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Abstract. This article studies how an individual’s physical wellbeing contributes
to one’s online user experience. The study subjects were elderly people at high
risk for type 2 diabetes. The results suggest that the web usage experience of
these pre-diabetic individuals is related to their physical health status and level
of physical activity. Those with a better physical health status were more likely
to feel ease of orientation in their web usage, and those with more frequent
regular physical activity were more likely to perceive pleasure in navigating the
web. In practice, variation in physical health and activity levels between
individuals could, and should. be addressed in designing systems and services. In
more general, studying user experience on par with biochemical measurements
provides an exciting combination of research methods and paves the way for new
design practices.
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Introduction

Globally, hundreds of millions of people suffer from diabetes [1-7]. In health promotion
and lifestyle counseling, perceived personal relevance of health information may help
engage individuals and create opportune conditions for influencing a user [8-12]. In
other words, the aim is to produce individualized communication so that a user could
think ‘This applies to me’ [9, p. 55]. Tailoring enhances cognitive conditions for human
information processing and acceptance, and a typical aim of it is simply to increase
attention and comprehension [10]. A previous study among individuals at high risk for
diabetes showed that those whose physical health status was poor desired receiving
tailored information on nutrition and physical activity more frequently than those with a
better physical health status [13, 14]. This article investigates the relationship between
physical health status, physical exercise, and online user engagement.
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Background

In order for interventions to be genuinely influential, carefully designed and tailored
behavior change support systems with the ultimate aim of engaging users in their daily
lives and persuading them to adopt and maintain healthier behaviors are called for [1521]. There is growing interest towards using the flow concept for understanding user
experience in information systems’ (IS) [see, e.g., 22-26]. Originally, flow was described
as a holistic sensation that people feel when they act with total involvement [23]. More
recently, flow has been defined as a state, which occurs when navigating in an
information space and which is intrinsically enjoyable, self-reinforcing and
accompanied by a loss of self-consciousness; it can exist in both experimental and goaloriented types of behavior [17, 27]. The flow user experience can be made better through
interactive relationships between a user’s individual characteristics, the characteristics
of the artifact, and the characteristics of the primary task [18]. Support for orientation
and navigation capabilities have been suggested as key for positive user experience [28].
In addition, an immersive use of such services requires the user’s focused attention [29].
Specifically, in the field of healthcare, continuous measuring of physical health status
and physical activity adds to the rapid growth of health-related big data. Large data
archives can provide information about an individual’s health status, which may be
objectively measured physiologically and biochemically. In many cases, these objective
measurements provide more reliable information about health status than self-reported
subjective data [30, 31]. Health behavior change support systems [15] can now be built
on top of objective measurements; for example, objective physical activity
measurements with accelerometers and pedometers can be used to determine patterns of
physical activity behavior [32, 33]. A systematic review by [34, compare with 35] shows
a noticeable increase in the amount of objectively measured physical activity in these
types of interventions.
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Research model and hypotheses

Online users’ feeling of being fully focused and perception of ease of orientation and
pleasure of navigation are key components of the Webflow model [21, 28]. These user
experience constructs have been adopted for the study here in the context of web-based
health applications. An individual’s physical health status and physical exercise are
then incorporated into in the research model, together with these Webflow components.
User experience. Previous Webflow studies have found that perceived ease of
orientation and perceived pleasure of navigation have a direct effect on gaining an
optimal user experience, whereas, somewhat surprisingly, perceived ease of use and
usefulness [cf. 36] were not found to have a direct influence on user experience [28]. If
an individual feels that s/he can easily be oriented in web navigation, it is more likely
for him/her to enjoy the web navigation. Otherwise, if s/he feels it is difficult to do so,
that will negatively affect the perceived pleasure of navigation. Focused attention [17,
27] influences the ease of orientation and pleasure of navigation. In the contemporary
information and socially-laden web, cognitive overload has become a greater challenge
than ever before, resulting in attention focus becoming less and less of a commodity for
users.
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Physical health status. When an individual is in a bad health status, it will be
difficult for him/her to focus his/her attention on a particular task, because his/her bad
health status (such as the pain) may distract him/her from the task. Known risk factors
for type 2 diabetes and cardiovascular diseases are obesity, high level of low-density
lipoprotein (LDL) and low level of high-density lipoprotein (HDL) cholesterol. Lipid
markers are well-established predictors of vascular disease. The most frequently
measured lipid variables are total cholesterol, HDL cholesterol, LDL cholesterol, and
triglycerides. By following and preventing abnormalities in this lipid homeostasis,
diseases such as heart diseases and type 2 diabetes can be prevented. In this study, the
individuals’ physical health status is indicated by the state of their lipid metabolism,
technically by levels of total cholesterol and total triglycerides, as well total fatty acids
measured from a blood sample.
Physical exercise activity level. It is commonly believed that regular physical
exercise, such as brisk walking, peaceful swimming, performing fitness gymnastics,
brisk cycling, ice skating, or skiing, is good for one’s health. Prior studies have shown
that lifestyle changes such as increased physical exercise and weight loss can reduce the
risk of diabetes by approximately 58% [5, 37]. It has been found that an adequate level
of regular moderate-intensity physical exercise reduces the risk of numerous chronic
diseases, preserves health and functioning (both physical and mental) into old age, and
extends longevity [e.g., 38]. Aerobic exercise of 60 minutes three times a week for 12
months can even improve maximal oxygen uptake and leg muscle strength, and decrease
waist circumference, LDL cholesterol, and total cholesterol in premenopausal women
[39]. Thus, a person who does physical exercise regularly is more likely to improve
his/her physical health status. After doing such exercise people feel refreshed and
revitalized. Thus, this individual is more likely to perceive pleasure in navigating the
web. If a person exercises regularly, he or she is more likely to feel good, and
consequently more likely to perceive pleasure in navigating the web, as noted above. In
this case, the effect of focused attention becomes less critical in resulting in enjoying
web navigation. In other words, the impact of focused attention on the perceived pleasure
in web navigation becomes less salient. Therefore, the physical exercises moderate the
impact of focused attention on a user’s perception of web navigation.
Table 1. Research hypotheses.
H1: An individual who feels ease of orientation in web usage is more likely to perceive pleasure in navigating
the web.
H2: An individual who is able to focus on his/her primary activity when using the web is more likely to feel
ease of orientation in web usage.
H3: An individual who is able to focus on his/her primary activity when using the web is more likely to
perceive pleasure in navigating the web.
H4: An individual with a poor physical health status is more likely to have difficulty focusing on his/her task
when using web services.
H5: An individual with a poor physical health status is less likely to feel ease of orientation in web services.
H6: An individual who does physical exercise regularly is more likely to have a good physical health status.
H7: An individual who does physical exercise regularly is more likely to perceive pleasure in navigating the
web.
H8: The positive relationship between focused attention and the perceived pleasure in web navigation is
contingent upon how much physical exercise an individual regularly does, in such a way that this positive
relationship will be stronger for the individual who does less physical exercise and weaker for the
individual who regularly does more physical exercise.
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Fig. 1. Research model.
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Research setting

The empirical study was conducted among individuals with a high risk for type 2
diabetes, who volunteered to participate in a physical activity intervention trial known
as PreDiabEx carried out in Northern Finland [40]. Study subjects were recruited from
outpatient diabetes clinics in the Oulu Deaconess Hospital and the City of Oulu. The
survey was conducted at the same time when conducting the biochemical measurements.
The user experience data reported here were collected through a questionnaire survey
among individuals with a high risk for type 2 diabetes. The data related to the flow user
experience focus on recognizing and explaining the antecedents of a positive user
experience. The questionnaire also assessed background information (age, gender,
marital status, education, employment) and information about physical activity
(specifically, self-reported frequency of moderate-intensity physical exercise). The
blood tests for lipid markers were conducted at the same time. The responses for the
questionnaires were collected on this occasion by nurse researchers, and when necessary,
they also helped the participants fill in the questionnaires. Based on previous studies [21,
28], the first author designed the survey questions related to navigation, orientation, and
focused attention.
Of the 72 original participants, 69 responded to the survey. However, 16 survey
participants did not answer the questions about Perceived Ease of Orientation, Pleasure
of Navigation and Focused Attention. Thus, the final sample size is 53, for a response
rate of 73.6%. The average age of the respondents was 60 years. The majority (62%) of
the respondents were 60 years or older, and 72% were women. In addition, 79% were
married or living with a partner. Nearly half only had primary level education (45%),
30% had completed secondary education, and about 25% higher education. The desired
level of total cholesterol for pre-diabetic individuals was considered to be less than 4.5
mmol/l and the desired level for total triglycerides was 2.0 mmol/l, whereas for total
fatty acids there is no similar generally agreed threshold. The measured average serum
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cholesterol levels were 5.08 mmol/l, and total triglycerides and total fatty acids were
1.35 mmol/l and 10.79 mmol/l, respectively. Thus, the average for total cholesterol
exceeded the desired level. The self-reported frequency (times/week) of moderateintensity physical exercise per week was used as a measure of this variable.
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Data analysis and results

Because the sample size for this study is small, partial least squares (PLS) was used to
test the research model and hypotheses [42], given that PLS is less affected by small
sample sizes [43]. PLS is a structural equation modeling technique that simultaneously
evaluates the reliability and validity of the measures of theoretical constructs and tests
the relationships among constructs [43]. In the research model, the dependent latent
variable with the largest number of independent latent variables impacting it is
“Perceived Pleasure of Navigation,” which is impacted by three independent variables
(Focused Attention, Ease of Orientation, and Physical Exercise). Therefore, the least
sample size is 30 (equal to 10 times 3). In what follows, the PLS model is analyzed and
interpreted in two stages: the assessment of the measurement model and the assessment
of the structural model.
Measurement Model. PLS was used to calculate the composite scale reliability
(CR) [43, 44, 45] and average variance extracted (AVE) [43, 44]. CR was used to assess
the inter-item reliability by measuring the internal consistency of a given block of
indicators [45]. The AVE was used to examine the convergent validity of the constructs,
which attempted to measure the amount of variance that a latent variable component
captured from its indicators relative to the amount due to measurement error. Cronbach’s
alphas exceeded 0.70. The lowest CR was 0.87, compellingly exceeding the
recommended “0.70” threshold value [44]. The AVE of all measures was much higher
than the cut-off value of 0.50 [44] with the lowest AVE of 0.69. These results
demonstrate the inter-item reliability and convergent validity of the measures. Moreover,
the AVE of each construct exceeds the intercorrelations of the construct with the other
constructs in the model, in support of discriminant validity [44, 46]. Additionally, the
discriminant validity can also be assessed by inspecting the cross-loadings, which are
not substantial in magnitude compared with the loadings [43, 47, 48].
Structural model and hypothesis testing. The explanatory power of the research
model was evaluated by looking at the R² value in the dependent variable – perceived
pleasure of navigation. The R² value indicates that the research model explained 37.2%
of the variance for perceived pleasure of navigation.
Hypothesis 1 is significant, suggesting that an individual who feels ease of
orientation in web services is more likely to perceive navigating web services as
enjoyable. Hypothesis 2 is also significant, indicating that an individual who is able to
focus on his/her primary task at hand when using web services is also more likely to
feel ease of orientation in web services. Hypothesis 5 is significant, suggesting that an
individual with a poor physical health status is less likely to feel ease of orientation in
the web. In addition, Hypothesis 7 is supported, indicating that an individual who does
physical exercises regularly is more likely to perceive navigating web services as
enjoyable. The significance level for Hypothesis 3 is p < 0.1, which is close to the
conventional significance level. Given that the sample size is small, this relationship
has the potential to be significant if the sample size is larger.
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Most hypotheses are supported by the data collected in this study. Although
hypothesis 4 and hypothesis 8 are not supported, the direction of the effects is consistent
as hypothesized. One plausible explanation for the two insignificant results lies in the
small sample size used in this study. With respect to hypothesis 6, a likely explanation
for the insignificant result is as follows. It is widely believed that moderate-intensity
physical exercise is good for health. In other words, if an individual does moderateintensity physical exercise regularly, s/he would be healthier than would otherwise be.
However, it will take a longer period of time for the influence of physical exercises on
an individual’s health status to show up.
Control variables. Further analysis was carried out to assess the impacts of the
control variables, in order to make sure the significant results were not due to
covariation with these variables. The demographic information (gender, age, education,
marital status, and employment) acts as control variables. After adding the control
variables into the research model, the significance level for the relationships in the
research model are similar as before (they only change very slightly). The significant
paths are still significant and the insignificant paths remain insignificant. None of the
control variables have a significant effect on the dependent variable. These results
suggest that the research model is stable and independent of control variables.
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Discussion

This study has many research implications. It is one of the first to explore in an
interdisciplinary manner the potential to combine objective biochemical health
measurements, self-reported physical activity, and perceptions of user experience. The
findings that a user’s focused attention facilitates feeling of ease of orientation in web
usage and that the perceived ease of orientation influences a user’s perception of
navigating the web as more pleasurable, were expected and in line with previous findings
[cf. 28].
However, the results, which relate to the role of physical health status and physical
activity level for user experience perception, are novel. This study shows that the user
experience of individuals with a high risk for type 2 diabetes differs according to their
physical health status and amount of physical activity. Those with better lipid
homeostasis (better physical health status) are more likely to feel ease of orientation in
their web usage, and those are more frequent in their physical exercise are more likely
to perceive pleasure in navigating the web. This relationship between health and
orientation in the web as well as between physical activity and web navigation is an
interesting finding, and there may be a natural explanation for it. After all, since a human
is a psychosomatic whole, health and psychology are necessarily related, and navigating
the web, at least ideally speaking, is similar to performing a physical activity.
The practical implications of these findings are important. Healthcare professionals
and service providers in public and private sectors, business people, and software
practitioners could, and should, modify their design approaches and business strategies
based on them. As a societal implication, better user experiences should be provided for
individuals whose health status is poor or who are physically less active. Provision of
tailored and/or personalized solutions could improve these experiences.
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Admittedly, there are limitations in this explorative study. The participants were
mostly over 60 years of age, and the greatest relative increase in type 2 diabetes
prevalence is expected to be in the over-65 age group [49]. Cross-validation is needed
with a younger population as well as with other groups of people, other than individuals
with a high risk for type 2 diabetes. Seventy-two percent of the participants were women,
which might reflect the previous findings that women are generally more health-oriented
than men [50], or that women are more likely than men to participate in health promotion
programs [51, 52]. This being said, from a health promotion perspective, it is important
for more men to participate in this type of interventions. In general, gender differences
in using such systems earn more attention. Besides the participants’ physical health, their
knowledge of type 2 diabetes and familiarity with web-based intervention(s) are likely
to affect their perceptions of ease of orientation and navigational pleasure as well. Also,
because all participants were self-selected volunteers, they may be more receptive to
using new technologies and perhaps also more active in their daily lives.
There were also some methodological limitations. The study relied partly on selfreported survey data. Self-reported levels of physical activity are usually over-estimated,
and we had no means to adjust for this. The sample size was relatively small, so larger
studies would be needed to replicate and confirm the findings. Because of the crosssectional nature, longitudinal studies would be needed to enable studying sustainable
change. Also, the approach adopted here was exploratory as all the topics were assessed
with one or only a few questions. For these reasons, repetition of studies is warranted in
future work. Adding some basic neuro-IS sensors to the study setting would be an
interesting opportunity.
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Conclusion

This article sought to explore the influence of one’s physical health and physical
activity on a web experience. User experience perceptions were investigated in relation
to the self-reported amount of physical exercise and changes in lipid homeostasis. The
results of the study demonstrate that perceived user experience of individuals at high
risk for type 2 diabetes differs according to their physical health status and amount of
physical activity. Those with a better physical health status are more likely to feel ease
of orientation in their web usage, and those who take more frequent regular physical
exercise are more likely to perceive pleasure in navigating the web. These results open
up a new avenue of research. Taking into consideration the status of a user to render
customized web-based services in order to increase the chance of intervention success
is of growing importance, and utilizing objective physical measures and self-reports
instruments provides a new pragmatic approach to monitor and quantify users on par
with sensory technology. A new design paradigm and new business models for
developing software, systems, and services based on end-users’ physical health and
physical activity should now be developed.
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