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ABSTRACT 

The use of technology to address health issues among older adults is becoming popular 
nowadays, but, in practice, there is very little systematic work on how to design and develop 
for older adults. This paper investigated participatory design in designing and developing 
two mobile apps to support community-living older adults to maintain their health. We 
examine 1) three older adults to individually participate in designing an app to self-monitor 
their fruit, vegetable and liquid intakes and 2) a group of four older adults participate in 
designing an app to address loneliness. In this paper, we present methodological insights 
of conducting participatory design with older adults. We focus more on the mutual learning 
between the researcher and the older adults as “designers”. We found that both methods 
provide rich data for developing the apps. However, when having a group of older adults 
together was found to stimulate the discussion among them easily, the participants were 
more open to critique the design suggestions, the moderator did not have to provoke often 
to guide the discussion, and in terms of time, although the session was slightly longer, it 
generates more data per participant. We acknowledge that the topic between the two groups 

was different, and each topic’s privacy was 
also a concern. We also acknowledge that 
the number of participants is low, and the 
participant’s technology background can 
be a concern. Either way, we recommend 
continuing to involve older adults in the 
technology design and development phase.  
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INTRODUCTION

Defining when one becomes old is difficult. The chronological age of 65 years or over is 
often the definition of older adults, as this has become the retirement age in most countries. 
However, not all countries have the same retirement age. Develop countries, for example, 
the United States, currently retires at age 66. In developing countries, such as Malaysia, 
the retirement age is slightly lower, which is either 55, 56, 58, or 60, depends solely on the 
employee themselves when they want to retire. Moreover, in some countries, the retirement 
age differs between genders. For example, in China, the men retire at age 60 years, and 
the women retire at age 50 to 55 years. Thus, with respect to all nations, the World Health 
Organization (WHO) and the United Nations (UN) use 60 years and above to define older 
adults in their reports. The population of older adults aged 60 years and above worldwide 
is multiplying (WHO, 2021). It is predicted that by 2050, the older adult population will 
double the current amount (WHO, 2021). 

In Malaysia, however, the Department of Statistics Malaysia (DOSM) refers to an 
older adult as one age 65 years and above. Older adults increased from 1.75 million (5%) 
in 2010 to 2.3 million (7%) in 2020. The number is estimated to increase to 3.49 million 
(14.5%) in 2040 (DOSM, 2020). The DOSM has also projected that in 2040 the younger 
population age below 14 years old to decrease from 27.4% in 2010 to 18.6% in 2040.  
DOSM also predicted that the old-age support ratio, the number of working adults aged 15 
to 64 years to older adults, will triple from 7.4 in 2010 to 21.7 in 2040 (DOSM, 2020). It 
shows a growing need to support older adults to remain independent in their later life.

The rising of the older adult population has raised concerns regarding their health 
conditions as their health tends to decline easily. Common health issues among older adults 
are malnutrition, dehydration and loneliness (BDA, 2021). It is known that the solution 
to treat any health issues is through healthy eating with well-balanced nutrition. In regard 
to loneliness, bereavement or children moving away from the family home are the most 
common reasons why older adults feel lonely in their later age. Moreover, older adults 
would not want to have health issues as these feelings are private and personal (Sani et. 
Al., 2020).

The rising of the older adult population and the low number of younger adults raised 
concerns that we need to ensure that the older adults will have enough support to live on 
their own in their later life. In regard to this, technology has become a promising tool to 
promote healthy living among older adults. There is a growth of gerontology studies to 
assist older adults to promote healthy attitudes and behaviour among older adults. Several 
technologies have been developed to assist older adult’s health issues apart from taking 
medicines. For example, Tulu et al. (2016) developed an app for diabetic older adults to 
self-manage their daily life. Hakobyan et al. (2016) designed and developed a diet diary 
app for older adults with age-related macular degeneration. Sani and Petrie (2017) designed 
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and developed an app for the community living older adults to self-monitor their food and 
liquid intakes. Mehra et al. (2018) developed an app to guide and monitor older adults 
exercising from afar. All of these examples have the same aim, which is to assist older 
adults to self-monitor themselves.

Participatory Design 

Designing an app for older adults is not an easy task. This population group needs specific 
skills and guidelines prior to designing such technology for them. Participatory design 
is one method that engages all users of such technology to raise concerns, provide ideas 
and suggestions in designing such technology (DiSalvo et al., 2017). The thought of 
bringing users as close to the project development tends to bring them joy as they deem 
the technology is then developed based on all their requirements, concerns, ideas and 
suggestions. Participatory design occurs in the early stage of the software development 
cycle. The process of conducting participatory design is considered cheap as no coding 
is involved. Thus the overall project cost can be reduced by only paying programmers to 
develop only after the design of the technology is secure.   

The aim of participatory design is evaluation. That said, the prototype or concept 
design was iteratively designed and evaluated to improve problems found in the original 
design. Therefore, the shared views and concerns raised during the participatory design 
sessions are essential, especially during design. Human-Computer Interaction (HCI) studies 
conducting participatory design has proven that by incorporating users as the “designers” 
during the design stage, the usability of the technology is often positive. 

For example, a study by Razak et al. (2013) shows that including a number of older 
adults in a participatory design to develop a medicine reminder system brings positive 
outcomes during the field study. Fewer usability problems have been found in each stage 
of the design and development. Lee et al. (2017) conducted a participatory design to design 
a robotic technology with older adults with depressions. They conducted a few stages of 
participatory design involving all stakeholders, including many older adults, clinicians and 
caretakers. Rich data have been gathered to design the robotic technology, including the 
methodological aspect of conducting participatory design. Another participatory design 
by Ahmed et al. (2019) found that the method works perfectly in order for the researcher 
to develop a dashboard system for the cardiac patient. Similarly, this study conducted 
participatory design sessions with new numbers of older adults and clinicians. 

Number of Participants per Participatory Design

There are mixed views in the literature about the optimal number of participants in a 
participatory design. In the Handbook of Participatory Design, the authors highlighted 
having several people join a participatory design to get a broader view or ideas of evaluating 
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such a product (Simonsen & Robertson, 2012). Fewer participants may influence the 
number of data gathered compared to having a large number of participants. However, no 
exact figure was given. A survey paper by Bossen et al. (2016) also did not highlight the 
optimum number of participants in the 17 participatory design studies they reviewed. The 
authors focused more on the result and the process to run the participatory design study. 

In the early days, taken nearly a decade back, in Razak et al. (2013) study, as stated 
above, they recruited six older adults in six different sessions to achieve the paper’s 
objective. That being said, they had one older adult per one participatory design session. 
However, just a year later, in a study by Wilkinson and De Angeli (2014), they recruited 
25 participants (16 males, 9 females) in one session to investigate designing a walking-
aid intelligent mobility device to assist in daily activities, for example, shopping in a 
shopping complex. The session includes discussing how shopping means for them and 
how technology can assist them in shopping effectively.  

In Van Vensen et al. (2015), they recruited seven participants (no gender given) in one 
session to discuss a technology design concept for detecting and preventing frailty among 
older adults. However, in a study by Šabanović et al. (2015) to design socially assistive 
robots for older adults, they conducted two workshops to 1) learn what older adults think 
about technology and 2) design technology that suits them. In the first workshop, the 
authors had four participants (3 males, 1 female). In the second workshop, they had three 
participants (2 males, 1 female). 

In recent studies of engaging older adults in participatory design by Ahmed et al. 
(2019), the authors recruited seven older adults in one participatory design session to 
design a dashboard system for the cardiac patient. In LaMonica et al. (2021) study, they 
had 21 older adults in four participatory design sessions. Unfortunately, no breakdown of 
the number of participants in each session was given.

To the best of our knowledge, after reviewing the literature, although all papers 
succeeded in using participatory design to achieve their objectives, no specific reason was 
given as to why the authors had this number of participants. The numbers varied from 
having one participant per participatory design study to 25 per session. There is also no 
definite number of participants for participatory design concerning the age group of the 
participants, especially with older adults. It shows that limited participatory design studies 
investigated the number of participants that suits a participatory design session. The mixed 
views on the optimal number of participants per participatory design prompt us to explore 
more in this area and how this affects the quality of the evaluation elicited. We also hoped 
to provide reflections on how best to conduct participatory design with older adults. 

We are interested in designing and developing apps for older adults to address 
malnutrition, dehydration, and loneliness. Unfortunately, these health areas are too private 
and personal for a community of older adults to admit that they are malnourished or lonely. 
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Thus, we are interested in investigating the use of two participatory designs to design two 
apps. The first participatory design is to be conducted individually between one older 
adult and the moderator, following what was practised by Razak et al. (2013) to address 
malnourishment. The second participatory design to address loneliness to be conducted 
in groups, following what was practised by Šabanović et al. (2015). 

This paper is organised as a section of the methodology, followed by the results and 
discussions, and lastly, conclusion of the paper.

METHODOLOGY

Design

Two participatory design studies were conducted to achieve this. These two app suggestions 
derive from our previous study, which can be found in Sani et al. (2020). One participatory 
design (hereafter “PD1”) with three older adults was to individually design a web app 
to self-monitor their fruit, vegetable and liquid intakes. The second participatory design 
(hereafter “PD2”) was with a group of four older adults to design a smartphone app to 
address loneliness. 

For both studies, a concept design storyboard of how the app might work was illustrated 
to the participant. That said, for PD1, a concept design to self-monitor fruit and vegetable 
intakes were provided and for PD2, a concept design to address loneliness was presented. 
The concept design was created following heuristics and guidelines for developing 
applications for older adults (e.g. Silva et al., 2015; Baharum et al., 2018; Sani & Petrie, 
2019). The concept designs were then evaluated for usability with experts prior to the study 
with the older adults. It makes sense to allow the experts to identify potential usability 
problems before evaluating the system to the older adults. 

This study evaluated the concept design in three sessions to the participants in PD1 
and one session for PD2. Both studies were moderated by the same moderator who has 
experience in research with older adults.

Participants

The inclusion criteria were to be 55 years or over, as this is still a choice of retirement age 
in Malaysia, and to live independently, either alone or with family members. That being 
said, we did not recruit older adults who have a carer or one who cannot manage to take care 
of themselves. Participants did not have to have any technology experiences. Participants 
were recruited from Pusat Aktiviti Warga Emas (PAWE), a social centre for older adults 
in Malaysia. In addition, participants were recruited from PAWE Labuan and PAWE Kota 
Kinabalu. All participants own and use smartphones. None of the participants was related 
to one another. Table 1 summarises the participants demographic.
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Table 1
Demographic of the participants

Characteristic PD1 PD2
Gender 2 women, 1 man 2 women, 2 men
Age 60 – 63 years 62 – 65 years
Living Arrangement All living with partner / family All living with partner / family
Employment Status All retired All retired

Procedure

The procedure was the same for both studies. Malay and English languages were used 
to ease the participants. For PD1, the session started one by one with 10 minutes gap in 
between. Each session lasted approximately 45 mins. For PD2, one session was conducted 
with all four participants discussing together. The session was approximately 110 mins. 
During the studies, there were no other activities at PAWE. 

The moderator started the study by introducing the objectives and procedures of the 
study. Participants were welcome to ask any questions prior to the study if they had any 
confusion. The moderator then displayed the concept design of the app. The participants 
were then asked to think aloud their thoughts and concerns about the design. The 
participants were also asked to give design suggestions and improvements if they deemed 
needed to motivate them to use the app in the future. 

At the end of the study, the moderator highlighted all the key points reported by the 
participants. The participants were also debriefed. Finally, pack lunch meals and a monetary 
reward was given to each participant to thank them for their time and efforts. 

Materials and Equipment

Two concept design storyboards were printed screen by screen on A4 papers. Sample of the 
concept design for PD1 and PD2 is as shown in Figures 1 and 2, respectively. In addition, 
each participant was given a copy of the concept design storyboard for both sessions to 
stimulate the discussion.

Participants were also provided with A4 papers for them to scribble their design 
suggestions and concerns. In addition, pens and markers were scattered around the table 
to reach them when needed easily. 

The studies were audio-recorded using the Voice Recorder application on Samsung 
Note 9, running on Android 10. 

Data Analysis

The audio recordings were transferred to iTunes for transcriptions and analysis of data. 
The transcriptions were translated to English by a translator.
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Figure 2. Sample of the concept design for PD2; an app to address loneliness

Figure 1. Sample of the concept design for PD1; an app to self-monitor fruit, vegetable and liquid intakes
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Thematic analysis was conducted on the transcripts (Terry et al., 2017). It was to 
identify all suggestions, ideas, and concerns related to older adults in using the apps. First, 
an open coding technique was done until refined themes were found (Williams & Moser, 
2019). Then, to ensure the inter-coder reliability of the themes, a second coder went through 
all of the suggestions, ideas, and concerns and any disagreements were resolved. 

RESULT

The studies provided insights that older adults can articulate their wants and needs in 
designing technology. For example, in both PD1 and PD2, we repeatedly found similar 
themes across both studies regarding having a technology that suits this particular group. 

Awareness of Personal Limitation

Older adults have a certain ability to remember as their cognitive ability tends to decline 
as they get old. The older adults in this study were aware of their limitations in achieving 
a certain goal. It was repeatedly said in both PD1 and PD2. Some of the comments were:

•	 “I do not think I can remember all those steps” PD1.p1
•	 “The memory game requires a lot of attention I need time to learn that” PD2.p3
•	 “The exercise should be suitable for us we are sixty plus we cannot do like the 

younger people do” PD2.p1
•	 “That message was good it is needed so we know what we just did you know 

sometimes we tend to forget” PD1.p1

Self-doubt and Concerns

Literature has shown that older adults have positive and negative attitudes towards 
technology (e.g. Anderson & Perrin, 2107; Elueze & Quan-Haase, 2018). Similar to the 
findings in the literature, some older adults in this study also doubt certain features of the 
app and their capability to use it. Some of the comments were:

•	 “well I guess you know that we are not well adapt to using technology changes 
can be made but I think to get everyone to like using it is a different story” PD1.p3

•	 “you were born in a different era than us we grew up with no technology whatsoever 
I only started seeing this when I work I mean a few years working already then 
only we had computers the big ones so what I am trying to say is this changes it 
takes time maybe for me maybe not for me” PD2.p2

Encouraging Interactions

Literature has shown that older adults are prone to using such technologies if given sufficient 
and not burden instructions (Betts et al., 2019). The older adults in this study reported 
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needing encouraging interactions that can assist them when required, especially if they 
feel lost upon using the technology. Some of the comments were:

•	 “I was a bit lost just now maybe you can have a little note to tell us where are we 
now” PD2.p2

•	 “so now what will happen how can I see what I just drank maybe you can direct 
me to that page or at least give me a message” PD1.p1

•	 “this is useful when you keep on giving us those messages I can see it helps us I 
like them” PD1.p2

Learnability

The older adults in this study prefer to use technology that does not require them to learn 
a lot. Instead, they suggest having features that are similar or familiar to them. It can be 
seen to reduce their mental workload to learn something new. Some of the comments were:

•	 “The overall flow of adding intakes should be made easy” PD1.p3
•	 “Why not you do something that is familiar to us but in a technology way I mean 

for example the ” PD1.p1
•	 “The layout should be consistent and similar among all pages if a button is there 

at this page it should be there at the next page with the same size same location as 
an older person it will be easier for us to remember if there is not a lot of changes 
between the pages” PD2.p3

•	 “limit the amount of features to do per page please I cannot remember what to do 
if you give me all of those in one go” PD1.p2

Privacy and Personal Matters

We are aware that the topics between the two studies are different. We noticed that the 
older adults in PD1 are more open to discussing from their perspective. However, in PD2, 
the older adults often discuss by referring themselves to a friend or partner. Some of the 
comments were:  

•	 “I want to use it cause I want to know my daily intakes I can also compare my 
whole week or months right” PD1.p3

•	 “I cannot lie I do not really drink water but I think this can help me to monitor 
my intake” PD1.p2

•	 “if you ask me know I can only say from the perspective of other older adults 
because I do not think that I am lonely” PD2.p3

•	 “Like my friend she lives alone she never says she is lonely but I think she is 
especially at night her children lives far away and she lost her husband I think this 
app can be useful for her she can spend time using it” PD2.p1
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•	 “for example my husband he is a lot older than me he likes to stay at home I 
sometimes go out with my girl friends we go mengaji like that so I think like my 
husband he can use this to fill in his free time rather than just watching tv right 
when I am not around” PD2.p4

•	 “maybe you can include a chatting section or video call features like whatsapp 
right I am not that lonely but I do think communication is important to reduce 
loneliness my sister living far in our village might need this app she can play the 
game or do some exercise to spend some time alone right” PD2.p3

Older Adults as Designers

Both PD1 and PD2 were discussing health app designs that might help older adults in their 
daily life. We acknowledge that both topics were significant health issues among older 
adults (BDA, 2021). 

In PD1, the moderator had to provoke the session more to encourage the design 
suggestions, which was not a surprise as this was a one-to-one discussion. In PD2, the 
participants built up the discussion and suggestions but were closely monitored by the 
moderator to avoid the discussion going out of topic or one participant conquering the 
discussion. 

In PD1, we noticed that involving the moderator directly with the participants, allows 
them to articulate their design concerns and needs eagerly. Unfortunately, compared to 
PD2, some design suggestions or concerns were supported or rejected by the participants. 
However, the moderator resolved it by reminding us that all suggestions or concerns were 
welcome in the discussion.

In regards to time, four sessions of PD1 were approximately 60mins per participant. For 
PD2, the session lasted for 110mins. Therefore, it can be said as 27.5mins per participant 
to articulate their thoughts and concerns on the discussion. We did not count the number 
of contributions per participant as it was not in the interest of this paper.

DISCUSSIONS AND CONCLUSION

This paper investigated the use of two methods on participatory design for working with 
older adults to design and evaluate technologies to support independent living. That being 
said, our study focuses on the mutual learning concept between researchers and the older 
adults as users. 

For PD1, we asked about an app to self-monitor fruits, vegetables and liquid intake. For 
PD2, we asked about an app to address loneliness. We found that both PDs brings rich data 
to our research. However, in PD1, the moderator may need to put effort to encourage the 
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discussion. It is not a big issue as participants need time to warm up prior to the discussion. 
In PD2, although the participants did not know each other, they managed to sit down and 
discuss the topic together. No major issue was raised during PD2. All participants were 
given time to speak, raised concerns and gave suggestions to design the app.

We acknowledged that the topic of discussions might be too personal or private. 
However, the participants in both PDs did not claim that they were lonely or malnourished. 
Their health condition is also not in the interest of the PDs. In PD2, the participants refer 
to loneliness by referring to themselves from a friend or partner’s point of view. In PD1, 
by just having the moderator and the participant in each session, the participants seem to 
be more open and gave concerns from their point of view. It is, however, not the interest 
of this paper to compare the amount of contribution per participant in regards to the same 
topic, individually or in a group. 

We understand the fact that older adults are less experienced in using technology 
as compared to younger adults. Thus, we recommend that the moderator be well adept 
and experienced in research with older adults. Although there was no issue in the study, 
moderators may need to explain more, especially in the designs and interfaces that are not 
familiar with the older adults. In particular, we found that the older adults in PD2 did not 
like the interactions with humour videos, which further investigation can be done. We also 
acknowledge that the participants in this study have a socio-economic of the somewhere 
middle class. Thus, the results might differ if we had a range of participants.

We are also aware of the limitations relating to the methodology, and the conclusion 
drawn from this paper should be taken with these in mind. Finally, we acknowledge that 
although this current study produced enough data for us to develop the apps, this study 
has a very minimal number of participants that are unable to represent the whole targeted 
population. 

Overall, either alone or in a group, both methods show that older adults can articulate 
their wants and needs in designing technology. Therefore, we recommend using this method 
in regard to designing technologies for older adults. Future work can perhaps investigate 
preference PD based on the topic to be discussed. It is unclear from this study if the topics 
in both PDs interfere with the contribution per discussion.   
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