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Abstract: It is increasingly recognized that community-based interventions for active ageing are
more lasting and effective, yet the tools and methods for developing these interventions are lacking.
This study investigates how to co-design community-based active ageing with older adults via the
development of a toolkit to support this goal. Rapid reviews were conducted to understand (i) the
effective behavioural change techniques for older adults, (ii) how to co-design with older adults for
community-based interventions, and (iii) how to design tools for behaviour change that are easy to
use. These reviews served as the foundation for developing a toolkit to support the co-design of
community-based active ageing, which was evaluated during an interdisciplinary hackathon with
older adults. Quantitative data from the surveys suggested that the confidence levels of students in
developing interventions for health behaviour change and in co-designing with older adults increased
after the hackathon, and the enjoyment of participating in the hackathon and of using the toolkit
were statistically significant factors influencing this increase. Qualitative data from interviews and
observations revealed how the toolkit was (un)used by the participants and what aspects of the
toolkit can be improved. We encourage future researchers and practitioners to apply and adapt our
research findings to the communities of older adults that they are working with.

Keywords: behaviour change design; community-based design; ergonomics in ageing; guidelines;
design tool; interdisciplinary collaboration; participatory design; hackathon; older adults;
rapid review

1. Introduction

The vulnerability of older adults (OA) was further threatened during the COVID-19
pandemic, and researchers are calling for a re-evaluation of the strategies for promoting
active ageing [1]. Since the World Health Organisation proposed a policy framework for
active ageing in 2002 [2], the definition of active ageing has been broadened from the
concepts of economic engagement and involvement in physical exercises to engagement
in life in general [3]. The emerging literature on behaviour change has placed increasing
emphasis on community involvement [4,5]. Community-based interventions were mainly
created to foster healthier lifestyles and inclusive practices, which have been found to be
able to sustainably engage residents cognitively, affectively, and behaviourally [6]. One
of the most urgent and important research question is how to facilitate the process of
designing for community-based active ageing. The Behavioural Change Wheel (BCW)
developed by Michie et. al. offers a systematic way to develop interventions for health
behaviour change [7]. This framework was developed based on a systemic review of
previous frameworks for behaviour change interventions. At the centre of the BCW is a
“behaviour system” that involves three essential conditions for behaviour change, namely,
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capability, opportunity, and motivation. Behaviour change techniques (BCTs) are part
of the framework that connects the theoretical understanding of behaviour change to
concrete guidelines for designing behaviour change interventions. The BCW was used
to characterise two national interventions for health behaviour change, and based on its
reliable outcomes, it has been widely applied in practice ever since. However, some BCTs
proposed by the BCW that are effective for young adults may not be effective for OA. For
example, as people age, their executive function decreases [8]; additionally, in later life,
people’s life goals become more focused on maximising meaning and positive emotions,
while improving health is associated with delayed future payoffs, which are of less concern
to OA [9].

Since OA are a highly heterogeneous group, for example, in terms of their health status,
experiences, abilities and interests, we have adopted the concept of “situational elderliness”,
as suggested by Brandt et al. [10]. Social and cultural gerontologists propose that old age is
a social construct defined by everyday practices and encounters [11]. According to Brandt
et al., rather than recruiting individuals based on their chronological age, it is more likely
that the right group of people will be recruited by approaching communities of everyday
practices, where “seniors are skilfully enacting everyday practices as seniors” [10]. This is
because people might experience situated elderliness as they grow older, for example, in the
case of gardening, only some tasks (e.g., digging, weeding) are difficult for some OA while
they are able to handle the other tasks. Like gardening, there are many other daily activities
that OA might need help with, and their need to belong to a community might therefore
increase. This need has increased further due to the trend whereby OA and their younger
relatives live further apart from each other, along with other societal developments.

Moreover, including users and other stakeholders in the design process can lead
to designs that better meet their needs and preferences [12]. It has been proposed that
co-design should be integrated into the intervention development process for ethical
reasons and to develop a sense of ownership to foster sustainable behaviour change [13].
A growing body of work has explored how to co-design with communities in the public
health domain [14,15]. However, there are few guidelines on how to co-design with OA
communities. The recent research on co-designing interventions for OA falls into three
categories. In the first category, even though OA are the end-users of an intervention, the
intervention is co-designed among experts only (e.g., healthcare professionals), and tools
have been developed to facilitate this kind of co-design (e.g., [16]). The second category
includes studies that report interventions that are co-designed with OA, although there is
no description of how the co-design was undertaken (e.g., [17,18]). The last category in the
literature includes studies that report the details of how they engaged OA in the co-design
or refer to the co-design methods applied (e.g., [19–22]).

Within the last category, a number of the tools used for facilitating the co-design
process have been described and evaluated. Here, we adopt a broad definition of “tool”, as
in the Cambridge Dictionary, which refers to “something that helps one to do a particular
activity”; thus, the form of the tool could be tangible or intangible (e.g., framework). We
also distinguish between “tools” and “materials”. In comparison to tools, materials are
more generic and can be used in co-design sessions with different design goals (e.g., LEGO,
Play-doh). Tangible tools are usually used by the participants during the co-design ses-
sions, while intangible tools are mainly used by designers to plan the co-design session
(e.g., [20,23]). Tangible tools can be grouped into three types based on their format, namely,
digital, analogue, and hybrid. The tools used for increasing the digital literacy of OA
include all three format types (e.g., card-sets [24], sensor kits [25], interactive dice [26])
while the tools used for facilitating collaboration and expression are usually analogue and
emphasize the importance of being tangible to spark one’s creativity [27].

In terms of the purpose of the tools, there are two main goals. The first is to help OA
to become familiar with technology or to increase their digital literacy so that OA have
enough knowledge to use the technology in the future or are inspired to be more creative
by knowing what technology can do [25,28,29]. The second goal focuses on facilitating
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OA to express themselves during workshops, for example, their ideas and emotions, in an
easier way as compared to focus groups or other traditional user research methods [27].
All of these tools aim to spark creativity within OA. Except for Gooch et. al., who explored
co-designing with OA for increasing physical activities [27], all the other tools mentioned
above were not utilised for addressing behaviour change. Gooch et. al. also reported
that not all OA used the storyboard template during the co-design session, which is an
interesting finding that is worth investigating. Gooch et. al.’s work is also the only study
that explicitly designed an intervention at the community level [27]. The existing tools for
facilitating the design of behaviour change were mainly created for designers and evaluated
by designers [30–33]. Whether these tools can be used to co-design with target users is
not yet known. Our previous work on ergonomics in ageing reviewed the differences
in the capabilities of young adults and OA [34]; this could provide a foundation for the
development of design tools for behaviour change that are user-friendly for OA.

The aim of this study was two-fold. First, via a rapid literature review, we identified
(1) the BCTs that are effective for behaviour change in OA, (2) methods and tips for co-
designing with OA communities, and (3) methods and tips for developing easy-to-use
tools for designing behaviour change. Second, based on the knowledge gained above,
we developed a toolkit for co-designing with OA on community-based active ageing,
which was evaluated in a hackathon on supporting OA with group gardening. Specifically,
students and OA were recruited, a quantitative survey was conducted to investigate if
using the toolkit has an effect on the confidence level of participants in co-designing
behaviour change interventions, and qualitative feedback was gathered on how to improve
the toolkit further.

The structure of the paper is as follows. In Section 2, we describe the methods used
for the rapid review and for the toolkit development. When evaluating the toolkit in the
hackathon, we conducted pre-post surveys, observations, and semi-structured interviews
for triangulating our findings. Then, in Section 3, we report on the findings from the rapid
reviews, the final version of the toolkit, as well as the quantitative and qualitative results
of the toolkit evaluation. We then provide a discussion of our findings from the rapid
reviews, the design implications for toolkit development, and the limitations of this study
(Section 4), followed by some remarks and indications for future work (Section 5).

2. Materials and Methods

The key steps in this study and the main outcomes within each step are summarised
in Figure 1, which are explained in the following subsections. The study protocol was
approved by the Human Research Ethics Committee of the Eindhoven University of
Technology. All participants filled in an informed consent form before the hackathon.
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2.1. Rapid Reviews

For the first research aim, we conducted a rapid review to extract evidence and learn-
ings from previous studies on each of the following three aspects: (i) effective behavioural
change techniques for OA, (ii) how to co-design with OA for community-based interven-
tions, and (iii) how to design tools for behaviour change that are easy to use. In a rapid
review, sources are limited due to the time constraints of searching; however, transparent
and reproducible search methods are still used [35]. To date, there is no typology of the
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methods for rapid reviews, and the main difference between our rapid review and a sys-
tematic review is that our review is limited to the literature published in one database. This
method was used due to the urgent need to develop the toolkit for co-designing with OA
for community-based active ageing. A literature search was conducted in early December
2021. The database Scopus was searched. All the relevant articles published with available
full text were collected, and the duplicates were removed. No hand search was performed.
In Table 1, the three rapid reviews are summarised in terms of the “goal of review”, “review
type”, “search terms”, and “studies included (n)”. The flowchart depicting each literature
search can be found via the Open Science Framework (OSF) link: https://osf.io/g6479,
accessed on 10 October 2022.

Table 1. Summary of the three rapid review searches (n: studies included).

Goal of Review Review Type Search Terms n

Identify the BCTs that are
effective for OA

Rapid review of systematic
reviews (because of abundant

research on this topic)

(TITLE-ABS-KEY (“behavio* change
technique*”) AND TITLE (“systematic

review”) AND TITLE-ABS-KEY (“older
adult” OR “elderly” OR “senior”)).

6

Understand how to co-design
with OA communities

Rapid review (because of
limited research on this topic)

(TITLE-ABS-KEY (“community-based” OR
“community based”) AND TITLE-ABS-KEY

(“co-design” OR “participatory design”)
AND TITLE-ABS-KEY (“older adult” OR

“elderly” OR “senior”)).

5

Understand how to develop
design tools for behaviour change

Rapid review (because of
limited research on this topic)

(TITLE (toolkit OR tool) AND TITLE
(“behavio* change” OR persuasive) AND

TITLE (“design”))
4

The effective BCTs identified were then summarised and categorised based on the
stages of behaviour change [36]. According to health psychology, people usually go through
several stages starting from the moment they start thinking about changing their behaviour
to the moment that they have changed it permanently. To facilitate the transition from
one stage to the next, the goal of the design is different, and includes “raising awareness”,
“enabling”, “motivating” and “fading-out” [36]. An explanations of the four categories
can be found via the OSF link: https://osf.io/g6479 (accessed on 10 October 2022). The
lessons learned from the second review were extracted to form the guidelines for co-design
with OA communities. The insights gained in the third review were summarised and
combined with our previous findings in Ergonomics in Ageing [34] to form the checklist
for developing tools for co-design with OA for behaviour change.

2.2. Toolkit Design

The toolkit was then developed based on the effective BCTs and the checklist, while
a hackathon was planned based on the guidelines and the toolkit was evaluated in the
hackathon. In this paper, we focus on the evaluation of the toolkit, and the evaluation of
the hackathon is reported elsewhere [37]. The design process of the toolkit is described in
the following paragraph. The main reason why we evaluated the toolkit in a hackathon
is that the hackathon offers a real-life challenge for co-designers; additionally, the limited
resources and time encourage participants to think creatively and collaborate effectively.
Moreover, given the stage of development of our toolkit, a hackathon could help us to
quickly evaluate our toolkit before the next iteration. In contrast, a design project can last
for a number of weeks, so it is not cost-effective for researchers to undertake observations
throughout, especially when there are several teams. Evaluating the toolkit in a design
project might only be worthwhile after we improved our toolkit based on the hackathon.

The target group for the toolkit was first determined to be anyone interested in co-
designing for community-based active ageing. The user does not need design training to
use the toolkit. The effective BCTs were fed into the content of the toolkit. Specifically,

https://osf.io/g6479
https://osf.io/g6479
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the toolkit was composed of two parts, a card-set and a “canvas”. The card-set allows
participants to explore and become familiarised with the effective BCTs and think of ideas
related to the hackathon challenge based on each BCT. The aim of the canvas is to guide
participants through the design process, from learning about behaviour change models,
identifying resources in the community, generating concepts, and finally, evaluating con-
cepts. The card-set was intended to be applied in the concept generation stage (i.e., step 3
on the canvas). The checklist was applied to define the design requirements of the toolkit
so that it was inclusive to OA. Before the hackathon, feedback about the toolkit was sought
from other hackathon organisers and potential hackathon participants (i.e., students and
OA representatives, based on which the toolkit was iterated five times before the pilot study.
After the pilot study, there was one more round of iteration to prepare for the hackathon.

2.3. Toolkit Evaluation

The hackathon was organised together with a senior centre, Ontmoet & Groet (O&G),
in the Netherlands. The mission of O&G is to help OA living in the neighbourhood to
stay socially, physically and mentally active. The hackathon was interdisciplinary with
students (i.e., under Bachelor, Master, and PhD education) from four disciplines (Industrial
Design, Informational Technology, Public Health, and Built Environment) across three
universities in the Netherlands. The hackathon was hosted on the 4 May 2022 from 9:00 to
18:00 in a meeting room at a nursing home that is a 5 min walk from O&G. The hackathon
involved 16 students and nine OA participants. The 16 students were divided into four
interdisciplinary teams seated at four tables. A toolkit was placed on each table along
with generic materials for co-design (e.g., cardboard, Play-doh, post-its). The participants
recruited from Public Health were medical students who had experience in interacting
with OA.

We would like to note that OA were only involved in parts of the hackathon process to
prevent them from tiredness. Two co-design sessions with OA were scheduled during the
day. Four OA participated in the morning co-design session from 10:30 to 12:00 and five
OA participated in the afternoon co-design session from 14:00 to 15:15. They were matched
to each team by the CEO of O&G with two OA participants allocated to one team in the
afternoon session. The CEO of O&G knew the OA participants personally, and he made the
allocation based on observations of the students during the hackathon to create the most
productive group dynamics.

During the hackathon, qualitative data regarding the usage of the toolkit was collected
in terms of (1) if participants asked questions about the toolkit, (2) if participants explained
to each other how to use the toolkit, and (3) if participants stopped using the toolkit. Four
field researchers, one from each discipline, conducted participatory observation as the
coaches during the hackathon, and each noted down observations on a formatted observa-
tion template. Group interviews were conducted with the OA participants immediately
after the co-design sessions at the venue of the hackathon (n = 9). Two field researchers
conducted interviews in Dutch on the experiences of OA during the hackathon. A follow-
up individual interview was conducted with students (n = 12) from one day to two weeks
after the hackathon during which descriptions of their experience of using the toolkit
were obtained. For the quantitative data, a pre–post survey was introduced to collect
the confidence levels of students in designing for behaviour change and in co-designing
with OA. Fourteen students filled in the survey before the hackathon and one student
did not complete the survey after the hackathon in time (n = 13). The post-survey also
contains a validated creativity support index to collect the experiences of students with the
toolkit for triangulation with the qualitative data [38]. We selected the creativity support
index because it is designed based on concepts and theories from creativity research and
specifically for evaluating creativity support tools, which aligns with the goal of our toolkit.

In summary, we adopted a mixed methods approach to evaluate the developed toolkit.
The quantitative data helps us to understand the effect of using the toolkit on the confidence
levels of participants in co-designing interventions for health behaviour change, which
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is more generalisable. Although the qualitative data is more contextualised, it helps us
to gain a deep understanding of the experiences of participants when using the toolkit,
which enables us to improve the toolkit. The quantitative and qualitative data complement
each other to help us thoroughly answer our main research question. Based on the work of
Doyle et al. on mixed methods research [39], both types of data were collected concurrently
and integrated with equal weighting during the interpretation stage.

3. Results

In this section, we report on the findings from the rapid review, the final version of the
design toolkit before the hackathon, as well as the quantitative and qualitative insights on
the toolkit that were collected from the hackathon.

3.1. Rapid Review Findings

The findings from the rapid review were summarised into “the effective BCTs”, “the
co-design guidelines” and “the tool development checklist”, which will be introduced in
detail below.

3.1.1. The Effective BCTs

The effective BCTs that were identified are shown in Table 2. No effective BCT fits
in the “fading-out” category, several BCTs can be considered as both “enabling” and
“motivating” for one to change behaviour. The definition of “OA” varied across the studies,
and half of the studies focused on interventions promoting physical activities. It is worth
noting that one study concluded that BCTs might be less suitable for OA [40], while the
other studies reported the effective BCTs [41–45]. Therefore, the evidence for effective
BCTs is heterogeneous. The most-mentioned BCT is “problem-solving” (in four studies);
followed by “goal setting”, “action planning” and “social support” (each in two studies).

Table 2. Effective BCTs for OA (categorised by design goals).

Design Goal Effective BCTs for OA

Raising awareness Information about health consequences

Enabling

Action planning
Problem-solving

Goal setting
Social support

Restructuring the physical environment
Demonstration of the behaviour

Instruction on how to perform a behaviour
Graded tasks

Adding objects to the environment

Motivating

Feedback on behaviour
(Follow-up) prompts/cues

Self-monitoring of outcome(s) of behaviour
Restructuring the physical environment

Reward approximation
Rewarding completion

Situation-specific reward
Adding objects to the environment

Social reward
Social support

Material reward
Self-reward

Non-specific reward

Fading-out None identified
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Only four studies reported on the effectiveness of the interventions, while two of
them reported that the effectiveness was limited, the other two studies reported that the
interventions were effective. Among the latter two studies, one study reported that the
effectiveness of the interventions lasted longer than one year while the other study reported
that the effectiveness of the interventions beyond one year was unclear. An elaborated
version of Table 2 (with explanations and examples) and more details regarding all the
studies included in the review can be found via the OSF link: https://osf.io/g6479, accessed
on 10 October 2022.

3.1.2. The Co-Design Guidelines

The guidelines summarised for co-designing with OA for community-based inter-
ventions can be found in Table 3. The reviewed studies revealed three approaches to co-
designing with OA for community-based interventions. The first approach is to co-design
only with OA for interventions to be used by all the OA in the community [9,46]; the second
is to co-design with OA and other generational groups (e.g., children, and younger adults)
for interventions to facilitate intergenerational bonding in the community [47,48]. The third
way is to co-design with OA and local organisations (e.g., local hospitals, local NGOs, and
municipalities) for community-based services for OA from these organisations [49]. These
guidelines are categorised as “involving OA”, “fostering intergenerational bonding”, and
“connecting local organisations”. More details about all the studies included in this review
can be found via the OSF link: https://osf.io/g6479, accessed on 10 October 2022.

Table 3. Guidelines for co-designing with OA for community-based interventions.

Involving OA

- Select usual meeting centres of participants in the community as the workshop site to make
participants feel more comfortable

- Allow informal breaks during the workshop to make the environment relaxing
- Keep the length of the workshop below 3 h to avoid fatigue
- Keep questions direct and simple to help participants understand the questions
- Provide visual materials that all participants can relate to so as to help them connect with

things that they are not familiar with
- Introduce one or more examples first for technology design to help them ideate based on

what current technology can do
- Keep the group small (2–4 people) to allow each participant enough time to speak
- Divide participants into groups based on their digital skills to help participants

communicate at the same level
- Divide participants into groups based on their attitude to behaviour change to help

participants communicate at the same level

Fostering intergenerational bonding

- Emphasise the common goals that all participants share
- Emphasise the different skill sets that each generation have
- Emphasise the values each generation could bring to each other
- Let the team divide the tasks themselves in the workshop to let each participant does the

task that he/she is good at within the team
- Encourage life storytelling to form trust and understanding between participants

Connecting with local organisations

- Determine the current roles of organisations
- Assessing their potential gains
- Determine the roles and tasks each organisation would like to have
- Reaching consensus over the division of roles and tasks
- Confirm with participants about their inputs
- Understand the local context, resources, and working procedure
- Create a business model to ensure all the different activities are financed and the

organisations are rewarded for their efforts

https://osf.io/g6479
https://osf.io/g6479
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3.1.3. The Tool Development Checklist

The checklist for developing tools for co-designing with OA for behaviour change can
be found in Table 4. The reviewed studies each report a tool/toolkit for designing behaviour
change. Three of the four studies used a card-set form for the tool [31–33]. The other study
created a diagram of their developed model as part of the toolkit and the rest of the toolkit
was not described [30]. Two studies explicitly reported the theories that supported their
choice of tools [31,32]; while the other two studies reported the disciplines from which
the tools were derived and did not specify the theories behind them [31,33]. All studies
evaluated their tool/toolkit with either design students or design professionals. Some
evaluations are more thorough than others. None of the tools or toolkits were evaluated
in a co-design situation for designing behaviour change. This is the main limitation of
these tools and toolkits if they are applied to co-designing with OA for behaviour change.
The other limitation of two of the tools reviewed is that they are focused on designing
interactive technologies [31,32]; while technology broadens the solution space for design, it
is not an essential element in all the interventions. The studies reported the useful features
of their tools and toolkit in different levels of detail, while one study reflected on areas
for improvement regarding the current features based on the evaluation feedback [32].
More details about all the studies included in the review can be found via the OSF link:
https://osf.io/g6479/, accessed on 10 October 2022.

Table 4. Checklist for developing tools for co-designing with OA on behaviour change.

Would you like your tool to be self-explanatory?
If yes

- Include an intro card, booklet, article, or website for the tool and its background

If not

- Organise a workshop to introduce the tool and its background to the participants

Would you like the tool to focus on one type of behaviour (e.g., physical activity)?
If yes

- Provide examples that are focused on the target behaviour in the tool
- Give a briefing in the tool to let participants focus on the target behaviour

If not

- Provide examples that cover different behaviours in the tool
- Create an exercise in the tool for participants to identify the behaviour that they want

to target

Have you ensured the accessibility of your tool?

- Create a digital version that allows any people to download and print
- Print on PVC, which is easy to clean and durable to use

Have you ensured that the tool is engaging and easy to use?

- Use categories to divide the information into digestible chunks
- Use categories to guide the thinking process of participants
- Give a clear and concise definition and explanation for each category and its relationship

with behaviour change
- Give examples for each behaviour change theory/technique
- Visually illustrate these examples
- Use simple sentences and no jargon to explain the theory/technique
- Transform guidelines into colloquial questions

Have you ensured that OA could use the tool?

- Can they see the text?
- Can they distinguish the colours used in colour coding?
- Can they associate with all the illustrations given in the tool?
- Can they manipulate the tool easily (e.g., separate two cards from each other)?
- Can the tool communicate with them in a different way other than visually?
- Can they associate with all the examples given in the tool?

https://osf.io/g6479/
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Table 4. Cont.

Have you associated your tool with other existing tools and toolkits?

- Provide a reference card or booklet

Have you let participants think about what the threats to the behaviour change could be?

- Provide questions and examples to provoke this topic
- Provide the opportunity for participants to tailor the tool (e.g., leave space on the cards for

participants to add notes on the threats they think of)

Have you gained feedback about your tool from the target participants during its
development?

- Place the information that participants find useful in the most obvious place (e.g., in front of
the cards)

Have you conducted a pilot test of your tool with target participants?

- Do they only look at some parts of the tool (e.g., one side of the cards)?
- Do they ask lots of questions or show confusion when using the tool?
- Do they abandon the tool later in the design process?
- Find the reasons behind these questions

By integrating the findings from this rapid review and our previous work on er-
gonomics in ageing, a checklist was developed that consisted of questions and recommen-
dations. The types of questions were divided into “would you like . . . ” (offer developers a
choice) and “have you . . . ” (remind developers about important features). By “develop-
ers”, we mean the researchers and designers who will develop tools/toolkits. There is no
particular order to using the checklist, and we encourage developers to read through the
checklist in detail at the beginning of the development process to be aware of what features
could be useful for the tools that they are developing.

3.2. The Toolkit

The toolkit contains a card-set (17 cards of size A5) and a canvas (size A1). The aims
of the toolkit and how it is intended to be used can be found in the Methods section. A
snapshot of the card-set and canvas can be found in Figures 2 and 3 respectively. To ensure
the user-friendliness of the card-set, the effective BCTs were grouped into sets of 16 cards
based on their similarities. The intro card of the card-set introduces a fictional character
Anna and her challenges in helping users build empathy, and the remaining cards each
focus on one effective BCT for OA. “Users”, refer to the users of the toolkit. Each BCT card
consists of a definition of the BCT, an example of Anna applying the BCT, an illustration
photo, several stimulating questions, and a blank space for users to record their ideas and
insights. An example of the BCT card is shown in Figure 4. One side of the card is in
English, and the other side is in Dutch (the native language of the OA participants). For
the canvas, an Open Street map of the neighbourhood in which OA live was positioned in
the centre, together with the names of local organisations that support active ageing. The
description of each design stage was laid out facing towards the four sides of the canvas,
and the intention was to let participants put the canvas on the table, sit around it, and take
turns to lead in each design stage. The canvas is in English only because it is intended to
be used by the student participants, who are fluent in English and some of whom cannot
speak Dutch. We assumed the students would easily explain each design stage to OA via
conversations during the hackathon. The full-size version of both the card-set and the
canvas can be found via the OSF link: https://osf.io/g6479, accessed on 10 October 2022.

https://osf.io/g6479
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Figure 2. The card-set of the toolkit.
Int. J. Environ. Res. Public Health 2022, 19, x FOR PEER REVIEW 11 of 23 
 

 

 

Figure 3. The canvas of the toolkit. 

 

Figure 3. The canvas of the toolkit.



Int. J. Environ. Res. Public Health 2022, 19, 15591 11 of 21

Figure 4. Example of a BCT card.

3.3. Quantitative Insights from the Evaluation

The quantitative analysis of the surveys indicated there was an increase in the con-
fidence levels of students in regard to the design of health behaviour change and in
co-designing with OA. The confidence levels before and after the hackathon are displayed
in Figure 5, which depicts a Likert-scale score ranging from “Not at all” (1) to “Very much”
(5), with the x-axis indicating the percentage of respondents selecting a grading. The y-axis
presents two questions that were posed to participants before and after the hackathon:
(1) How confident are you with co-designing with OA? and (2) How confident are you with devel-
oping interventions for health behaviour change? Notably, no participants selected 5 for “Very
much” before the hackathon for either question, potentially indicating a level of hesitation
in regard to the co-design process. The percentages in the figure refer to the positivity
compared to the negativity toward the questions. For example, for the first question, ‘After:
How confident are you with developing interventions for health behaviour change?’, 8%
answered negatively, 46% were neutral and 46% said they were more confident.
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Based on visual inspection, the overall confidence levels increased, with 2 participants
selecting 5 (Very much) for question 1 (How confident are you with co-designing with OA) and
2 participants selecting 5 for question 2 (How confident are you with developing interventions
for health behaviour change).

Further investigation was conducted on the influencing factors for the measured
change in confidence in developing interventions for health behaviour change before and after
the hackathon. Six predictor variables were considered, which related to six questions from
the survey (the first question was designed by the authors and the other five were from the
creativity support index for evaluating the toolkit), with the outcome variable being the
level of confidence in developing interventions for health behaviour change post-hackathon. This
outcome variable was the focus of the statistical analysis because, as indicated in Figure 5,
the question ‘How confident are you with developing interventions for health behaviour change?’
displays the largest change in confidence from the post-to-pre hackathon compared to
confidence in co-designing with OA. These questions are listed (with their corresponding
abbreviations) in Table 5. For each question, the respondent was able to select a Likert-scale
answer of 1–5 (1 being the lowest, and 5 the highest).

Table 5. Questions involved in the hypothesis testing.

Question
Abbreviation Full Question in Survey

Enjoyment_All To what extent did you enjoy the hackathon?
Expressive I was able to be very expressive and creative while using the tools.

Concentration While I was doing the activity (e.g., idea generation, evaluation), I was
able to concentrate on the activity rather than on how to use the tools.

Enjoyed_Tools I enjoyed the tools and would use them again.
Ease_Collaboration I was able to work together with others easily while doing the activities.

Ease_Ideas It was easy for me to explore many different ideas.

To test our hypothesis, a multiple linear regression model was employed, from which
the t and p-values were calculated by the car library in R (see Table 6). The multiple linear
regression model was selected as it caters for numerous predictor variables. The algorithm
is outlined in Equation (1) in matrix form and includes ε and β, which refer to the vector of
errors and coefficients, respectively. Y is the vector of the values of the outcome variable,
i.e., in this study, this was the confidence level scores post-hackathon. Finally, X refers to a
matrix of values of the predictors.

Y = Xβ + ε (1)

Table 6. Correlates of confidence level in co-design with OA.

Question Theme t Value Pr (>|t|)

Enjoyment_All 2.684 0.0436
Expressive 0.490 0.6447

Concentration −1.209 0.2808
Enjoyed_Tools −3.062 0.0280

Ease_Collaboration −1.643 0.1613
Ease_Ideas 1.561 0.1793

VanVoorhis and Morgan et al. suggest that for regression-based assessment (with
>6 predictor variables), one should have a minimum of n = 10 participants [50]. We have
n = 13 participants for the evaluation process; therefore, a linear regression model is a
suitable approach. Both the p and t-values are measures of statistical significance. A p-value
of <= 0.05 and a t-value of >2 were defined as indicating significance.

The component-plus-residual plots for all predictor variables are displayed in Figure 6.
The blue dashed line indicates where the linear relationship should be, and the purple
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continuous line refers to the estimated linear relationship. Ease_Ideas appears to be the
least accurate (when compared with the other 5) as the purple line diverges significantly
from the blue linear relationship.
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The results indicate that participant’s enjoyment of the overall process (Enjoyment_All,
p = 0.0436 and t = 2.684) and enjoyment of using the tools (Enjoyed_Tools, p = 0.028
and t = −3.062) were statistically significant factors that affected confidence levels post-
hackathon. The negative t-value for Enjoy_Tools indicates a reverse directionality of the
effect; this has no bearing on the significance. The results indicate that enjoyment of the
event has a positive effect on confidence levels.

The multiple linear regression analysis produces a multiple R-squared value of 0.847
(with an adjusted R-squared of 0.662) and a residual standard error of 0.464. In Figure 7,
the diagnostic plots display the 13 participants on the x-axis, with the influence values
(cook), outliers (studentised) and leverage (hat) on the y-axis, where a Cook’s distance
(d-value) > 1 is indicative of influence. The plot indicates that participant 6 had an influence
on the findings with a d-value of 3 (where >1 indicates influence) and is also a clear
outlier in the studentised graph when visually compared to the others. Investigating the
survey responses of the individual may offer insight into the reason for the high outlier
score. In the pre-survey, the participant had also previously worked on projects related
to interventions (e.g., design/activity) for health behaviour change and worked with OA
before the hackathon. The individual’s confidence level was high both before and after
the event while this individual responded to other questions as follows: Enjoyment_All: 4,
Expressive: 2, Concentration: 2, Enjoyed_Tools: 1, Ease_Collaboration: 3, Ease_Ideas: 2. An
indication of the higher outlier score visible in the diagnostics plot (Figure 7) may be due
to the participant’s selection of high scores for confidence and enjoyment, yet relatively
low scores for all other categories. In this case, it could be that the confidence is due to the
participant’s previous experience and enjoyment of the topic rather than the event itself.
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3.4. Qualitative Insights from the Evaluation

The qualitative insights were generated based on the analysis of observations, in-
terviews with OA during the hackathon, and follow-up interviews with students after
the hackathon. Three teams used the toolkit while team 1 did not use it. When asked,
members from team 1 reported that they obtained enough information and ideas from
talking with OA. One member of team 1 did scan through the card-set and canvas at the
very beginning of the hackathon. During the individual interview, he reflected that the
information provided by the toolkit was “not sufficient for the hackathon”. The hackathons
he had attended before always included young adults with programming backgrounds
as participants. When comparing the information to that he had received from previous
hackathons, he felt he was “missing a large amount of information to process” in the toolkit.

We observed that the other three teams asked questions about the toolkit during the
hackathon, which focused on explaining information provided by the canvas (e.g., behaviour
change models, logos of local organisations, meanings of certain terms). These three teams
used the toolkit after co-design sessions with OA and it was the design students who guided
the students from other disciplines on using the toolkit. Team 2 and 4 used the card-set and
canvas briefly. Instead of following the design process as shown on the canvas, they used the
canvas as a checklist to ensure they had covered all the points; for the card-set, they formed
the concepts first and chose a number of cards from the card-set that supported their concepts.
Our observations revealed that team 3 used the toolkit the most thoroughly among all teams.
They followed the steps described on the canvas and tried to use as many cards as possible
for concept development.

All the teams mentioned that the hackathon schedule was tight and team 3 did not
have enough time to complete all the stages as listed on the canvas. Similarly, many
participants found there was too much information to process. We reflected on this and
generated procedural knowledge on how to introduce a toolkit for evaluation, which can
be found below in the discussion section.

With regard to the card-set, the main points of improvement can be categorised into
three groups: (1) less technical language, (2) more visual information and less text, and (3)
removing hard-to-apply BCTs. First, despite several rounds of iterations to ensure the BCT
was easier to understand, three participants commented that the “examples are sometimes
confusing” and “the card-set causes confusion”. Second, three participants stated that they
would like the card-set to have “more visuals” with “less text” and “fewer examples”. One
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participant remarked that the examples provided in the card-set could bias the creativity of
the team. Third, two participants found the BCT “self-reward” difficult to apply externally
since they thought “a user would decide it by himself”.

With regard to the canvas, the main points of improvement can be categorised into
three groups: (1) more visuals and less text, (2) smaller size, (3) a close-up map of the
implementation location. First, four participants reported that they would like to see more
visuals and less text on the canvas. The stages described on the canvas “look the same
visually” and “more colours or pictograms” could “add structure” to it. Second, two
participants found the size of the canvas inconvenient. The canvas was designed to be
large enough to be put on the table so participants could sit around it, yet “other tools were
covering it most of the time” and it was “hard to read all the parts” given its size. Third,
since the goal of the hackathon was to develop an intervention for group gardening that
will be implemented in the senior centre, two participants reported that they would like to
know more about the “physical environment of the location where the intervention will be
implemented”. Even though all the participants visited the senior centre in person during
the lunch break, they thought that a close-up map of the implementation location could
be helpful.

Interestingly, the opinions on the toolkit were similar within each team. For team 2,
the repeated topics were (1) more visuals and less text and (2) less technical language; for
team 3, the repeated topic was the lack of time available to use the canvas; for team 4, the
repeated topic was hard-to-apply BCTs. This might be because the participants in the same
team shared the same experience when using the toolkit and they influenced each other’s
opinions while using the toolkit.

When categorised according to disciplines, the feedback from the Industrial Design
participants was the most homogenous—four out of five participants mentioned that they
would like the toolkit to be more visual and physical and have less text. The feedback from
the participants of the other three disciplines was more heterogeneous.

All OA participants had positive experiences during the hackathon. They found that
the students were “attentive, respectful and collaborative”; some of them did get confused
about the location of the hackathon since it was not hosted at a place that was familiar to
them. Many of them mentioned that they would like to get updated on how their ideas are
taken to the next step of the research. One OA interacted with the canvas and used it as a
tool to tell students how she tried to find the venue. The students noted that it was nice to
see the canvas act as an icebreaker.

Each of the four teams generated one final concept during the hackathon. At the end
of the hackathon, each team pitched their concept for 5 min to a group of judges. Seven
of the judges worked in local organisations that promote active ageing and one judge has
researched how to design for active ageing during her PhD. All judges gave the highest
score to team 3. Four judges gave the second-highest score to team 4, two judges gave
the second-highest score to team 2, one judge gave the same second-highest score to both
teams 2 and 4, and one judge gave the second-highest score to team 1. We will report the
details of the final concepts in our future work [37].

4. Discussion

The main findings of this study can be categorised into two layers. In the first layer,
we identified effective BCTs for OA, extracted a guideline on how to co-design with OA
communities, and formulated a checklist for developing tools that support co-designing
with OA for behaviour change. In the second layer, a toolkit was developed based on
the above insights and evaluated in a hackathon where students formed interdisciplinary
teams to co-design with OA on a group gardening intervention for community-based
active ageing. The toolkit was found to increase the confidence levels of the participants in
co-designing interventions for behaviour change, and areas of improvement for the toolkit
were identified.
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4.1. Reflection on Effective BCTs

Regarding the effective BCTs, even though Zubala et. al. explicitly concluded that
“BCT might be less suitable for OA”, they argue that “environmental and social supports”
are “motivators more meaningful to them” [40]. We interpret this study to imply that some
BCTs are less suitable for OA, such as goal setting and action planning, as they rely on one’s
executive function and long-term vision (short-term pain for long-term gain). Some BCTs
do acknowledge the importance of “environmental and social supports” for OA, such as
“adding objects to the environment”, “social reward”, “social support”, and “restructuring
the physical environment”. Interestingly, “goal-setting” and “action planning” have been
mentioned in two reviewed studies as effective BCTs for OA. Even though the target
group of Zubala et al. was community-dwelling people over 50 years old, we cannot
guarantee that the sample in their review had lower executive functions and more of a
living-in-the-moment attitude than the samples from other reviews. Many factors can
affect the effectiveness of BCTs, such as health conditions, culture, and available resources.
Therefore, we advise future researchers to use the list of effective BCTs for OA as a starting
point and improvise based on insights gained during the process of co-designing with OA
communities in their projects.

4.2. Reflection on Co-Design Guidelines

Regarding how to co-design with OA communities, the guidelines are based on six
studies that satisfied the inclusion criteria, which is a limited number. As more studies on
this topic are undertaken in the future, these guidelines could be updated with state-of-the-
art insights and advice. We see the guidelines as a starting point to prepare designers to co-
design with OA for community-based interventions. Designers can choose to only involve
OA in the community, or also include younger generations and/or local organisations.
Some of the guidelines are more intangible (e.g., mindset) while others are more tangible
(e.g., providing visual materials that OA can relate to). We have made the tangible part of
the guidelines more concrete by providing a checklist for toolkit development. Especially
in designing for behaviour change, the designers may be introduced to behaviour change
theories for the first time; how can they prepare an easy way to introduce these theories
and techniques to OA? We will discuss this checklist in the section below.

4.3. Reflection on the Checklist for Toolkit Development

This checklist was developed based on a limited number of studies, the majority of
which focused on card-set. Therefore, similarly to the guidelines, we suggest that this
checklist should be updated based on the development of future tools/toolkits. Further-
more, we acknowledge that more insights on how to create user-friendly design tools could
be gained by reviewing studies on design tools and toolkits in general. However, we would
like to keep this review more focused on behaviour change and we uncovered specific
advice related to incorporating behaviour change theories and techniques in tools/toolkits
in the reviewed studies. Card-sets have been found to be a helpful tool for designers; how-
ever, we argue the format of the tools for behaviour change design should not be limited
to the card-set. It has been demonstrated that the qualities (e.g., likeliness, complexity,
implications) of the design concepts are influenced by the materiality of the toolkit [51].
Hence, the checklist is not limited to the design of a card-set, and we intentionally phrase
the questions and recommendations in the checklist so that they cover broader features. Yet,
we do acknowledge that many suggestions were taken from the development of existing
tools, which were mainly in the form of a card-set. Future researchers are encouraged to
use generic co-design materials (e.g., LEGO, Play-doh) to support 2D tools such as card-sets
and canvases during a co-design session.

4.4. Design Implications for Toolkit Development

Despite the judges unilaterally giving the highest score to team 3, which is the team
that used the toolkit most thoroughly, we cannot conclude that the usage of the toolkit
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leads to a more desirable design. One possible confounding factor could be related to
the knowledge and motivations of the team members. The members of team 3 appeared
to be more experienced and motivated with regard to design for behaviour change and
co-design with OA; therefore, they had less difficulty using the toolkit and developing the
most desirable concept. A larger sample size than the current study is needed to explore
this further. According to Roy and Warren [52], more empirical evidence on the assumption
that design tools can support knowledge transfer during the design process is urgently
needed. We contribute to this evidence base and provide insights on developing design
toolkits for co-designing community-based active ageing.

Regarding toolkit development, more work needs to be done on simplifying the toolkit.
Similar to what was reported by Konstanti et al. [31], participants frequently found some of
the definitions and terms in BCT confusing. A side effect of the toolkit that we would like
to avoid is overwhelming the participants with a large amount of information in a short
time. While most of the participants found there was too much information to process, only
one participant felt that the information provided was not enough. This difference was
due to the different academic backgrounds of the participants and their experiences and
knowledge of designing for behaviour change and co-designing with OA. This implies that
it is challenging to design toolkits that are suitable for interdisciplinary use since the needs
and wishes of users from different disciplines could be very different or even conflicting.
However, in the above case, we were able to find a middle ground in which the information
in the toolkit has a layered architecture and users can choose the layer of detailedness based
on how much information they require.

The feedback on the canvas noted that we did not clearly communicate how to use
the canvas to the participants. We assumed its form and text layout (facing towards each
side of the canvas) would encourage the participants to stand up, and take turns for each
design stage; instead, participants found the canvas was too big and did not understand
why the text was arranged “so strangely”. We should explain the design decisions to the
participants first. Additionally, although we intended the participants to use the card-set
for ideation (as shown on the canvas), most of the teams used it for idea development and
evaluation; this led us to reflect on the “script” we created for the users when designing
the toolkit. The “script” could reduce the creativity of users and we will continue to allow
the participants to use this toolkit flexibly. These insights helped us to extend our toolkit
development checklist: (1) use a layered design to cater for different preferences regarding
the amount of information, (2) explain the format of the toolkit to the users before they
start using it to avoid misunderstanding, and (3) allow users to use the toolkit in any way
they wish to spark creativity.

As for toolkit evaluation, first, we are aware that the context in which the toolkit
is evaluated will affect the experience of using the toolkit. In our study, the toolkit was
evaluated in a fast-paced environment, and the participants reflected that they did not
have enough time to use the toolkit. In addition, the students had different education
levels. If the toolkit was introduced in a semester interdisciplinary course for students
at the same education level, where the students have more time to read and reflect on
the toolkit, the feedback we collected could be different. Therefore, we encourage future
researchers to report in detail on the context in which a toolkit is evaluated when reporting
toolkit evaluation. Second, we suggest giving participants the option to abandon the toolkit
during the design process. Observing how the toolkit was used, if at all, has helped us
to triangulate the verbal feedback of the participants. Understanding the reasons behind
abandonment provides insight, and this will also ensure that the research findings have
high ecological validity.

It was not surprising to see design students guiding students from other disciplines
to use the toolkit because the use of such toolkits is common in the design field. Since the
target users for our toolkit include people without design training, it would be interesting
to see which discipline, if any, would lead the team to use the toolkit when there are no
design students. Surprisingly, OA’s interaction with the toolkit was minimal. This could be
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because OA did not expect to learn about BCT when they came to the hackathon and/or
they already had ideas and wishes to discuss. This observation coincides with that of
Gooch et al. [27]. Another explanation could be that OA are a very heterogeneous group,
even though we revised the toolkit based on the feedback from the OA representative before
the hackathon, the OA who participated in the hackathon might have had different opinions
about the toolkit in comparison to what the OA representative imagined. Co-designing
the toolkit with OA early on might be a more inclusive approach, which could increase the
uptake of the toolkit during co-design sessions. All the OA enjoyed the hackathon, and
all of the students were satisfied with their design outcomes; thus, we posit that using the
toolkit is only one “means” to achieve the “end” of co-designing for community-based
active ageing.

The quantitative data revealed that participants who experienced higher enjoyment
during the hackathon and the toolkit usage had a higher confidence level in designing for
health behaviour change and co-designing with OA at the end of the hackathon. This could
be because the toolkit offers new knowledge and/or participants gained the experience to
co-design with OA on health behaviour change during the hackathon. Further investigation
is needed to pinpoint the reasons. Additionally, it is not possible to claim the effectiveness
of the resulting interventions in promoting active ageing. More longer-term evaluation
studies need to be conducted to compare the interventions developed with and without
the toolkit, and a large sample size is required to reach such conclusions.

4.5. Limitations

This study has two major limitations. First, only Scopus was used as the database
for the rapid review. We acknowledge that more insights could be gained by extracting
relevant articles from multiple databases. Yet, we argue that the rapid reviews offer a
sufficient starting point given the urgent need for toolkit development. Moreover, the
toolkit was only evaluated with a limited sample size during a hackathon, so it is difficult
to generalise the results to other contexts. However, the design implications generated
from the evaluation study could apply to the development of future toolkits to support co-
designing community-based active ageing. The strength of this study is that the toolkit was
built based on rapid reviews from multiple disciplines, and evaluated in an interdisciplinary
setting, which addresses the urgent need for researchers and practitioners to collaborate on
fostering community-based active ageing with and for OA from different perspectives.

5. Conclusions

In this paper, referring back to the research aims, we report on the development of a
toolkit to support co-design with OA for community-based active ageing. Rapid reviews
were first conducted to address the three identified gaps in the current literature; this was
used as the base to create the first version of the toolkit. After a few iterations based on
feedback from potential users, the toolkit was evaluated in an interdisciplinary hackathon
for co-designing interventions to support group gardening. The quantitative data collected
from pre–post surveys indicate that the confidence levels of students with regard to both
co-designing with OA and designing health behaviour change increased. The qualitative
data collected from observations and interviews revealed the areas of improvement for
the toolkit and the positive experiences of OA. For future work, we will evaluate an
intervention developed based on the hackathon ideas and we encourage future users of the
toolkit to report on their modifications, their experiences of using it, and the effectiveness
of the interventions they developed.
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