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Highlights

What do we already know about this topic?

Involvement of patients and citizens in innovation processes 
for health can yield several benefits, but this involvement is 
often limited.

How does your research contribute to the field?

We have identified directions and strategies to enhance 
involvement of older adults and citizens in regional health 
innovation ecosystems using concept mapping methodology.

What are your research’s implications towards 
theory, practice or policy?

Older adults and caregiver citizens can be included in 
regional innovation system development successfully, and 

their insights help to ensure innovations are useful, relevant 
and valuable to target populations.

Introduction

Social, cultural and technological innovation designed to 
address issues in health and aging must eventually improve 
the well-being of older adults and their caregivers. No matter 
how transformative, all innovations face challenges moving 
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from ideation to adoption or commercialization. The founda-
tional understanding that disruptive and incremental innova-
tions must solve ‘real-world’ problems has driven the 
adoption of approaches such as ‘design thinking’ processes1 
that are fuelled by understanding people’s wants and needs 
through direct engagement with them.2

Regional Innovation Ecosystems (RIEs)3 are complex 
networks where a ‘triple helix’ of industry, government and 
academic representatives4 develops localized infrastructure, 
institutional knowledge and skills capacity. Over time, this 
builds capacity for innovation from ideation through to com-
mercialization by mobilizing networks of collaborators.

There is a societal view of older adults as a vulnerable 
population5 but more often they are invisible, overlooked as 
a market opportunity6,7 and only recently actively engaged in 
managing their own health service needs.8 Similarly, older 
adults are often overlooked as active participants in regional 
innovation, where a mostly youth-focused culture has sup-
ported ageist stereotypes.9

In order to reflect a growing understanding of the impor-
tance of the ‘creative class’ in regional innovation systems, 
Carayannis and Campbell10 identified a fourth ‘strand’ to the 
triple helix. This quadruple helix model acknowledges the 
importance of a pluralistic approach to regional innovation, 
and the ‘public’ as an important participant working with tri-
ple helix models, to set and achieve innovation system goals. 
This approach has been used to explain healthcare technol-
ogy development and the improved performance of transla-
tional research – where active involvement of a diverse user 
group helps move an innovation from ‘bench to bedside’.11 
The benefits of including end-users in co-production of 
healthcare innovations12 suggest that increased citizen 
engagement might have similar impact in larger systems of 
innovation. The related concept of integrated knowledge 
translation13 which emphasizes a collaborative approach 
between researchers and knowledge users to co-create 
knowledge across the entire research process, optimizing rel-
evance and impact, situates this work within the broader 
policy discourse of research translation. Application of a 
quadruple helix approach to the development of regional 
ecosystems of health innovation, and the exploration of end-
user’s engagement, willingness and ability to participate in 
that process, is the focus of this article.

In the health and aging sectors, the development of inno-
vation capacity has trailed other industries; however, it is 
attracting increasing attention.14,15 Regional Health 
Innovation Ecosystems (RHIEs) are innovation systems that 
focus developmental and entrepreneurial activities on 
addressing complex issues such as the rising costs of care 
delivery and an ageing population.16 The involvement of 
civil society is particularly relevant in health as it aligns with 
democratization trends in many healthcare systems, where 
the user community increasingly provides direction and 
agency to the other helices (i.e. government, industry and 
academic).

Active public participation in the collaborative develop-
ment of health services is central to contemporary healthcare 
systems that are ‘responsive to a patient’s needs and values’.17 
Benefits include improved health outcomes, patient and pro-
vider experiences, financial performance and community 
capacity.18 These improvements most often affect those with 
more complex needs who are generally also more frequent 
users. In Canada, this includes older adults, who coinciden-
tally make up the fastest growing segment of the population.19 
Furthermore, we know that the care of older adults outside of 
hospitals is most often provided by a supportive network of 
family, friends and other informal caregivers;20 while not 
recipients of care, this group is affected by and often impacts 
decisions related to the care of these older adults. There is a 
wealth of literature supporting not only the essential role car-
egivers play in the healthcare system, but also how they are 
impacted by it.21–23 The ‘ECOTECH’ (Engaging Canada’s 
Older adults in TECHnology ECOsystems) project aims to 
identify strategies that encourage the meaningful involve-
ment of the community, specifically older adults and their 
caregivers, in RHIE development.

Methods

This article reports on a group concept mapping project fol-
lowing the methodology of Kane and Trochim.24 This par-
ticipatory mixed methods study was undertaken during an 
18-month period as part of a programme of research funded 
by the AGE-WELL Networks of Centres of Excellence. 
AGE-WELL brought together research, government, indus-
try and non-profit partners from across Canada, with aims of 
improving the quality of life of older adults, and generating 
socioeconomic benefits through innovation in aging-related 
technology.25

As recognized by Sutherland and Katz,26 group concept 
mapping offers a way to understand complex systems and 
relationships. The methodology inherently values commu-
nity engagement building in participation by experiential 
users throughout to generate a prioritized list of approaches 
to engage older adults and their caregivers in the develop-
ment of RHIEs.

A six-step group concept mapping methodology approach 
was undertaken: (1) planning, (2) idea generation, (3) struc-
turing, (4) analysis, (5) interpretation and (6) utilization.24

For the planning step, a core group (n = 10) of community 
dwelling older adults and caregivers over the age of 55 was 
recruited from the Seniors Helping as Research Partners 
(SHARP) Group. SHARP is a group of older adults in 
Southern Ontario who collaborate with our research group to 
advance the development of research priorities and collabo-
rate on research projects, with an aim of improving the 
healthcare system for older adults.27

For the other steps in the concept mapping process, partici-
pants from across Canada were recruited through purposive 
sampling28 to include older adults and their caregivers (n = 22), 
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as well as other key stakeholders (n = 9) who are typically 
involved in RIEs, with the latter group including policymakers, 
industry representatives and researchers. Up to 31 (67.7% 
female; 32.3% male; mean ± SD age: 62.6 ± 16.4 years; range 
in ages: 30–91 years) participants took part in the concept map-
ping activities.

Snowball sampling and email recruitment were used for all 
of the participant groups. For the older adult and caregiver 
participants, in-person recruitment through posted recruitment 
flyers and ‘gatekeepers’ was also used to aid in recruiting a 
diverse sample. Depending on location, different individuals 
(such as community workers and healthcare providers in tar-
geted long-term care homes) acted as ‘gatekeepers’, approach-
ing potential participants on behalf of the research team. 
Diversity was mainly achieved in living situation (e.g. congre-
gate versus community living), age and health status.

Planning

The lead author met with the core group of older adults and 
caregivers at the outset of the project to collaborate on (1) the 
focus prompt (which was used in the next phase of idea gen-
eration to guide the brainstorming), (2) the foci for the rating 
activity completed during phase 3 and (3) participant recruit-
ment for subsequent phases.

Idea generation

The goal of the idea generation step was to generate ideas/
concepts that would be used throughout the remaining stages 
of the project. Once participants consented to be involved in 
the project, they were asked about their desired platform for 
participation: either direct use of the Concept Systems 4.029 
online software application or in-person participation. The 
Concept Systems software was chosen for use in this project 
as a fully integrated tool to support all stages of the project. 
The lead author received training in this methodology and 
software prior to the commencement of this project.29 
Software was used under the rights provided by a purchased 
licence.

For those choosing to participate in person, a focus 
group (n = 8) interview was conducted by the lead author (a 
female, Master’s prepared student in our research group 
with experience in qualitative methodologies and interest 
in innovations for health and aging). Six females and two 
males over the age of 55 participated in a 1-h meeting held 
at a local community centre. Participants were asked to 
brainstorm ideas in response to the focus prompt (a ques-
tion generated in the planning phase). Data were audio 
recorded and transcribed verbatim following the methodol-
ogy of Krueger and Casey.30

Older adults who could not travel to attend the focus 
group and did not want to participate through the online soft-
ware were individually interviewed. Ideas generated by the 
focus group and interviews were manually entered by the 

lead author into the Concept System software. Following 
Kane and Trochim,24 specific themes and ideas unearthed in 
the lead author’s review of the literature on how citizens 
have been engaged in RIEs including initiatives outside of 
health that currently incorporate end-user engagement and 
previous consultations were also manually entered into the 
software system until information sources were exhausted.

Within a pragmatist paradigm31 which underpinned the 
study, an ‘idea analysis’ was then conducted following the 
closure of the brainstorming activities. In addition to analy-
sis, this process was useful to ‘slim down’ the concepts gen-
erated to no more than 100 ideas, as suggested in the Concept 
Systems Facilitator Training.29 Due to the needs of the popu-
lations engaged in this project, it was determined in consul-
tation with the research team that this project should have 
fewer than the maximum 100 statements. The brainstormed 
ideas were organized using Excel to remove duplicates and 
amend wording for clarity of ideas. Statements were then 
coded in NVivo by the lead author and reviewed by a mem-
ber of the research team for key themes to ensure that the 
final list of statements was true to original participant con-
tent, thematically saturated and concise.

Structuring

Once the final list of idea statements was generated by par-
ticipants representing all groups, participants contributed to 
two structuring activities: sorting (n = 28 participants) and 
rating (n = 24 participants for the feasibility rating activity; 
n = 31 participants for the importance rating activity). An 
appropriate minimum sample size for this phase is between 
20 and 30 participants.32

This process was completed in the Concept System soft-
ware for most participants by first sorting (organizing the idea 
statements into categories and labelling each category with a 
theme they found appropriately described the grouping) then 
rating each statement.24 The rating foci generated in the plan-
ning phase were used to ask participants to make judgements 
about each statement with an x-point ordinal response scale. 
‘Importance’ was defined as having great significance to the 
engagement of older adults and their caregivers in communi-
ties innovating for health and aging. ‘Feasibility’ was defined 
as being easily or conveniently accomplished in achieving this 
goal, including factors such as social acceptance and financial/
economic appropriateness.

Older adult participants who were unable to participate 
using the software were supported to participate in person by 
performing the same tasks as those using the online software 
application, sorting identical idea statements using a set of 
cards with individual statements printed one per card. Older 
adult participants who chose an in-person format, but were 
unable to travel, were either sent rating sheets to participate 
remotely in the rating activity or (when feasible) were met 
with in person at a location of their convenience to facilitate 
participation in the study.
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Analysis

Once the structuring phase was complete, analysis was con-
ducted by the author using the Concept Systems software. 
Multidimensional scaling was applied, and bridging analysis 
was conducted to depict results of the sorting activity in map 
form.24 Hierarchical cluster analysis, as described by Kane 
and Trochim,24 was then conducted to group individual state-
ments into clusters. Quality of this analysis was assessed by 
a stress index. Stress here was measured by the discrepancy 
between the distances of points on the map and their original 
value in the similarity matrix. This value was used to deter-
mine the degree to which the map represents the grouping 
data; meta-analysis has revealed that an ideal stress value 
should range between 0.205 and 0.365.24

In the relational map produced, each point represents an 
individual statement that was sorted by participants, with 
similar ideas located closer to each other on the map and less 
similar ideas located further apart. To determine the number 
of clusters appropriate for this concept map, an agglomera-
tive method24 was applied by merging statements together at 
each stage of cluster analysis and reviewing the merging at 
each stage to observe how the statements were clustered. 
Mathematical bridging values assist in understanding the 
relationships between the statements in a concept map; those 
that are closer to one indicate that a statement ‘bridges’ areas 
of the map, meaning that it is a link between more distant 
areas of the framework; bridging values closer to zero indi-
cate an anchor in the map, or a statement that was sorted by 
many people along with others that are more immediately 
adjacent to it.

Interpretation

A cluster map was generated using the Concept Systems soft-
ware, and ‘pattern matches’ and ‘go-zones’ were generated 
from the rating data. Pattern matching as described by Kane 
and Trochim24 commonly uses a ladder graph to show correla-
tions between a chosen pair of rating values. Go-zones refer to 
statements with the highest relative importance and feasibility 
ratings.24 To identify go-zones, bivariate X-Y graphs were cre-
ated to display quadrants created using the means for impor-
tance and feasibility, with the go-zone falling into the upper 
right quadrant where statements with the highest relative 
importance and feasibility ratings were found.24

Utilization

Engagement throughout the project and a final meeting with 
the core group helped researchers understand best approaches 
for knowledge translation and usability of the results.

Ethics

This study received ethics clearance from the Office of 
Research Ethics at the University of Waterloo (#21329) and 

all participants provided written informed consent to partici-
pate in the project.

Results

Planning

Through group consensus, participants modified the researcher-
generated focus prompt agreeing on the final statement: ‘A spe-
cific way that older adults and their caregivers can help our 
communities develop innovative technologies to support health 
and aging is . . .’ to be used to guide the idea generation phase. 
A list of appropriate stakeholders to recruit was co-generated 
and the foci of ‘importance’ and ‘feasibility’ were chosen by the 
group for the rating activities in phase 3.

Idea generation

In response to the focus prompt, a total of 83 statements were 
generated. The statements were analysed using the method of 
qualitative thematic analysis as outlined by Creswell.33 The anal-
ysis revealed key themes including systemic changes, individual 
approaches, collaborations, improvements to current practice, 
novel ideas and methods, and processes central to older adult 
engagement in RHIEs. After duplication removal, 62 individual 
statements were kept for use in the structuring phase.

Structuring

Our goal was to recruit a purposive sample with representa-
tion from each of the quadruple helix groups as well as rep-
resentation from jurisdictions across Canada. While we 
achieved these goals, we observed that none of the health-
care providers who participated in the study was self-identi-
fied as such. Instead, all participating healthcare providers 
self-identified with other roles, such as researcher or car-
egiver. The distribution of participants remained consistent 
across this phase with over half of the participants in each 
activity choosing to self-identify as an ‘older adult’.

Appropriate sample size, as described by Rosas and 
Kane,32 was achieved for all activities. The rating of feasibil-
ity activity achieved the lowest participation rate. Lower par-
ticipation in this activity can be attributed to (1) drop off (as 
this was the third of three activities) and (2) the relative com-
plexity of the idea of feasibility.

Analysis

The final product of the multivariate statistical techniques was 
a seven-cluster map representing a framework of priorities for 
the engagement of older adults and their caregivers in RHIEs 
(Figure 1). This map yielded an acceptable final stress value of 
0.35023,29 falling within the high range of normal, consistent 
with the known complexity of the research topic.

The concept map demonstrates the major concepts and 
relationships between ideas, expressed by distance between 
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items. Each cluster of items was named by participants; quali-
tative analysis of the suggested cluster names was performed 
(Table 1). Each cluster is described as follows.

Description of priorities framework 
clusters

Public forums

The first cluster, public forums, includes 11 ideas/statements. 
The bridging value of this cluster is 0.34 with individual 
statement values ranging from 0.23 to 0.49. The ideas sorted 
in this cluster are related to the idea of places and spaces for 
in-person and virtual interactions within the innovation eco-
system. In these places, events and activities can occur that 
increase interactions between and the knowledge capacity of 
different groups in the ecosystem. These activities could 
include opportunities such as conferences and workshops for 
collaborators to gain knowledge about health and aging, and 
pitch events that facilitate shared experiences in understand-
ing and building solutions to improve health and aging.

Co-production and partnerships

The co-production and partnerships cluster is made up of 11 
statements about roles and perspectives of those interacting 
in the ecosystem. The bridging value of this cluster is 0.29 

and statement bridging values range between 0.00 and 0.47. 
The statement with the 0.00 bridging value, the lowest bridg-
ing value in this cluster that sorted primarily with other state-
ments close by, has a theme of supporting older adults’ 
decision-making abilities. In terms of roles, some older 
adults and their caregivers would like to partner with innova-
tors (e.g. from planning stages) and others would like to vol-
unteer within an innovating organization. In terms of 
perspective, the diversity in technology adoption and use 
among older adults and their caregivers suggests they should 
be involved in developing and testing technologies created to 
address their needs.

Engagement

With a cluster bridging value of 0.06, the engagement con-
cept is the anchor for this map. Through multiple iterations, 
the sorting of statements within this cluster stayed central to 
the framework. The low statement bridging values ranging 
from 0.00 to 0.14 indicate that the six statements that make 
up this cluster were frequently sorted with each other. This 
cluster label ‘engagement’ was identified by the software as 
frequently chosen by participants’ sort labels. Statements in 
this cluster included ideas of interactions between collabora-
tors, opportunities to understand and learn from older adults 
and their caregivers, brainstorming and dialogues between 
all those involved in innovation.

Figure 1. ECOTECH framework of priorities for engaging older adults and their caregivers in RHIEs.
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Linkage and exchange

In contrast, the linkage and exchange cluster is found to be a 
bridging cluster. This cluster is about how connections are 
made between those involved in innovation. Statements in 
this cluster include ideas about feedback and generating con-
nections between collaborators so that they can have the 
opportunity to reach out to each other. With a bridging value 
of 0.51, ideas here help to link to others in the map. Statement 
bridging values range from 0.06 to 1.0 among nine state-
ments. The statement with the bridging value of 1.0, ‘encour-
age communication between those interested in innovation’, 
highlights the importance of communication to engagement 
in innovation ecosystems. There is a need for improvements 

in how knowledge is exchanged between those traditionally 
involved in innovation (researchers, industry, government 
representatives) and experts by experience (older adults and 
their caregivers) who want to be more meaningfully involved 
in these ecosystems.

Developing cultural capacity

The developing cultural capacity cluster is made up of nine 
statements. With a cluster bridging value of 0.39 and state-
ment bridging values ranging from 0.12 to 0.81, this cluster 
incorporates a range of ideas about the use of media to create 
awareness, coaching and mentoring opportunities in the eco-
system and other ways to bridge cultural divides. Ideas of 

Table 1. Sample statements by cluster with bridging value.

Cluster Sample statements Cluster bridging value

Public forums 1. Begin a public forum where older adults can nurture an innovation ecosystem 
from within.
4. Join or start online discussions about health and aging innovation.
34. Have a place in the community where seniors and their caregivers are 
encouraged to go to share their ideas and/or experiences related to health and 
aging.

0.34

Co-production and 
partnerships

36. Have residents of long-term care be involved in their facility’s ethics 
committees to make decisions about projects taking place related to innovation.
38. Encourage involvement in innovation projects early (e.g. from planning 
phases) so that opinions can have an impact.
51. Develop partnerships between groups interested in health and aging 
innovation.

0.29

Engagement 31. Identify older adults who are technology ‘super users’ and engage them in 
implementation processes.
45. Involve care providers who develop relationships with older adults and 
caregivers in innovation.
48. Involve older adults and caregivers in dialogue with technology companies to 
influence their technology development.

0.06

Linkage and exchange 39. Give local companies engaged in community and technology innovation the 
contact information for all older adult and caregiver groups so that they can 
contact them for their feedback on research and product development.
56. Gather information from senior’s community centres about innovation needs 
in health and aging.
57. Encourage communication between those interested in innovation (e.g. 
researchers, government, business, older adults and caregivers).

0.51

Developing cultural 
capacity

9. Support seniors who are not tech-savvy to use computers to access 
information related to health and aging.
11. Work to remove the mystique and fear from use of technology.
37. Teach those involved in the local ecosystem how to attract the attention of 
older adults and their caregivers.

0.39

Advocacy 5. Get involved with local health decision-making network (such as the LHINs in 
Ontario) to raise issues related to innovation in health and aging.
41. Advocate for universal access to internet for everyone.
55. Advocate to change the status quo of finished products being imposed on 
seniors.

0.32

Investment in the 
ecosystem

8. For financial incentives to be provided to companies engaging the input of 
seniors and caregivers.
19. Give seniors payment in appreciation for their involvements in the 
ecosystem.
53. Support investment in evidence-based solutions.

0.56
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media use range from traditional mechanisms of local media 
advertisements on cable and radio to more modern social 
media platforms. Cultural capacity here incorporates the idea 
of increasing the technological capacity of older adults 
through peer networks and access to information.

Advocacy

Advocacy comprised eight statements which include ideas 
about advocating for flow of information, changing the status 
quo and getting government and decision-makers involved in 
innovation ecosystems for health and aging. With a bridging 
value of 0.32 and individual statement bridging values rang-
ing from 0.24 to 0.50, this cluster can be interpreted as another 
anchor cluster; ideas here were consistently sorted together. 
Older adults and their caregivers need to have access to infor-
mation and be able to share their experiences with govern-
ment, industry and university representatives in the ecosystem 
to be meaningfully engaged.

Investment in the ecosystem

As another bridging cluster, the investment in the ecosystem 
cluster incorporates ideas of creating buy-in in the ecosys-
tem, economic development and incentives for older adults, 
their caregivers and companies involved in innovation for 
health and aging. These ideas link to other clusters, repre-
sented with the bridging value of 0.56. The eight ideas in this 
cluster have statement bridging values ranging from 0.25 to 
0.94. This connection demonstrates the support necessary 
for many of the ideas in this cluster (e.g. financial reimburse-
ment and incentives).

Interpretation

As displayed in Figure 2, engagement was rated on average 
as the most feasible cluster. Co-production and partnerships, 
and investment in the ecosystem clusters were rated as rela-
tively less feasible. These cluster rating maps provide infor-
mation to guide interpretation and utilization. For example, 
although all the statements in the framework are important, 
cluster ratings reveal a smaller number of themes which 
could be understood as priorities.

Pattern matching

The pattern matching graph (Figure 3) reveals the average rat-
ings for each cluster according to participant’s ratings of impor-
tance compared to feasibility. Overall, there is a moderately 
positive relationship (r = 0.49), and the relationship is linear. 
Engagement is considered relatively more important than the 
other clusters, followed by the co-production and partnerships, 
linkage and exchange, and advocacy clusters.

Participants rated the clusters higher for importance (n = 31) 
than for feasibility (n = 24). Significant differences highlight 
potential areas for further investigation and utilization of the 
findings. Compared to other clusters, ‘co-production and part-
nerships’ has the largest difference, as it was rated the second 
most important (3.98/5) but also one of the least feasible 
(3.59/5); the difference is statistically significant (p < 0.002). 
Similarly, participants rated ‘advocacy’ with high importance 
but low feasibility. By comparison, participants rated ‘devel-
oping cultural capacity’ as having lower importance but higher 
feasibility. The t test revealed that there were no significant 
differences for engagement, linkage and exchange, investment 
in the ecosystem and developing cultural capacity.

Figure 2. Feasibility cluster rating map.
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There is a significant difference between feasibility rat-
ings of the engagement and co-production and partnership 
clusters; the engagement cluster was rated as the most feasi-
ble cluster (3.89/5), and the co-production and partnerships 
cluster was rated as the least feasible cluster (3.59/5). The 
significant differences may be helpful when implementing 
this framework of priorities as key starting points for imple-
mentation. The lack of statistically different importance rat-
ings between clusters indicates that all of the clusters fall 
within a range considered to be important by participants. 
Further comparison of ratings data is presented through go-
zone graphs.

Go-zone

Figure 4 presents a go-zone graph of the framework of pri-
orities visually displaying the statements with the highest 
relative importance and feasibility ratings; a moderately 
positive relationship (r = 0.65) was found.

The go-zone quadrant (those perceived to be both highly 
feasible and important by participants) is comprised of a 
total of 23 statements, representing six of the seven clusters. 
The linkage and exchange cluster was most highly repre-
sented here with six of the cluster’s statements. As a propor-
tion of statements in the cluster, however, there was a tie 
between this cluster and the engagement cluster with both 
represented by 67% of their statements. No statements from 
the developing cultural capacity cluster were rated highly 
enough to fall within the go-zone. Twenty statements were 
rated to be relatively low both in importance and in feasibil-
ity. Every cluster had representation in this quadrant with the 

public forums cluster as the most highly represented, and the 
engagement cluster as the least represented.

Utilization

Collaboration and relationship building throughout this 
project allowed for meaningful contributions of the core 
group. In the final meeting, knowledge translation was 
explored with older adults and their caregivers where they 
shared what approaches would be meaningful to them 
including (1) opportunities for knowledge mobilization and 
communicating the results, (2) how best to position the 
research going forward (i.e. in living labs and developing 
RHIEs) and (3) opportunities for actioning go-zone items. 
Themes from this discussion as well as issues of usability 
and implementation of the framework of priorities are elab-
orated in the ‘Discussion’ section.

Discussion

Regional systems of innovation build capacity for transforma-
tive activities that have the potential to improve the lives of 
citizens in surrounding communities. Explanation of the suc-
cess of these systems has evolved from literature on regional 
science combined with evolutionary economics,34,35 the eco-
nomics of innovation,36,37 theories of interactive learning38 
and institutional economics.39 In this article, we examine how 
older adults, a historically excluded population from the world 
of technology and innovation, might participate in a manner 
that is both empowering for them and instructional for those 
developers and decision-makers that are the generative engine 

Figure 3. Pattern match: importance versus feasibility.
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of the ecosystems. The evolution of the triple helix model,4 to 
include a complementary helical thread that accounts for the 
importance of civic engagement in RIE development,10 aligns 
with the evolution of healthcare’s current focus on patient-
centred care40–42 and patient engagement.43–47 The clearest 
take home message from this research study is that partners 
representing each helix in innovation for health and age tech 
value engagement of older adults and their caregivers in 
RHIEs. According to participants, ‘engagement’ refers to 
interactions and opportunities to understand and learn from 
older adults and their caregivers, and meaningful dialogues 
between diverse groups involved in innovation. By virtue of 
including older adults and their caregivers in the process of 
this project, we have demonstrated that older adult and car-
egiver citizens want to and can be included in regional inno-
vation system development. Their contributions have 
provided important insights into the mechanisms which 
might ensure innovations in the health and aging–related 
technology sectors are useful, relevant and valuable to target 
populations, a crucial component of successful adoption of 
novel products and processes. These findings align with a 
recent systematic literature review of older adult involvement 
in gerontechnology design by Merkel and Kucharski.7 This 
review found that a focus on user characteristics, needs and 
preferences by designers and developers will increase market 
penetration and encourage older people to adopt, implement 
and use technology. The authors suggest the integration of 
older adults into the innovation process following a participa-
tory approach, and advocate for partnerships among research-
ers, designers, developers and older people, throughout the 
whole innovation process.

Through multidimensional scaling and hierarchical clus-
ter analysis, individual ideas generated by participants to 
identify ways that older adults and their caregivers might 
engage with RHIEs were arranged in a seven-cluster frame-
work. This framework and the final list of 62 statements rep-
resent a wide range of ideas related to the engagement of 
older adults and their caregivers in innovation for health and 
aging–related technology.

For engagement to be realized, the ECOTECH framework 
must be actionable; this study provides direction on how 
meaningful engagement of older adults and their caregivers in 
RHIEs can be achieved by examining perceptions of impor-
tance and feasibility. Cluster analysis identified that the clear 
priority for stakeholders is engagement, with the highest feasi-
bility and importance. Participants identified the ideas in this 
cluster as closely related, and thus important to understanding 
the framework of priorities. The importance of engagement is 
consistent with extant literature and more formal efforts to 
engage patients, caregivers and citizens in healthcare systems 
from clinical decision-making48 to research and planning 
efforts.49 In contrast to the engagement cluster, the co-produc-
tion and partnerships cluster was understood as a highly 
important but unfeasible cluster. This cluster incorporates 
ideas of varying levels of involvement, from including older 
adults and their caregivers in brainstorming sessions to foster-
ing relationships between innovators and older adults and 
their caregivers. The idea of partnerships offers an opportunity 
to provide this meaningful engagement, but also creates com-
plexity50 when engaging older adults in health innovation. 
Partnerships have been defined in numerous ways but typi-
cally include aspects of trust and interdependence of 

Figure 4. Go-zone of framework of priorities.
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participants.51 The importance of the relationship between 
those involved in engagement activities has been highlighted 
in the literature on older adult engagement in healthcare 
research and planning.49 The extension of this principle to the 
context of innovation ecosystems is a novel contribution of 
this study. The co-production and partnerships theme has links 
to best practice guidelines and strategies of current leaders in 
innovation for health and aging–related technology.52

As we seek to establish meaningful engagement of older 
adults and their caregivers in RHIEs, the perceived chal-
lenges identified in this study through the ‘no go-zone’ must 
be addressed. For example, statement 36, ‘have residents of 
long-term care be involved in their facility’s ethics commit-
tees to make decisions about projects taking place related to 
innovation’ could invite important conversations to mini-
mize the barriers to participation reported by older adults and 
their caregivers. Recent work by Gauvin et al.53 has sup-
ported this illumination of the challenges associated with 
adopting health and aging–related technologies in long-term 
care. The potential solutions that emerged from their study 
support our work, including their suggestion for engagement 
of long-term care home operators, staff, residents and their 
caregivers in developing and adopting technologies.53

One recognized benefit of working towards practices of 
co-production is the link to social capital. Needham et al.54 
suggest that co-production increases social capital through 
the resulting creation of supportive relationships and an 
increase in personal self-confidence. Being meaningfully 
involved in the direction of projects can positively affect the 
health and well-being of not only the participants, but also of 
society more broadly. Despite this positive impact, the con-
trast between perceived importance and feasibility of this 
cluster raises questions about the status quo of innovation in 
health and aging. Themes within this cluster of older adults 
and their caregivers getting involved in research and innova-
tion from early stages of projects were perceived to be impor-
tant, however were rated as less feasible. Previous work on 
engagement of older adults and their caregivers in health 
research and planning has identified environmental or con-
textual aspects (McNeil, Elliott and Huson, 2016) that might 
be relevant in understanding this disconnect. The importance 
of establishing an understanding of organizational support for 
engagement efforts, for example, will impact time commit-
ments of those conducting research, recognizing that partner-
ship approaches to knowledge generation often take more 
time.49 Participants’ perspectives reflected in misaligned rat-
ings (i.e. differing rates of feasibility and importance) suggest 
a discouraging status quo for innovation in health and aging, 
where co-production and partnership efforts are not thought 
to be feasible by the very people for whom the innovations 
are being developed. Contemporary work by Merkel and 
Kucharski7 supports encouraging meaningful involvement of 
older adults and their caregivers throughout the innovation 
process, noting that most studies currently have only paid 
attention to single phases of the innovation process, but an 
opportunity remains to focus on engagement across the span 

of the innovation process. Future research in this area should 
investigate how we can ensure that feasibility is not a barrier 
to engaging older adults and their caregivers who may require 
unique considerations to participate meaningfully. Adopting a 
co-production mindset could help to minimize tokenistic 
attempts at engaging older adults by enabling a deeper level/
complexity of engagement.

Transdisciplinary approaches to knowledge generation 
and exchange may address barriers and encourage engage-
ment in RHIEs.49 Greenhalgh et al.55 discuss this in the con-
text of culture change, highlighting the importance of 
interpersonal networks to overcome barriers in linkage and 
exchange efforts. In their framework for health system 
change, Goodyear-Smith et al.56 highlight the need for ‘cul-
tural humility’ among stakeholders in order to generate a 
willingness to engage across traditional boundaries for coor-
dinated action. Developing humility might evolve from 
mutual understanding.

Results and next steps for this study include the develop-
ment of evaluation tools to determine the level of civic engage-
ment in RHIEs, based on the framework of priorities. It has 
been established in recent literature that a limitation of research 
involving engagement or co-design methods is the lack of eval-
uation.57 Our study provides an example of a feasible method 
for implementing engaged research in an RHIE from conceptu-
alization of a project to evaluation. Concept mapping has been 
recognized as a tool for such implementation because manage-
able subtopics and tasks emerge from the results.24 The rating 
activity results, displayed through the pattern matches and go-
zones, can be used to guide the operationalization of the con-
cepts in an ecosystem wishing to build-up its civic involvement. 
The breadth of topics in the individual statements suggests that 
jurisdictions wishing to move ahead with the concepts will 
need to clearly understand which ecosystem entities are respon-
sible for action on the statements. Furthermore, the importance 
of historical and local regional context will also be an impor-
tant consideration as ECOTECH moves through the knowl-
edge to action cycle in those developing RHIEs.

Strengths and limitations

A strength of this project is the standardized group concept 
mapping research approach which relies on meaningful par-
ticipation of stakeholders from different backgrounds with 
diverse disciplinary perspectives and life experiences.24 The 
flexible methods used to incorporate the perspectives of 
older adults and their caregivers who were not able to par-
ticipate using the online software were important in achiev-
ing this diversity of perspectives. To the research team’s 
knowledge, the use of in-person brainstorming, card sorting 
and rating with older adults and their caregivers is unique to 
studies adopting this approach.58 The work of Hanson et al.,58 
while a novel and important entry of these methods into ger-
ontological studies, was limited in that they relied solely on 
online brainstorming, sorting and rating methods. Their 
recruitment through email may have limited the contributors 
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participating in the project. In contrast, our project incorpo-
rates in-person opportunities to contribute throughout all 
phases of the concept mapping, providing greater diversity 
of age and life experience with technology and innovation.

The use of the online software enabled participants from 
many geographical locations to participate in this study. 
Although, as expected due to the location of the research 
team, the majority of participants were recruited from 
Ontario; online tools enabled participation from across 
Canada. A few challenges arose with the use of this method 
with older adult participants, leading to some possible limi-
tations of this study. The first challenge arose in the sorting 
phase. Some participants experienced difficulty with the 
online software used for participation – even those older 
adults who considered themselves computer-literate.

Although a desirable option by some of the participants, 
the amount of time associated with in-person sorting proved 
to be another issue for some older participants. The in-person 
sorting activity was scheduled for a 60-min session. Though 
there were some ‘fast finishers’ in the group, who began the 
rating activity while others remained working on their sort-
ing, many participants spent approximately 90-min working 
on the sorting activity. In debriefing after the session, partici-
pants remarked that while they enjoyed the activity, they 
found it ‘draining’. At the end of the sorting session, one 
participant handed in his completed piles with a note on the 
top of the cards stating, ‘and now my mind is blank’. This 
mental and physical fatigue experienced could have contrib-
uted a limitation to the quality of the completed sorting. To 
mitigate this, the author reviewed the submitted sorting data 
for completeness and connection to the themes of the project 
to ensure quality. In future applications of this method with 
older adults, the authors suggest changes to the pacing of the 
activities. For example, it might be appropriate to break up 
the sessions in each phase, perhaps into two shorter meetings 
or to provide more opportunities for health or nutrition 
breaks.

Notwithstanding these challenges, the group aggregate 
map and identification of opportunities and next steps for 
implementation of this framework of priorities demonstrates 
the success of the collaboration efforts, and the usefulness of 
concept mapping for research related to older adults and 
their caregivers.

Conclusion

This study identified a framework of priorities for directions 
and strategies on older adult and caregiver engagement in 
RHIEs. Implementation of this framework could help to 
advance the development of theory and evaluation in the 
area of older adult and caregiver engagement in innovations 
for health and aging. It is hoped that future planning of inter-
ventions and ecosystem development efforts will be 
improved by the results of this study, specifically through the 
implementation of the framework of priorities.

By examining how older adult and caregiver engagement 
can be realized in RHIEs, this project demonstrated the 
acceptability of a modified concept mapping technique for 
gerontological research. The next steps of this study involve 
continuing to collaborate to develop engagement in Canada’s 
emerging RHIEs that support the health and well-being of 
older adults and their caregivers.
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