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Abstract

Background:Gamification within eHealth services can increase eHealth adoption. However, little
is known about factors affecting adoption of gamified eHealth among older adults. In this study, we
sought to explain the (continued) use of a gamified eHealth service among older adults (55+).

Methods: Participants used a gamified eHealth service, focusing on falls prevention, for 4 weeks
and completed a post-test questionnaire based on the Technology Acceptance Model. We used
Partial Least Squares Structural Equation Modeling to analyse our data.

Results: Seventy-two older adults participated with a mean age of 65.1 years (SD = 7.0). Our
results show that first, perceived ease of use affected use of the service (use duration: β = 0.303,
R2 = 0.130, and use frequency: β = 0.304, R2 = 0.107). Second, perceived usefulness affected the
intention to continue using the service (β = 0.754, R2 = 0.640). Third, use of the service did not
predict the intention to continue using it. Furthermore, enjoyment affected perceived usefulness
(β = 0.783, R2 = 0.563) and aesthetics affected perceived ease of use (β = 0.634, R2 = 0.652).

Conclusions: This study refutes the expected relation between use and intention to continue use a
gamified eHealth service. Additionally, we learned that using theoretical approaches focusing on
technology acceptance, are not suitable for explaining (continued) use of gamified eHealth services.
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Introduction

Gamified eHealth services can be a means to improve users’ engagement with eHealth
services.1–3 Since 2010, gamification (defined as “the use of game design elements in non-game
contexts”4) started to emerge in eHealth services.1 Randomized Controlled Trials have shown
that the target population used eHealth services more and dropped out less often when the
eHealth service included gamified elements compared to non-gamified counterparts (e.g. Refs.
5 and 6). Furthermore, a recent meta-analysis showed that gamified eHealth services focusing
on physical activity were more effective in improving one’s physical activity compared to non-
gamified eHealth services.7 These studies suggest that gamified eHealth services might be a
solution to tackling the high drop-out rates among eHealth users, which could, in turn, could
improve the effectiveness of the service.

For older adults, eHealth has great potential. It can be part of ensuring older adults to live
longer at home, to manage their own health, and to increase their health literacy.8–13 Looking at
gamified eHealth services for older adults, these are mostly used in their home environment, and
most of these type of eHealth services focus on users’ physical health.14 In rehabilitation care, it
is very common to use gamified eHealth services.15 A review study by Skjæret and colleagues16

investigated the use of gamified eHealth in rehabilitation care for older adults. They found
contrasting evidence towards the adherence to the therapy. In some studies, participants in the
gamified group adhered better to the therapy compared to the control group (offline therapy),
and in others they did not find a difference.

Looking more closely at literature focussing on gamified eHealth services, lots of studies
report the design process of the service or explain the service itself (e.g. Refs. 3, 17 and 18).
The amount of literature available about gamified eHealth service shows us that gamification
within eHealth is an acceptable concept. However, to the best of our knowledge, no study is
conducted to uncover antecedents of the intention to continue use a gamified eHealth service
among older adults. Most of the studies involving older adults exploratively assess users’
opinions towards these services. For example, Minge and colleagues19 conducted focus groups
and concluded that older adults are positive towards gamified eHealth services. In other studies
that looked at the feasibility of gamified eHealth, older adults were also positive towards the
gamified eHealth service: they enjoyed using it.20,21 However, if such a service loses its
seriousness (e.g. because of too many fun, useless elements), older adults consider these
services as less helpful.19 Investigating studies involving younger adults, we can hypothesize
that ease of use, enjoyment, attitude22 and social influence23 positively affect the continued use
of a gamified exercise service, and usefulness and playfulness indirectly affect the continued
use (via attitude).

Knowing the antecedents of older adults’ intention to continue use a gamified eHealth service
provides developers and researchers guidance when developing, evaluating and implementing
gamified eHealth services. This allows for a better fit between the gamified eHealth service and older
adults, which, in turn, leads to increased engagement with the service.24 Building forth on the
Technology Acceptance Model25,26 we conducted a study to identify these antecedents and to
explain the use and the intention for continued use of a gamified eHealth service among older adults.
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Method

Participants and Study Procedure

The study population consisted of older adults aging 55 years or older speaking Dutch, with access
to a computer, laptop or tablet. We recruited participants through mass mailing, advertisements in
local newspapers, physical therapists and snowball sampling. Older adults who wanted to par-
ticipate, contacted the researcher, after which the researcher checked the inclusion criteria. After
inclusion, participants completed a pre-test questionnaire consisting of demographics. Then, they
received access to the gamified eHealth service from the researcher, and they used it for 4 weeks.
The participants received a manual from the researcher (see Supplemental Material) with in-
structions how to use the service. Finally, they completed a post-test questionnaire consisting of the
antecedents for adoption.

Intervention: a Gamified eHealth Service

The gamified eHealth service that the older adults used was called Stranded (see Figure 1). Stranded
is an online environment in the form of a deserted island and consists of two parts: a falls prevention
program and minigames. Older adults were involved during the development of this eHealth
service.27 When logging in into the eHealth service, the service shows the user how the protagonist
ended up on a deserted island. The user plays with the protagonist and can help her to leave the
island by performing physical exercises and completing minigames. When a user opens his/her
training programme, a secondary window is opened in which the program is provided in the form of
exercises shown via video, instructed via sound, and explained by text. The physical exercises are
part of the OTAGO falls prevention Programme.28 The program consists of three weekly sessions
with a warming-up, training exercises, and a cooling-down. Previous studies evaluated the OTAGO
programme positively,29,30 also in an online setting.31 The minigames within this eHealth service
are cognitive minigames (i.e. mind games to activate the brain) and were unlocked after participants
completed their exercises, as a reward. The first minigame unlocked after completing the first
training session, and from the remaining minigames, each minigame unlocked after completing

Figure 1. Screenshot of the homepage of Stranded.
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3 training sessions. In this eHealth service, the following four motivational affordances32 from the
gamification movement are incorporated: A story (there is a story on how the protagonist ended up
on a deserted island, and how the user can build a boat to leave the island), rewards (by completing
the physical exercises, users can unlock minigames as a reward), levels (the minigames have
difficulty levels), and progress (when completing minigames the user earns boat parts to leave the
island).

Research Model and Questionnaire

The gamified elements included within Stranded, are subordinate to the physical exercise module.
Therefore, we used the Technology Acceptance Model (TAM)25,26 to investigate the use and
intention to continue use, rather than a model focusing on assessing the gaming experience (like the
theory of Core Elements of the Gaming Experience33). Furthermore, previous literature on the use of
digital games with an educational meaning among older adults also showed that these applications
need to be easy to use and useful,34 which are included in the TAM as well. From the existing
theoretical approaches which are being used in explaining eHealth acceptance, we decided to use the
TAM due to pragmatic reasons: only three constructs and no sample size power issues. We did
expand the TAM with some additional variables that predict the core variables ease of use and
perceived usefulness, in order to increase the model’s explanatory power.

The additional variables we included were enjoyment, aesthetics and control. It has been found
that enjoyment of a digital game was a strong predictor for older adults to play a game (again).35–37

Multiple studies found that aesthetics of a serious game or gamified eHealth service influence
older adults’ use of the technology.38,39 Khalili-Mahani and colleagues38 found that aesthetics
are important; too intense aesthetics (i.e. a confusing and distracting appearance) of a serious
game, led to more frustrations among older adults during use of the game. Finally, control
increases older adults belief to acquire the habit to play the serious game, which affects the
adoption of the eHealth service.40 All together, we think that enjoyment of a gamified eHealth
positively influences its perceived usefulness, and aesthetics and control influence its perceived
ease of use.

The factors mentioned above are all included in the research model defined (see Figure 2).
Additionally, we included use of the gamified eHealth service in our causal model. A lot of studies
using the TAM, assess the intention to use as proxy for use. As in our study older adults used the
service for 4 weeks, we had access to use data and had the opportunity to include it in our model.
There are two use constructs in our model, one measures the total duration in minutes older adults

Figure 2. The causal model defined.
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used Stranded, and the second one measures the frequency participants used Stranded, during the 4-
week period. These use constructs are measured with system log data.

After using Stranded for 4 weeks, or after dropping out, participants completed the post-test
questionnaire, consisting of the constructs of our research model. All constructs used within this
post-test questionnaire and their corresponding items are shown in Table 1.

Table 1. Constructs and items used in our post-test questionnaire.

Construct Item Statement Scale Reference

Enjoyment enjoy_1 Stranded was (disgusting –

enjoyable)
1–7 Van der Heijden41

enjoy_2 Stranded was (dull – exciting) 1–7
enjoy_3 Stranded was (unpleasant –

pleasant)
1–7

enjoy_4 Stranded was (boring –
interesting)

1–7

Aesthetics aesthetics_1 Stranded looks clean 1–7 Lavie and Tractinsky42

aesthetics_2 Stranded looks clear 1–7
aesthetics_3 Stranded looks pleasant 1–7
aesthetics_4 Stranded looks original 1–7
aesthetics_5 Stranded looks creative 1–7

Control control_1 I have a lot of control over what I
can do on stranded

1–7 Liu,43 Van Velsen and colleagues44

control_2 On stranded, I can choose freely
what I want to see

1–7

control_3 I can determine for myself what
happens on stranded

1–7

Perceived
usefulness

useful_1 Using stranded helps me
understand my physical
condition

1–7 Davis45

useful_2 Using stranded improves my
physical condition

1–7

useful_3 Using stranded improves my
health

1–7

useful_4 Using stranded gives me insight in
my health

1–7

Perceived ease
of use

ease_1 It is clear and understandable
how I can work with stranded

1–7 Davis45

ease_2 I do not have to think hard when
working with stranded

1–7

ease_3 I find stranded easy to use 1–7
ease_4 I find it easy to get stranded to do

what I want it to do
1–7

Intention to
continue use

intent_1 If stranded would be available for
me, I would definitely use it

1–7 Davis and colleagues,26 Gefen and
colleagues,46 Van Velsen and
colleagues44intent_2 I would recommend stranded to

others
1–7

intent_3 I hope stranded becomes
available to me

1–7
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Data Analyses

Descriptives were calculated for participant demographics, use of Stranded, and questionnaire
constructs (means, standard deviations) in SPSS (version 19). We used Partial Least Squares
Structural Equation Modeling (PLS-SEM) in SmartPLS 3.047 to test the research model. The
maximum number of constructs influencing another construct is 4. So, the minimum sample size
needed for analysing our model is 41 participants, based on a statistical power of 80%, significance
level of 5% and a minimum R2 of 0.25.48 For the model validation we used reflective and formative
measurement models to optimize and assess the quality of our model. We started with the reflective
measurement model. With this we assessed the indicator reliability (outer loadings) and dis-
criminant validity (cross loadings) of the items, the internal consistency reliability of the constructs
(Cronbach’s alpha and composite reliability), and the convergent validity (Average Variance
Extracted (AVE)). Then we continued with the formative measurement model to assess the level of
collinearity between items (Variance Inflation Factor (VIF) values), relative importance of indi-
cators (outer weights), and absolute importance of indicators (outer loadings). After these steps, we
determined our formative causal model, with which we determined the path coefficients (β), the
model’s predictive power (R2), and effect sizes (f2). For all bootstrapping procedures we used
5000 subsamples.

Ethical Considerations

We conducted this study according to the principles of the Declaration of Helsinki (64th WMA
General Assembly, Fortaleza, Brazil, October 2013). For this study, we did not require formal
medical ethical approval according to the Medical Ethical Committee Arnhem-Nijmegen (file
number: 2019–5296). Each participant signed an informed consent form beforehand.

Results

Demographics

In total, 72 older adults participated in this study, of which the majority was female (65.3%). The
mean age of the study population was 65.1 years of age (SD = 7.0). The youngest adult was 55 years
of age, and the oldest adult was 89 years of age. Table 2 shows all the demographics of the
population.

User Experience

Regarding the post-test questionnaire, all constructs scored above the average. Participants were
most positive about Stranded’s aesthetics (M = 4.7, SD = 1.3, N = 72). In the box plot of Figure 3 we
see that in all constructs there is a wide range in the distribution of participants’ user experience with
Stranded, and the medians of the constructs lie between 4.0 and 5.0.

Use Data

During the first week of the study, 72 older adults used Stranded, and in the last week 51. On
average, participants used Stranded 17.1 times (SD = 12.9) during the study period, with a range
from 1 time to 74 times. The mean duration participants spent on the Stranded platform was 764 min
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Table 2. Demographics of study population (N = 72).

Demographics % or M (SD)

Gender (%)
Male 34.7
Female 65.3

Age (M (SD)) 65.1 (7.0)
Level of education (%)
Preparatory secondary vocational education 13.9
Higher general secondary education, pre-university education 38.9
Higher vocational education, university 47.2

Living situation (%)
Alone 31.9
Married/living together 65.3
Other situation 2.8

Employment status (%)
Employed 31.9
Volunteer/caregiver 9.7
Retired 43.1
Job seeker 2.8
Other 12.5

Figure 3. Box plot user experience domains measured on a scale from 1 (negative) to 7 (positive) (N = 72).

Hurmuz et al. 7



and 52 s (SD = 678 min and 47 s). The minimum duration spent on the platform was 5 min, and the
maximum was 3463 min (57 h, 43 min). On average, one session lasted 42 min and 22 s (SD =
20 min and 43 s).

Model Validation

First, we checked the outer loading of each item. All outer loadings were above the threshold of 0.7,
so we did not remove items from our model at this stage. The next step in assessing the quality of the
items was determining the items’ cross loadings. These values determine the discriminant validity of
the items. The loading of an item belonging to the corresponding latent variable, needs to be higher
than the loading of that item with other latent variables. Table 3 shows the cross loadings. We see
that all bold values are higher than the values in the same row, so this provides evidence for the latent
variables’ discriminant validity.

Finally, we assessed the internal consistency reliability of the constructs in our reflective
measurement model with the Cronbach’s alpha and composite reliability, and the convergent
validity of the constructs with the AVE score. The threshold for the Cronbach’s alpha and composite
reliability is 0.70, and the threshold for the AVE score is 0.50. All constructs scored above those
thresholds (see Table 4). Regarding the Cronbach’s alpha and composite reliability, the constructs

Table 3. Cross loadings of each item measured in a reflective measurement model.

Items Enjoyment Aesthetics Control
Perceived
usefulness

Perceived
ease of use

Use
duration

Use
frequency

Intention
to continue
use

enjoy_1 0.896 0.709 0.441 0.661 0.427 0.311 0.229 0.721
enjoy_2 0.895 0.569 0.303 0.589 0.222 0.228 0.116 0.565
enjoy_3 0.916 0.675 0.418 0.508 0.507 0.283 0.257 0.649
enjoy_4 0.903 0.586 0.344 0.612 0.216 0.281 0.201 0.613
aesthetics_1 0.620 0.886 0.392 0.483 0.365 0.110 0.036 0.598
aesthetics_2 0.560 0.844 0.520 0.245 0.729 0.239 0.194 0.475
aesthetics_3 0.722 0.924 0.526 0.465 0.593 0.208 0.149 0.626
aesthetics_4 0.564 0.827 0.400 0.549 0.387 0.073 0.018 0.608
aesthetics_5 0.611 0.868 0.466 0.511 0.339 0.136 0.052 0.558
control_1 0.311 0.480 0.892 0.041 0.574 0.047 0.020 0.129
control_2 0.390 0.523 0.879 0.043 0.522 0.211 0.135 0.167
control_3 0.422 0.400 0.863 0.192 0.479 0.084 0.002 0.132
useful_1 0.517 0.350 0.089 0.891 0.060 0.194 0.087 0.620
useful_2 0.697 0.559 0.105 0.925 0.114 0.216 0.151 0.739
useful_3 0.631 0.549 0.065 0.930 0.094 0.130 0.037 0.736
useful_4 0.518 0.361 0.115 0.888 0.108 0.124 0.041 0.626
ease_1 0.338 0.528 0.490 0.057 0.895 0.297 0.292 0.263
ease_2 0.166 0.329 0.316 0.005 0.813 0.015 0.038 0.211
ease_3 0.420 0.578 0.501 0.101 0.906 0.169 0.180 0.305
ease_4 0.333 0.434 0.670 0.163 0.785 0.028 0.001 0.198
intent_1 0.678 0.594 0.101 0.777 0.233 0.247 0.161 0.970
intent_2 0.699 0.691 0.202 0.675 0.352 0.121 0.084 0.938
intent_3 0.679 0.620 0.169 0.718 0.265 0.303 0.240 0.975
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have a good or excellent internal consistency. Regarding the AVE scores, the constructs have high
levels of convergent validity.

We then switched from a reflective measurement model to a formative measurement model to
further assess and optimize the model. By assessing the VIF values, we checked for multi-
collinearity. AVIF value of 5.00 or higher, indicates multicollinearity. Five items had an outer VIF
value higher than 5.00. First of all, item 3 of the aesthetics construct had an outer VIF value of 5.147.
The question belonging to this item (“Stranded looks pleasant”), is equivalent to item 3 of the
enjoyment construct (“Stranded was [unpleasant – pleasant]”), so we deleted item 3 of the
aesthetics construct. Two items (item 2 and 3) belonging to the perceived usefulness construct had
an outer VIF value of 5.907 and 6.22 resp. The questions of these items are “Using Stranded
improves my physical condition” (item 2), and “Using Stranded improves my health” (item 3). These
questions resemble each other, but because the VIF values are still beneath 10.00, so still ac-
ceptable,49 we did not delete these. The same applies for item 1 (“If Stranded would be available for
me, I would definitely use it”) and item 3 (“I hope Stranded becomes available to me”) of the
intention to continue use construct, that had outer VIF values of 8.794 and 9.847 resp. Looking at
the inner VIF values, no values were above 5.00.

The last step in assessing our model and before determining the causal model, is assessing the
significance and relevance of the formative items, with outer weights and outer loadings. To assess
this, we ran a complete bootstrap procedure with 5000 subsamples. Four outer weights were
significant (p < .05) and stayed in the model. All other items did not have a significant outer weight,
but looking at the outer loadings, all items, except for one (item 2 of perceived ease of use), had a
loading of 0.5 or higher. So these items were absolutely important, even though they were not
relatively important, and could stay in the model. Item 2 of perceived ease of use had an outer
loading of 0.472, but the p-value showed that it was significant (p = .015). So we also retained this
item in the model.

Causal Model

Figure 4 shows our causal model. Five path coefficients were significant. Of these significant
relations, we determined the effect sizes (f2). The effect size of the relation between perceived
usefulness and intention to continue use was 1.498 (large effect size), between enjoyment and
perceived usefulness was 1.25 (large effect size), between aesthetics and perceived ease of use was
0.794 (large effect size), between perceived ease of use and use in duration was 0.104 (small effect
size), and between perceived ease of use and use in frequency was 0.102 (small effect size).

Table 4. Internal consistency reliability of the constructs (Cronbach’s alpha and composite reliability), and
convergent validity (AVE).

Multi-item constructs Cronbach’s alpha Composite reliability AVE

Enjoyment 0.924 0.946 0.814
Aesthetics 0.920 0.940 0.758
Control 0.852 0.910 0.771
Perceived usefulness 0.930 0.950 0.826
Perceived ease of use 0.874 0.913 0.725
Intention to continue use 0.959 0.973 0.924
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Despite those five significant path coefficients, our model also shows six insignificant path
coefficients, which were not expected. Especially the following findings: perceived usefulness did
not affect use, perceived ease of use did not affect intention to continue use, and use did not affect
intention to continue use. These path coefficients and effect sizes were really small (β
from�0.075 until 0.176, and f2 from 0.004 until 0.076), so even if they were significant, the effects
of these factors would be low.

Discussion

With this study we aimed to explain the use of and intention to continue using a gamified eHealth
service for older adults (in this study, a gamified falls prevention program, supplemented by
cognitive minigames: Stranded). The majority of the older adults used the eHealth service for a
period of 4 weeks and multiple times per week. A striking finding is that how often and how long
older adults used Stranded did not affect their intention to continue using it. For this type of eHealth,
aesthetics affect the perceived ease of use, while control does not. Enjoyment affects the perceived
usefulness. Use, in terms of duration and the number of log ins, is predicted only by perceived ease
of use. Our model has a high explanatory power for the intention to continue using the service.

We did not expect the lack of a relation between the use parameters and the intention to continue
using the gamified eHealth service. On the contrary, given the literature on this topic,50,51 we
expected that short-term use of a gamified eHealth service would be the main predictor for the
intention to continue use. Upon reflecting on this issue, we think there are several possible ex-
planations for this lack. First, a methodological explanation. In this study, we looked at two realities.
One being the study context in which participants were asked to use the eHealth service and answer
questions about its characteristics (e.g. aesthetics, perceived usefulness, etc.), and one being the
hypothetical situation in which they would use the technology for their own good beyond the study
(i.e. intention to continue use). We think that there is a possibility that a part of the participants were
using the eHealth service to, among other reasons, also please the evaluators. The second ex-
planation could be that participants indicated they did not want to continue using the service,
because of a lack of novelty, or boredom. The gamified eHealth service does have difficulty levels in
the falls prevention programme, and different minigames that can be unlocked. However, even-
tually, users will not have new content anymore, as the storytelling comes to an end: Building all
boat parts, and being able to leave the island. In our study, we merged the use data from the 4-week

Figure 4. Causal model.
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period in two parameters: the frequency they used it in total, and the minutes they spend interacting
with the eHealth service. A previous meta-analysis showed that eHealth apps focusing on improving
physical activity is more effective in short-term use. In this meta-analysis, the authors are talking
about a period shorter than 3 months.52 However, it could also be the case that in our study the
novelty and excitement were mostly present in the first 2 weeks. Mazeas and colleagues7 also
suggest that users benefit more from short-term use, compared to long-term use. When assessing the
influence of previous use on intention to continue use, we propose future research to focus on the
evolution of eHealth use over the different weeks, instead of including use parameters which only
show the total duration/frequency over all weeks together.

Furthermore, we found that the use of a gamified eHealth service among older adults was only
affected by perceived ease of use and not by perceived usefulness. This is in contrast with previous
studies on eHealth in general (e.g.53–57), and studies on the use of technology and games among
older adults in general (e.g. Refs. 34, 35 and 58–60). Khalili-Mahani and colleagues37 found that if
the cognitive game is being perceived as enjoyable and useful, older adults are more willing to play
the game again, independent of the difficulty. As a result of these studies, we expected that both
perceived ease of use and perceived usefulness would influence the use of the eHealth service. An
explanation for this could be that the use of a gamified eHealth service among older adults is being
influenced by other antecedents than those we expected and included in our model. Looking at our
causal model, we see that the influence of perceived ease of use on use is weak, and the predictive
powers of use in our model confirm this, which are both weak. As said previously, we think that use
in our study was influenced by the fact the older adults were participants of a study. D’Haeseleer and
colleagues61 found that older adults perceive a self-management eHealth service useful, but not for
themselves. Perhaps this was also the case in our study, which explains why we found no relation
between perceived usefulness and the use parameters, and a weak relation between perceived ease of
use and the use parameters. To confirm this, we recommend that future research should focus on
reasons why older adults use gamified eHealth services within a study setting, and why they use it
beyond the study.

Based on our results, we would like to raise the question whether theoretical approaches, such as
TAM25,26 are suitable for measuring gamified eHealth use and intention to continue use gamified
eHealth. The TAM is frequently being used in studies focusing on this topic (e.g. Refs. 62–65), even
though this approach is developed outside the healthcare setting to measure acceptance of general
technology. However, as we found multiple relationships lacking (e.g. between perceived use-
fulness and use, between perceived ease of use and intention to continue use), we place a critical
note on the use of this approach. In our opinion, this approach is too simple to address the
complexity of eHealth use and intention to continue use eHealth. This shortcoming is also discussed
in other papers.66,67 Therefore we recommend researchers to be cautious when drawing conclusions
upon use of and intention to continue use eHealth based on the TAM. This model can be used as a
first starting point in studying the use of and intention to continue use the eHealth service that is in
development, but should not be used to reach a final conclusion on these topics.

Strengths and Limitations

Our study is, to the best of our knowledge, the first in explaining antecedents for use and for
intention to continue use a gamified eHealth service among older adults. By uncovering these
antecedents, researchers and gamified eHealth developers can increase the fit of the service to the
users to increase eHealth use and adoption. Furthermore, the predictive power of our research model
to identify the antecedents of intention to continue use was substantial. Besides these strengths, this
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study also has some limitations. First of all, we used self-enrolment to recruit participants; if one was
interested in using Stranded, (s)he contacted the researcher. This could have resulted in selection
bias and as a result, participants might have been more committed to using the gamified eHealth
service. Another limitation of this study is the use of only one gamified eHealth service, which can
affect the generalisability of our results. The findings of this study can be generalised to older adults
aging 55 years or older using a gamified eHealth service focusing on falls prevention. However, for
being able to generalise our results to gamified eHealth services among older adults in general, more
research is needed in which the study population uses different gamified eHealth services focusing
on other aspects of health (e.g. mental health, nutritional habits). Finally, a sensible and interesting
addition to the research model would be the inclusion of end-user motivation, as for example
explained by the Self Determination Theory.68 Previous research has shown that motivation can be
linked to persuasive features in eHealth technology,69 and thus, it would be a valuable direction for
future research.

Concluding remarks

Our intention of this study was to get a better understanding about participants’ use of and intention
to continue using a gamified eHealth service, and therefore enriching the TAM as a tool to for
assessing gamified eHealth acceptance. Instead, we learned that TAM is not the perfect fit for
explaining gamified eHealth use and intention to continue use, as the relation between use and
intention to continue use is more complex than envisioned beforehand. This disagreement with
literature might be caused by our inclusion of system use data. Based on our results, we recommend
researchers in the field of gamified eHealth use to focus on ‘perceived ease of use’ to explain short-
term use of a gamified eHealth service, and to focus on ‘perceived usefulness’ to explain long-term
use of a gamified eHealth service.
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36. Kaufman D, Sauvé L, Renaud L, et al. Benefits and barriers of older adults’ digital gameplay. In: CSEDU
2014 - Proceedings of the 6th International Conference on Computer Supported Education, Barcelona,
Spain, 2014, 1, 213–219. DOI: 10.5220/0004792302130219

37. Khalili-Mahani N, De Schutter B and Sawchuk K. The relationship between the seniors’ appraisal of
cognitive-training games and game-related stress is complex: a mixed-methods study. In: Stephanidis C,
Antona M, Gao Q, et al. (eds) HCI International 2020 – Late breaking papers: universal access and
inclusive design. HCII 2020. Lecture Notes in Computer Science, 12426; 2020, pp. 586–607. DOI: 10.
1007/978-3-030-60149-2_45

14 Health Informatics Journal

https://doi.org/10.1007/978-3-319-44672-1_8
https://doi.org/10.1016/j.ijinfomgt.2015.04.006
https://doi.org/10.1016/j.chb.2015.04.018
https://doi.org/10.2196/humanfactors.3696
https://doi.org/10.1287/mnsc.35.8.982
https://doi.org/10.3990/1.9789036547994
https://hfwcny.org/hfwcny-content/uploads/Otago_Exercise_Programme-Revised.pdf
https://doi.org/10.1093/ageing/afq102
https://doi.org/10.1093/ageing/afq102
https://doi.org/10.1016/j.physio.2015.08.002
https://doi.org/10.1016/j.physio.2015.08.002
https://doi.org/10.3389/fmed.2017.00208
https://doi.org/10.1109/HICSS.2014.377
https://doi.org/10.1007/978-1-84882-963-3_4
https://doi.org/10.1007/978-1-84882-963-3_4
https://doi.org/10.1016/j.sbspro.2015.01.526
https://doi.org/10.1515/COMMUN-2014-0005
https://doi.org/10.5220/0004792302130219
https://doi.org/10.1007/978-3-030-60149-2_45
https://doi.org/10.1007/978-3-030-60149-2_45


38. Khalili-Mahani N, De schutter B, Mirgholami M, et al. For whom the games toll: a qualitative and
intergenerational evaluation of what is serious in games for older adults. Comput Games J 2020; 9:
221–244. DOI: 10.1007/S40869-020-00103-7

39. Vaziri DD, Aal K, Ogonowski C, et al. Exploring user experience and technology acceptance for a fall
prevention system: results from a randomized clinical trial and a living lab. Eur Rev Aging Phys Act 2016;
13(1): 1–9. DOI: 10.1186/S11556-016-0165-Z

40. Brauner P, Holzinger A and Ziefle M. Ubiquitous Computing at its best: serious exercise games for older
adults in ambient assisted living environments-a technology acceptance perspective. EAI Endorsed Trans
Serious Games 2015; 1(4): e3. DOI: 10.4108/sg.1.4.e3

41. Van der Heijden H. User acceptance of hedonic information systems.MIS Q 2004; 28(4): 695–704. DOI:
10.2307/25148660

42. Lavie T and Tractinsky N. Assessing dimensions of perceived visual aesthetics of web sites. Int J Hum
Comput Stud 2004; 60(3): 269–298. DOI: 10.1016/j.ijhcs.2003.09.002

43. Liu Y. Developing a scale to measure the inactivity of websites. J Advert Res 2003; 43(2): 207–216. DOI:
10.2501/jar-43-2-207-216

44. van Velsen L, van der Geest T, van de Wijngaert L, et al. Personalization has a price, controllability is the
currency: predictors for the intention to use personalized eGovernment websites. J Organ Comput
Electron Commer 2015; 25(1): 76–97. DOI: 10.1080/10919392.2015.990782

45. Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technology.
MIS Q 1989; 13(3): 319. DOI: 10.2307/249008

46. Gefen D, Karahanna E and Straub D. Trust and TAM in online shopping: an integrated model. MIS Q
2003; 27(1): 51–90. DOI: 10.2307/30036519

47. Ringle CM, Wende S and Becker J-M. SmartPLS 3. Bönningstedst: SmartPLS, 2015, http://www.
smartpls.com.

48. Hair JF, Hult GTM, Ringle CM, et al. A Primer on Partial Least Squares Structural Equation Modeling
(PLS-SEM). 2nd ed. Los Angeles, CA: SAGE Publications Inc, 2014.

49. Benitez-Amado J, Henseler J and Castillo A. Development and update of guidelines to perform and report
partial least squares modeling in information system research. In: PACIS Proceedings, 86, 2017, https://
ris.utwente.nl/ws/portalfiles/portal/16785402/Development_and_Update_of_Guidelines_to_Perform_
and_Report_Partia.pdf

50. Li L, Peng W, Kononova A, et al. Factors associated with older adults’ long-term use of wearable activity
trackers. Telemed e-Health 2020; 26(6): 769–775. DOI: 10.1089/tmj.2019.0052

51. Forquer HA, Christensen JL and Tan ASL. Predicting continuance-findings from a longitudinal study of
older adults using an eHealth newsletter. Health Commun 2014; 29(9): 937–946. DOI: 10.1080/
10410236.2013.833580

52. Romeo A, Edney S, Plotnikoff R, et al. Can smartphone apps increase physical activity? Systematic
review and meta-analysis. J Med Internet Res 2019; 21(3): e12053. DOI: 10.2196/12053

53. Hoogenbosch B, Postma J, De Man-Van Ginkel JM, et al. Use and the users of a patient portal: cross-
sectional study. J Med Internet Res 2018; 20(9): e9418. DOI: 10.2196/jmir.9418

54. Hardiker NR and Grant MJ. Factors that influence public engagement with eHealth: a literature review. Int
J Med Inform 2011; 80(1): 1–12. DOI: 10.1016/j.ijmedinf.2010.10.017

55. Sampa MB, Hossain MN, Hoque MR, et al. Influence of factors on the adoption and use of ICT-based
eHealth technology by urban corporate people. J Serv Sci Manag 2020; 13(1): 1–19. DOI: 10.4236/jssm.
2020.131001

56. D’Haeseleer I, Gerling K, Vanrumste B, et al. Uses and attitudes of old and oldest adults towards self-
monitoring health systems. In: Proceedings of Pervasive Health ’19: EAI International Conference on
Pervasive Computing Technologies for Healthcare. Trento, Italy, 20–23 May 2019.

Hurmuz et al. 15

https://doi.org/10.1007/S40869-020-00103-7
https://doi.org/10.1186/S11556-016-0165-Z
https://doi.org/10.4108/sg.1.4.e3
https://doi.org/10.2307/25148660
https://doi.org/10.1016/j.ijhcs.2003.09.002
https://doi.org/10.2501/jar-43-2-207-216
https://doi.org/10.1080/10919392.2015.990782
https://doi.org/10.2307/249008
https://doi.org/10.2307/30036519
http://www.smartpls.com
http://www.smartpls.com
https://ris.utwente.nl/ws/portalfiles/portal/16785402/Development_and_Update_of_Guidelines_to_Perform_and_Report_Partia.pdf
https://ris.utwente.nl/ws/portalfiles/portal/16785402/Development_and_Update_of_Guidelines_to_Perform_and_Report_Partia.pdf
https://ris.utwente.nl/ws/portalfiles/portal/16785402/Development_and_Update_of_Guidelines_to_Perform_and_Report_Partia.pdf
https://doi.org/10.1089/tmj.2019.0052
https://doi.org/10.1080/10410236.2013.833580
https://doi.org/10.1080/10410236.2013.833580
https://doi.org/10.2196/12053
https://doi.org/10.2196/jmir.9418
https://doi.org/10.1016/j.ijmedinf.2010.10.017
https://doi.org/10.4236/jssm.2020.131001
https://doi.org/10.4236/jssm.2020.131001


57. D’Haeseleer I, Gerling K, Schreurs D, et al. Ageing is not a disease: pitfalls for the acceptance of self-
management health systems supporting healthy ageing. In: ASSETS, 2019 - The 21st International ACM
SIGACCESS Conference on Computers and Accessibility, Pittsburgh, USA, 28–30 October 2019,
286–30298. DOI: 10.1145/3308561.3353794

58. Wagner N, Hassanein K and Head M. Computer use by older adults: a multi-disciplinary review. Comput
Hum Behav 2010; 26(5): 870–882. DOI: 10.1016/J.CHB.2010.03.029
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