a 
cloth is a garment used for attention deficit hyperactivity 
disorder (ADHD) children to assist them in maintaining 
attention [14]. A gyro glove developed for people with 
Parkinson’s disease reduces involuntary hand move-
ments to ease the user’s daily tasks [15, 16].

Correspondingly to these smart wearables, some 
research has addressed smart homes with smart fur-
niture and their potential for better assisted living has 
been established [17–22]. Many of these examples 
utilize camera detection and have complex, customiz-
able system architecture to track and support the user’s 
behavior and vital functions [17, 19, 21]. For example, 
a smart home solution with intelligent interior units 
aims for personalized health care and activity support 
for elderly people [21]. Here, the prototype units are 
arches that collect data from the covered area and both 
movable and immovable arches are presented. Assistive 

robotic micro-rooms, on the other hand, aim for multi-
dimensional assistance in the activities of daily living 
(ADL), such as eating, dressing, toileting, bathing, and 
transferring [19]. A mirror with facial, voice, and speech 
recognition has also been developed as an assistive tool 
for self-regulation [23]. This mirror can offer feedback to 
the user and also share the patient’s information with 
possible caretakers. Researchers have also prototyped a 
headband for detecting expressions and cognitive activi-
ties that can help monitor the user’s emotional stress or 
cognitive workload [24].

Pushing TV remote control buttons or operating a light 
switch is impossible for some people, so this research 
explored alternative ways to produce mechanical input. 
These alternative methods include speak-recognition. 
Those who cannot speak could benefit from a glove that 
turns gestures into speech from pre-recordings [25]. 
Further, a home automation system can turn electroen-
cephalography (EEG) signals into commands, enabling 
wheelchair movements and fan activation [26]. “Smart 
Sensory Furniture” is part of ambient assisted living and is 
a solution that also senses the user’s possible risk behavior 
[27]. Previous research introduced an electronic bed with 
a depth camera to monitor the user’s movements [21, 24]. 
These examples are just a minor group of references for 
how different stakeholders have tried to support participa-
tion using technology, many of which also utilize clothing 
or furniture to achieve their purpose.

As noticed, assistive technology that supports participa-
tion exists. Even so, for some reason, these devices are not 
commonly adopted into the daily living of those who need 
assistance: Some of these inventions might be too expen-
sive to implement, too complex to include for in-home 
use, or some of the prototypes might “work on paper but 
not in practice”. To our knowledge, smart clothing and fur-
niture are rarely studied, particularly from the perspective 
of participation, and for this reason, this study seeks new 
insights that will help address these research gaps. The 
previous research has focused on technical descriptions 
of prototype development, while we aim to bring forth 
and examine the actual user needs for smart clothing and 
furniture supporting participation. In contrast to technical 
descriptions, there is much less information about what 
qualities these should have to serve their users well. Thus, 
our interest is to promote both greater participation and 
more social inclusion.

To attain feasible, operative, and practical devices that 
do support participation, some conceptualizing was nec-
essary. As a result, we offer two research questions: (RQ 1) 
what sort of smart clothing and furniture actually support 
participation and social inclusion? (RQ 2) in what way do 
such devices support participation? These research ques-
tions were answered through workshop activities. This 



Vol.:(0123456789)

SN Applied Sciences           (2023) 5:110  | https://doi.org/10.1007/s42452-023-05315-w Case Study

introduction thus gives a brief overview of the phenom-
ena of participation and participation related to smart 
clothing and furniture. The second section, Methods, is 
concerned with the methodology used for this study and 
the third chapter presents the workshop results. Chapter 
four, Discussion, analyzes the results, and the final chapter, 
Conclusions offers a summation of the conducted study, 
its limitations, and suggestions for further research.

2  Methods

We organized two multidisciplinary workshops to gather 
detailed information through a co-creation process where 
all involved stakeholders contributed to the problem-
solving process and created a collective solution [29–31]. 
Deliberation on whom we included in these co-creation 
workshops was carried out with several goals/issues in 
mind. At first, we were interested to gather as many con-
cepts that cover participation and social inclusion as com-
prehensively as possible. Thus, we did not organize a work-
shop for specific end users, such as people with physical 
or cognitive disabilities. Still, we also wanted the insights 
of those who (1) understand the end user’s everyday life, 
and if possible, (2) those who have the vocational compe-
tence and understanding of this user’s possible challenges. 
Occupational therapy, special education, and logopedics 
students were identified to meet the criteria. The role of 
the student might also allow ideating without a single 
strong specialized professional perspective, such as sen-
ior care or children with disabilities. Thus, we sent invita-
tions to four anonymized educational institutes and the 
representatives of four academic programs for secondary 
educational units. These invitations provided information 
regarding the study and privacy statements were signed 
before any participants could participate in the work-
shops. Altogether, 37 voluntary and adult participants 
(18 in the first workshop and 19 in the second) attended. 
The group included 34 occupational therapy students, 1 
engineering student, 1 special educational student, and 1 
logopedics student.

Both workshops were conducted in Finnish, lasted 2 h, 
and were placed on the digital platform, Zoom. Both work-
shops were also recorded. Three researchers conducted 
the events, and two research assistants took care of the 
technical implementation, such as the division of the par-
ticipants into break-out rooms.

Both digital workshops had the same structure: Wel-
coming, followed by a visual icebreaker to increase social 
communication [32, 33]. Following the icebreaker, the 
researchers introduced the concept of participation and 
the possibilities of smart fabrics. Participants were asked 
to innovate solutions to support participation through 

smart clothing and furniture in smaller groups with four to 
five participants, and 20 min was allocated for this group 
activity. We offered questions to support the ideation: (1) 
Who is the user? (2) How does the idea work? (3) How does 
the user benefit from it? After the group activity, the ideas 
were presented to others and further developed with the 
other participants. As workshop facilitators, we avoided 
guiding the discussions in any direction. Finally, the work-
shop ended with conclusions on the concepts and closure.

The data gathered were analyzed by watching the video 
recordings thoroughly and transcribing the detailed parts 
regarding concept presentation and further innovation. 
For each concept, five items were offered in detail: (1) the 
purpose of the concept, (2) what kind of qualities/features 
the possible end users would have, (3) what kind of input 
is gathered (4) the venue where the concept can be con-
nected, and (5) what is the benefit of the concept for the 
user. Our data analysis route is illustrated in Table 1. Data 
analyzing route is explained with an example. We gath-
ered the concepts into a single table, Table 2. 10 innovative 
concepts supporting participation and social inclusion. 
Unfortunately, 4 items were left without any information, 
and they are marked in Table 1 as “no data”. The results are 
presented as was done in the previous studies by Sipilä 
et al. 2021 and Nissinen et al. 2021 [34, 35].

3  Results

The workshops yielded ten concepts that supported par-
ticipation and social inclusion. There were six garments, 
three furniture pieces, and one assistive tool (see Table 2. 
10 innovative concepts supporting participation and 
social inclusion). Nine concepts were common clothing 
and furniture, for example, shirts, pants, a table, and a bed. 
Concept 5 was considered a tool and was neither furniture 
nor cloth.

Table 2 demonstrates that the purposes of the con-
cepts varied. There were garments, which aimed to help 
emotional regulation and communication; one navigation 
cloth, a mattress, which senses the user; a commander bar 
compatible with all home equipment; a gaming table; and 
a stability cloth. These concepts aimed to assist people 
with challenges by regulating emotions; communication; 
memory; moving, or sicknesses. Versatile people; children, 
the young, elderly, and immigrants were found to benefit 
from these ten concepts. The users would have certain 
qualities, which make participation and social inclusion 
challenging and these seem to be related to multiple areas 
of mental (anxiety), physical (stroke), and cognitive chal-
lenges (memory) in different forms (Table 2, column: Users 
are people with these qualities).
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All concepts would be individually programmed or 
adjusted to meet the user’s individual needs and prefer-
ences. Additionally, most of the concepts were considered 
as being connectible with a mobile phone or another tech-
nical device; the concepts gathered data in diverse forms 
from the user. The desired data included voice or voca-
bles, maneuvers, movements, eye movements, sweatiness, 
heart rate, the electrical conductivity of the skin, adrena-
line spikes, body warmth, and blood sugar. Furthermore, 
the concepts, which gathered data, also offered feed-
back to the user or caregiver in a variety of forms, such 
as voice, vibration, pressure or temperature change, and 
text messages.

We identified two main ways of enabling the actions: 
Impacting the physical environment and self-regulation. 
Three (1, 7, 10) of the garments aimed for better self-
regulation and awareness by offering feedback when the 
user’s physical parameters were crossed. Half the concepts 
considered controlling the physical environment (4, 5, 6, 8, 
9) with either voice or movements. The nature of needed 
assistance also varied, (e.g.) some users needed assistance 
at a store and some during a school day, while other users 
needed help when lying on a bed or when walking.

4  Discussion

In this study, two multidisciplinary workshops were organ-
ized to develop smart clothing and furniture concepts that 
support participation. A total of 37 voluntary participants 
participated in a co-creation process, which produced 
10 concepts. Based on these results, it can be stated that 
when designing smart clothing and furniture that aims to 
support participation, the process and outcome should 
further enable the user’s capabilities through a personaliz-
able smart cloth or furniture, which gathers information in 
several ways, provides feedback to the user and, if needed, 
is also connectable to other devices. This kind of cloth or 
furniture will assist the user by increasing independence, 
offering timely help in specific situations, increase safety, 
assist communication, and enable more and better self-
regulation learning.

4.1  Increases user independence

All these concepts aimed to increase the user’s independ-
ence and support participation and social inclusion [4]:

It [commander bar] would bring more sensation of 
I’m in control, me, and I’m doing things in my life. Not 
that everyone else is doing my things. (Concept 5)

Being able to cause mechanical input was seen as one 
aspect of independence. The furniture and technical tool 
concepts of 4, 5, 6, and 9 offered alternative ways to pro-
duce mechanical input (e.g.) moving, voice, speech rec-
ognition, or with blow mouth as well as the gesture glove, 
EEG-signal command wheelchair and bed with an in-depth 
camera which determine the distance between the cam-
era and the subject [25, 26, 28]. The following quote from 
the participant empathized with the user:

This [Ai game table] could come with a part, which 
allows you to play with an eye command if you are 
not able to move [chips] with hands.” “…then, we 
tested at school this blow mouth controller. You 
could write with it. So, it could utilize that too, and 
you do not need hands. (Concept 6)

4.2  Offers timely help in specific situations

In addition, all the concepts helped in a timely way and 
only when the user truly needed it:

“The smart vest would only give feedback if the user 
were going to walk in the wrong direction. (Concept 
3).
We thought this mattress could be personalized to 
meet user needs; it would not send a message neces-
sarily to a nurse if the user turns over. Only when it is 
a matter of emergency.” (Concept 4)

All concepts aimed at situational assistance. In other 
words, the concepts would not operate continuously, but 
would automatically identify the interference or activa-
tion in real time. Somewhat surprising was that all the 
concepts intended to support participation in one pre-
selected manner: one concept aiming to assist navigation 
(Concept 3) and one assisting communication (Concept 
2), while others assisted in regulating emotions (Concepts 
1, 7, and 10) as did the previous contributions of [12–16, 
25–28]. Even though all the concepts were ideated as their 
own unique entities, some of the participants did combine 
two of the concepts, the vest (Concept 3) and the AI game 
table (Concept 6) in the following manner:

“Participation could be increased if one could plan 
the route on the table [AI game table] like a game 
and plan all the solutions, in a way that if you are 
going to store, I can plan in which route I take and if 
I choose this route, this will happen and after plan-
ning the route, it could be connected to the vest and 
then you would have planned your actions and what 
you would do.”
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Furthermore, a few relatively surprising insights were 
specified regarding the workload of people around the 
user. Tasks and daily routines could be planned differently 
because of the device. For example, visiting the patient’s 
room could become less frequent, as the user could per-
form functions, such as operating a light switch or a televi-
sion remote. As one participant described the bed that had 
a speech command:

“The bed could send an alarm when the user must 
change position, to avoid ulcers. The bed could auto-
matically change the user’s position, and then the 
caregiver will not have to come in only for changing 
position. This bed would also support independ-
ence.” (Concept 9)

4.3  Increasing safety

The results indicate that intercepting safety issues sup-
ported participation, as the user’s perceived safety is 
increased through an easily operated safety solution 
concerning their bodily limitations. In turn, it minimizes 
physical risks, such as traffic accidents, falling, or pressure 
damage (Concepts 3, 4, 9). As timely assistance can be seen 
as a safety issue, all the concepts aimed to provide prompt, 
accurate assistance for various needs.

“This [vest] reduces the feeling of unsafety and sup-
ports participation by being able to move to mean-
ingful places [for the user] and the most important 
part is the safety. After programming the right routes, 
it could remind the user ‘do not go there’, ‘stop’.”
“We were thinking to add something that gives 
impulses to the user if there is upcoming danger and 
in a way that the user must stop right away and think 
why this vest is warning me.” (Concept 3)

4.4  Assisting with communication

Supporting communication was seen as a factor in assisted 
participation and social inclusion [8, 25]. Shared language 
in its various forms seems critical for users to perceive 
themselves as being included or social participants. Lan-
guage, in this context, means speech and joined spoken 
language, along with symbols, signs, or vocals.

“This could interpret the user, his/her speech or 
movements, in a way that it would enable communi-
cation with the person who cannot write because of 
cognitive decline.” – “This supports communication 
and participation but also increases the perceived 
safety. Imagine if this kind of person is lost and needs 
help, then the person could ask for it without writing 
or saying it” (Concept 2)

“Looking at that cultural background aspect…you 
could choose [Ai game table] from different lan-
guages and by that choice the participation and the 
feeling of safety is created in that always someone 
understands the player or the user.” (Concept 6)

4.5  Learning self‑regulation

Interestingly, most of the concepts that were offered 
raised the learning self-regulation aspect. Consistent with 
the earlier findings, Concepts 1, 7, and 10 aimed to give 
feedback and detect emotional workload [14, 23, 24]. As 
claimed in the previous study, self-regulation challenges 
might be related to social exclusion [9]. These devices were 
seen as tools for the user; and the close ones, for identi-
fying bodily reactions (e.g.) heart rate, temperature, and 
accelerating movements. Based on any changed param-
eters, the garment would give feedback. Users could then 
(1) change their environment; (2) adjust their bodily func-
tions by creating space for self–awareness; or (3) request 
help. In general, the concepts focused on enhancing the 
user’s abilities and awareness. One participant described 
the meaning of self-tracking:

“For example, the person who could use a mobile 
phone and could follow the state of being from the 
mobile screen could also have the opportunity to 
foresee and learn to identify the early markers of a 
panic anxiety attack.” (Concept 1)

4.6  Technical aspects

With the use of clothing in Concepts 1, 2, 3, 7, 8, and 10, 
intelligence should be integrated with the majority of the 
user’s garments; if a garment is in the laundry, the user still 
has other intelligent garments to wear. This challenge is 
not present when adopting smart furniture concepts since 
only one piece of a specific device is needed in one home. 
However, that furniture is bound to a specific location, and 
the user cannot benefit from it anywhere else. Further, the 
assistive tool, the commander bar, can be integrated into 
all technical equipment in a home, but it does require the 
collaboration of different smart home systems.

The core of our findings is that smart clothing and fur-
niture that is assisting participation and social inclusion 
should be individually adjustable. Nevertheless, finding 
proper features and stimulus volume could be tricky, as 
one workshop participant explained:

“We discussed adjustable temperature control. If it 
could produce warmth because for some people 
warmth increases the feeling of safety. But then 
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again, we thought that it might be a bad thing to 
only warm up (the device) because some other peo-
ple might find warmth discomforting.” (Concept 1)

To tackle the challenge of finding the right settings for 
each user, one participant offered a solution for relatives:

“If this [device] was adopted to the user with severe 
disability, then relatives and people who know the 
user should be involved in deployment. Commonly 
they are the ones who read and understand the user 
in the best possible manner, maneuvers, and behav-
ior. When the deployment phase has ended, the gar-
ment would learn from the programmed informa-
tion.” (Concept 2)

Most of these concepts require microphones, speakers, 
and a variety of sensors to be implemented. One remarka-
ble issue to address was that they need power sources and 
wireless data transferring. Interestingly, mobile devices 
(or portable touch pads) played a significant role in the 
created concepts, as they would be used to track data 
and customize the actual device. This finding is contrary 
to several previous studies which did not utilize mobile 
devices in their inventions [12–14, 16–18, 23–27]. Connect-
ing a mobile device could turn the cloth or furniture into 
a user interface, and thus we could use the microphone 
and speaker from the device for a positive advantage in 
our future prototypes.

4.7  Data protection

The connection to other devices of course raises the ques-
tion about data security, data handling environment, and 
granting access to personal data (Concepts 1–7, 9, and 
10), which is highly regulated in the European Union [36]. 
These concepts aim to help people who are in a vulner-
able position compared to others and thus gather health-
related data. Therefore, data handling should be planned 
with caution [37, 38]. In situations with people who have 
disabilities, it is not always clear who should have access 
to personal data [39]. Depending on the situation, access 
should be permitted to a relative, teacher, or healthcare 
professional, who is involved in that user’s care. Neverthe-
less, excluding someone from access might create another 
issue. Could the safety of the user be in danger? Another 
source of uncertainty is how different companies would 
utilize the data gathered from the users [38]. Currently, 
companies commonly use personal user accounts. These 
solutions rarely can be adjusted into (e.g.) care facility 
needs, where multiple care workers would need access to 
a user’s account.

4.8  Limitations

One limitation of this study is that it does not provide an 
end user’s viewpoint. Another limitation is the difficulty 
in offering description that will interest professionals in 
different fields. When emphasizing the technical results, 
we are in danger of regarding out the reason for why these 
innovations are needed. Thus, by providing insights from 
workshops as immutably as possible, we tried to protect 
the findings’ versatility. The third limitation, the small 
number of participants, meant that we cannot generalize 
this data. Still, we can offer concepts that have been cre-
ated based on the vocational perspective of the potential 
user. In addition, while our workshop participants were 
mainly occupational therapist students, the concepts were 
diverse, so we gained valuable information regarding the 
potential of smart clothing and furniture for supporting 
greater participation. When evaluating the data analysis 
in this study, our method was relatively light and did not 
offer deep knowledge about the phenomena of support-
ing participation with smart clothing and furniture. Never-
theless, this particular data analyzing pact was necessary 
for identifying purposes. When assessing this analyzing 
method using our set of offered research questions, this 
data analyzing method supported the goal of answering 
our research questions.

5  Conclusions

Through co-creation workshops, we gained new concepts 
and understanding to help support participation and 
social inclusion through clothing and furniture. In them, 
37 voluntary participants created 10 concepts for tools to 
support self-regulation and environmental control. Most 
of the concepts were connectible with another device, 
and almost all were individually adaptable. The specific 
concepts were a pressure shirt or headwear for stressful 
situations, a shirt with communication assistance, a navi-
gation vest, a commander bar for technical solutions at 
home, an AI game table, a pressure outfit, rehabilitation 
pants or shirt, a bed with speak-command, and a sensory 
regulation shirt.

In the beginning, we set forth two research questions, 
the first was what sort of smart clothing and furniture 
actually support participation and social inclusion? Based 
on our findings we established that smart clothing and 
furniture that supports participation is most likely to be 
conventional looking, individually adjustable, and gather 
a variety of data from the user to produce its impacts. 
The second research question was in what way do such 
devices support participation?Again, when examining the 
results of this study, we can state that smart clothing and 
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furniture does aim to support participation, support the 
user by increasing independence and safety, offer timely 
help in specific situations, assist with communication, 
and help the user learn self-regulation.

During this study, participation was recognized as a 
vast phenomenon that can be supported in innumer-
able, adjustable ways to help various users in countless 
situations. The challenge is not to find a proper selection 
of assistive tools to support participation, but rather to 
create an ecosystem of intelligent support matters that 
automatically balances the user’s abilities and disabilities 
and assists only when needed. All the concepts offered 
do aim to increase involvement in a life situation and 
create technological assistance when independent par-
ticipation is challenged [3, 4]. Thus, we should continue 
to strive toward adjustable and transformative solutions 
that are not only simple to use, but also as unobtrusively 
as possible.

Our future research on smart clothing and furniture 
and the potential for utilizing such devices to sup-
port participation and social inclusion will continue 
through prototyping and feasibility studies. Currently, 
our research interest continues to work toward assisting 
communication with smart clothing and furniture. Our 
goal is also to involve end users in further concept crea-
tion as much as possible and feasible.
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