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Abstract
The ability of human beings to live longer is an outstanding achievement of science in the 21st century. New technologies 
and innovations have an essential role in ensuring the well-being of the new generation. By adopting Internet of Things (IoT) 
technologies, it is possible to improve autonomy, security, and quality of life. However, designing IoT solutions for Home Care 
and older users brings new challenges to the Human–Computer Interaction field. Older users are heterogeneous and critical 
users of technology and interactive solutions. In this context, it is necessary to promote the participation of older users in 
the design process aiming at considering their specificities, intentions of use, and individual preferences and necessities. We 
propose a co-design method based on Design Thinking and Personas. Our research contributes to methods and a case study 
assessment regarding IoT-based Home Care solutions’ co-design. The proposed approach considers older users’ wishes and 
needs in an iterative, creative, and participatory way. We tested the proposed method in a case study with nine older adults. 
Results indicate the effectiveness and difficulties of involving older users in the design process. Our results contribute to a 
better understanding of how to carry out participatory activities with older adults in the context of Home Care.
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1 Introduction

According to the World Health Organization, Home Care 
includes health and social support services on the client’s 
residence [58]. In the context of older users care, such ser-
vices allow them to stay longer in their own homes. New 
technologies, such as the Internet of Things (IoT), can lead 
to advances in quality and boost home care solutions. IoT 
technology aims to connect things used daily to the Internet 
[3]. In the context of Home Care, IoT can assist in the devel-
opment of solutions for the older users [18, 21].

Involving different views in the design process is critical 
for innovative solutions in older users Home Care. These 
views avoid unilateral solutions proposed by designers [62], 
especially when the older users, who are those most affected 
by the solution, are not involved in the design. Older users 
are not a homogenous group. In this sense, they do not live in 
the same places and do not have access to the same resources 
as well as do not have the same capacities [8].

The literature points out older users among the most criti-
cal stakeholders when seeking solutions in Information and 
Communication Technology [30]. A change in their homes 
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is a threat to a pre-established equilibrium and hence causes 
uncertainty and resistance [28]. It is necessary to understand 
and consider older users’ needs, as well as the requirements 
of the entire supporting network (e.g., family, caregivers, 
and health care professionals) [20]. However, the participa-
tion of stakeholders is often hampered by the complexity of 
smart solutions for Home Care.

Design Thinking (DT) [11] consists of user-centered tech-
niques and tools that can assist an iterative process to find 
creative solutions to real problems. However, there is a lack 
of studies to address the question of how older users take 
part in co-design activities involving complex areas, such as 
IoT for Senior Home Care. According to a previous system-
atic literature review [48], most studies are failing to employ 
specific methods, practices, and techniques to encourage 
user participation. They are unclear about how older users 
and family members are involved in the project and how they 
perceived different views of the design problem. The concept 
of IoT is rarely adopted, and as a result, there is a need for an 
in-depth investigation of the subject in question.

Our main objective is to investigate and set out a method, 
based on DT, so that a co-design can be obtained for IoT 
elderly Home Care services. To this end, we propose the use 
of Personas [61] to support co-design in a set of workshops 
that include older users, their families, and health profes-
sionals. In our view, there are few studies that make use of 
Personas to represent the full range of the needs of the older 
users.

Personas are fictional characters, designed from a syn-
thesis of users’ behavioral patterns, including their motiva-
tions, desires, expectations, and needs [61]. The Personas 
technique is used in our method to stimulate empathy and 
discussion about various needs and views during the work-
shop sessions.

Our main contributions are twofold:

• The IoT Participatory Method for Home Care Solutions 
(called IoT-PMHCS) is based on DT and Personas. This 
includes guidelines for good practices, ideas, and sug-
gestions to co-design Home Care systems with the older 
users. This method provides an alternative to include 
older users in the DT process.

• Our proposal shows results of the application of the 
method in an original case study, with the aim of assess-
ing the benefits derived from the inclusion of older users, 
and other stakeholders, in the design processes. Our 
findings show the advantages of the method. We discuss 
drawbacks and research challenges raised.

The remainder of this article is organized as follows: Sect. 2 
describes the concepts and background on Home Care, 
Ambient Assisted Living (AAL), DT, and Personas. This 
section contextualizes our proposal by presenting studies 

on older users’ co-design and Participatory Design (PD); 
Sect. 3 details our developed approach, including the IoT-
PMHCS method; Sect. 4 presents a case study conducted 
with older users co-designers and reports on the obtained 
results; Sect. 5 discusses the findings in light of existing lit-
erature studies; Sect. 6 wraps up the conclusions and points 
out further research.

2  Background

This section presents the theoretical and methodological 
foundations by including concepts related to Home Care and 
its technologies (Sect. 2.1); key aspects of DT (Sect. 2.2); 
the Personas concept (Sect. 2.3); presents and discusses 
studies on older users co-design in Home Care (Sect. 2.4).

2.1  Home care, AAL, IoT, and health smart homes

According to Spinsante et al. [57], most of the older users 
ideally present the following values: live in their residences; 
be as autonomous as possible (independence); stay healthy 
(well-being); be part of the daily life of their family, neigh-
bors, and community (social); be able to move and exercise 
(mobility). The residence is the first place in the live of the 
older users because it is closely linked to their identity and 
self-expression [52]. Home is also the emotional center of 
the older users’s life, being more than a place to live [37].

AAL and Home Care are closely related concepts [7]. 
AAL includes intelligent environments with sensor networks 
aiming at providing solutions that require little effort and 
user interaction [1].

IoT allows to remotely control objects and character-
izes them as service providers, by making them intelligent 
objects. By combining the concept of AAL with IoT tech-
nology [57], assistive IoT technologies have emerged as a 
powerful tool to increase the independence of older users 
[39]. However, additional research is required to adequately 
relate AAL and IoT technological resources to the needs of 
older users and expectations for Home Care.

The purpose of the IoT framework is to enable the design 
process to answer questions, such as those related to how 
people can interact with this new technology [5]. Koreshoff, 
Leong, and Robertson [34] adapted the core concepts of this 
framework to Human–Computer Interaction (HCI). This 
involved: Things, HCI with IoT technology which can be 
added to everyday objects and the effects on their use; Inter-
net, the average rate for transferring data among things; and 
Semantics, the way HCI methodologies involve people in the 
design process to provide sensory information on the models 
and interaction approaches aligned with a semantic domain.

Health Smart Homes, or Health care in Smart Homes, 
has developed from the integration of IoT and Information 
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Systems with telemedicine. Health Smart Homes use smart 
devices (e.g., wearable technologies) in the support of users 
and caregivers [53]. The literature in Health Smart Homes 
points out the need for research on alternative methods of 
design and evaluation [14, 59], such as those that promote 
the participation of users in the design process. It is neces-
sary to study specifics on the design and adoption of Health 
Smart Homes for older users because they may have differ-
ent attitudes than younger users. This includes, for instance, 
different concerns about privacy, ease of use, and amount 
of control [25]. Older users do not necessarily present tight 
resistance to the adoption of technology, as shown in [13], 
as long as there is a suitable design. In this sense, the litera-
ture has shown advances in understanding how to design 
technological artifacts for older users [19]. However, the par-
ticipation of older users in design [2, 41] and the constant 
technological changes (such as those regarding IoT) pose 
open challenges to the universal access research community.

2.2  Design thinking

DT is an approach focused on the human being using multi-
disciplinarity, collaboration, and tangibilization of thoughts 
and processes, leading us to innovative solutions [61]. 
Therefore, the DT technique is a collaborative approach, 
consisting of a structured process in several steps that uses 
user-centered techniques.

According to Vianna et al. [61], the DT process is organ-
ized into four phases: i) immersion, ii) analysis and syn-
thesis, iii) ideation, and iv) prototyping. The DT approach 
is a promising tool for identifying innovative solutions for 
the older users. DT is composed of a set of user-centered 
techniques combining concepts of insight, observation, and 
empathy. According to Brown [11], using only traditional 
techniques such as focus groups or surveys in interviews 
rarely leads to important insights, as they usually ask people 
what they want, not what they need. On the other hand, DT 
is based on our ability to be intuitive, recognize patterns, 
develop ideas that have an emotional meaning beyond the 
functional, express ourselves in media beyond words or sym-
bols [11].

We argue that DT can be a valuable approach to encour-
age participation and brings older users, experts and family 
closer to the proposed solution. In our view, participation 
can be promoted by using techniques such as exploring 
Workshops’ scenarios in all development phases. This 
encompasses elicitation of requirements and specification, 
design, implementation, and validation of prototypes. One 
key differential of our study is that it uses and organizes in a 
process multiple methods, through the DT steps with several 
stakeholders (including older users, health professionals, and 
family), to avoid an unilateral view.

2.3  Personas

Personas are a concept increasingly used in the develop-
ment of technological systems. They can be used during all 
development phases of an innovative solution. Personas may 
be used to support the participatory process, as they drive 
users to practice empathy by directing them to think from 
different perspectives and assisting collaborative decision-
making during the design process.

According to Cooper [15], creating Personas consists of 
making a composition of demographic, biographical data, 
and imagined information, modeled to create a character 
that approaches the reality aimed during the design devel-
opment of applications. According to Gonçalves et al. [22], 
for a complex scenario, such as the older users lifestyle, the 
standard Personas creation process is not enough [15]. It is 
necessary to involve various stakeholders (e.g., Home Care 
professionals) and monitor them in real time to bring details 
to the fictional characters, approaching the specificities and 
needs of the target users.

2.4  Co‑designing home care with older users

As presented by Haslwanter and Fitzpatrick [27], there are 
various causes of AAL design failures, such as difficulties 
to evaluate caregivers properly, use of not affordable tech-
nologies, and the adoption of a stereotyped view of the older 
users. To investigate existing design approaches, we con-
ducted a systematic literature study about design approaches 
for IoT solutions for older users Home Care, such as PD, 
Personas, and Semiotics [48]. Gaspar et al. [48] presented 
details of this study. This section summarizes the only closer 
related studies, including DT and Personas’s use in Home 
Care solutions’ co-design.

The literature indicates DT as a promising tool for 
improving the effectiveness of the design of Home Care 
solutions. DT combined with other methods, can further 
develop the participation and engagement of the older users 
in the co-design process. Methods such as gamification can 
improve the engagement of older users in the design process 
and enhance empathy with design solutions [42].

Camilli et al. [12], for instance, combined cross-disci-
plinary approaches for enhancing older users’ experience. 
Experience design techniques were used to consider inter-
actions among the older users and the services or products; 
ethnography was used to learn about people and their social-
technical context; lean startup was used to define short pro-
totyping cycles; DT was used to obtain new ideas of ser-
vices, processes, and products considering users’ needs, 
preferences, desires, and behavior.

Several studies explored DT as a tool to deal with various 
aspects of Home Care design (Table 1), such as (1) Home 
Care educational practices [36] to promote the organization 
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and innovation of clusters of Home Care operators [24]; (2) 
promotion of active and healthy aging [33]; (3) psychiatric 
home treatment [29]; (4) provision of age-friendly design 
[63]. Table 1 shows studies that point out the interest in the 
use of DT in Home Care solutions. However, solutions to 
provide effective participation of older users (last column 
of Table 1) in the Home Care co-design process are still 
open research issues. This table shows that our study differs 
in terms of context, use of Personas, IoT technology, and 
participants of the design process.

The systematic literature review [48] revealed that the 
involvement of the older users and family members in the 
PD process is of crucial importance to ensure empathy and 
improve the acceptance of new technologies, particularly in 
identifying Home Care. In the context of IoT, the involve-
ment of IT professionals is essential for finding innova-
tive solutions and making a detailed design of the system 
requirements using the IoT framework. Gaspar et al. [48] 
exposed methods that can be combined to obtain more con-
sistent results.

We recommend employing Personas as a tool to improve 
communication and encourage the involvement of older 
users in the design process. In our proposal, the Personas 
technique is combined with scenarios to enable and encour-
age effective user engagement whereas adopting partici-
patory practices [35, 47]. This involvement is particularly 
challenging in the light of emotional factors and sensitive 
questions, such as finance and health. In this sense, there is 
a need to adopt novel approaches and processes so that these 
factors can be handled appropriately.

3  A co‑design approach relying on design 
thinking and personas

We present our original IoT Participatory Method for Home 
Care Solutions (IoT-PMHCS) based on DT and Personas. 
IoT-PMHCS includes a guide to best practices, insights, and 
suggestions to involve stakeholders in all stages. Section 3.1 

presents a co-design approach for older users Home Care. 
Section 3.2 fully describes our proposal (IoT-PMHCS).

3.1  Framing a co‑design approach for older users 
home care

This study was initially inspired by a previous work pre-
sented in [22], which proposed a method for designing Per-
sonas together with caregivers and professionals. Such work 
points to the potential of using Personas in the development 
of IoT-based Home Care solutions. It indicates the need for 
appropriate methods to conduct the design with older users 
facilitated by Personas, such as those methods proposed by 
PD.

PD research has promoted the participation of users 
in the design process since the 70’s. In common with the 
User-Centered Design approach, PD incorporates users in 
the design process and is concerned to promote developing 
more democratic design processes with users [6]. Since the 
early years, PD has argued that everyone should have the 
opportunity to participate in decisions concerning his/her 
life.

The literature has proposed strategies to conduct par-
ticipatory activities, practices, experiences, and methods to 
address the design with older users (e.g., [38]). Whereas 
PD’s social understanding is moved by the inextricability 
of design, political activism, and research, IoT-PMHCS gets 
inspiration in its design practices to promote the participa-
tion of older users. By articulating methods coming from 
other fields, such as DT, Personas, and IoT framework, the 
IoT-PMHCS aims to promote inclusive participation of older 
users in design [9] and the development of suitable products 
for Home Care in the face of new smart technologies.

IoT-PMHCS was conceived to encompass a set of con-
sistent DT-based steps. The method represents an evolution 
of the existing methods because it combines co-design with 
several stakeholders in the process steps without losing the 
flexibility demanded by IoT solutions for Home Care. In our 
proposal, all stages and their respective suggested methods 
can be adapted.

Table 1  Studies that use DT as 
a tool for Home Care design

Refs Context Pers. IoT Participants

 [36] Education for child Home Care No No Clinicians and Parents
 [24] Operators No No Inst. actors
 [33] Active aging No No Older users, Stakeholders
[29] Psychiatric No No Patients
[63] Age-friendly design No Yes Designers
This Older users ideas, values and chal-

lenges at Home
Yes Yes Older users, IT and 

Health professionals
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Regarding the “pure” DT, IoT-PMHCS provides the 
following advantages: it adapts and uses DT to focus 
on how to promote innovations with the older users by 
combining methods and tools to facilitate the interaction. 
IoT-PMHCS aims to provide a valuable analysis strongly 
centered on Personas. The focus is on defining artifacts 
(e.g., Personas), as well as techniques that allow effec-
tive participation (e.g., use of terms and tasks focused 
on older users). IoT-PMHCS provides, in the Prototyping 
stage of DT, a framework to design AAL solutions based 
on IoT, as well as for detailing requirements using User 
Stories.

Regarding the engineering process of the proposed 
method, first, a systematic review of the state of the art [48] 
was carried out to identify related research, and then, an 
initial version of the method was proposed. A preliminary 
case study was conducted to verify the feasibility of apply-
ing the PD and DT techniques. This preliminary case study 
was carried out with 10 Computer Science students from 
the Federal Institute of Minas Gerais, Muzambinho campus, 
Brazil, aged 18 to 22 years, in an 8-hour course on DT. The 
objective of the course was to present DT processes and their 
main methods. In each phase of the course, practical exer-
cises were applied to identify and to prototype an IoT-based 
solution for Home Care for the older users.

From the preliminary case study, we obtained the follow-
ing results: (i) we exercised the main DT methods that are 
part of the IoT-PMHCS; (ii) we evaluated the effectiveness 
of the DT methods; (iii) we evaluated the time and numbers 
of people that are necessary to carry out the process; and 
(iv) we evaluated commitment and participatory techniques.

As the focus of this research is on older users, we updated 
the specific aspects of the method, such as 

1. as the activities with students were exhausting (even 
for young people), we proposed to adjust the duration 
of each task (e.g.., more breaks and a more significant 
number of sections) as well as the distribution of the task 
over time;

2. the used material/artifacts were adapted to the target 
audience (e.g., older users and family), for example, low 
technology artifacts and slower (and longer) videos, with 
larger subtitles and less technical information were pro-
posed for the activities with older users;

3. clarification of how to use norms [40] to support the 
choice of the priority Home Care solution for each Per-
sona;

4. definition of how Personas can contribute to commit-
ment and involvement. To this end, the Personas should 
model key elements to represent older users such as 
physical characteristics, psychological conditions, and 
experience with technology [22].

3.2  Participatory method for IoT home care 
solutions (IoT‑PMHCS)

Figure 1 presents the phases, input, and output of the IoT-
PMHCS method, which are summarized as follows:

• Input. Challenge: The input is a design challenge to be 
carried out, containing essential profile of the target audi-
ence and the IoT technology;

• Phase 0 (Setup). Exploratory Study and Planning: A 
study is carried out with older users to investigate solu-
tion themes, understand the context and challenges, and 
plan the co-design processes;

• Phase 1 (Analysis). Mapping of Personas, Values, and 
Needs: This phase identifies the values and needs of the 
solution’s main stakeholders using participatory activi-
ties and the Personas concept. As the main result, the 
Personas mapping is developed;

• Phase 2 (Mapping). Mapping IoT Solutions: After 
mapping Personas, we need to identify IoT technology 
alternatives in conjunction with older users. We choose 
the best alternative for each Persona, considering their 
values, needs, and preferences using standards;

• Phase 3 (Design). Design IoT: This phase aims to design 
IoT-based solutions identified in Phase 2 by using the 
IoT framework. At this phase, we expect to obtain the 
development of a prototype. The process’s conclusion 
takes place through experimentation and feedback from 
the older users;

• Output. Prototype: As the main result, we obtain proto-
types co-designed with older users, including an evalu-
ated IoT-based solution and requirements for the next 
prototype cycle.

3.2.1  Phase 0: exploratory study and planning

This phase aims at understanding the design problem, 
immersing ourselves in the main themes that guide PD 
activities’ design and planning. The left side of Fig. 1 pre-
sents the activities to be carried out in Phase 0. This phase 
is supported by specific tools to conduct exploratory studies 
and planning with stakeholders.

Phase 0 receives as input a design challenge, which 
focuses on designing IoT-based solutions for the Home Care 
of the older users. These solutions must allow the individu-
als to prolong their lives for a longer time in their homes, 
with family members and professionals’ control.

The process starts with the research activity, which 
includes exploratory research with older users, health pro-
fessionals, and family members, as well as the desk research 
with IT professionals. The rationale is to include older users’ 
views from the first activities, by providing their views on 
key aspects of the solution, such as the health-related issues. 
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Questionnaires adapted to the older users’ needs are used to 
this end. Table 2 presents the participants and key recom-
mendations for the activities, practices/tasks of phase 0.

Subsequently, interviews are carried out. It is necessary 
to identify and list the stakeholders, as well as to define their 
participation in the interviews. We aim to provide a broad 

Fig. 1  Overview of IoT-PMHCS: phases, activities, practices and results

Table 2  Summary of Activities, Practice/task, Participants and Recommendations for Phase 0

Activity Practice/task Participants Recommendations

Research Exploratory Surveys Older users, health professionals and family Consider questions with health-related issues, behavioral 
aspects, economic and educational issues, and relation-
ship with technology. Provide questions with language 
adapted to the public, large letters and multiple means 
of completion (e.g., online, mobile and paper based).

Desk Research Designers and IT Professionals Consider state of art on articles, books and technology.
Interview Stakeholder list Designers Use of Stakeholder Diagram [31, 51] as an starting point 

for identifying focus groups and stakeholders.
Questionnaire and interviews Older users, health professionals and family 

(and other selected stakeholders)
Older users follow a semi-structured script that 

addresses the issues mentioned in the exploratory sur-
veys; health professionals follow a script with issues 
related to the problems regarding safety, behavioral 
challenges of the relationship, and the possible use 
of smart technologies in their daily activities; Family 
members follow a script that addresses issues related to 
life and health, values and needs, and technology and 
Home Care.

Planning Design Plan Designers Based on research and interview, identify the following 
information for each PD activity: Phase of IoT-
PMHCS; PD method; expected stakeholders; duration; 
location; and status.
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view and promote the participation of those who impact or 
are impacted by the solution. We propose that at least older 
users, health professionals, and family participate in the 
interviews. As Table 2 shows, scripts must be adapted to 
the interviewees, as well as providing adequate accommoda-
tion, reduced time (if necessary), and promoting interaction 
with designers.

In this phase, designers must elaborate the design plan 
based on the results of the previous activities. This plan must 
be flexible and contain key definitions for the next phases. 
As outcomes of this phase (cf. Fig. 1), we expect Contex-
tualization (better understanding), Affinity Diagrams with 
risks and challenges, and the Design Plan.

3.2.2  Phase 1: describing personas, values and needs

This phase aims at identifying stakeholders’ values, chal-
lenges, and older users’ needs, by carrying out PD activities, 
mapping Personas, developing the initial Persona Map, and 
identifying the Guiding Criteria.

In this phase, Personas should be created with a focus on 
reflecting the profile of older users in Home Care. Consid-
ering the context of the Brazilian older users, we suggest 
using the Personas proposed in [22]. These Personas were 
built based on extensive work with health professionals with 
experience in Home Care in the Brazilian context.

This phase starts with two workshops (Fig. 1): the Values 
Workshop is focused on techniques to identify older users’ 
values, challenges, and needs; the Personas Workshop aims 

to complete the Personas information with older users. Gen-
erative Session and Brainstorm [61] techniques are used in 
the Values Workshop, and ‘Empathy Map”, “User Journey” 
and Brainstorm [61] in the Personas Workshop. Table 3 
summarizes the recommendations for conducting the activi-
ties of this phase, including the Values Workshop.

The analysis activity consists of producing a Canvas, 
named Persona Map, to encourage collaboration, a discus-
sion between the participants, and the co-creation process. 
As presented in Table 3, it is necessary to provide an easy 
alternative to visualize the project and build it with the par-
ticipants. Figure 2 presents an example of a Persona Map, 
including the main value (independence), main home care 
needs and issues (e.g., forgetting to take medication), the 
priority assisted category (home care), IoT assistive category 
(e.g., intelligent systems) and stakeholders.

As the main outcomes of this phase, we expect Personas, 
Affinity Diagram, User Journey, Persona Map (initial), and 
Guiding Criteria.

3.2.3  Phase 2: mapping home care solutions

In this phase, we aim at identifying innovative IoT-based 
technologies to meet the needs of each Persona. Figure 1 
presents the activities, inputs, and outputs of this phase.

This phase starts with the ideation activity, which 
includes a brainstorming section and a co-creation work-
shop. Both aim to provide innovative solutions focused on 
older users. This activity requires adaptation of the artifacts 

Fig. 2  Persona Map for “Maria de Lourdes” including Main Values, Main Home Care Needs and Issues, Priority Assistive Category, IoT Assis-
tive Technology, and Familiarity with IT
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Table 3  Summary of Activities, Practice/task, Participants and Recommendations for Phase 1

Activity Practice/task Participants Recommendations

Workshop Values Workshops Older Users Use of Generative Session and Brainstorm [61] to identify subjects’ values, challenges, 
and needs. Consider needs, such as the local (must consider mobility limitations and 
provide a cozy and familiar environment), artifacts (that facilitates writing and reading 
by older users), registers (possible residence to video cameras) and duration (to avoid 
fatigue).

Personas Workshops Older Users This Workshop should be carried out for completing the Personas by using adapted arti-
fact to support understand and execution, such as “Empathy Map”, “User Journey” and 
Brainstorm [61] in large blackboards or cardboard.

Analysis Personas analysis 
and gerontology

Older Users and 
health profes-
sionals

Produce a Persona Map (Fig. 2) for each Persona containing: Persona Identification, main 
value, home care needs and family issues and priority assistive products as well as IoT 
assistive technology designed by the participants. This canvas should be used to encour-
age collaboration, discussion between the participants and co-creation. To this end, we 
recommend using a cardboard with postcards identified by colors during the workshop 
with participants. Larger postcards may be required by older users to facilitate the task.

Table 4  Summary of Activities, Practice/task, Participants and Recommendations for Phase 2

Activity Practice/task Participants Recommendations

Ideation Workshop Brainstorm Stakeholders (IT professionals, 
older users, and their families)

Conduct a Brainstorm session aiming at proposing 
innovative solutions focused on older users. To 
ensure the participation of older users consider 
adapting the artifacts/material (to support read-
ing and manipulation of people with motor and 
vision limitations), limit the number of partici-
pants, provide places with ergonomics conditions 
and ease of access, and limit the duration with 
breaks to avoid fatigue.

Co-creation Workshop Stakeholders (IT professionals, 
older users, and their families)

Use Co-Creation techniques (e.g., [61]) for the 
ideation of innovative solutions considering the 
conditions listed in the last item.

Prototyping Workshop Tangible Prototyping Older Users Organize groups of 3-4 participants divided by 
Personas according to affinity. Use tangible 
objects to express the functionalities and con-
cepts of the system. Use objects of daily use and 
well-recognized by older users.

Storytelling Older Users Organize groups of 3-4 participants divided by 
Personas according to affinity. Use storytelling 
[46] and low fidelity prototyping of IoT assistive 
and health technologies.

Prioritize Innovative Solutions Older Users To choose the solution to be used in Phase 3, the 
method recommends using the Guiding Criteria 
identified in Phase 1 as a reference. The choice 
can also be made considering the solution’s pref-
erence and adherence by vote and consensus.

Analysis Positioning Matrix Older Users and IT Professionals Relate Personas and ideas on a blackboard (or 
large cardboard), so that participants can give 
their opinion using post-its (one color for each 
Persona).

Map Personas and IoT Solutions Older Users and IT Professionals Map each Persona with the respective suitable 
solutions and technologies. Standards Tables, 
based on [40], can be used to support the choice, 
once they address aspects related to perception, 
cognition, evaluation, as well as denotative and 
behavioral.
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and methods to enable the participation of the older users. 
Table 4 presents a summary of the recommendations for the 
activities of Phase 2.

In the following, the method proposes the prototyping 
activity, in which a set of practices are executed with older 
users in order to discuss, select and propose IoT solutions 
for Home Care. This includes the use of tangible objects 
to create prototypes, storytelling [46], and prioritization 
techniques. Personas are used to organize small groups of 
participants and to empathize with the older users (Table 4).

The analysis activity includes the collaborative construc-
tion of a positioning matrix to relate Personas and ideas, and 
the respective IoT solutions.

3.2.4  Phase 3: designing home care solutions

In this phase, we aim to prototype the IoT solution iden-
tified in the previous stages. Figure 1 presents the activi-
ties, inputs, and outputs of this phase, which is a prototype 
version.

This phase starts with the framework analysis, in which 
the designers must use the IoT Framework (see Sect. 2.1) 
to describe the elements of the prioritized solution. Table 5 
presents a summary of the recommendations for the activi-
ties of Phase 3.

In the sequence, designers and IT professionals con-
duct technical workshops, which include brainstorming of 
the technical solutions according to the previously iden-
tified requirements, as well as the formalization and fea-
sibility analysis of the User Stories. Next, the design and 

development team implements prototypes in an iterative 
manner. Older users and other stakeholders are consulted 
about the produced prototypes.

The last activity is the Validation Workshop, which starts 
with the description of scenarios focusing on the use of the 
prototypes in the users’ own homes. Role-play scenarios are 
carried out with older users, where they act in situations 
that require Home Care assistance. Finally, the older users 
are invited to perform scenarios using the Think Aloud [60] 
protocol.

We obtain as results of the last phase a prototype, an IoT 
solution evaluated by older users, a survey, and requirements 
for the next prototype cycle.

4  Evaluation with older users and analysis 
of the results

We applied IoT-PMHCS to understand older users’ participa-
tion needs, difficulties and impressions during the proposed 
activities (main focus), as well as to analyze the acceptance 
of market based solution and proposed prototypes. The stud-
ies with the older users presented in this work were approved 
by the Human Research Ethics Committee of the Brazil 
Platform, Brazil, Register No. 98684218.3.0000.5397. All 
participants signed an informed consent form.

Figure 3 presents an overview of the application of the 
IoT-PMHCS and evaluation activities carried out within 
its phases. This includes interviews and five workshops, as 
well as semi-structured questionnaires called “Participation 

Table 5  Summary of Activities, Practice/task, Participants and Recommendations for Phase 3

Activity Practice/task Participants Recommendations

Analysis IoT Framework analysis Designers Describe the IoT Framework elements for the prioritized solution. 
This task is carried out in two instances: (i) before the Techni-
cal Workshop, providing a preliminary version with the main 
“things” and functionalities; (ii) after the Technical Workshop, 
with a more “stable” solution.

Technical Workshop Technical Brainstorm IT professionals Focus on generating ideas to realize the functional and technical 
requirements previously identified.

User Stories analysis IT professionals (older 
users and other stake-
holders)

Formalize user stories, feasibility analysis, and technical require-
ments to implement solutions based on the stories that arise in 
the co-creation workshop and storytelling.

Prototype IoT iterative prototyping Designers Prototype a solution proposal considering the prioritized needs 
among the specified conditions, and plan scenarios for the Vali-
dation Workshop. Older users and other stakeholders should be 
consulted in this task. We highlight it may be necessary to adapt 
the solution to meet all types of Personas and respective users.

Evaluation Scenario Older Users Describe scenarios with older users by using the prototypes.
Validation Workshop Staging / Role-play Older Users Invite older users to role-play scenarios (last item) from their day-

to-day situations using the prototypes. Preferably perform it in 
their own homes.

Think Aloud Older Users Encourage users to verbalize what they are thinking during sce-
narios. Think Aloud protocol [60] can be used to this end.



314 Universal Access in the Information Society (2024) 23:305–328

1 3

Survey” applied at the end of three workshops to evaluate 
user participation. We also applied SAM (The Self-Assess-
ment Manikin [10]) and TAM (Technology Acceptance 
Model [16]) techniques to evaluate the acceptance of the 
solution.

Section 4.1 presents how we planned and conducted the 
activities with older users, IT professionals, caregivers, and 
family. Section 4.2 presents the evaluation results of the IoT-
PMHCS activities.

4.1  Planning and conducting the evaluation

This study followed the planning model conducted by Gon-
çalves et al. [23], which was designed to assess the way older 
users interact with Home Care systems. In the following, we 
present details regarding our study goals, its methodology, 
the participants involved in the study, materials, and devices.

Hypothesis: IoT-PMHCS is able to provide effective par-
ticipation of the older users (and other stakeholders) in the 
design of Home Care solutions based on IoT technology. We 
also expect good user acceptance of the technology, once 
they participated in the process.

Study objective: To understand and evaluate the participa-
tion of older users in the IoT-PMHCS, including their needs, 
difficulties and opinions about the participatory activities. 
We also aims to evaluate the acceptance of prototypes devel-
oped using existing AAL devices (e.g., IrisSenior1).

Methodology: A group of older users was invited to par-
ticipate in the design (using IoT-PMHCS) and studies so that 
their behavioral responses could be analyzed in their homes 
(i.e., the design activities took place in the house of the par-
ticipants), aiming to allow participants to act more naturally. 
The studies with the older users took place in the town of 
Muzambinho-MG, Brazil. Figure 4 shows some pictures of 
activities with the older users during the application of the 
IoT-PMHCS method. We followed the method recommen-
dations for scheduling, execution, and sequence of tasks. 
Table 6 sets out the main participatory activities required 
for the method.

Due to practical restrictions, activities with designers 
and IT professionals took place in the city of Campinas, 
SP, Brazil.

The participants answered the “Participation Survey” at 
the end of the Values, Ideation, and IT professionals work-
shops (Table 6), which asks about their experience during 
the activities. We also carried out a final evaluation after 
using monitoring devices during the validation workshop 
using SAM and TAM (Fig. 3).

Participants: By using the stakeholder diagram [31, 51], 
we identified key responsible actors, namely older users, 
IT professionals, researchers, health professionals, as well 
as family members, and older users’ friends. The following 
groups of participants were selected:

• Nine older users were selected due to the research-
ers’ proximity and because they resemble the Personas 
selected in this work. Table 7 summarize their profiles. 

Fig. 3  Overview of the participation of the stakeholders in method and evaluation activities

1 http://www.irissenior.com.br/
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Interview results detailing its main characteristics are 
presented at the end of this section;

• Ten IT professionals, including: seven computer sci-
entists, two computer engineers and one production 
engineer. Five professionals work in a transnational cor-
poration that operates in several IT areas; another five 

participants were graduate students. Eight participants 
have previously developed IoT projects;

• One physiotherapist at the city of Muzambinho, selected 
by her experience with older users care;

• Fifteen family members of the older users, selected 
according to their proximity to them.

Fig. 4  Co-design Activities with 
Participants

Table 6  Participatory activities carried out in the conducted case study for the application of the IoT-PMHCS method

# Event Participants City Time Method

0 Research and Interview Health professionals, older 
users and relatives

Campinas and Muzambinho 16h Forms on internet and semi-structured Survey

1 Values WS 9 older users - 60 to 80 yrs. Muzambinho 3h Generative Session and Brainstorm
Ideation WS 5 IT Professionals Campinas 3h Co-Creation, Brainstorm

2 Prototyping WS 9 older users - 60 to 80 yrs. Muzambinho 5h Brainstorm, Storytelling, Norm table, User 
Journey

Technical WS 10 IT Professionals Campinas and Online 4h Co-Creation, Brainstorm, User Jrne.
3 Validation WS 6 older users - 60 to 80 yrs. Muzambinho 6h Scenario, Staging and Think Aloud

Table 7  Older Users profile, 
including, respectively, 
pseudonym, age, gender, basic 
skills with (any) IT device, 
closest person (even if you 
live alone), educational level, 
profession, and whether you live 
alone or not

Pseudonym Age Gender IT Exp. Closest person Educ. level Occupation Live alone

Bela 81 Female No Daughter Second degree Housewife No
Teresa 75 Female Yes Husband Second degree Housewife No
Beta 68 Female Yes Husband Graduated Housewife No
Luiz 67 Male Yes Husband Graduated Manager No
Noel 70 Male Yes Husband Graduated Retired No
Edson 75 Male Yes Husband Graduated Layer No
Zeze 68 Female No Son Graduated Retired Yes
Elga 64 Female Yes Husband Graduated Dentist No
Lucia 72 Female Yes Husband Graduated Retired No



316 Universal Access in the Information Society (2024) 23:305–328

1 3

Materials: The used materials prepared in advance of the 
study: the consent form; the profile survey questionnaire; and 
the participant observation form. The profile survey ques-
tionnaire addressed social, cultural, and educational issues 
to develop a detailed profile of older users. The participant 
observation form contained notes regarding all participants, 
including the older users, professionals, family members, 
and researchers. Also, the workshops were recorded in the 
video for posterior analysis.

Devices: The older users were monitored by the call 
center of Home Telecare IrisSenior using a speakerphone; 
besides that, they used a bracelet and smart necklace2 to 
monitor falls and heart risks. These devices were used in 
the validation workshop (Table 6). The participants used 
these devices at least two days before the final evaluation 
(SAM and TAM).

Initial activities and description of older users’ profile. 
We carried out semi-structured interviews to understand 
the profile of older users. The interviews were individual 
and included 19 closed and open questions (available in 
[49]). These interviews focused on key elements, such as 
their lifestyles including habits and health, dangerous situ-
ations experienced at home including the main challenges 
and needs, and their relationship with technology and Home 
Care.

Regarding their profiles, most of the participants were 
female, over 70 years old, university graduates. Regarding 
their home-sharing, only one participant declared to live 
alone. The others live with their spouse or family mem-
bers; however, they stay around four hours alone at home 
on average. Although we face practical difficulties related 
to the recruitment of participants, which led us to an unbal-
anced group in some aspects, this group matches our mini-
mal selection criteria: to include (1) at least one participant 
between 60-69, 70-79, and ≥ 80 years old; (2) at least one 
female and male participant; (3) participants of different 
occupations, including at least one retired; and, (4) both 
participants that live alone and with their families.

The biggest challenges experienced at home were related 
to falls, forgetfulness, and fire. According to the interview 
reports, the situations range from moderate to severe and 
were rich to understand their Home Care needs. All partici-
pants who live with family members have already experi-
enced dangerous situations during periods they stayed alone. 
This led us to believe that their previous experiences are 
valuable for the design.

When asked about health problems, the most common 
were those related to hypertension (55.5%) and hearing loss 
(50.0%). None of the respondents required intensive care or 
had a serious illnesses that made it unfeasible to participate 
in the workshops or to live alone. Participants who had better 
health conditions expressed their concern about foreseeing 
problems in the near future, and the need to plan their stay 
longer at home.

When asked about dangerous situations, eight participants 
reported that they would currently use their smartphone to 
call for help (seven participants would call the neighbor). 
Five older users reported that they use the device frequently. 
Only two participants said they had no difficulty with tech-
nology and like it a lot, two participants responded that they 
do not like new technologies, but when they get used to 
it, they start using it frequently. The others (five) reported 
difficulties with technology but they are open to using it 
in face of possible benefits. They were also asked “How 
do you imagine that technology can help you in dangerous 
situations at home?”. Older users were willing (and some 
enthusiastic) to come up with ideas for using the technology 
in their homes and for health monitoring, which pointed out 
a positive posture in relation to participation in co-design 
activities. Although they related some difficulties with the 
technology, this preliminary result contradicts the initial idea 
of older users as a resistant group.

4.1.1  Participation surveys and final evaluation methods

The Participation Survey was applied after the Values Work-
shop and Prototyping Workshop to older users, and after 
the Ideation Workshop to IT professionals (cf., Fig. 3). The 
objective was to collect information about their experience 
with the workshop shortly after its execution. Details about 
the design of the questionnaire, results, and analysis forms 
are available in a Technical Report [49]. Table 8 presents 
the questions, which aim to evaluate the adequacy of the 
IoT-PMHCS workshops to older users.

After taking the “Participation Survey”, the answers 
were discussed in a focus group; the researchers mediated 
the discussion and summarized the most relevant elements 
for analysis.

We also executed a final evaluation during the Validation 
Workshop, in which we simulated a dangerous situation, 
after prolonged use (15 days). We chose to use the SAM [10] 
and TAM [16] techniques twice: i) at the end of a simulated 
experience of using the IrisSenior device in self-assessment 
guided by the researchers, and (ii) after an experience of 
prolonged use. We aim to evaluate the acceptance and influ-
ences of prolonged use. As presented in Table 12, three par-
ticipants made use of the solution during 15 days.

SAM was chosen because it is a qualitative and objective 
method that allows the subjective feelings of an emotional 

2 Bracelet and smart necklace were chosen as being integrated into 
the IrisSenior’s technological solution, as well as having appeared as 
alternatives in the initial activities.
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episode to be evaluated using pictograms. Emotional aspects 
are important in events involving health and can be crucial 
for the success of a Home Care solution. The use of picto-
grams proved to be viable in the context of the older users 
who participated in the study.

Resistance and acceptance of new technologies is one 
of the key design challenges we face in the development of 
solutions for Home Care. We chose to use TAM, since it is 
a is a method to assess the acceptance of technologies. The 
following factors are considered: perceived utility, perceived 
ease of use and external variables.

4.2  Evaluation results and findings

For each phase of IoT-PMHCS (Sects 3.2.1– 3.2.4), we 
describe the analysis of results and lessons learned about 
issues related to co-design activities with older users (and 
other stakeholders) as well as a brief summary of the pro-
duced design artifacts.

4.2.1  Results‑phase 0

The older users participated in interviews and answered the 
exploratory surveys and questionnaires (see Fig. 3). In gen-
eral, the activities took place as expected and all artifacts 
were properly produced, which indicates the feasibility of 
applying the method with stakeholders in a real-world con-
text. Individual interviews took approximately one hour per 
person for both older users and health care professionals.

In the interviews with the older users, we took into 
account the main problems raised by Home Care. The results 
were initially divided into the AAL categories proposed in 
[39], adapted to the Brazilian context. All older users were 
open to answering the questions. One older user made a 
point of reporting problems with technology and difficulties 
that it brings (according to him) to his daily life. However, he 
was willing to discuss alternatives and give suggestions for 
creating an “easy to use” solution. Older users highlighted 

the importance of a break during the interview and declared 
a preference for it in relation to the questionnaire.

The main challenges of Home Care pointed out by the 
older users concerned the problem of falls (9 citations in 23, 
that is 40%) and forgetfulness (8 citations in 23, that is 35%). 
The main challenge presented by the health professionals 
is linked to falls (at night, on stairs, on slippery floors) and 
abuse suffered by the elderly due to the lack of preparation 
of caregivers.

A questionnaire was also sent by e-mail to 22 fam-
ily members and answered by 14, with at least one family 
member of each older user. A key concern was related to 
fast communication in case of danger. Appendix 1 presents 
results with the “Affinity Diagram of Main AAL Sugges-
tions” produced from the results with older users, physi-
otherapists, and family members.

4.2.2  Results‑phase 1

As shown in Fig. 3, in this phase, older users took part in 
two workshops (Values and Personas). During the Values 
Workshop (Table 6), the participants were divided into three 
groups (refer to Table 9) according to the affinity with the 
Personas suggested in [22]. These personas were created by 
Home Care professionals, as described in [22].

Results from the “Participation Survey” show the main 
issues and lessons learned about the workshop planning 
and execution. The quantitative results are presented in 
Table 10. We summarize the following results based on the 
participants’ feedback (qualitative and quantitative): (i) time 
schedule, the total duration of two hours was considered 
adequate by all participants; however, most highlighted that 
10-minutes breaks every half hour are desirable to maintain 
focus and participation; (ii) groups, the division of the users 
in three groups (according to Personas) were considered sat-
isfactory, only one participant requested to change the group, 
(iii) material, they reinforced the need of using printed con-
tent using large font size instead of digital files, and (iv) pro-
cess, they emphasized the importance of providing step by 

Table 8  Questions of the 
“Participation Survey”

# Questions

Q1 Did you have enough time to complete all activities?
Q2 Did you feel prepared and comfortable with the workshop?
Q3 Were the artifacts used in the workshop adequate (Post-Its, Card-boards, Printed 

Material, Videos ...)?
Q4 Were the activities properly executed (even when some complexity is required)?
Q5 Was our group prepared for executing the activities?
Q6 Was the information provided by the mediator and the Personas’ descriptions 

sufficient for the workshop?
Q7 Would you participate in the next stage of this research project?
Q8 Please, leave any comments or suggestions.
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step explanations about the process, prior to the workshop, 
including the next phases.

All participants answered positively about participating 
in subsequent activities and assigned positive evaluations of 
the workshop such as “It was an opportunity to go back to 
school and work as a group. It was fun”; “When asked about 
our values, we had to look internally for what was really 
important in our lives and this brought us great reflections”; 
“It was an opportunity to think about our current reality and 
our future”; “It was an opportunity to be with friends in a 
different manner”.

Older users also emphasized some positive aspects of 
using Personas with Empathy Maps [17] in the proposed 
method. We identified a higher degree of identification 
between user groups and Personas regarding health con-
ditions, their relationship with technology, and personal 
preferences.

The “Sense of Purpose” was the most significant value 
pointed out by the participants, followed by “Be part of” 
and “Independence”. We also asked the groups to provide 
the main value for each Persona. Table 9 shows the results 
from the Values Workshop, summarized by Group - Persona. 
Fig. 5 shows the guidelines, which were used to stimulate 
the discussion. An example of this is that during the next 
phase, the participants (IT professionals and older users) 
were invited to propose innovative IoT measures to ensure 
security and independence.

4.2.3  Results‑phase 2

As shown in Fig. 3, IT professionals participated in the 
Ideation Workshop while the older users participated in 
the Prototyping Workshop. Although our initial planning 
presupposes the participation of older users in the Ideation 
Workshop (see Table 4), practical issues such as geographic 
distance and the agenda of the participants did not make this 
possible. This led us to adapt the Prototyping Workshop to 
include an activity to present and review (by older users) the 
results from the Ideation Workshop.

Results from the Participation Survey (with IT profes-
sionals) after the Ideation Workshop show: (i) participants 
considered the material and activities to be adequate for car-
rying out the activities; (ii) they also considered the explana-
tions sufficient to conduct the activities; (iii) the participants 
consider themselves capable of carrying out the proposed 
activities; (iv) most (67%) of IT professionals recommend 
the presence of older users and IT professionals in the same 
ideation session (as initially planned). The IT professionals 
suggested, in case it is not possible to carry out this activity 
in a group with older users and IT professionals together, to 
use tools to facilitate the co-creation of shared artifacts such 
as the Persona Maps and Canvas.

Qualitative results from the Participation Survey after the 
Prototyping Workshop (with older users) show: (i) partici-
pants considered the material and activities to be adequate 
for carrying out the activities, in particular they highlighted 
the importance of playfully artifacts linked to their daily 
lives; (ii) they considered the explanations sufficient to con-
duct the activities; (iii) they do not consider the presence of 
IT professionals necessary, and they believe it would even 
hinder or limit the activities with older users; (iv) most 
(about 89%) of the participants do not consider the presence 
of health professionals essential, and they believe health pro-
fessionals may limit the practices and direct participation of 
the older users. Older users (even those under 70) reported 

Table 9  Values Workshop: Home Care challenges prioritized by Persona

Group-Persona Persona value Categories in order of impor-
tance

Home care challenges Additional challenges

Group 1 - Antonio: Luiz, 
Edson and Noel

Independence Health, Mobility, Social Inclu-
sion, Safety, Daily Facilities

Medicines control Mobility, friendship, robbery, 
failure

Group 2 - Maria de Lourdes: 
Elizabete, Lucia and Teresa

Independence Health, Social Inclusion, 
Safety, Daily Facilities, 
Mobility

Forgetting to take medication, 
taking care of feed, improve 
self-confidence, concern 
with cooker, forgetfulness, 
difficulty with mobility

Loneliness, robbery

Group 3 – Nair: Maria José, 
Maria Gabriela and Elga

Be Part of Social Inclusion, health, Daily 
Facilities, Mobility, Safety

Need for company or car-
egiver, Control of medica-
tions, daily activities, food

Depression, difficulty seeing, 
forgetfulness, difficulty with 
mobility (Faith)

Fig. 5  Guiding criteria including main solution goals, criteria which 
define its successes and project’ limitations
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back and leg pain, as well as eye strain and tiring. The quan-
titative results are presented in Table 10.

The older users did not mention problems regarding tasks 
and artifacts. Older users highlighted the importance of the 
technology addressed and recognized the value. For exam-
ple, one older user reported “... addressing a very current and 
necessary subject for the proposed age group”, while another 
older user reported “ ... the group was very homogeneous, 
showing a lot of interest in the excellent work, which was to 
benefit the lives of many people in the future”.

We found relevant lessons learned from the workshops 
with older users, which can be used as directives for future 
Home Care co-design with older users:

• In general, older users did not report problems with 
artifacts, and as mentioned, they highlighted the impor-
tance of playful ones. We highlight the importance of 
using videos, images, and animations, as these can ease 
the understanding of innovative concepts (e.g., IoT and 
AAL);

• As shown in Table 10 (Question 5), some participants 
did not feel prepared to perform the activities. During the 
Values Workshop (see Sect. 4.2.2), they proposed using a 
sequential process (step-by-step) with a gradual evolution 
of complexity;

• The use of Personas was positively evaluated both 
from a quantitative (Table 10 - Question 6) and quali-

tative point of view. For instance, a user stated that 
“it is sometimes easier to talk about a health need of 
yours reflected in a Persona than it is to talk about 
yourself”;

• The interactivity and constant feedback from older 
users supported us in providing a more adjusted pro-
cess and the environment from workshops of phase 1 
to phase 2. This allowed us to adapt the activities pro-
posed in IoT-PMHCS to meet the specific needs and 
restrictions of the working groups;

• Once older users reported back and leg pain during the 
Prototyping Workshop, we suggest not exceeding two 
hours per participatory process session, recommend 
breaking activities down into smaller tasks and doing 
them on different days, as well as providing adequate 
accommodation such as ergonomic armchairs and ade-
quate local for breaks.

Regarding the produced artifacts, the Ideation Workshop 
produced the following: (i) generation of ideas for each 
Persona and Positioning Matrix, including the criteria for 
choosing the best ideas; (ii) prioritized ideas for each Per-
sona (Table 11); and (iii) updated Persona maps.

During the Prototyping Workshop, older users revised 
the IT professionals’ ideas, proposed a substantial number 
of new ideas (56 ideas divided into 16 large categories), 
and prioritized the ideas (Table 11). These ideas were dis-
cussed using low fidelity (paper) prototypes. The Prototyp-
ing Workshop also produced a checklist table to support 
the selection of solutions in the next phases and updated 
versions of the Persona Maps and User Journey artifact.

The following assumptions for an integrated solution 
were defined: (1) assist older users’ memory, mainly about 
taking medicines and buying them; (2) detect emergencies 
and facilitate communication when they occur; (3) collect 
and interpret updated health information; (4) be integrated 
to rescue services and trigger them as quick as possible; 
and (5) keep the entire support network up-to-date about 
emergency and procedures.

Table 10  Results of “Participation Survey”

# Values WS Ideation WS Prot. WS

Q1 100% 100% 100%
Q2 100% 100% 100%
Q3 100% 100% 100%
Q4 100% 100% 100%
Q5 67% 88% 88%
Q6 88% 100% 100%
Q7 88% 100% 100%
Q8 Text Text Text

Table 11  Ideas revised and prioritized by older users

Persona Ideas

Persona - Nair (1) a device to control feeding and medicines, with alerts for caregivers; (2) an image recognition emergency sys-
tem including video cameras at strategic points and monitors at family house or mobile; (3) a wearable device 
for monitoring pressure, heartbeats, and cholesterol, with alarms.

Persona - Antonio (1) a chromotherapy system using light spots designed to improve sleep quality and adaptable to the time of day; 
(2) a set of devices designed to decrease the excitement rate before sleep; (3) a fall and stumble system.

Persona - Maria de Lourdes (1) an online medicine box device that is able to recognize missing medicines and automatic purchase via the 
Internet; (2) an intelligent warning system integrating wearable devices and sensors; (3) an intelligent kitchen 
system to simplify food preparation and avoid risks.
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4.2.4  Results‑phase 3

As shown in Fig. 3, in Phase 3, 10 IT professionals partici-
pated in the analysis and technical workshop while the older 
users participated in the validation workshop.

The IoT Framework was analyzed and used to organize 
the tasks with IT professionals during the technical work-
shop. The IoT Framework was linked to the User Journey 
in order to develop the functional specification of the solu-
tion, resulting in (i) an Integrated Solution Diagram, which 
maps the components (or things) that are part of the IoT 
solution as well as how they exchange information, (ii) the 
IoT Framework including User Stories aiming to supports 
the detailing of “semantics-thing” relationships, and (iii) a 
Features List with scenarios using IoT solutions as described 
in the User Stories.

Figure 6 presents smart bracelet features specified accord-
ing to the User Journey, that have been reviewed by older 
users. A hazard prevention worksheet (including a descrip-
tion of using fall sensors, oximeter, blood pressure sen-
sors, environment CO2 sensors, to cite a few), constructed 
with the study results, was used in a new review of the IoT 
Framework.

We held a Validation Workshop employing different sim-
ulation scenarios. Table 12 presents the participants’ pro-
file and their scenarios, including: name (nickname), age, 
resistance to technology, familiarity with technology, group/
persona, type of scenario, description of the scenario, and 
duration of the scenario.

As it was out of scope to build a new device, at this stage, 
we reused an existing device (IrisSenior equipment) in an 

adapted solution. We named this solution “AS IS” in the val-
idation workshop (Table 12). In this scenario, the simulation 
took place with real-world devices, i.e., the user simulated a 
dangerous situation (cf. Table 12), activated the device, and 
the Central IrisSenior carried out the service as in a real and 
current situation.

The “TO BE” scenario considers the need for additional 
devices, such as activation by voice command, replacement 
of the bracelet by a smartwatch, biosensors, and integrated 
sensor analysis. Table 13 presents the relationships between 
results of participatory activities and the “AS IS” and “TO 
BE” scenarios, i.e., examples of how the values, challenges, 
and ideas have arisen with older users and IT professionals 
were considered in the evaluated solutions. We highlight 
the use of wearable devices, which facilitate communication 
with family, their own social groups, and other older users 
aiming to strengthen some key values such as belonging (be 
part of) and a sense of purpose. Independence is another 
value considered due to the lower need for intervention by 
health professionals via automation by biosensors. It is also 
noteworthy that in the “TO BE” scenario, sensors are incor-
porated to evaluate emotional and security reactions (which 
were emphasized by the participants in phase 0). Such issues 
were synthesized in a list with 21 user stories for the “TO 
BE” scenario, which is detailed in a Technical Report [49].

SAM and TAM were applied during the Validation 
Workshop with all participants and after 15 days (pro-
longed use) with three participants of the Validation Work-
shop (Table 12) in order to measure the acceptance of the 
proposed solution. The results supported the definition of 
refinements and adaptations in both prototype and method. 

Fig. 6  Revised version (by older users) of Smart bracelet features according to the User Journey
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They showed the need to produce more flexible solutions 
as well as the possibility of extending the method to other 
purposes and groups.

Results of the SAM We highlight the following results of 
the SAM method: (i) Regarding “Satisfaction”, 85% of users 
felt satisfied or very satisfied with the solution; (ii) Regard-
ing “Ease of Use”, approximately 72% considered the solu-
tion simple and easy; this encourages its use; (iii) Regarding 
“Motivation”, 75% of the volunteers felt motivated to use 
the device in dangerous situations after the simulation. This 

motivation decreased after prolonged use; 28% declared to 
be less motivated, 29% declared to be indifferent, and 43% 
remained motivated. This is due to the fact that the volun-
teers gave up using intensively the device on average after 2 
days of prolonged usage (15 days) since they did not need it 
or did not like its design.

By observing the use of the framework, we understand 
that the solution meets the expectations of the older users 
in most cases, especially in situations of immediate dan-
ger. With prolonged use (15 days), the solution presented 

Table 12  Validation Workshop: Organization and description of scenarios and participants

Pseud. Age Resistance 
to technol-
ogy

Familiarity 
with technol-
ogy

Group-Persona Type of scenario Description of the 
scenario

Use period

Elizabete (Beta) 68 No No Maria de Lourdes TO BE (1) Partial simulation, 
(2) Voice command 
activation, (3) Situation: 
health problem and fall, 
(4) Successful

15 Days

Lúcia 72 No Yes Maria de Lourdes AS IS (1) Partial simulation, (2) 
Manual activation, (3) 
Situation: fall, (4) Fail

During the Workshops

Luiz 67 No Yes Antônio AS IS (1) Partial simulation, (2) 
Manual activation, (3) 
Situation: health prob-
lem, (4) Successful

15 Days

Maria José (Zezé) 69 Yes No Nair TO BE (1) Full simulation, 
(2) Voice command 
activation, (3) Situa-
tion: health problem 
and smoke, (4) Human 
Intervention

During the Workshops

Elga 64 No Yes Nair AS IS (1) Partial simulation, (2) 
Automatic activation by 
fall sensor, (3) Situa-
tion: fall, (4) Fail

15 Days

Table 13  Examples of relationships between results of participatory activities (with older users and IT professionals) with “AS IS” and “TO BE” 
solutions

Persona Main value Challenges Ideas AS IS TO BE

Nair Independence Memory failures Device to control feeding 
and medicines

Phone call support Smartwatch with medication 
reminder app introduc-
tion of location sensors 
in objects (keys, glasses, 
wallet, purse)

Antonio Independence Falls in general, theft and 
robbery

Fall and stumble system Manual activa-
tion in the smart 
bracelet or Iris-
Senior device

Automatic activation via 
ambient monitoring 
sensors (falls, fire, etc) 
and voice control system 
(remote activation).

Maria de Lourdes Be Part of Loneliness, blood pressure 
and hearing

Intelligent warning system 
integrating wearable 
devices and sensors

Smart Bracelet 
(with biosensors 
and emergency 
trigger)

Multiples wearable devices 
(e.g., necklace and smart-
watch) for communication 
and health monitoring 
(biosensors)
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motivational problems after the second day; however, the 
SAM analysis does not make clear the reason for the lack 
of motivation. To identify the cause of the problem, the 
results of the TAM method were analyzed, as described 
below.

Results of the TAM Regarding “Perceived Utility”, after 
simulating the use of the solution in simulated situations 
of danger, most users agreed that the device is useful, gen-
erates value, and provides tranquility for the older users 
and their families. Only 16% of the answers indicated 
the opposite (4 negative responses out of 24), with only 
one user believing that the solution does not improve the 
autonomy and that its resources are limited. However, 
when the questionnaire was applied after prolonged use, 
the number of negative answers to the solution increased 
to 38.89%.

When older users are faced with the question “I would 
not use this device because it has many limitations.” in a 
simulated dangerous situation, 100% of the answers disa-
greed with it. However, after prolonged use, the majority 
of the users agreed with this statement. This leads us to 
infer that after prolonged use, the solution presents attrac-
tiveness problems. After prolonged use, 100% of older 
users answered that they would like more features in the 
device and 67% pointed out design problems. The fol-
lowing statement corroborates this analysis: “It is ugly, I 
would use it if it had a more beautiful and modern design. 
In addition, there are no interesting features.”. We also 
collected new design suggestions, such as “I wanted a 
solution similar to a Smartwatch, but with more features.”.

Regarding “Perceived Ease of Use”, 100% of the 
answers (even after prolonged use) state that the device 
is simple, easy to use and does not cause anxiety in use. 
During the workshop, 1 of the 5 participants stated that 
they would not use it daily as compared with 2 of the 3 
participants after prolonged use. However, all users stated 
that they were motivated in proposing changes that they 
could make use of the devices. When asked what features 
they would like and want to keep intact after 15 days of 
use, the older users mentioned: ease of use, call center, 
speakerphone, and action plan. One of the participants 
declared “It makes me feel more secure, it is like not being 
alone.”, and another older user highlight: “I really liked 
the ’Help me Iris’ voice command. The response time ...”.

Regarding “External Variables”, 100% of the answers 
indicate that the instructor has a good level of knowledge 
about the device. This outcome could be related to the 
perceived ease of use since 100% of the answers state that 
the device was simple and easy to use. Regarding the sup-
port offered by the IrisSenior Service Center, 71.43 % state 
that the Service Center provides good service and that its 
action plan is efficient.

5  Discussion

This section discusses results from our research and the 
conducted case study in the application of IoT-PMHCS 
with older users. Section 5.1 focuses on our study in view 
of co-designing of IoT-based solutions for Home Care 
with older users, including aspects related to the use of 
Personas and strategies for addressing participation and 
creativity. In Sect. 5.2, we analyze the results obtained by 
the developed solution. Section 5.3 discusses the trade-offs 
and limitations, as well as open research challenges.

5.1  Co‑design of IoT for home care with older users

In accordance with the vision of Leonardi et al. [37], in 
which home is a “territory of meaning”, our study empha-
sized the relevance of better understanding older users 
“territory”, their challenges, and especially how staying 
in their homes for as long as possible is important for 
the extension and quality of their lives. Although partici-
pants reported difficulties in their daily lives, results from 
our Values Workshop (Table 9) reinforced other studies 
(e.g., [57]), by showing that older users prefer to: live in 
their own homes and be as autonomous as possible (inde-
pendence); have a good life condition (health and well-
being); be part of the daily life of their family, neighbors, 
and community (social inclusion); move and exercise 
(mobility).

As Table 11 shows, our study demonstrated the need for 
proposals and solutions that go beyond the use of smart-
phones. Thus, the communication concept needs to go 
beyond the current mobile computing scenarios based on the 
use of smartphones, i.e., it must evolve into connected every-
day objects, incorporating intelligence into this context [26].

This research presented the need for a suitable design 
method to guide designers in the construction of IoT-based 
Home Care technological solutions. In the case of older 
users, a comprehensive IoT-based solution that meets 
users’ different needs and preferences is required. As 
argued by [44], values are a key factor in co-design with 
older users [38]. Our solution focused on addressing older 
users’ values (e.g., Table 13) to further promote better 
acceptance, which were evaluated using SAM and TAM.

The IoT-PMHCS gets inspiration in PD, and articulated 
methods coming from other fields, such as DT, personas, 
and IoT framework, in the context of Home Care for older 
users. Each of these had a specific role in designing with 
older users for IoT solutions for Home Care, which we 
discuss in the following.

Participation and respect for older users are the basis 
of our proposal. The obtained results indicated that older 
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users were open to cooperating with the design tasks. Our 
preliminary results (Sect. 4.1) presented the older users 
disposition on cooperating and, as presented in Sect. 4.2, 
older users remained open to cooperating during all the 
workshops. Even those who reported difficulties after the 
15 days study (Sect. 4.2.4) remained open to cooperating 
by customizing the solution. This contradicts the initial 
idea of older users as a technology-resisting group. One 
hypothesis (to be explored in future studies) is that when 
called to participate in the design, the technology makes 
sense to them, removing the barriers of resistance to using 
the solution.

As discussed by [32], we emphasized that DT can con-
tribute to innovative design solutions and human-centered 
health solutions for older users. In accordance with [50], 
several adjustments were necessary to enable and promote 
the participation of PD activities with older users, such as 
(1) adjustments to schedules, for instance (Sect. 4.2.2) fre-
quent 10-minute breaks were suggested by older users; (2) 
accommodations, due to complains of back and leg pain 
in the prototyping workshop; (3) artifacts, for instance, the 
older users preferred playful tangible artifacts (Sect. 4.2.3); 
and (4) process adjustments, such as to provide step-by-step 
explanations, with a gradual evolution of complexity.

The co-design of IoT devices with older users and IT 
professionals is another key aspect in IoT-PMHCS. As pre-
sented by [2], the design of IoT with older users falls into 
complex issues related to their situated passions, environ-
ment, and objects, personal relationships, as well as the need 
for orchestration to realize an IoT prototype. At IoT-PMHCS, 
we used the IoT framework [5, 34] as a means for struc-
turing, understanding, and addressing the gathering of IoT 
requirements. During the study, we used the IoT Framework 
to analyze and organize the tasks in the technical workshop; 
in particular to support IT professionals in the detailing 
semantics-thing relationships using user stories produced 
by older users.

In view of developing Home Care services as a strategy 
for humanized Health Care [54], such as those proposed 
by relational technologies that indicate the reception, bond-
ing, listening, respect, and dialog with the health service 
users [45], the IoT-PMHCS brings, via the unprecedented 
composition of consolidated approaches to co-design with 
older users (DP, DT, and Personas), a path to propose Home 
Care solutions based on the perception of the older users 
themselves.

Empathy is another aspect to be considered in the co-
design process. There are approaches and frameworks used 
to empathize with users during the co-design process [55, 
56]. The literature points out Personas as valuable tools to 
create empathy with users in the design process [15, 22, 42].

Previous studies by Gonçalves et al. [22] have underlined 
the need for the participation of older users in the IoT-based 

solution design process for Home Care using Personas. Their 
results are not strictly comparable to our current contribution 
because this previous study was concerned with creating 
Personas (used in this study). We highlight some positive 
and negative aspects of both studies. Gonçalves et al. [22] 
refer to the participation of health care professionals in the 
design, which has resulted in a flexible description of the 
Personas, including their physical characteristics and psy-
chological conditions. Our current investigation explores 
this question in a higher depth because we address several 
aspects of the design process with older users, including 
the issues related to the challenges of their everyday lives 
(Table 14) and values (Table 9). It also involves technologi-
cal issues, as well as the validation of a functional solution. 
The inclusion of older users in the process leads to issues 
and solutions being included that may not have been pre-
dicted by health professionals and designers. However, this 
might incur additional costs and require more time to investi-
gate the process, since the participation of health profession-
als was only examined in our study in a limited manner when 
compared with Gonçalves et al. [22]. Further studies are 
necessary to tackle how to carry out activities with health 
professionals and older users together.

We emphasize that IoT kits can be used to enable crea-
tivity and facilitate the design in further research with IoT-
PMHCS. By focusing on the experience of people using the 
IoT elements in this context [2], studies on the use of IoT kits 
(e.g., Un-Kit), in the specific context of Home Care, can help 
with prototypes and consider the creativity of older users in 
the co-design activities.

5.2  Analysis of the developed solution and user 
acceptance

The IoT-PMHCS was conceived to provide requirements and 
to support the specification of innovative IoT-based solu-
tions. With regard to the main requirements raised by users 
during the design, which were considered in our prototype, 
we highlight: (i) assisting older users in preventing danger; 
(ii) providing additional technological resources, such as a 
clock, alarms to avoid forgetting medicines, communication 
with family members and a medical support network, etc.; 
and (iii) being ubiquitous and pervasive whenever possible.

As shown in Table 13, our method allowed to take into 
account the values, challenges, and ideas of the participants 
(Older Users and IT professionals) in the solution. Some 
system features such as simple interfaces, memory support 
(to avoid forgetfulness), and communication capabilities can 
support key values such as independence and be part of. 
We opined that this would have a positive influence on the 
acceptance of the solution. The SAM and TAM methods 
were used to assess acceptance.
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As presented (Sect. 4.2.4), during the Validation Work-
shop both SAM and TAM reported positive results regarding 
older users’ sentiments and acceptance. Such aspects were 
better perceived and valued in simulated dangerous situa-
tions. However, with prolonged use, the solution presents 
attractiveness issues, just as users were likely to use the solu-
tion with customization. This indicates the need for stud-
ies on long-term use to increase motivation (and comfort), 
according to the individual preferences [4]. Future research 
should address the need for adaptive Home Care solutions, 
including the emotional aspects [43].

5.3  Trade‑offs, limitations and research challenges

Despite positive feedback in various situations during the 
application of IoT-PMHCS, we identified the following limi-
tations of our study: (i) The prototype does not implement all 
the proposed requirements; (ii) The proposal was applied to 
3 Personas, despite Gonçalves & Bonacin [22] recommend 
5 Personas, due to the unavailability of the participants.

We highlight that the choice of the bracelet and smart 
necklace may have influenced the proposition of innovative 
solutions. These choices were made due to the limitations 
of technologies available, because they are integrated into 
the IrisSenior solution, as well as due to they appeared in the 
preliminary studies. This influence was minimized in ses-
sions that led to imagining the “TO BE” solution (not con-
sidering technological and financial limitations at the time). 
In this sense, replacement of the bracelet by a smartwatch, 
biosensors, and integrated sensor analysis was proposed.

Due to the limited time and availability of users, it was 
not possible to fully assess the “TO BE” solution in aspects 
related to the values elicited by the method (e.g., be part of 
and sense of purpose). Such an assessment demands long-
term production and operation, as well as additional research 
on these aspects. In fact, our results show that although we 
have good results in the short-term, in-depth studies and the 
continuous improvement of the solution in the long-term are 
essential for research on technological solutions for Home 
Care.

We highlight the limitation of our study with regard to 
the number of participants. These participants brought valu-
able feedback. Further studies with a higher number of older 
users, as well as professionals from other fields related to 
Home Care could complement our results and improve the 
process.

Although the IoT-PMHCS has phases and some general 
activities that can be applied to other contexts, the method 
remains limited in terms of the domain (Home Care), tech-
nology (IoT), and users (older users), since its templates, 
artifacts, and activity dynamics were built for specific pur-
poses. For instance, the template of “Persona Map” focuses 

on care needs and assistive categories, the IoT framework 
is a key and integrated part of Phase 3, and the dynamics of 
the activities and artifacts used in it were elaborated to allow 
co-design with older users. For example, the duration and 
intervals of activities, the construction of artifacts that are 
easy to see and manipulate, as well as the preparation of the 
environment for considering mobility limitations were pro-
duced thinking of older users. Future research on possible 
changes to the method for use in other contexts is needed. 
Such research involves the reformulation of central elements 
of the method, as well as an evaluation in other contexts.

6  Conclusion

Providing a real-world IoT-based solution in Home Care for 
older users is a challenging design task. This research dealt 
with key issues in the co-design activities of these solutions 
with older users and other stakeholders, such as IT profes-
sionals, family members, and health care professionals. We 
hope to create an enabling environment for older users’ par-
ticipation in the design process, aiming to build solutions 
that consider the values, challenges, and ideas brought by 
stakeholders.

We presented the IoT-PMHCS Method relying on DT and 
PD methods. Our proposal is strongly oriented by the con-
cept of Personas to generate commitment and empathy. We 
emphasized capturing stakeholders’ values, using the IoT 
framework as a supporting tool. We pushed the boundaries 
of participatory techniques by generating innovation in the 
context of IoT in Home Care with a focus on older users.

We identified and discussed key aspects of the design 
process in a study with older users. We detected fundamental 
requirements for IoT-based Home Care solutions relying on 
the results from participatory activities. We discussed les-
sons learned, users’ acceptance, and proposed requirements 
for future Home Care solutions.

As future work, we aim to define Personas to represent 
all stakeholders of the solution (e.g., family members, health 
professionals, etc.) and expand each profile’s analysis within 
each phase of the method. We propose researching adap-
tive solutions focused on long-term use. Such solutions can 
increase the motivation for using more attractive devices 
according to the individual perspective and provide Home 
Care features customized and flexible to each user’s needs 
and preferences.

Appendix  ‑affinity diagrams

See Tables 14, 15 and 16.
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Table 14  Results of the affinity diagram regarding the main challenges in Home Care and AAL suggestion based on interviews with the partici-
pants (older users)

Category Detail Challenges AAL

Safety and Security Burglaries, robbery and Fire High occurrence of theft 
and robbery in the home 
of the older users; Fire

Sensors and face recognition could identify stran-
gers; Monitor caregivers to avoid mistreatment; 
Activation of alarms using voice command; Use 
of mobile devices to provide danger alerts for 
family members.

Daily task facilitation Forgetfulness Memory failures Sensors to locate important items using voice com-
mands (e.g., keys, mobile, glasses, wallet, bag, 
medicine); Activation/deactivation of electric and 
electronics devices.

Mobility Assistance Falls Falls in general Include Sensors in the Stairs; Fall detection using 
cameras; Fall alert activation to family members 
using voice; Emergency lighting has the whole 
house in case of power failure.

Health Care and Rehabilitation Health Problems Problems related to blood 
pressure (62.5% of the 
older users) and hearing 
(50%)

Bracelet for the analysis of danger symptoms; Fast 
response from the health plan in case of danger; 
Constant analysis of the health history.

Social and Comm. None Loneliness None.

Table 15  Results of the affinity diagram regarding the main challenges in Home Care and AAL suggestion based on interviews conducted with 
health care professional

Category Detail Challenges AAL

Safety and Security Mistreatment Caregivers are often not prepared to support the older users; 
they are many cases mistreated

Cameras and sensors in 
cellphone to monitoring 
by family members with 
danger alert.

Daily task facilitation Forgetfulness Memory failures and Alzheimer Not identified.
Mobility Assistance Night falls Up on benches and chairs; sidewalks in front of the houses; 

stairs are not a very critical and observed problem
Lighting and voice sensors.

Health Care and Rehabilitation Health Problems Intestinal constipation, blood pressure, heart and respiratory Voice controlled bracelet 
with health sensors and 
danger alerts to family 
and doctors.

Social and Comm. None None None.

Table 16  Results of the affinity diagram regarding main challenges faced in Home Care and AAL suggestion based on interviews with relatives

Category Detail Challenges AAL

Safety and Security Theft Theft and robbery Interconnected system with emergency system and alerts; Sensors that 
identifies drop by sound and triggers SMS or WhatsApp alerts;

Daily task facilitation Forgetfulness Hyperactivity: the 
body does not 
follow the head; 
forgetfulness

Not identified.

Mobility Assistance Night falls Stairs; slippery floor Device that notifies family members with mobile fall.
Health Care and Rehabilitation Health problems Joint problems; heart 

diseases; diabetes; 
spine problems

Bracelet with sensor to monitoring health, danger alerts, drones and 
intelligent cameras.

Social and Comm. Solitude Solitude None.
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