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Matching gerontechnologies to
independent-living seniors’ individual
needs: development of the GTM tool
Marc Haufe, Sebastiaan Theodorus Michaël Peek* and Katrien Ger Luijkx

Abstract

Background: Most seniors wish to live independently for as long as possible. Gerontechnologies such as personal
alarms or remote control systems, have the potential to help them age in place. For seniors, assessing what is the
most appropriate technology for their aging in place needs can be difficult. Professionals specifically tasked with
matching seniors’ needs with technology solutions can greatly help here. Yet not much is known about the challenges
these professionals face or how they can optimize their matchmaking service.

Methods: Participatory action research was conducted in the Netherlands, in two phases. In phase one, ten
matchmaking dialogues between municipal technology consultants and seniors were observed, followed by
interviews with both technology consultants and seniors to understand the current matchmaking service. In
phase two, a new matchmaking tool was co-created with technology consultants and other professionals over
the course of four co-creation session. Variants of the tool were tested out in nine additional matchmaking dialogues. The
Cycle of Technology Acquirement by Independent-Living Seniors (C-TAILS) model, which can be used to understand
both origins and consequences of technology acquirement by independent-living seniors, was used as a theoretical lens.

Results: Important challenges for municipal technology consultants in their current matchmaking practice are: making
the matchmaking service more demand oriented and creating an accurate and complete overview of relevant factors
within the seniors’ individual situation so that an optimal match can be made. Together with technology consultants and
other professionals, a new Gerontechnologies Matchmaking (GTM) tool was created to help overcome these challenges.
Evaluation of the tool showed that it better includes each senior’s personal, social, physical and technological context,
within the matchmaking service.

Conclusion: Professionals who help seniors match gerontechnology to their aging in place needs experience a variety of
challenges in the delivery of their service. Currently, few tools are available for them to overcome these challenges. The
newly developed GTM tool can help overcome challenges and optimize matchmaking services. Further testing of the
tool in different contexts is needed to determine its generalizability.

Keywords: Gerontechnology, Assistive technology, Aging in place, Service delivery, Assessment of healthcare
needs, Matching
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Background
Most seniors want to keep living independently for as
long as possible [1–4]. This desire is generally referred
to in the literature as aging in place [5–8] and has been
defined as: ‘remaining living in the community, with
some level of independence, rather than in residential
care’ [9]. From a policy perspective, stimulating aging in
place also makes sense, as aging populations on the one
hand and a shortage of care professionals on the other,
necessitate finding alternatives to institutionalized care
[10, 11]. For these reasons, governmental health and
welfare agencies around the world have been encouraged
by the World Health Organization to adopt policies to
make living places more age friendly [10]. Within this
policy framework, the promotion of gerontechnology
has become increasingly important [11–15]. Geron-
technologies, sometimes also referred to as assistive
technologies, are held to be useful for a host of aging in
place purposes, such as the support of daily activities,
facilitation of social connection and communication and
the enhancement of mobility, personal health, physical
and cognitive activity and safety [16–19].
In recent years, a range of gerontechnologies support-

ing aging in place, such as medication reminders, senior
specific mobile phones and tablets, and vital signs moni-
toring and fall detection systems, have been offered
more widely to seniors [19–21]. In addition, ever more
businesses, great and small, have started to develop a
greater variety of gerontechnology types and variants, as
they are increasingly seen as a viable business opportun-
ity [22–24]. This greater variety of gerontechnology
propositions could potentially benefit seniors in that
they, more and more, will be able to choose a specific
gerontechnology or set of gerontechnologies that best
fit their needs, wants and living situation. It could
also lead to them to not being able to see the forest
for the trees however. Recent evidence suggests that
seniors prefer the help of an intermediary in trying to
find the best match between aging in place needs and
gerontechnologies [25].
In the Netherlands, offering of gerontechnology for

aging in place purposes is increasingly done by welfare
and technology consultants and district nurses. They
mostly operate within the legislative framework of the
Social Support Act, as one of the main aims of this act is
to encourage seniors to live independently longer [26].
Through this policy, care and welfare professionals are
expected to make a shift from providing care to support-
ing seniors to take care of themselves [27]. Professionals
tasked with matching seniors’ needs with existing geron-
technologies can play an important role here [28].
Matching seniors’ (implicit) needs with existing geron-

technologies is likely to present professionals with chal-
lenges however. It requires not only an understanding of

technological offerings that are available, but also of se-
niors’ needs and circumstances. Seniors are a highly het-
erogeneous group [29–32]. Research suggests that this
heterogeneity is also reflected in seniors’ use of and atti-
tudes towards technology [8, 33, 34]. Seniors vary for
example in the degree to which they are technology
minded, in their self-efficacy with regards to using ger-
ontechnology, and may or may not view gerontechnol-
ogy as stigmatizing [35]. By not taking factors like these
into account when trying to assist seniors, intermediaries
risk discussing gerontechnology in a way that is
off-putting, even though that technology could be very
suitable for seniors’ aging in place needs [36]. A recent
longitudinal field study showed that technologies that
are acquired in ways that are not congruent with seniors’
personal needs and circumstances run a higher risk of
proving to be ineffective or inappropriate [8]. In order to
help ensure that gerontechnologies are effective and ap-
propriate, matchmaking by intermediaries needs to be
person-centered and mindful of seniors’ technology spe-
cific attitudes and beliefs [30].
Considering the above, we set up a qualitative study to

better understand the challenges of intermediaries work-
ing to match gerontechnologies to seniors’ aging in place
needs, and co-create with them a matchmaking tool to
overcome these challenges in their real world practice.
Actual choices concerning how best to match geron-
technologies to seniors needs were made while develop-
ing and using the tool. This study reports the different
steps and findings of our tool development process.

Methods
Study design
We adopted a participatory action research (PAR) design
with co-creation methodology. Within PAR, researchers
and professionals together aim to understand and im-
prove upon a practice by directly engaging in that prac-
tice, analyzing and changing it, and evaluating these
changes, each form their own perspective [37, 38].
Through co-creation, much exchange between these per-
spectives is aimed at the construction of new ways of
working [39, 40]. In so doing, scientific and practical
knowledge are integrated, allowing that knowledge to
become more actionable [41].
Our study consisted of two phases: (1) understanding

the current matchmaking service, and (2) tool develop-
ment through co-creation. In phase one researchers
observed instances of gerontechnology matchmaking in-
volving technology consultants and independently living
seniors, and interviewed them separately to gain a better
understanding of the current practice. In phase two,
aided by a shared understanding of this practice and
aided by previous research, researchers and technology
consultants worked together in four co-creation sessions
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to create tool aspects and variants and try them out in
practice. Researchers and consultants participated col-
lectively in two action research cycles. Each action re-
search cycle consisted of five stages: diagnosing, action
planning, action taking, evaluating, and specifying learn-
ing (see Fig. 1) [37].
Prior to engaging in research activities, ethical ap-

proval for the study was gained from the ethics review
board of Tilburg School of Social and Behavioral
Sciences.

Setting and action research team
The study took place between May 2017 and April 2018
in the municipality of the Hague, the Netherlands. Within
the so-called “IZI-Healthy Living at home” pilot project,
the municipal government offered a range of geron-
technologies to seniors living independently in five social
housing buildings, in order to evaluate them on feasibility,
actual use and effects on aging in place. Gerontechnolo-
gies ranged from appliances regarding safety (e.g., elec-
tronic door locks, in-home sensor systems) to mobility
and social interaction solutions (e.g., senior smart phones)
to home adaptions (e.g. handrails and grab bars). All ger-
ontechnologies were on view for seniors during guided
tours in a model home kitted out with over ninety differ-
ent items. Seniors were offered to experience technologies
in their own home for free for one year. The municipality
used this pilot testing to determine which gerontechnolo-
gies should be implemented throughout the city. The IZI
project had already been in progress a little over a year be-
fore the PAR project took place.
In the pilot, technology consultants were tasked with

determining if and how specific matches between se-
niors’ independent living needs and gerontechnologies

could be made. Within this setting, researchers and
technology consultants, as well as the pilot project man-
ager, worked closely together to develop a tool that
could improve the matchmaking service. Additionally,
municipal community builders, also tasked with explain-
ing gerontechnology possibilities to seniors within the
neighborhood, contributed to the co-creation of the tool.
Together, the aforementioned professionals and re-
searchers formed the action research team.
Looking at the researchers, they had just finished and

published a longitudinal field study on technology ac-
quirement by independent-living seniors. Results had been
accumulated in a conceptual model (see Fig. 2): the Cycle
of Technology Acquirement by Independent-Living
Seniors (C-TAILS) [8]. The C-TAILS model shows the
various way in which independent-living seniors’ acquire
technologies, and how these lead to successful or unsuc-
cessful use. In the model, acquirements originate from an
independent-living senior’s specific status quo and decisive
developments within that status quo. These decisive
developments can subsequently trigger acquirement enab-
ling mechanisms. Furthermore, acquirements are influ-
enced by personal and situational moderating factors. The
longitudinal field study and C-TAILS model inspired the
researchers to start conducting research on matching
technologies with seniors.

Sampling
The manager of the IZI pilot project reached out to the
researchers because of mutual interest to improve upon
the gerontechnology matchmaking service. Technology
consultants and community builders were approached
by the pilot project manager and researchers and pro-
vided with verbal and written information concerning

Fig. 1 the action research cycle, adapted from [37]
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the study. All (two) technology consultants and (three)
community builders, agreed to participate. Subsequently,
purposive sampling was used to recruit seniors. Seniors
needed to live independently at home, be sixty years or
older, and be open to discussing gerontechnology. Se-
niors were asked to participate by community builders
and researchers during guided tours in the model home.
Interest in the guided tours was stimulated through
newsletters, door to door visits by researchers and com-
munity builders and community outreach activities of
community builders. At the end of the guided tour,
seniors were provided with verbal and written informa-
tion about the study, and were given a week consider-
ation time. All seniors who wished to proceed with a
matchmaking dialogue with a technology consultant,
also agreed to partake in the study. Seniors were asked
to sign a consent form if they wished to participate.
Nineteen seniors participated in the study (ten in phase
one, nine in phase two).

Data collection and co-creation
Phase one: Understanding the current matchmaking service
In phase one, researchers sought to understand the
current matchmaking service through observing match-
making dialogues and conducting semi-structured
interviews with technology consultants and seniors. Ob-
servations took place during matchmaking dialogues
conducted by the technology consultants with seniors in
their homes. Researchers took notes using a precon-
ceived observation guide. Observations focused on un-
derstanding the basic structure and dynamic of the
matchmaking process. Special attention was paid to how
the technology consultants assessed the needs of seniors
and how they engaged seniors in trying to ascertain
which of the many gerontechnologies on offer would be

most suitable in relation to those needs. Semi-structured
interviews with ten seniors and two technology consul-
tants were conducted following each of the observed
matchmaking dialogues. Topics in interviews with both
seniors and technology consultants included: goals and
motivations concerning the matchmaking dialogue, sat-
isfaction or dissatisfaction with how the matchmaking
dialogue was conducted and views on the outcomes of
the matchmaking dialogue (see Additional file 1 for
interview guides). Interviews lasted twenty-four minutes
on average and were audiotaped and transcribed
verbatim. Ten interviews were enough to reach data
saturation concerning a basic understanding of the
matchmaking service. After the completion of phase
one, an analysis was made of the matchmaking service
and important issues within that service. This analysis
served as input for phase two.

Phase two: Tool development through co-creation
Phase two consisted of four co-creation sessions and the
trying out of iterations of the tool in nine matchmaking
dialogues. These nine matchmaking dialogues amounted
to a pilot implementation, in which matchmaking
choices by consultants and senior’s were made using the
newly developed matchmaking tool. Co-creation sessions
lasted on average two hours. Present in all sessions were
the two technology consultants, two researchers, the
project manager and the community builder involved
with the guided tours in the model home. These profes-
sionals formed the core of the action research team.
Three other community builders attended one or two
sessions.
Co-creation session one was conducted to reach a

shared focus with regard to the possible/needed im-
provement of the matchmaking process. Phase one

Fig. 2 Cycle of Technology Acquirement by Independent-Living Seniors (the C-TAILS model) [8]
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results were used to create a shared understanding of
the current process. Additionally, the session served as a
team building exercise. Researchers first involved partici-
pants via a creative method to make the experience or
“embodied knowledge” of participants more explicit.
Embodied knowledge concerns routines, habits tasks
and information, which are understood without much
conscious thought [42]. Participants were asked prior to
the session to select two images or objects that to them
symbolized the current and their ideal matchmaking
process. At the beginning of the session, each participant
presented their selection, explaining their rationale for
choosing these images or objects. Participants reflected
on what they saw and heard, and what the group saw
as the main characteristics of the current and ideal
matchmaking service, as well as the main differences
between the two was noted on a flip-over chart. Next,
the researchers shared results from phase one to fur-
ther explore elements of the matchmaking service.
Additionally, a researcher presented the C-TAILS
model (see Fig. 2). The session ended with an explor-
ation of ways in which this knowledge could be used
to realize the group’s ambitions and overcome
challenges.
Co-creation session two was held a week later to fur-

ther develop ideas to improve the matchmaking service
and make these ideas applicable in practice. One re-
searcher presented the most important ambitions and
first ideas that had emerged in session one in a logical
order. Members recognized themselves strongly in this
narrative and added a few new ideas for possible im-
provement. In the ensuing discussion, consensus was
reached with regard to which ideas in where deemed
most promising to include in a matchmaking tool. In the
second part of the session, two further exercises where
carried out to facilitate the co-creation of the matchmak-
ing tool. First, a researcher presented more in depth in-
sights from the C-TAILS model. In exploring more
thoroughly personal and contextual factors that may im-
pact successful technology acquirement and use by se-
niors, informed decisions could be made about topics
that should be included in matchmaking tool. Second,
the group created a “client journey” with all moments of
contact between seniors and members of the IZI project
team leading up to and including the matchmaking dia-
logues with technology consultants [43]. As a result of
these two exercises, the group was able to determine
who knew what and when about seniors’ individual
needs and circumstances. This also led to a discussion
about how working arrangements between project mem-
bers should be optimized to accommodate the imple-
mentation of the matchmaking tool. Based on these
insights, the basic structure and content of the tool, as
well as new ways of working together, were established.

Following co-creation session two, a first draft of the
tool was created and shared within the action research
team, enabling all members to provide feedback and
suggest changes. In between co-creation sessions two
and three and three and four, two iterations of the
matchmaking tool were tested in their real world prac-
tice by one community builder and two technology con-
sultants. They were asked to make notes about their
experiences in using the tool, in particular, ease of use
and perceived effectiveness within the matchmaking
service.
Co-creation sessions three and four were conducted to

further fine tune and evaluate the tool, focusing on its
acceptability, appropriateness and feasibility in practice
[44]. The structure of these sessions was similar. First,
the community builder and technology consultants
shared their experiences with the tool so that aspects
could be improved upon. Herein the focus was on in-
creasing the usability and shared understanding of the
tool. Second, the tool was evaluated by relating its use to
the goals for improvement agreed upon in co-creation
session one. Apart from the matchmaking tool, the
process of co-creating together PAR was also evaluated.
Researchers took care to ensure that all group discus-
sions took place within constructive group dynamics. All
questions asked were from a position of appreciative
inquiry, non judgmental and in affirmation of the
strength and potentials of the action research team
members [45]. This allowed the co-creation sessions to
become “safe spaces” [37], where all members felt safe
enough to speak freely and openly with one another,
sometimes even with (heavy) criticisms of the current
process.

Data analysis
Thematic analysis was used for the data collected in phase
one, using qualitative data analysis software (Atlas.ti version
8) [46]. First inductive codes were attached to quotes rele-
vant to the research questions. Transcripts were coded in-
dependently by two researchers, with one researcher coding
twelve of the twenty transcripts, and another researcher
eight. Second, researchers came together to discuss their
codes in the form of case studies and codetermined over-
arching themes. Phase two results, were continuously ana-
lyzed within the action research group in each co-creation
session. The three most important steps for analysis were:
codetermining the collective goals for improving the match-
making service, codetermining the specific characteristics of
the matchmaking tool and co-evaluating the use of the tool.

Results
Sample
Concerning the seniors, the sample consisted of nineteen
participants who were aged in their sixties, seventies and
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eighties (average age: seventy four). The sample contained
more women (eleven) than men (eight), and the majority
(fifteen) lived alone. Of the four seniors who lived together
with their partners, all partners where present during the
matchmaking dialogues. For two seniors living alone a
daughter was present during the matchmaking dialogue.
Most participants had enjoyed lower education only.
Three participants were not fluent in Dutch and required
the presence of an interpreter to help them. Members of
the action research team were aged in their thirties, forties
and fifties (average age: forty six). All were highly educated
and experienced in their respective fields.

Phase one: Understanding the current matchmaking
service
Through the observations of matchmaking dialogues
and subsequent in-depth interviews with both seniors
and consultants, three issues in particular were found
significant: the tension between a supply and demand
driven approach, the role of informal caregivers and the
timing of the matchmaking dialogue.

Tension between a supply and demand driven approach
In trying to ascertain which gerontechnologies where
most beneficial to seniors in facilitating aging in place, the
IZI project sought to test a wide array of technologies. At
the same time a quota was established for how many units
of a particular gerontechnology should be tested within
the confines of the project. Because of this, it was found
that technology consultants regularly sought to match ger-
ontechnologies that had not yet been distributed widely,
even if the seniors’ need for them was not high.

‘… There is a tension between: do people need
something and how many technologies do we want to
test in this project. There are a few things we simply
want to try out with people, so we give it to them, even
though they might not really need it.’
(technology consultant)

Additionally, because certain gerontechnologies had
already been matched frequently in the first months of
the IZI project, technology consultant were not able to
offer them to seniors any longer.

‘…You can’t always match up their needs with what
we want, I know that, for instance they wanted those
mobility aids, but they aren’t distributed anymore.
That’s a shame really.’ (technology consultant)

The aforementioned regularly impeded the matching
of technologies with seniors most important needs
and wants.

Role of informal caregivers
Apparent within the observed dialogues was also the
role of significant others, such as partners or children,
who acted as caregivers for the senior. Caregivers influ-
enced matchmaking mainly in two ways. First, they often
helped the senior with trying to find the right gerontech-
nology solutions.

‘...I just really liked to be there for her, to support her
you might say, but also to give my perspective on
things.’ (caregiver)

Second, they also regularly had specific needs themselves
that could also be met by a certain gerontechnology.

‘… like [the electronic locks on] the door, it is
important for us to be able to gain access quickly to
see if she is all right.’ (caregiver)

Instead of trying to find a match between one person’s
needs and gerontechnology, technology consultants in
these cases tried to accommodate two sets of needs,
sometimes complicating the matchmaking service.

Timing of the matchmaking dialogue
Lastly, for a few seniors, the matchmaking dialogue was
not conducted at an appropriate time for them, even
though they had agreed to participate. One senior felt
overwhelmed by recent life events (such as a move to a
new home and health problems), and therefore
repeatedly indicated that she was not up to the task of
determining whether gerontechnology might be helpful
to her.

‘…I don’t know yet, as I said, I am too preoccupied
with the move. I don’t feel like myself… I have to go to
three medical appointments; to the orthopedist, to the
lung doctor and I have just been to the cardiologist.’
(senior)

For other seniors, the matchmaking dialogue was
optimally timed. For example, some seniors had recently
experienced challenges to their independence and thus
were highly motivated to find a gerontechnology
solution. In these ways timing could greatly impede or
facilitate the matchmaking service.

Phase two: Tool development through co-creation
In phase two, the action research group (researchers,
technology consultants, community builders and the IZI
project manager) ran through all stages of the action re-
search cycle: diagnosing, action planning, action taking,
evaluating, and specifying learning (see Fig. 1). Findings
in each stage are described in detail below.
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Diagnosing
By discussing imagery selected by team members sym-
bolizing the current and ideal matchmaking service, five
areas of improvement could be diagnosed. First, multiple
people in the team felt that the current process was too
supply driven, focusing on “selling” the technology, and
less on meeting individual needs. This was seen as sym-
bolized by an image of a market vendor that advertises
his wares (Fig. 3). An important improvement for the
group therefore was to make matchmaking more
demand oriented.
Second, the design of the current matchmaking service

was seen to be geared towards efficiency, symbolized by
the group members’ image of a car navigational system,
an instrument to help reach a destination as quickly as
possible. Through such navigation however, the current
service was said to induce tunnel vision: by focusing on
needs that could be matched quickly with a gerontech-
nology on offer, technology consultants did not strive to
fully understand the situational context of seniors’ needs.
One member saw the ideal matchmaking service as a
map, conducted with a “helicopter view” of all factors
that might impact a senior’s need for and use of geron-
technologies (Fig. 4). Another important improvement
for the developmental group was therefore to achieve
more of an overview of a senior’s situation.
Third, it was acknowledged that the role of informal

caregivers within the current matchmaking service
should be understood better and should therefore be
part of the overview. Fourth, the current service was
symbolized by a member as being populated by a lot of
well-meaning professionals who did not always commu-
nicate well together regarding their contacts with
seniors. Because of this, the matchmaking service

sometimes ran less smoothly, as follow ups to initial
contacts with seniors did not take into account what had
been discussed with seniors earlier. A point of improve-
ment was therefore more efficient communication be-
tween all professionals working to achieve a match
between a gerontechnology and a specific senior. Fifth,
the issue of timing. Implicit within the current match-
making service seemed to be the assumption that
seniors’ needs and circumstances were fairly static, not
changeable over time. Because of this, only one match-
making dialogue per senior was conducted, and seniors
were not monitored as to whether their needs or
situation changed. Ideally, there would be continuous
contact between professionals and seniors, so that the
team can determine when the timing is best to conduct
a matchmaking dialogue. This too was seen as an
improvement point.
Through subsequent presentations of the researchers

of phase one results and the C-TAILS model, the above
improvement points where fleshed out. The group sub-
sequently decided as goals for the matchmaking tool: (1)
achieving a better balance between supply and demand,
by (2) matching at the right time, (3) with a better over-
view of a senior’s situation, (4) whereby the informal
caregiver is given greater attention, and (5) team mem-
bers communicate more efficiently with each other.

Action planning and action taking
The action research team discussed ways in which the
goals could best be reached. Two related ideas in par-
ticular were judged to be the most promising and work-
able for a matchmaking tool: (1) developing a new
matchmaking dialogue guide to achieve a more complete
overview of the current situation of a senior and their

Fig. 3 Image symbolizing the current matchmaking process, photo courtesy of Jeroen Vos [stock photo] [47]
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primary caregiver, and (2) developing a way of working
together whereby more team members contribute to and
share this overview. Concerning the first idea, more
in-depth sharing of aspects of the C-TAILS model
allowed the group to judge which additional factors
should be included in the matchmaking dialogue
guide. Concerning the second idea, a client journey
was created and reflected upon. It showed that the
community builder frequently became aware of recent
life events or attitudes towards gerontechnology when
conducting guided tours in the model home, but that
he did not share these insights. Technology consul-
tants stated that this prior knowledge could help
them in their preparation for the matchmaking dia-
logue. In reflecting, the team also spontaneously for-
mulated ideas about what types of questions should
be asked, by whom, in order to attain a better over-
view of a senior’s situation. As such, the new tool
added a range of new contextual and gerontechnology
specific questions to the old way of working. Fore-
most among these were: recent developments in se-
niors lives, general attitudes towards gerontechnology,
the level of satisfaction with current means used to
fulfill needs in various domains, seniors ideas about
the properties of match worthy gerontechnology and
the expected consequences of the use of that geron-
technology. In addition, the original task of working
through a list of all available gerontechnologies with
seniors was taken out. Also, the new guide was
restructured so that both community builder and con-
sultants could use it in their contacts with seniors.

Lastly, all questions were made to pertain both to the
senior and, if applicable, their primary informal
caregiver.

Evaluating
With regard to usability in real world practice, the
first iteration of the matching tool took some time
getting used to. For the community builder it was not
always clear which parts of the tool he could use. It
was decided that during the second iteration he
should focus on recent developments and attitude to-
wards gerontechnology because the guided tour set-
ting was best suited to assess these two factors. For
technology consultants, strictly following the order of
the new tool felt a bit unnatural. It was therefore
agreed upon during the second iteration that consul-
tants had a certain leeway in the specific formulation
and order of questions during their contact with se-
niors, as long as the obtained answers gave a clear
and accurate picture concerning all factors included.
In this way, consultants could maintain their personal
approach to the dialogue. However, a fixed order for
the factors: views on matching opportunities and con-
ditions for using matching opportunities was main-
tained during the second iteration of the tool. To
increase a shared understanding of the guide, some
segments were also renamed, and examples of certain
terms were added to the guide to make their meaning
more explicit. Lastly, an agreement was reached about
which specific domains of independent living should
be assessed during the matching service. The testing

Fig. 4 Image symbolizing the ideal matchmaking process, photo courtesy of Georelief [48]
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of this second iteration in real world practice yielded
satisfactory results and no further changes were made
for the final version of the tool. The final outline of
the resulting Gerontechnologies Matchmaking (GTM)
tool is presented in Fig. 5.
In comparison to the old way of working, the new

way was seen as providing a better balance between a
supply and demand driven approach. The new tool
focused more on the specific needs of seniors and
caregivers and less on all technologies on offer:

‘… in the old situation I used to run through my
list with technologies asking things like: what do
you think of that? or maybe this [technology] is
something for you? That is something I didn’t do
anymore’ (technology consultant).

Use of the new tool was also found to improve obtain-
ing a more complete overview of a seniors’ situation:

‘… now you also look at how vulnerable the situation
is, how many problems there are potentially [with a
certain gerontechnology match] (technology
consultant)

Additionally the more systematic inclusion of the role
of informal caregivers was noted:

‘…It is part of the registration stream, that’s something
that we didn’t do previously.. now we always explicitly
check that [the role and influence of the caregiver].’
(project manager)

The community builder saw that such a stream
could potentially help him with follow up questions
concerning the installed gerontechnology matches.
Consultants felt that a more systematic way of involv-
ing informal caregivers was introduced, yet also felt
they had already started to engage the caregivers
more, prior to the use of the new tool.
Furthermore, communication between the community

builder and the consultants had been improved by the
shared use of the new tool. Technology consultants liked
the fact that they received more information prior to
home visits:

‘…You can build on pre-information that you get from
the guided tours. It can be advantageous to have that’
(technology consultant)

However, consultants did feel however that they
should not receive too much pre-information, in order
to keep an open mind when going into the matchmaking
process.

With regard to the improving appropriate timing of
matchmaking dialogues, no changes were made in com-
parison to the old way of working. All interested seniors
continued to be directly referred to technology consul-
tants, because a senior’s expressed interest in technology
continued to be seen by most team members as a signal
that the timing was right to offer gerontechnology. A
few team members did acknowledge that a more con-
tinuous monitoring of a seniors’ situation could ensure
better timing of the matchmaking dialogue. However,
they also concluded that such monitoring was not feas-
ible due to the limited time available for community
builders.

Specifying learning
In reviewing the outcomes of the evaluating stage, the
action research team was able to specify how the new
tool could be applied more broadly. Two variants were
discussed: the application of the tool by the same team
in a different area of the municipality and the applica-
tion of the tool by professionals other than the action re-
search team.
The guide was deemed directly transferable to a new

area with the same team, although differences in project
arrangements might necessitate a slightly different ap-
proach. The practice of providing guided tours for se-
niors of a model home before conducting matchmaking
dialogues for instance, was not viewed by all to be an es-
sential step in a new area. Concerning the application of
the tool by other professionals, it was concluded by most
that a short training should be provided. An oral explan-
ation of the tool, a review of one or more case studies,
and a practice round were recommended. The team was
divided as to the level of experience and technical ex-
pertise necessary to successfully work with the tool.

Discussion
In this study a first version of a tool that may enable ger-
ontechnology intermediaries (e.g., such as welfare and
technology consultants and district nurses), to better
match gerontechnologies to senior’s individual aging in
place needs and circumstances was developed. The
GTM tool can be used to create a relevant overview of
factors such as recent life developments, gerontechnol-
ogy- related attitudes and beliefs, and the level of satis-
faction with current solutions. As such, this overview
can help intermediaries determine whether gerontech-
nology is suitable, which gerontechnology or set of ger-
ontechnologies best fits the situation of a senior, and
what type of support may be needed for gerontechnol-
ogy use. This is significant, because there is an absence
of matching tools for these purposes in the aging in
place literature [30, 49].
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This type of tool is not entirely without precedent
however. Within literature concerning the rehabilitation
practices for people with disabilities, one matching tool,
or rather set of tools, is mentioned regularly: the
Matching Person and Technology (MPT) Assessment
Process [50, 51]. The underlying Matching Person and

Technology model emerged from grounded theory re-
search that sought to define which areas should be
assessed to allow for an adequate match between assist-
ive technologies (e.g., wheelchairs, adapted utensils,
communication devices) used to increase or maintain
functional capabilities, and the needs and preferences of

Fig. 5 Final outline of the GTM tool
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a person with a disability. Several assessment tools were
subsequently developed by Sherer and colleagues for de-
termining the disabled person’s needs and preferences,
environmental factors influencing use, and functions and
features of the most desirable and appropriate technol-
ogy [52]. The tools take the form of a pen and pencil
measure that can also be used as a dialogue guide.
The MPT tools are similar to the GTM tool in that

both seek to understand more about a prospective users’
attitudes and prior experiences of technology in trying
to find the right match. The GTM tool differs from the
tools within the MPT assessment process in that it is
specifically designed for independent-living older adults,
with and without disabilities.
In addition, the GTM tool structurally involves infor-

mal caregivers in the matching process by also assessing
their experiences and attitudes, because of the noted
importance of these caregivers in senior’s lives. Finally,
the GTM tool pays attention to seniors’ and informal
caregivers’ willingness to invest in the acquirement of
relevant technologies. This feature is deemed especially
important in light of the ongoing governmental effort in
the Netherlands and other countries to stimulate seniors’
independence in a cost effective way.
There are a number of limitations that must be con-

sidered with regard to this study. Due to time con-
straints, a limited number of intermediaries and seniors
were recruited through our partnership with the IZI
pilot project. Co-creation thereby focused on the match-
ing service of technology consultants, as other type of
intermediaries’ such as district nurses were not involved
with the pilot project. Also, participating seniors resided
in social housing flats and tended to have enjoyed lower
education only. More research is needed to determine to
what extend the GTM tool is acceptable, appropriate
and feasible in other contexts. Lastly, the GTM tool can
be validated in a randomized controlled trail to test its
effect on seniors’ acceptance and use of gerontechnolo-
gies as well as health-related outcomes.
There are also a number of strengths of this study.

Particularly in the last decade, co-creation has become
increasingly popular in several fields, including business
studies, design science, computer science, and commu-
nity development [39]. However, co-creation remains
underutilized when it comes to research in the field of
gerontechnology [53]. The current study is the first that
we know of that sought to specifically unearth chal-
lenges of intermediaries in matching gerontechnologies
to seniors’ independent living needs and circumstances.
By utilizing PAR and co-creation principles a tool was
developed that explicitly incorporates the knowledge and
experience of technology consultants, thereby making it
more tailored to the real world practice of such inter-
mediaries. The use of a creative method to involve

intermediaries in the analysis of their practice was par-
ticularly helpful in this regard. Furthermore, by drawing
on the insights of the C-TAILS model, the action re-
search team was able to incorporate a host of contextual
factors concerning the acquirement and use of geron-
technologies by seniors into the tool. Finally, the testing
of different variants of the tool in iterations of the action
research cycle, allowed for a more in-depth evaluation of
its usability and effectiveness in light of the stated im-
provement goals.

Conclusion
Our co-created GTM tool allows the matching of geron-
technologies to seniors aging in place needs to be more
person centered, to achieve more of a comprehensive
overview of factors that impact gerontechnology attract-
iveness and use, and to be more inclusive with regard to
the role of informal caregivers. Further testing needs to
occur with a wider range of intermediaries’ and seniors,
to determine the generalizability of the tool as well as its
added value for allowing seniors to age in place with the
support of technology.
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Additional file 1: Phase 1 Interview guides.docx, Interview guides for
phase 1, Contains the interview guides for both the municipal
technology consultants and seniors. (DOCX 15 kb)

Abbreviations
C-TAILS: Cycle of Technology Acquirement by Independent-Living Seniors;
MPT: Matching Person and Technology; PAR: Participatory Action Research

Acknowledgements
We would like to thank the participating seniors for welcoming us to their
homes. Annette Kemerink, Ariette Van Hespen, Leroy van den Hoonaard and
Erwin Tak (all working for the municipality of The Hague) are especially thanked
for working with us within the action research team. Loes Hulsebos and Kim
van der Beek (likewise working for municipality of The Hague) are also thanked
for their contributions to the tool development process.

Funding
This work was funded by the Dutch Ministry of Health, Welfare and Sport
(VWS). The ministry of VWS had no role in the study design, the collection,
analysis and interpretation of data, the writing of the report, or the decision
to submit the paper for publication.

Availability of data and materials
The developed matchmaking tool is available from the corresponding author
on reasonable request. Data (interview transcripts and notes) cannot be
publically released due to the risk the respondent confidentiality will be
compromised.

Authors’ contributions
Each author of this manuscript made a substantial contribution to this work,
in agreement with the criteria for authorship as noted in the editorial policy
statement of BMC Health Services Research. All authors were involved in the
design of the study. MH drafted the manuscript and coordinated data
collection and analysis. Data collection was performed by MH and SP. Data
analysis was performed by MH and SP. All authors critically revised the
manuscript and approved the final version.

Haufe et al. BMC Health Services Research           (2019) 19:26 Page 11 of 13

https://doi.org/10.1186/s12913-018-3848-5


Ethics approval and consent to participate
The Ethics Review Board of the Tilburg School of Social and Behavioral
Sciences approved the study (Reference: EC-2017.66). Informed consent was
prospectively obtained from participants by the use of a written consent
form.

Consent for publication
The authors confirm that they have received written permission from Ned
Kock to use the image in Fig. 1 and from Sebastiaan Peek to use the image
in Fig. 2.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 25 May 2018 Accepted: 19 December 2018

References
1. Barret L. Healthy @ home 2.0. Washington, DC; 2011.
2. Boldy D, Grenade L, Lewin G, Karol E, Burton E. Older people’s decisions

regarding “ageing in place”: a Western Australian case study. Australas J
Ageing. 2011;30:136–42.

3. Eckert JK, Morgan LA, Swamy N. Preferences for receipt of care among
community-dwelling adults. J Aging Soc Policy. 2004;16:49–65.

4. Woolhead G, Calnan M, Dieppe P, Tadd W. Dignity in older age: what do
older people in the United Kingdom think? Age Ageing. 2004;33:165–70.

5. Pynoos J, Caraviello R, Cicero C. Lifelong housing: the anchor in aging-
friendly communities. Generations. 2009;33:26–32.

6. Ball MM, Perkins MM, Whittington FJ, Connell BR, Hollingsworth C, King SV,
et al. Managing decline in assisted living: the key to aging in place. J
Gerontol Ser B Psychol Sci Soc Sci. 2004;59B:S202–12.

7. Peek STM. Understanding technology acceptance by older adults who are
aging in place: a dynamic perspective. 2017. https://research.
tilburguniversity.edu/en/publications/understanding-technology-
acceptance-by-older-adults-who-are-aging.

8. Peek STM, Luijkx KG, Vrijhoef HJM, Nieboer ME, Aarts S, Van der Voort CS, et
al. Origins and consequences of technology acquirement by independent-
living Seniors : towards an integrative model. BMC Geriatr. 2017;17:1–18.

9. Davey J, De Joux V, Nana G, Arcus M. Accommodation options for older
people in Aotearoa / New Zealand. Centre for Housing Research Aotearoa/
New Zealand; 2004.

10. Global Age-friendly Cities: A Guide. World Health Organization: Geneva;
2007.

11. Peek STM, Aarts S, Wouters EJM. Can smart home technology deliver on the
promise of independent living? A critical reflection based on the
perspectives of older adults. In: J. van Hoof, G. Demiris EW, editor.
Handbook of Smart Homes, Health Care and Well-Being. 2016 p. 203–14.

12. Agree EM. The potential for technology to enhance independence for
those aging with a disability. Disabil Health J 2014;7 SUPPL 1:33–39.

13. Reeder B, Meyer E, Lazar A, Chaudhuri S, Thompson HJ, Demiris G. Framing
the evidence for health smart homes and home-based consumer health
technologies as a public health intervention for independent aging: a
systematic review. Int J Med Inform. 2013;82:565–79.

14. Goldman L, Wolf R. How can states support an aging Population ? Actions
policymakers can take. Milbank memorial fund. 2016.

15. Report to President on Independence, Technology, and connection in older
age. President’s Council of Advisors on science and technology. 2016.

16. Alm N, Gregor P, Newell AF. Older people and information technology are
ideal partners. Int Conf Univers Des. October 2015;2002(100):754–60.

17. Carmichael A, Rice M, MacMillan F. Investigating a DTV-based physical
activity application to facilitate wellbeing in older adults. In:
Proceedings of the 24th BCS interaction specialist group conference.
Dundee; 2010. p. 278–88.

18. Doyle J, Skrba Z, McDonnell R, Arent B. Designing a touch screen
communication device to support social interaction amongst older adults.
In: Proceedings of the 24th BCS interaction specialist group conference;
2010. p. 177–85.

19. Peek STM, Wouters EJM, van Hoof J, Luijkx KG, Boeije HR, Vrijhoef HJM.
Factors influencing acceptance of technology for aging in place: a
systematic review. Int J Med Inform. 2014;83:235–48.

20. Chen K, Chan AHS. Use or non-use of gerontechnology-a qualitative study.
Int J Environ Res Public Health. 2013;10:4645–66.

21. Balta-Ozkan N, Davidson R, Bicket M, Whitmarsh L. Social barriers to the
adoption of smart homes. Energy Policy. 2013;63:363–74.

22. Mostaghel R. Innovation and technology for the elderly: systematic
literature review. J Bus Res. 2016;69:4896–900.

23. Orlov LM. Technology for Aging in place 2016: market overview. Link-age
Connect; 2016.

24. European. Growing the European silver economy. European Commission; 2015.
25. Ward G, Fielden S, Muir H, Holliday N, Urwin G. Developing the assistive

technology consumer market for people aged 50-70. Ageing Soc. 2017;37.
26. De WMO in Beweging 2010-2012. Sociaal Cultureel Planbureau; 2014.
27. Hees S Van. The making of ageing-in-place perspectives on a Dutch

social policy towards lifecycle-robust neighbourhoods. Maastricht
University; 2017.

28. Federici S, Corradi F, Meloni F, Borsci S, Mele ML, Dandini De Sylva S,
et al. A Person-Centered Assistive Technology Service Delivery Model: a
framework for device selection and assignment. Life Span Disabil. 2014;
2:175–98.

29. Gunter B. Understanding the older Consumerp the Grey market. J Consum
Mark. 2000;17:268–70.

30. Doyle J, Bailey C, Ni Scanaill C, van den Berg F. Lessons learned in
deploying independent living technologies to older adults’ homes. Univers
Access Inf Soc. 2014;13:191–204.

31. Anne Nelson E, Dannefer D. Aged heterogeneity: fact or fiction? The fate of
diversity in Gerontological research. Gerontologist. 1992;32:17–23.

32. Yang Y, Lee LC. Dynamics and heterogeneity in the process of human frailty
and aging: evidence from the U.S. older adult population. J Gerontol Ser B
Psychol Sci Soc Sci. 2010;65 B:246–55.

33. Chopik WJ, Rikard RV, Cotten SR. Individual difference predictors of ICT use
in older adulthood: a study of 17 candidate characteristics. Comput Human
Behav. 2017;76:526–33.

34. van Boekel LC, Peek ST, Luijkx KG. Diversity in older adults’ use of the
internet: identifying subgroups through latent class analysis. J Med Internet
Res. 2017;19:e180.

35. Peek STM, Luijkx KG, Rijnaard MD, Nieboer ME, Van Der Voort CS, Aarts S, et
al. Older adults’ reasons for using technology while aging in place.
Gerontology. 2016;62:226–37.

36. Sanders C, Rogers A, Bowen R, Bower P, Hirani S, Cartwright M, et al.
Exploring barriers to participation and adoption of telehealth and telecare
within the whole system demonstrator trial: a qualitative study. BMC Health
Serv Res. 2012;12:220.

37. Kock N, Avison D, Malaurent J. Positivist information systems action
research: methodological issues. J Manag Inf Syst. 2017;34:754–67.

38. McIntyre A. Participatory action research. London: Sage; 2008.
39. Greenhalgh T, Jackson C, Shaw S, Janamina T. Achieving research impact

through co-creation in community-based health services: literature review
and case study. Millbank Q. 2016;94:392–429.

40. Freire K, Sangiorgi D. Service design & healthcare innovation : from
consumption to co- production and co-creation. ServDes 2010 Second
Nord Conf Serv Des Serv Innov. 2010;1–11.

41. Huang HB. What is good action research? Why the resurgent interest?
Action Res. 2010;8:93–109.

42. Fox M. Embodied Methodologies, Participation, and the Art of Research. Soc
Personal Psychol Compass. 2015;9:321–32.

43. Stickdorn M, Schneider J. This is service design thinking. Amsterdam: BIS
Publishers; 2011.

44. Weiner BJ, Lewis CC, Stanick C, Powell BJ, Dorsey CN, Clary AS, et al.
Psychometric assessment of three newly developed implementation
outcome measures. Implement Sci. 2017;12:108.

45. Bushe G. Appreciative inquiry: theory and critique. In: The Routledge
companion to organizational change; 2011. p. 87–103.

46. Braun V, Clarke V. Using thematic analysis in pscyhology. Qual Res Psychol.
2006;3:77–101.

47. Jeroen Vos Fotograaf. http://jeroenvosfotograaf.nl/. Accessed 17 Nov 2017.
48. Georelief 3d map. http://www.georelief.de/. Accessed 17 Nov 2017.
49. Petermans J, Piau A. Gerontechnology: Don’t miss the train, but which is

the right carriage? Eur Geriatr Med. 2017;8:281–3.

Haufe et al. BMC Health Services Research           (2019) 19:26 Page 12 of 13

https://research.tilburguniversity.edu/en/publications/understanding-technology-acceptance-by-older-adults-who-are-aging
https://research.tilburguniversity.edu/en/publications/understanding-technology-acceptance-by-older-adults-who-are-aging
https://research.tilburguniversity.edu/en/publications/understanding-technology-acceptance-by-older-adults-who-are-aging
http://jeroenvosfotograaf.nl
http://www.georelief.de


50. Bernd T, Van Der Pijl D, De Witte LP. Existing models and instruments for
the selection of assistive technology in rehabilitation practice. Scand J
Occup Ther. 2009;16:146–58.

51. Scherer MJ, Craddock G. Matching person & technology (MPT) assessment
process. Technol Disabil. 2002;14 October:125–31.

52. Scherer MJ. The matching person and technology model. In: Sherer M.
Connecting to learn: educational and assistive technology for people with
disabilities. American Psychological Association; 2004. p. 183–201.

53. Merkel S, Kucharski A. Participatory Design in Gerontechnology: a
systematic literature review. Gerontologist. 2018;0:1–10. https://doi.org/
10.1093/geront/gny034.

Haufe et al. BMC Health Services Research           (2019) 19:26 Page 13 of 13

https://doi.org/10.1093/geront/gny034
https://doi.org/10.1093/geront/gny034

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Setting and action research team
	Sampling
	Data collection and co-creation
	Phase one: Understanding the current matchmaking service
	Phase two: Tool development through co-creation

	Data analysis

	Results
	Sample
	Phase one: Understanding the current matchmaking service
	Tension between a supply and demand driven approach
	Role of informal caregivers
	Timing of the matchmaking dialogue

	Phase two: Tool development through co-creation
	Diagnosing
	Action planning and action taking
	Evaluating
	Specifying learning


	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

