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Abstract

Background: Many technological interventions designed to promote physical activity (PA) have limited efficacy and appear to
lack important factors that could increase engagement. This may be due to a discrepancy between research conducted in this
space, and software designers’ and developers’ use of this research to inform new digital applications.

Objectives: This study aimed to identify (1) what are the variables that act as barriers and facilitators to PA and (2) which PA
variables are currently considered in the design of technologies promoting PA including psychological, physical, and per-
sonal/contextual ones which are critical in promoting PA. We emphasize psychological variables in this work because of their
sparse and often simplistic integration in digital applications for PA.

Methods: We conducted two systematized reviews on PA variables, using PsycInfo and Association for Computing Machinery
Digital Libraries for objectives 1 and 2.

Results: We identified 38 PA variables (mostly psychological ones) including barriers/facilitators in the literature. 17 of those
variables were considered when developing digital applications for PA. Only few studies evaluate PA levels in relation to
these variables. The same barriers are reported for all weight groups, though some barriers are stronger in people with
obesity.

Conclusions: We identify PA variables and illustrate the lack of consideration of these in the design of PA technologies. Digital
applications to promote PA may have limited efficacy if they do not address variables acting as facilitators or barriers to
participation in PA, and that are important to people representing a range of body weight characteristics.
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Introduction outcomes.” ™' In turn, regular physical activity (PA)—

Physical inactivity is a serious problem: it is one of the main

causes of death worldwide, causing 3.2 million deaths each "Department of Psychology, Universidad Loyola Andalucia, Spain

year." Globally, 23% of adults are not considered suffi-
ciently active, and across Europe, one-third of the adult
population is considered physically inactive.”™* Physical
inactivity in adults is a risk factor for obesity and many
chronic diseases, including many cardiovascular and
age-related diseases, diabetes, chronic pain, and some
types of cancer; it increases the risk of depression and con-
tributes to other negative health and psychosocial
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150 minutes or more of moderate PA per week for adults—
can reduce the prevalence of these conditions.""

Technology often contributes to physical inactivity' but
it also offers many cheap and widely accessible possibilities
for increasing PA."* Many technological interventions such
as mobile apps, web interventions, activity trackers and
visualizations of PA, social media, or videos'+'® are
being designed to promote PA. While computer-based
interventions were initially the primary approach to
promote PA through technology,'*'*?° nowadays the
main focus is on developing interventions using mobile
devices.?""?? Moreover, wearable devices currently hold
the first position in worldwide fitness trends® and are
thus particularly relevant for PA interventions. However,
merely focusing on rapid technology-driven development,
without evaluating the impact of interventions can lead to
important aspects being ignored. In fact, the effectiveness
of technological interventions on PA has often been consid-
ered questionable or limited, as the reported PA increases
are often small and transitory.**2°

In the last decade, the Human-Computer Interaction
research community, and more recently the commercial
sector, have attempted to build on cognitive behavioral the-
ories to design technologies to address the problem of phys-
ical inactivity. While a number of theories have been
considered for explaining PA behavior, a systematic
review of persuasive health technologies®’ reported that
55% of these technologies were not founded on any
theory or do not specify it. Further, while most technologies
claim to be based on a theoretical framework, it was not
reported how the theory was integrated within the techno-
logical intervention. This is despite the fact that the effect-
iveness of the technology seems to be related to the
behavioral theory that it relies on.”® Some studies have sug-
gested that PA interventions should also report which com-
ponents of the theoretical framework/theory are used to
make the intervention effective or are mediating variables
for PA.* Especially when the intervention is based on mul-
tiple theories, where there is a risk of excluding potentially
important variables.*’

A recent review> has highlighted important limitations
of the approaches used for behavior change and called for
reconsidering these works through the lens of critical but
unaddressed factors, such as self-insight. Our paper aims
to respond to this call by considering unaddressed factors
in PA interventions. Another review about PA interventions
recommends exploring other possible variables by using
both inductive and deductive methods in addition to exist-
ing theories.> To that end, some studies have focused on
gaining insight from looking at relevant aspects of the spe-
cific PA behavior by using an atheoretical approach. By
atheoretical approach, we mean an approach not based on
current theoretical models, which would allow investigating
all mediating variables in PA-related behavior and not only
those variables considered in existing theories. Taking this

approach is necessitated by the fact that the mediating vari-
ables obtained from current theoretical models do not
account for substantial variability in the targeted out-
comes.” In particular, different reviews and meta-analyses
have reported only small to moderate effect sizes for theory-
based interventions (e.g., in,3 ! effect sizes were in the range
of 0.12-0.15, and in,>? were around 0.35). In this context,
there is a debate on the appropriateness of using theory-
based interventions for PA promotion.”*> The main
focus of studies using alternative, “atheoretical” approaches,
has been to explore the barriers—obstacles found by people
when trying to engage in PA- and facilitators-reasons found
by people for doing PA—in specific populations.**® In
addition, an atheoretical approach allows us to focus on
recommendations on the importance of considering each
component or potential variable affecting PA behavior and
the fact that existent theories used in this context are not spe-
cifically designed for PA. In fact, some of the critical known
affecting variables -barriers and facilitators- studied specific-
ally for PA, are not taken into account in a number of
studies. >

Our paper addresses the identified need to support a
more informed design of technology for promoting PA in
two ways. First, we revisit the Psychology literature, focus-
ing on barriers and facilitators to PA, to create a summary of
the PA influencing variables. We will search for all the non-
demographic variables critical for PA reported in this litera-
ture for adults. We specifically allude to non-demographic
variables because demographic variables are not easy to
handle for intervention purposes directly, as highlighted
by.** The variables reported will be sorted according to
three major levels: psychological, physical, and personal/
contextual, based on.*> We are mainly interested in psycho-
logical variables, and in how these are used to build poten-
tial interventions promoting PA. While physical and
personal/contextual variables are also critical to app
design for PA, the problem is that the psychological vari-
ables are generally ignored or addressed in a simplistic
and narrow way (e.g. badges). Second, we revisit the
Computing literature to better understand which of the vari-
ables identified in (1) are addressed and what is left out
according to the well-established Psychology literature.

In this paper, we also consider body weight as a factor that
is often implicated in physical inactivity.*® The articles
included in the literature review consider populations from
all weight groups, that is, healthy weight, obese and over-
weight groups,?’ to be able to compare the variables across
these groups. The promotion of PA seems to be of particular
importance in the obese population to prevent health
deterioration.”® A deficient PA level, along with sedentary
time, are among the fundamental causes of obesity in
adults.>”'%4¥30 people with obesity may experience/per-
ceive more PA barriers than non-obese or the healthy-weight
populations as shown in some studies with adolescents®' and
women.”? It therefore seems crucial to assess the impact of
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body weight when designing effective interventions for PA
that consider specific barriers faced by the person.’

The aim of this study was twofold. First, to review and to
inform about the potential mediating non-demographic
variables of PA. Second, to understand whether these
potential variables are taken into account when developing
technologies for PA. Two systematized reviews>*>
conducted: one from the psychology field and one from
the computing field. We conducted a systematized review
as it is rigorous and encompasses several, but not all
aspects of a full systematic review.’® Like systematic
reviews, the article search and selection, data extraction,
and results synthesis for systematized reviews are deter-
mined a priori, fully documented, and systematic.
However, a systematized review is often distinguished
from a systematic review in that the former may not
include a formal assessment of study quality, remove or
weight study findings based on methodological quality,
nor pool results to undertake meta-analysis.”*>® In add-
ition, systematized literature reviews allow synthesizing
qualitative evidence®*® and provide the flexibility
needed to consolidate the information about PA variables;
since each article uses a different narrative to represent
the same variable, for our study, this process entailed unify-
ing the way in which the variables are expressed.

For the first review, we focus on the psychology field
because our main focus is on psychological variables and
they are more reported than contextual/personal or physical
variables.’’™° While contextual variables related to PA
exist, there is evidence that these explain less PA behavior
than the internal or psychological variables to PA faced by
individuals.®*%° Equally, we acknowledge physical vari-
ables to PA, especially among elderly people.®” However,
despite a statistical relationship with physical inactivity,
there is less focus on reporting physical variables compared
with psychological or contextual/personal ones by large
epidemiological population-based studies.®®"!

Nevertheless, psychological variables are mostly over-
looked in the design of technology, which generally
focuses on addressing motivation rather than carrying out
an in-depth analysis of the psychological barriers (beyond
motivation) to undertaking PA (see for instance72).

A recent review,73 provides evidence of barriers to PA
specific to obesity in the literature. The study refers to the
importance of knowing whether being obese means
people confront barriers that are additional to those faced
by the non-obese population; however, the articles referred
to in the study exclusively focus on obese individuals. Our
aim is to build on this study and explore whether the bar-
riers are the same in the non-obese and obese populations
more broadly, and we believe that such a comparison can
only be made if articles in the review include healthy-
weight, overweight, and obese populations.

This paper is structured as follows: first, we present two
systematized reviews, one from the psychology field and

another one from the computing field. We then discuss
the results from both reviews and propose a rethink of PA
technologies by considering psychological factors in the
design process.

The contributions of this paper are an account of PA
variables across populations differing in PA-level and
body weight and an illustration of the lack of consideration
of these in the design of PA technologies. In the Computing
field, a literature review addressing this issue has not been
carried out yet, to our knowledge.

Methods

Recruitment

The Psychology literature search—henceforth called
Review 1—was conducted in June 2017. The Computing
literature search—henceforth called Review 2—was con-
ducted in July 2017 (for information on search dates and
other details of the search strategy see “Search Strategy”
section below).

Databases

The database used for Review 1 was PsycInfo, which
includes scientific articles from the psychology and psych-
iatry fields provided by the American Psychological
Association. This database is considered the most exhaust-
ive database in its field globally.”* Note that PsycInfo was
selected because our main focus is on psychological vari-
ables, as explained above. It should further be noted that
PsycInfo includes various medical journals and thus it
also provides an understanding of that field.

For Review 2, we used the Association for Computing
Machinery (ACM) digital library database, which contains
the collection of all ACM publications.”> ACM is consid-
ered the world’s largest educational and scientific comput-
ing society.”®

Search strategy

For both systematized reviews, the detailed search strategy
implementation was as follows: [("physical activity" OR
"physically active" OR "physical inactivity" OR "physic-
ally inactive" OR "physical activities" OR "motor activity"
OR '"sedentary"]) had to appear on the title or abstract;
(["Needs" OR "barriers" OR "facilitators")] in the article.
In addition, for Review 1, the term “obesity” had to
appear in the article. Note that for Review 2 the general
terms ‘“needs,” “barriers,” and “facilitators” were kept
instead of searching for specific barriers to ensure barriers
were not missed, as each article uses a different name or
narrative to represent the same variable. Review 1 was
restricted to peer-reviewed articles written in English and
published from 2007 to 2017, on studies conducted with
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adult human participants (18 years and older). Review 2
was restricted to conference proceedings and journal arti-
cles, published from 2007 to 2017. The reason for including
gray literature,”” and in particular conference proceedings,
is because conference proceedings are one of the main
means of publications in the field of computer science, dif-
ferently from the psychology field. These differences in the
restrictions are due to the search possibilities of the
database.

Selection criteria

The resultant papers from each database search were
revised to include only the relevant ones using the follow-
ing exclusion criteria: PA not being relevant in the article;
population under 18 years old; population with cognitive
impairment; duplicate articles; systematic reviews, proto-
cols, clinical cases, editors’ letters, summary papers; articles
not mentioning barriers or facilitators for PA; non-human
subjects. While the term “obesity” had to appear in the
article (see Search strategy), articles with any weight popu-
lation were included according to our aim to understand
whether the barriers are the same in the non-obese and
obese populations.

Selection process

An Excel table including the publication name, authors,
year, and journal of publication was created. The article
screening consisted of three steps. At every step, articles
meeting any of the exclusion criteria were excluded, and
the unclear ones were treated as included articles until the
next or final step. Three steps were: (1) we read titles and
abstracts of all articles obtained through the search.
Articles meeting any exclusion criteria were excluded. (2)
We did a quick skim reading of the full text of the remaining
articles, searching for relevant aspects mentioned in the
search strategy. (3) The remaining articles were read com-
pletely and extensively. The relevant information regarding
the population aspects, the methodology characteristics,
and the aspects affecting PA from each article, was orga-
nized and placed in the table. Articles meeting any exclu-
sion criteria were excluded from the final batch.

Data treatment

The articles identified through the systematized reviews were
used to obtain information about the PA-reported variables
(i.e. barriers and facilitators of PA). We worked to unify
the way in which the variables are expressed, since each
article uses a different narrative to represent the same vari-
able. We organized the constructs, descriptions, sentences,
or any type of quote used in the articles for expressing a vari-
able in groups according to their similarity and gave a stan-
dardized name to each variable. Variables and quotes were

organized based on (a) the similarity of the quotes, (b) the
similarity of the concepts or definitions underlying the
quotes, and (c) whether the different quotes have been com-
monly presented together under the same concept or categor-
ized as the same aspect. The classification of variables was
conducted by one reviewer (first author of the paper) and
revised by four other co-authors of this paper, all of them
with experience in PA-related research.

Our intention is to classify the variables for standardized
use when developing interventions. This would enable us to
consider all the variables important for an intervention
approach and to dismiss any irrelevant ones. The import-
ance of an adequate classification system enabling a clear
picture and selection of relevant aspects when choosing
an intervention approach has been highlighted by
Michie,” who developed a classification system for
general behavior change techniques based on a review of
the existing interventions. We follow this approach but
make a classification in a more inductive way, drawing
from the variables reported in the literature and organizing
them into major levels, which can be useful when choosing
an intervention approach. The particular way of organizing
our variables is based on a framework presented in,*> which
fits with the variables we found in our work. Thus, the
major levels used here for organizing the variables are the
following:

1. Psychological: emotional, cognitive, motivational,
affective, and behavioral aspects.

2. Physical: aspects related to the body nature and consti-
tution and physiological processes.

3. Personal/contextual: utilitarian personal resources or
environmental aspects.

Results

Review 1: PA influencing variables

The literature search yielded 470 articles. A flow diagram
illustrating the three-step selection process followed and
the reasons for the exclusion of the articles in each step is
included in Figure 1. Through the reading of the title and
abstract, 346 articles were excluded, and 124 remained.
Through the quick full-text reading, 12 other articles were
excluded. Finally, from the remaining articles, 62 other arti-
cles were excluded. The final sample comprises 50 articles
(for a complete list, see Supplementary File 1).

From the final 50 articles, we extracted the population
aspects related to body weight categories, obese, over-
weight, and healthy normal-weight (hereafter referred to
as healthy-weight) based on*’. To classify the weight cat-
egories for each article, if most of the population from the
article (near 80%) met one aspect (e.g. being overweight/
obese), it was classified in that way. 16 (32%) of the articles
were classified into the overweight/obese categories, 28
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Records from database

n=470

v

Excluded articles -title and abstract review- n=346

-Subject matter not centered on PA 179

-Population under 18 years old 118

-Population with cognitive impairment 37
Step 1 -Duplicated articles 2

-Systematic reviews, protocols, clinical cases,

editors’ letters, summary papers

-Articles not written in English

-Articles not mentioning barriers or facilitators for PA
-Population of not human subjects

N O O

v

Excluded articles -quick read of full text- n=10

-Duplicated articles

Step 2

-Subject matter not centered on PA
-Population under 18 years old
-Population with cognitive impairment

-Systematic reviews, protocols, clinical cases,

editors’ letters, summary papers

-Articles not written in English

-Articles not mentioning barriers or facilitators for PA
-Population of not human subjects

SN = B

o W oo

v

Excluded articles -extensive read of full text- n=62

-Subject matter not centered on PA 0
-Population under 18 years old 0
-Population with cognitive impairment 0

Step 3 -Duplicated articles 0
-Systematic reviews, protocols, clinical cases,
editors’ letters, summary papers 1
-Articles not written in English 0
-Articles not mentioning barriers or facilitators for PA 61
-Population of not human subjects 0

|
v
Included articles
n=50

Figure 1. Flow diagram illustrating article selection strategy in Review 1.

(56%) into the healthy-weight category and the remaining 6
(12%) belonged to both categories. In addition, we extracted
information related to whether the PA potential variables
were measured in a qualitative (21 articles) or quantitative
way (25 articles) or included both types of measures (4 arti-
cles). These classifications respond to the procedures/popula-
tion regarding only PA variables in each article.

Review 2: Attention given to PA influencing
variables in the Computing literature
The literature review from the ACM database yielded 123

articles. As for Review 1, we followed a three-step selection
process (see Figure 2 with a flow diagram illustrating this

process and the reasons for the exclusion of the articles in
each step). Through the reading of the title and abstract,
47 articles were excluded, leaving 76. Through the quick
full-text reading, 33 other articles were excluded, leaving
43. Finally, from the remaining articles, 28 other articles
were excluded. The final batch comprises 15 articles (for
a complete list, see Supplementary File 2).

Evaluation Outcomes

As reported in the Methods section, the final batch of arti-
cles of Review 1 was used to identify the facilitators and
barriers to PA. The aim of Review 2 was to evaluate if
these variables were considered for technological
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Records from database n=123

'

Excluded articles -title and abstract review- n=47

- Subject matter not centered on PA 29
- Population under 18 years old 13
Step 1 - Population with cognitive impairment 1
- Duplicated articles 1
- Systematic reviews, protocols, clinical cases, 3
editors’ letters, summary papers T
Excluded articles -quick read of full text- n=33
- Subject matter not centered on PA 26
Step 2 - Population under 18 years old 4
- Articles not written in English 2
- Systematic reviews, protocols, clinical cases, 1

editors’ letters, summary papers

v

Excluded articles -extensive read of full text- n=28

Step 3

- Subject matter not centered on PA 14
-Articles not mentioning barriers or facilitators for PA 14

v

Included Articles n=15

Figure 2. Flow diagram illustrating article selection strategy in Review 2.

interventions in the Computing literature. For Review 2, we
report separately all the variables mentioned in the article,
and the variables that were measured or evaluated (e.g.,
by means of questionnaires, as a theme topic in interviews
or focus groups, with sensors or ad-hoc apps).

The criteria used to identify something as a barrier/facili-
tator was that the article explicitly mentioned that aspect as
a barrier or facilitator for PA (e.g. “Lack of company acts as
a barrier” or “company facilitates PA”), and in that sense,
all variables were indeed associated in the articles to phys-
ical inactivity.

The variables are presented in Table 1, each classified
according to one of the three main levels: psychological,
physical, and personal/contextual levels, respectively. For
each variable we present: (a) the general description, sum-
marizing all mentions of a specific variable in relation to
them acting as barrier or facilitator, without specifying spe-
cific populations to which these would apply, (b) a particu-
lar mention about the attention given to the relation to PA
level in the article (e.g. people meeting PA guidelines vs
not meeting them), (c) the specificities for the overweight/
obese population, (d) the articles that raise the variable
for both reviews, and the articles that evaluated the vari-
ables in the Review 2, and (e) a summary of the effects
on PA of the factors included in the study design and

evaluated in Review 2. Figure 3 summarizes the percentage
of articles in Review 1 that raise each variable, and the per-
centage of articles in Review 2 that raise and evaluate the
variable. Supplementary Files 3-5 include Tables that
present the number of articles that report each psycho-
logical variable organized by different aspects of the popu-
lation (body weight group, place of residence, and specific
population conditions, e.g. medical condition).

It should be noted that the column “Description” in
Table 1 summarizes all mentions of specific variables as
barriers or facilitators for PA. Then columns 3 and 4
include specific mentions of relation to PA levels and
weight groups. Understanding the relationship of each vari-
able with the PA level or with the weight group is important
in order to consider their inclusion in the design of interven-
tions aiming for behavior change. These aspects are pre-
sented in the different columns. The variables are
presented by relevance, that is, in descending order,
depending on the number of articles mentioning them.

To provide a more in-depth understanding of the focus of
each study and its outcome,Table 2 summarizes the activ-
ities/interventions performed in the articles from Review 2
which evaluated psychological variables, as well as the popu-
lations under study, the measures employed, and the recom-
mendations the authors made based on their findings.
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Figure 3. Percentage of articles that raise each variable in Reviews 1 and 2 and percentage of articles that evaluate the variable in Review

2. The numbers on top of the bars refer to the number of articles.

As it can be seen, only a few of the identified variables
are taken into account in the development of technologies,
according to Review 2. From 38 variables considered in the
Psychology literature review, 21 are mentioned in the
Computing literature review, and even less, 17, are actually
considered in evaluations of the technology (see Table 1).
In particular, the variables company; influence of others;
initiative, willpower and commitment; emotional/psycho-
logical state; self-efficacy; medical status; skills; climate
conditions; and other/non-specified time demands are
taken into account and evaluated in articles about develop-
ing technologies. These articles report company of others
during PA,'0>10811¢ qelf_efficacy'? and skills (i.e. having
a previous level of PA,' good performance,'?® and nim-
blenesslog) as facilitators to PA, while medical conditions
or decline in physical/health status,'°®'%®-110-124 inclement
weather,'%'% and lack of time'®® or poor management
skills'® are reported as barriers. They also report that the
influence of others is usually a facilitator of PA, but it
could also be a barrier in some cases; for instance, the posi-
tive/negative effect of competitiveness in PA differs among
people.'** Similarly, specific goals with a high commitment
level are usually good facilitators of PA'%"'*¢ but can act
as a barrier if announced publicly.'?® For emotional/psy-
chological state, the mood was found to affect the level of
PA 105106, depression or sadness decreases PAIOG; stress
could be a barrier to PA'**'%° but also a motivator to do
PA to alleviate it.'"® Motivation is also mentioned in a
number of studies, but evaluated in half of them; these
studies found that greater levels of intrinsic (vs. extrinsic)
motives, such as enjoyment of the PA,'%*!%71%% are asso-
ciated with a more persistent engagement in PA.'%
Appealing aesthetics and facilities and access are

mentioned in some articles but just evaluated in one
article, in which it was found that lack of facilities (e.g.
gyms or stores), uneven pathways, noise, pollution, traffic
or relocation to smaller homes act as barriers,'*® and that
tracking PA and contextual information together supported
users’ reflection on the association between the environ-
ment and the PA level.'”’ Priorities; challenges and diffi-
culty; energy level; family/social/animal responsibilities;
and work/studies are mentioned and evaluated in one
article. These articles report difficult goals'*® as a facilitator
to PA, while lack of energy,lo5 caregiving duties,106 and
time management mistakes related to work'® are men-
tioned as barriers for PA. Self-consciousness and transpor-
tation are barely mentioned and never evaluated. Fear is
mentioned in two articles but also never evaluated.
Finally, cultural promotion; role compatibility; health/
weight benefits; routine; self-confidence/self-esteem;
affective attitudes; knowledge; perceived importance and
need of exercise; awareness; fitness status; pain or body
sensations; environmental safety; policies; costs; equip-
ment; instrumental social support; and housework are not
mentioned, nor evaluated in the technological literature.
In addition to articles in Review 2, one Review 1 article
also included a technology to promote PA.°® This was a
smartphone app to monitor the length and intensity of
users’ PA and to tell them when their goals had been
reached. The aim was to assess the relation of users’ PA
behavior to self-reported PA barriers. While barriers were
not considered in the technology employed in the article,
the study also aimed to consider barriers for future technol-
ogy design, as it collected users’ opinions on the app to
inform this. In particular, this article recommended that
future interventions may provide financial incentives
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(motivation), incorporate a social component (influence of
others, company) and include different PA activities (e.g.
walking; challenge, and difficulty) according to the user’s
PA level.

Overall, we consider that it is crucial to consider the
potential variables when developing a PA intervention.
Recommendations have been made to consider all possible
mediating variables to PA when developing an interven-
tion®> and a relationship has been found between a techno-
logical intervention relying on a theoretical basis and the
effectiveness of the technology.?” Future work should aim
to verify the importance of the identified variables to
bring stronger support to their importance in considering
them in the design of technology for PA.

Discussion

This study was conducted to address the need for consider-
ing the non-demographic variables of PA when developing
technological interventions for the promotion of PA, and to
investigate the relevance of these variables in relation to a
person’s PA level and body weight. We chose an atheoreti-
cal approximation due to the absence of specific theories
explaining the PA behavior®® and also to explore other pos-
sible variables.>> By doing so, we can ensure that poten-
tially important variables for PA are not excluded in
studies. For the achievement of our goals, we have pre-
sented the variables appearing in the psychological/psychi-
atric literature in relation to PA and the effect of body
weight on them; and we have highlighted the lack of con-
sideration of these variables in the computing literature.

Non-demographic barriers to PA

PA seems to be affected by several variables. We have
found 38 potential variables stated as barriers or facilitators
to PA in the literature. It is advantageous to have all these
variables compiled in one study to have a general view
since none of the studies reviewed has considered all the
variables presented here. Moreover, a previous study
exploring the literature about barriers in the obese popula-
tion reported 12 barriers.”> We have considered a wider
picture by including the facilitators in our review and
including all weight categories (not only obese). In fact,
while the aforementioned study included 17 studies for
reviewing in the final sample, ours includes 50 studies
from the Psychology literature and 15 from Computing.
However, all of the barriers presented in”> have also been
identified in our review, which indicates a congruence of
the findings. In our case, excess body weight is included
within the variable fitness and perception of own body
weight and includes stigma as social influence, self-esteem,
and self-consciousness. In addition to this information, 21
articles measured PA potential variables through a qualita-
tive methodology, 25 articles used a quantitative

methodology, and 4 articles a mixed approach. We have
not analyzed if the variables showed any differences
depending on the way in which they were measured, but
this could be an interesting aspect to explore in the future.

The most reported variable is motivation, followed by
company, influence of others, knowledge, priorities, and
fear. The least reported variable is routine, followed by
housework, policies, awareness, and appealing aesthetics.
It is possible that some variables are reported more often
in the reviewed studies than others because they are
present in the existing tools rather than due to their preva-
lence in the population. In fact, when questioned about
PA barriers, people report many more barriers than the
ones in questionnaires.>*’° Since we aim to identify all
the variables in the literature affecting PA, irrespective of
their appearance in previous behavior theories, we
suggest treating all the presented variables equally to
avoid excluding potentially important variables by focusing
only on those highlighted by Michie et al.?° Indeed, many
of the specific variables that we present here are not consid-
ered by the often-used behavior change theories for explain-
ing PA behavior.'**'** While these theories focus on more
general aspects that can affect different health behaviors,
they do not consider specific aspects of PA. Yet, the indi-
vidual components should be studied to understand which
of them could make an intervention effective,>> and break-
ing down each component into minor variables allows for
studying the specific effects. Thus, interventions can be
optimized by focusing only on the relevant aspects influen-
cing PA. For example, engagement in health behaviors in
the Health Belief Model (HBM).'*>"'4® depends on how
severe the health problem is perceived to be and how sus-
ceptible people feel themselves to be. However, in the
case of PA, medical conditions are usually reported as bar-
riers, not as facilitators 393133

Barriers according to PA level

Understanding the relationship of each variable with the PA
level is fundamental for their inclusion in intervention
design for behavior change. However, some reviewed
studies evaluate the relationship of the variables presented
with a person’s PA level as they do not use an actual
measure of PA levels. Our literature review shows the rela-
tion with a person’s PA level for only a few variables (see
the third column in Table 1), which should be prioritized
over others for the inactive population. These are
company, motivation, difficulty—only when regarded as
a barrier but not as a facilitator—initiative, willpower and
commitment, and knowledge. In some cases, such as for
emotional/psychological state, the actual relation with PA
level has been reported only in the technological literature.
This means that while emotional/psychological state has
been identified in the psychological literature as influencing
PA, the studies reporting that influence do not actually
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measure PA levels or examine differences between groups
of the population differing in their PA level.

For other variables, we have not found consensus con-
cerning whether there is any relation between them and
PA level (e.g. influence of others, fear). This absence of
consensus can be due to study methodological differences.
For example, for self-efficacy there is a relation with the PA
level in most cases, but''® does not find a correlation. This
could be because in''> PA was measured within a particular
long-term intervention involving a 12-month facility- and
home-based exercise program, while most of the other
studies®*-84+86-87-90:120' 4id not have an intervention or had
a shorter-term intervention involving more moderate PA
(wear a pedometer for §-9 weekle3’“9); this intervention
type may not have the same effect as other PA kinds.
Finally, while the relation with the PA level has not been
mentioned in the literature for the majority of the variables,
it is possible that in other medical fields, measures of PA are
more commonly employed and studied in relation to PA
barriers than the ones we studied from Psyclnfo. It should
however be noted that PsycInfo does include various
medical journals and thus it also provides an understanding
of that field.

Barriers according to body weight

We have also found that the effect of the identified variables
over PA can be dependent on the population under
study.”®?1-949¢ A particularly relevant aspect influencing
the effect of the variables is body weight. In our reviews,
we further explored the specificities of the barriers to PA
for the overweight/obese population. Though this popula-
tion has the same barriers to PA as the healthy-weight popu-
lation, some barriers were more important for them. In this
population the effect of social influence is particularly
important for several reasons: first, there is more reported
reliance on social cuesgg; second, lack of social support is
reported as a barrier more often in the obese than non-obese
populationgl; third, the influence of others is related to the
PA level only in the overweight/obese population'*'; and
finally, the incidence of negative social influence (e.g.
teasing) can be higher for overweight/obese women.”**’
Thus, social influence should be especially considered in
the development of interventions for PA for this population.
Another relevant variable is lack of enjoyment, considered
as the main cause of low exercise levels in obese women.”’
However,91 found no significant differences in lack of
enjoyment as a barrier to PA between different weight
groups of women. Since there are a few variables that are
more reported by the overweight/obese than the healthy-
weight population, it is important to study if the influence
of enjoyment is mediated by other variables as a possible
explanation. For example, one study found that obese
women are more likely to agree that they only exercise
when trying to lose weight.”® Since the motives to exercise

are not usually intrinsic to activity in this group, it is
expected to find motives more external to the activity in
itself. Population specificity in certain studies can also
lead to a greater homogeneity, and make other possible
influences disappear. For example, the discrepancy about
whether reporting initiative, willpower, and commitment
as a barrier is dependent on weight groups can come from
the fact that the only article finding no differences”'
handles a population of African American breast cancer
survivors, while those finding differences®>'?! handle
broader populations. Finally, in contrast, barriers related
to time demands are reported to be lower for the overweight
or obese population.'?!

In this work, we have only reviewed the variables
reported in the articles that include the term “obesity,” but
considered all body weights. Thus, based on our results
we propose to prioritize the following factors in the devel-
opment of interventions for PA for the overweight/obese
populations: influence of others,”%7?19%121  fear of
injury,91 self—consciousness,52 and self-confidence®”*?
about one’s looks (leading to not wanting to exercise in
front of others’**?), knowledge (e.g. receiving health mes-
sages related to PAm), motivation, and potentially, initia-
tive, willpower, and commitment (according to Refs.
52,121, although Ref. 91 reports no differences between
weight groups). In relation to motivation, one study
reported that the variable lack of enjoyment is the main
cause of physical inactivity in obese women”, although
there is no consensus about it,”! perhaps as this variable
may be mediated by other variables. Nevertheless, obese
women seem to only find external (versus intrinsic)
motives to exercise.”’ Nevertheless, we acknowledge the
importance of considering individual differences in PA
barriers.

Considering other individual factors

Given the above findings for the overweight or obese popu-
lation, it is possible that a similar “barrier augmentation”
effect takes place for other specific populations, that is,
the barriers can be the same for the general population
but can be bigger barriers to PA in the overweight/obese
population or can have a different effect in them in some
specific cases. Ideally, all the potential variables for the
general and specific populations should be known, to be
able to identify the relevant ones in each case and evaluate
which aspects should be considered or prioritized in the
development of PA-related interventions. Considering the
different barriers faced by different populations would
allow designing guidelines on factors to be prioritized for
interventions for specific groups (e.g. with different PA
levels or BMI). A general overview of the effects of these
variables over PA is an important first step for designing
PA interventions but a necessary second step includes
evaluating their relevance in any given situation when
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developing PA interventions, as the presence or influence of
different variables could vary between populations. For
example, ethnicity, age, and economic stability affect
whether self-consciousness is reported as influencing
PA%; lack of willpower was not reported as a barrier by
Hispanic students''?; lack of self-confidence appears to be
more likely reported as a barrier in younger adults than in
older adults®; and fear as a barrier appears to be higher
in older adults than in younger adults,’* in women than
men,’® and in non-college educated women.”'

Design recommendations for technology addressing
PA barriers

Literature Review 1 provided insights as to what needs
should be addressed for facilitating adherence to PA
overall, and about the prioritization of factors for people
who are physically inactive or overweight/obese. While
we recognize the importance of considering these factors
influencing PA in the development of technological inter-
ventions that aim to increase participation in PA, Review
2 highlights that psychological barriers are mostly over-
looked in the design of technology. Most work on technol-
ogy to promote PA uses cognitive-behavioral approaches
that are based on motivating, planning, and getting social
support, but are not designed to support an analysis of the
underlying problem; the focus is often placed on how to
enhance positive emotions through intervention (e.g. with
badges to mark achievements) but this approach falls
short if motivation is not the barrier to PA."”*

We propose a rethink of PA technologies by considering
psychological factors holistically and systematically in the
design process. The conducted reviews provided valuable
insights as to how technology could help address some of
the psychological factors to promote higher participation
in PA. Based on our reviews, we provide the following
recommendations for technological interventions focused
around three main topics: (i) integrating social features
into the design, (ii) identifying opportunities for PA and
helping to establish PA goals and routines, and (iii) regulat-
ing emotional/psychological state:

1. Integrate social features into the design: Our results
show that technology should support the social aspect
of PA, in four different ways. (1) By integrating features
that facilitate scheduling workouts with others (e.g. with
people they know or in person exercise programs), for
instance by integrating a scheduler application shared
with social media contacts that promotes awareness of
friends’ activities and opportunities to join in; this
relates to company, but also, it may facilitate making
exercise a priority.'0>!10198:116 9y By providing social
incentives to motivate people to exercise, for instance
by using fitness tracking tools,'** or by making public

announcements of PA commitments in social net-
works,126 which relate to the variables, influence of
others and discipline, initiative, willpower, and commit-
ment. Here it is important to profile users into low and
high persistence users, as the latter may need additional
motivational interventions, as well as to understand
why they do not follow other users as effective role
models.'?’ Also, it is important to consider whether com-
petition should be emphasized or de-emphasized for indi-
vidual users: while competition seems to be effective for
the average population,'*® for some individuals (e.g.
obesity, diabetes) the focus should be on supporting
strong ties between team members.'** (3) By allowing
following others as effective role models'?” which also
relate to the influence of others. (4) By integrating
social assistance'?® and professional advice.

2. Identify opportunities for PA and help in establishing PA
goals and routines: personal informatics should allow
tracking, collection, and integration of various types of
information on PA and contextual information (using
monitoring devices or calendaring systems) and allow
linking multiple facets of people’s life (at home, at
work, daily social interactions, PA)107’125, to increase
awareness of personal limitations and of opportunities
for PA. For instance, the system could provide users
with detailed feedback on their PA and the contribution
of common daily activities (e.g. household activities) to
their PA level.'*® The system could also integrate a
virtual coach, providing suggestions based on calendar
and observed patterns,'®” and help to establish and
adapt to routines,106 as well as to set PA goals. PA
goals should be concrete and challenging, but attainable,
and conveyed in an easy and straightforward manner,
which relates to challenges and difficulties.'*® For
instance, according to the user’s PA level, different PA
activities could be suggested (e.g. walking or running).”®

3. Regulate emotional/psychological state: Related to the
previous point, personal informatics could also help to
apply self-regulatory mechanisms to drive motivation
and goal attainment,'*® and to find enjoyable activities
to support PA'® and experience. One example'® is
the use of music while exercising by adjusting the
music to the pace, workout type or mood of the users,
to regulate their emotional state and motivate them.'®’

Future research should study the integration of other factors
in technology design to promote participation in PA, and
especially to consider that while certain interventions may
work for the general population or for a specific population,
they may not work for other population groups. An example
is when depression affects PA®%%; while using music while
exercising has been suggested as an effective tool to adjust
the mood of users and motivate them,'® the same type of
intervention may not work to adjust the mood of people
with depression. We acknowledge that none of the
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reviewed technologies studies looked at the psychological
consequences of using the wrong intervention. We
suggest that, rather than thinking of a unique intervention,
it may be more effective to think in terms of structured
interventions, where different needs are addressed at differ-
ent times; this requires first identifying the pre-requisites for
applying specific interventions (e.g. enhancing positivity
towards one’s body prior to apply interventions integrating
social features). A first and necessary step for this is to find
out the most important barriers to PA for the targeted users,
to then center the design and the evaluation of the interven-
tions around the identified barriers.

Finally, we highlight the fact that all the interventions per-
formed in the reviewed studies involve top-down cognitive-
behavioral mechanisms, but recent works have started to
demonstrate the potential of using bottom-up mechanisms.
For instance, one can involve these mechanisms to change
self-perception, bringing positivity to the perception of
one’s body and one’s own physical capabilities, and in turn
affect PA.°*4#14715! Eyture works should investigate the
combination of top-down and bottom-up mechanisms to
address PA barriers in structured interventions.

Conclusion

In conclusion, our study has highlighted the importance of
all the specific PA variables reported in the articles
reviewed, in total 38 variables (21 psychological, 5 phys-
ical, 12 personal/contextual), which should be taken into
account when developing interventions for the promotion
of PA. Moreover, the body weight aspect must be also con-
sidered, as it can be associated with the variable effect. The
Computing field should be particularly made cognisant of
the importance of basing the intervention developments
on the knowledge of the PA variables as a means of build-
ing on the literature and evidence and adding to it; our study
has demonstrated a lack of enough consideration for such
variables, which means that studies do not build on the
existing evidence base efficiently and effectively. This
paper is a step forward to building a tool for supporting
designers in understanding the PA problem they are
designed for and setting the measures they need to assess
the efficacy of their technology-based design. In particular,
our study can be used to develop systematic tools that could
be used to explore the variables that affect PA and how
PA-related applications are affected by them, to inform
the design and the evaluation of new PA interventions.

Limitations

We acknowledge several limitations of this work. First, the
systematized reviews were not pre-registered. Further, only
one author reviewed the articles for their inclusion, the
search period was limited to 10 years (2007-2017) and we
used only one database per search; these elements could be

considered limitations but they are common and standard in
the method followed in systematized reviews. Hence, there
is a possibility of some barriers and facilitators being
missed. However, our analysis suggests that the possibility
of this is small as the principal variables are repeated
several times across articles and just a small proportion of
variables appear only once. Further, a quality assessment of
the included articles was not performed, but at the same
time adding specific quality criteria would have entailed the
risk of biasing the selection process and ending up with a
skewed sample or missing relevant barriers as noted e.g. by
Snyder.61 In addition, the articles considered were all peer-
reviewed and included in the PsycInfo/ACM databases
implying an existing quality filter. Second, restricting the lit-
erature review by introducing the word “obese” prevents us
from asserting that the variables presented represent all the
potential variables for PA in the general population. Future
work should gather and present information for a wider popu-
lation sample.

Funding: The author(s) disclosed receipt of the following
financial support for the research, authorship, and/or publication
of this article: This work was supported by the Spanish Agencia
Estatal de Investigacion project grants “Magic Shoes”
(PSI2016-79004-R/AEI/FEDER, UE) and “MAGIC outFIT”
grant  (MCIN/AEI/10.13039/501100011033/;  project  id
PID2019-105579RB-100), and by the FEuropean Research
Council (ERC) under the European Union’s Horizon 2020
research and innovation programme (grant agreement No
101002711). AT was supported by the RYC-2014-15421 grant
from the “Ministerio de Economia, Industria y Competitividad”.
SNL was supported by the FPU program from the Spanish
Ministerio de Educacién, Cultura y Deporte (FPU20/00089).

Ethical approval: The ethics committee of Universidad Loyola
Andalucia and of Junta de Andalucia approved this study [Code:
ULA-PSI2016-350105. Approval no. 20181241335, 24 January
2018].

Guarantor: AT.

Contributorship: The protocol for the study was developed by
PR, MS, AS, MB, NB, and AT. The classification of variables
was conducted by PR and revised by MS, AS, NB, and AT. The
first draft of the manuscript was written by PR, MS, and AT and
revised by all authors.

Peer review:: XXXXXXXXXXXXXXXX.

ORCID iD: Aneesha Singh
5802
Ana Tajadura-Jiménez

https:/orcid.org/0000-0003-0835-

https:/orcid.org/0000-0003-3166-3512

Supplemental material: Supplementary material for this article
is available online.



https://orcid.org/0000-0003-0835-5802
https://orcid.org/0000-0003-0835-5802
https://orcid.org/0000-0003-0835-5802
https://orcid.org/0000-0003-3166-3512
https://orcid.org/0000-0003-3166-3512

24

DIGITAL HEALTH

References

1.

10.

11.

12.

13.

14.

WHO - World Health Organization. Spain-Fact sheet on
physical activity, http:/www.euro.who.int/data/assets/pdf_
file/0008/382580/spain-eng.pdf?7ua=1 (2018, accessed
2020 March 06).

. Ebrahim S, Garcia J, Sujudi A and Atrash H. Globalization

of behavioural risks needs faster diffusion of interventions.
Prev Chronic Dis 2007; 4(2): A32.

. WHO - World Health Organization. Country profiles on

nutrition. physical activity and obesity in the 53 WHO
European Region Member States. Methodology and
summary, http:/www.euro.who.int/__data/assets/pdf_file/
0004/243337/Summary-document-53-MS-country-profile.
pdf?ua=1 (2013, accessed 2020 March 06).

. WHO - World Health Organization, https:/www.who.int/

news-room/fact-sheets/detail/physical-activity (2018, accessed
2020 March 06).

. Cairney J, Hay JA, Faught BE, Wade TJ, Corna L and

Flouris A. Developmental coordination disorder, generalized
self-efficacy toward physical activity, and participation in
organized and free play activities. J Pediatr 2005; 147(4):
515-520. doi: 10.1016/j.jpeds.2005.05.013

. Centre for Economics and Business Research. The economic

cost of physical inactivity in Europe: An ISCA/Cebr Report,
https:/inactivity-time-bomb.nowwemove.com/download-
report/The%20Economic%20Costs%200f%20Physical %
20Inactivity%20in%20Europe%20(June%202015).pdf (2015,
accessed 2020 March 06).

. Healy GN, Matthews CE, Dunstan DW, Winkler EAH and

Owen N. Sedentary time and cardio-metabolic biomarkers
in US adults: NHANES 2003-06. Eur Heart J 2011,
32(5): 590-597. doi: 10.1093/eurheartj/ehq451

. Organisation for Economic Co-operation and Development

(OECD). Health at a glance 2017: indicators, https:/www.
health.gov .il/publicationsfiles/healthataglance2017.pdf (accessed
2020 June 03).

. WHO - World Health Organization. Global health risks:

mortality and burden of disease attributable to selected
major risks, https:/apps.who.int/iris/bitstream/handle/10665/
44203/9789241563871 _eng.pdf?sequence=1&isAllowed=y
(2009, accessed 2020 March 06).

Wilmot EG, Edwardson CL, Achana FA, et al. Sedentary time in
adults and the association with diabetes, cardiovascular disease
and death: systematic review and meta-analysis. Diabetologia
2012; 55(11): 2895-2905. doi: 10.1007/s00125-012-2677-z
WHO - World Health Organization. Global status report on
noncommunicable diseases, https:/apps.who.int/iris/
bitstream/handle/10665/148114/9789241564854_eng.pdf?
sequence=1 (2014, accessed 2020 March 06).

Hallal PC, Andersen LB, Bull FC, et al. Global physical
activity levels: surveillance progress, pitfalls, and prospects.
The Lancet 2012; 380(9838): 247-257. doi: 10.1016/
S0140-6736(12)60646-1

Price M, Yuen EK, Goetter EM, et al. mHealth: a mechanism
to deliver more accessible, more effective mental health care.
Clin Psychol Psychother 2014; 21(5): 427-436. doi: 10.
1002/cpp.1855

Nakhasi CA, Shen AX, Passarella RJ, Appel LJ and
Anderson CA. Online social networks that connect users to

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

physical activity partners: a review and descriptive analysis.
J Med Internet Res 2014; 16(6): e153. doi: 10.2196/jmir.
2674

Vroege DP, Wijsman CA, Broekhuizen K, et al.
Dose-response effects of a web-based physical activity
program on body composition and metabolic health in
inactive older adults: Additional analyses of a randomized
controlled trial. J Med Internet Res 2014; 16(12): e¢265.
doi: 10.2196/jmir.3643

Alley S, Jennings C, Plotnikoff RC and Vandelanotte C.
Web-based video-coaching to assist an automated computer-
tailored physical activity intervention for inactive adults a
randomized controlled trial. J Med Internet Res 2016;
18(8): €223. doi: 10.2196/jmir.5664

Althoff T, White RW and Horvitz E. Influence of Pokémon
go on physical activity: study and implications. J Med
Internet Res 2016; 18(12): e315. doi: 10.2196/jmir.6759
Crossley SG, McNarry MA, Eslambolchilar P, Knowles Z
and Mackintosh KA. The tangibility of personalised 3D
printed feedback may enhance youth’s physical activity
awareness, goal-setting and motivation. JMIR mHealth
uHealth 2019; 21(6): €12067. doi: 10.2196/12067

Wanner M, Martin-Diener E, Braun-Fahrlander C, Bauer G
and Martin BW. Effectiveness of active-online, an individu-
ally tailored physical activity intervention, in a real-life
setting: randomized controlled trial. J Med Internet Res
2009; 11(3): e23. doi: 10.2196/jmir.1179

Napolitano MA, Fotheringham M, Tate D, et al. Evaluation
of an internet-based physical activity intervention: a prelim-
inary investigation. Ann Behav Med 2003; 25(2): 92-99. doi:
10.1207/515324796 ABM2502_04. [Medline: 12704010.
Turner-McGrievy G and Tate D. Tweets, Apps and Pods:
results of the 6-month Mobile Pounds Off Digitally (Mobile
POD) randomized weight-loss intervention among adults. J
Med Internet Res 2011; 13(4): e120. doi: 10.2196/jmir.1841
Fukuoka Y, Lindgren TG, Mintz YD, Hooper J and Aswani
A. Applying natural language processing to understand
motivational profiles for maintaining physical activity after
a mobile app and accelerometer-based intervention: the
mPED randomized controlled trial. JMIR mHealth uHealth
2018; 6(6): €10042. doi: 10.2196/10042

Thompson WR. Worldwide survey of fitness trends for
2019. ACSMs Health Fit J 2018; 22(6): 10-17. doi: 10.
1249/FIT.0000000000000438

Eckerstorfer LV, Tanzer NK, Vogrincic-Haselbacher C,
et al. Key elements of mHealth interventions to successfully
increase physical activity: meta-regression. JMIR mHealth
uHealth 2018; 6(11): €10076. doi: 10.2196/10076
Baranowski T, Anderson C and Carmack C. Mediating
variable framework in physical activity interventions
how are we doing? How might we do better? Am J Prev
Med 1998; 15(4): 266-297. doi: 10.1016/s0749-3797(98)
00080-4

Bort-Roig J, Gilson ND, Puig-Ribera A, Contreras RS and
Trost SG. Measuring and influencing physical activity with
smartphone technology: a systematic review. Sports Med
2014; 44(5): 671-686. doi: 10.1007/s40279-014-0142-5
Orji R and Moffatt K. Persuasive technology for health
and wellness: state-of-the-art and emerging trends.



http://www.euro.who.int/data/assets/pdf_file/0008/382580/spain-eng.pdf?ua=1
http://www.euro.who.int/data/assets/pdf_file/0008/382580/spain-eng.pdf?ua=1
http://www.euro.who.int/data/assets/pdf_file/0008/382580/spain-eng.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0004/243337/Summary-document-53-MS-country-profile.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0004/243337/Summary-document-53-MS-country-profile.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0004/243337/Summary-document-53-MS-country-profile.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0004/243337/Summary-document-53-MS-country-profile.pdf?ua=1
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.1016/j.jpeds.2005.05.013
https://inactivity-time-bomb.nowwemove.com/download-report/The%20Economic%20Costs%20of%20Physical%20Inactivity%20in%20Europe%20(June%202015).pdf
https://inactivity-time-bomb.nowwemove.com/download-report/The%20Economic%20Costs%20of%20Physical%20Inactivity%20in%20Europe%20(June%202015).pdf
https://inactivity-time-bomb.nowwemove.com/download-report/The%20Economic%20Costs%20of%20Physical%20Inactivity%20in%20Europe%20(June%202015).pdf
https://inactivity-time-bomb.nowwemove.com/download-report/The%20Economic%20Costs%20of%20Physical%20Inactivity%20in%20Europe%20(June%202015).pdf
https://doi.org/10.1093/eurheartj/ehq451
https://www.health.gov.il/publicationsfiles/healthataglance2017.pdf
https://www.health.gov.il/publicationsfiles/healthataglance2017.pdf
https://www.health.gov.il/publicationsfiles/healthataglance2017.pdf
https://apps.who.int/iris/bitstream/handle/10665/44203/9789241563871_eng.pdf?sequence=1%26isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/44203/9789241563871_eng.pdf?sequence=1%26isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/44203/9789241563871_eng.pdf?sequence=1%26isAllowed=y
https://doi.org/10.1007/s00125-012-2677-z
https://doi.org/10.1007/s00125-012-2677-z
https://doi.org/10.1007/s00125-012-2677-z
https://doi.org/10.1007/s00125-012-2677-z
https://apps.who.int/iris/bitstream/handle/10665/148114/9789241564854_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/148114/9789241564854_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/148114/9789241564854_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/148114/9789241564854_eng.pdf?sequence=1
https://doi.org/10.1016/S0140-6736(12)60646-1
https://doi.org/10.1016/S0140-6736(12)60646-1
https://doi.org/10.1016/S0140-6736(12)60646-1
https://doi.org/10.1016/S0140-6736(12)60646-1
https://doi.org/10.1002/cpp.1855
https://doi.org/10.1002/cpp.1855
https://doi.org/10.2196/jmir.2674
https://doi.org/10.2196/jmir.2674
https://doi.org/10.2196/jmir.3643
https://doi.org/10.2196/jmir.5664
https://doi.org/10.2196/jmir.6759
https://doi.org/10.2196/12067
https://doi.org/10.2196/jmir.1179
https://doi.org/10.1207/S15324796ABM2502_04
https://doi.org/10.2196/jmir.1841
https://doi.org/10.2196/10042
https://doi.org/10.1249/FIT.0000000000000438
https://doi.org/10.1249/FIT.0000000000000438
https://doi.org/10.2196/10076
https://doi.org/10.1016/s0749-3797(98)00080-4
https://doi.org/10.1016/s0749-3797(98)00080-4
https://doi.org/10.1016/s0749-3797(98)00080-4
https://doi.org/10.1016/s0749-3797(98)00080-4
https://doi.org/10.1007/s40279-014-0142-5
https://doi.org/10.1007/s40279-014-0142-5
https://doi.org/10.1007/s40279-014-0142-5
https://doi.org/10.1007/s40279-014-0142-5

Rick et al.

25

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Health Informatics J 2018; 24(1): 66-91. doi: 10.1177/
1460458216650979

Aldenaini N, Alqahtani F, Orji R and Sampalli S. Trends in
persuasive technologies for physical activity and sedentary
behavior: a systematic review. Frontiers in artificial intelli-
gence 2020; 3: 7. https:/doi.org/10.3389/frai.2020.00007
Michie S, van Stralen MM and West R. The behaviour
change wheel: a new method for characterising and design-
ing behaviour change interventions. Implement Sci 2011;
6(1). doi: 10.1186/1748-5908-6-42

Dijk EK, Westerink JHDM, Beute F and IJsselsteijn WA.
Personal informatics, self-insight, and behaviour change: a
critical review of current literature. Hum—Comput Interaction
2017; 32(5-6): 268-296. doi: 10.1080/07370024.2016.
1276456

Conn VS, Hafdahl AR and Mehr DR. Interventions to
increase physical activity among healthy adults: meta-analysis
of outcomes. American Journal of Public Health 2011;
101(4): 751-758. https:/doi.org/10.2105/AJPH.2010.194381
Gourlan M, Bemnard P, Bortolon C, Romain AJ, Lareyre O,
Carayol M, Ninot G and Boiché J. Efficacy of theory-based
interventions to promote physical activity. A meta-analysis of
randomised controlled trials. Health Psychology Review 2016;
10(1): 50-66. https:/doi.org/10.1080/17437199.2014.981777
Brand R and Cheval B. Theories to explain exercise motiv-
ation and physical inactivity: ways of expanding our current
theoretical perspective. Frontiers in Psychology 2019;
10(May): 1-4. https:/doi.org/10.3389/fpsyg.2019.01147
Barreto dS. Why are we failing to promote physical activity
globally? Bulletin of the World Health Organization 2013;
91(6): 390-390A. https:/doi.org/10.2471/BLT.13.120790
Hagger MS and Weed M. DEBATE: do interventions based
on behavioral theory work in the real world? International
Journal of Behavioral Nutrition and Physical Activity
2019; 16(1): 1. https:/doi.org/10.1186/s12966-019-0795-4
Robbins LB, Pender NJ and Kazanis AS. Barriers to physical
activity perceived by adolescent girls. J Midwifery Womens
Health 2003; 48(3): 206-212. doi: 10.1016/s1526-9523(03)
00054-0

Rimmer JH, Riley B, Wang E, Rauworth A and Jurkowski J.
Physical activity participation among persons with disabil-
ities. Am J Prev Med 2004; 26(5): 419-425. doi: 10.1016/
j-amepre.2004.02.002

Brazeau AS, Rabasa-Lhoret R, Strychar I and Mircescu H.
Barriers to physical activity among patients with Type 1.
Diabetes Care 2008; 31(11): 2108-2109. doi: 10.2337/
dc08-0720

Simons D, Clarys P, De Bourdeaudhuij I, de Geus B,
Vandelanotte C and Deforche B. Factors influencing
mode of transport in older adolescents: a qualitative
study. BMC Public Health 2013; 13(1): 323. doi: 10.
1186/1471-2458-13-323

Huybrechts I, De Bourdeaudhuij I, Buck C and De Henauw
S. Environmental factors: opportunities and barriers for
physical activity, and healthy eating among children and
adolescents. Bundesgesun dheitsblatt-Gesundheits forsch
ung-Gesundheitsschutz 2010; 53(7): 716-724. doi: 10.
1007/s00103-010-1085-0

Singh A, Piana S, Pollarolo D, et al. Go-with-the-flow: tracking,
analysis and sonification of movement and breathing to build

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

confidence in activity despite chronic pain. Human-Computer
Interact 2016; 31(3—4): 335-383. doi: 10.1080/07370024.
2015.1085310

Singh A, Klapper A, Jia J, et al. Motivating people with
chronic pain to do physical activity: opportunities for tech-
nology design. In: Proceedings of the 32Nd Annual ACM
Conference on Human Factors in Computing Systems,
Toronto. Ontario, 2014 Apr 26-May 1. Canada. [doi: 10.
1145/2556288.2557268].

Singh A, Bianchi-Berthouze N and Williams AC. Supporting
everyday function in chronic pain using wearable technology.
In: Proceedings of the 2017 CHI Conference on Human
Factors in Computing Systems, 2017 May 6-11, Denver.
Colorado. USA. [doi: 10.1145/3025453.3025947].

Cerin E, Leslie E, Sugiyama T and Owen N. Perceived bar-
riers to leisure-time physical activity in adults: an eco-
logical perspective. Journal of Physical Activity and
Health 2010; 7(4): 451-459. https:/doi.org/10.1123/jpah.
7.4.451

Singh T-J, Roberts B-B and Williams CC. Going beyond
motivation! A framework for the design of technology for
supporting physical activity where mobility is restricted.
In: Proceedings of the Ist GetAMoveOn Annual
Symposium, London. UK, 2017 May 25.

Galan-Lopez P, Sanchez-Oliver AJ, Pihu M, Gisladéttir T,
Dominguez R and Ries F. Association between adherence
to the Mediterranean diet and physical fitness with body
composition parameters in 1717 European adolescents:
The AdolesHealth Study. Nutrients 2020; 12(1): 77. doi:
10.3390/nu12010077

World Health Organization (WHO). Body mass index —
BMI, http:/www.euro.who.int/en/health-topics/disease-
prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
(accessed 2020 June 03).

WHO - World Health Organization. Fact sheet on obesity
and overweight 2018, http:/www.who.int/en/news-room/
fact-sheets/detail/obesity-and-overweight (2020, accessed
2020 March 06).

Inactivity Time Bomb. http:/inactivity-time-bomb.nowwemove.
com/download-report/The Economic Costs of Physical
Inactivity in Europe (accessed 2017 June 04).

Organisation for Economic Co-operation and Development
(OECD). Health at a glance 2013: indicators, https:/www.
oecd.org/els/health-systems/Health-at-a-Glance-2013.pdf
(accessed 2020 June 03).

Deforche B. Physical activity and fitness in overweight and
obese youngsters. [PhD Thesis]. NL: Ghent University;
2004.

Napolitano MA, Papandonatos GD, Borradaile KE,
Whiteley JA and Marcus BH. Effects of weight status and
barriers on physical activity adoption among previously
inactive women. Obesity (Silver Spring) 2011; 19(11):
2183-2189. doi: 10.1038/0by.2011.87

Varela C and Saldafia C. An online treatment to change life-
style in overweight and obesity: study protocol for a rando-
mized controlled trial. BMC Public Health 2019; 19(1): 1-
10. doi: 10.1186/s12889-019-7928-1

Booth A, Sutton A and Papaioannou D. Systematic
approaches to a successful literature review. New York:
SAGE Publications, 2016. ISBN: 978-1473912458.



https://doi.org/10.1177/1460458216650979
https://doi.org/10.1177/1460458216650979
https://doi.org/10.3389/frai.2020.00007
https://doi.org/10.3389/frai.2020.00007
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1080/07370024.2016.1276456
https://doi.org/10.1080/07370024.2016.1276456
https://doi.org/10.2105/AJPH.2010.194381
https://doi.org/10.2105/AJPH.2010.194381
https://doi.org/10.1080/17437199.2014.981777
https://doi.org/10.1080/17437199.2014.981777
https://doi.org/10.3389/fpsyg.2019.01147
https://doi.org/10.3389/fpsyg.2019.01147
https://doi.org/10.2471/BLT.13.120790
https://doi.org/10.2471/BLT.13.120790
https://doi.org/10.1186/s12966-019-0795-4
https://doi.org/10.1186/s12966-019-0795-4
https://doi.org/10.1016/s1526-9523(03)00054-0
https://doi.org/10.1016/s1526-9523(03)00054-0
https://doi.org/10.1016/s1526-9523(03)00054-0
https://doi.org/10.1016/s1526-9523(03)00054-0
https://doi.org/10.1016/j.amepre.2004.02.002
https://doi.org/10.1016/j.amepre.2004.02.002
https://doi.org/10.2337/dc08-0720
https://doi.org/10.2337/dc08-0720
https://doi.org/10.2337/dc08-0720
https://doi.org/10.1186/1471-2458-13-323
https://doi.org/10.1186/1471-2458-13-323
https://doi.org/10.1186/1471-2458-13-323
https://doi.org/10.1186/1471-2458-13-323
https://doi.org/10.1186/1471-2458-13-323
https://doi.org/10.1007/s00103-010-1085-0
https://doi.org/10.1007/s00103-010-1085-0
https://doi.org/10.1007/s00103-010-1085-0
https://doi.org/10.1007/s00103-010-1085-0
https://doi.org/10.1007/s00103-010-1085-0
https://doi.org/10.1080/07370024.2015.1085310
https://doi.org/10.1080/07370024.2015.1085310
https://doi.org/10.1145/2556288.2557268
https://doi.org/10.1145/2556288.2557268
https://doi.org/10.1145/3025453.3025947
https://doi.org/10.1123/jpah.7.4.451
https://doi.org/10.1123/jpah.7.4.451
https://doi.org/10.1123/jpah.7.4.451
https://doi.org/10.3390/nu12010077
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
http://inactivity-time-bomb.nowwemove.com/download-report/TheEconomicCostsofPhysicalInactivityinEurope
http://inactivity-time-bomb.nowwemove.com/download-report/TheEconomicCostsofPhysicalInactivityinEurope
http://inactivity-time-bomb.nowwemove.com/download-report/TheEconomicCostsofPhysicalInactivityinEurope
http://inactivity-time-bomb.nowwemove.com/download-report/TheEconomicCostsofPhysicalInactivityinEurope
https://www.oecd.org/els/health-systems/Health-at-a-Glance-2013.pdf
https://www.oecd.org/els/health-systems/Health-at-a-Glance-2013.pdf
https://www.oecd.org/els/health-systems/Health-at-a-Glance-2013.pdf
https://doi.org/10.1038/oby.2011.87
https://doi.org/10.1186/s12889-019-7928-1
https://doi.org/10.1186/s12889-019-7928-1
https://doi.org/10.1186/s12889-019-7928-1
https://doi.org/10.1186/s12889-019-7928-1

26

DIGITAL HEALTH

55

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Grant MJ and Booth A. A typology of reviews: an analysis
of 14 review types and associated methodologies. Health
Info Libr J 2009; 26(2): 91-108. doi: 10.1111/j.1471-
1842.2009.00848.x]

Hart C. Doing a literature review. Releasing the research
imagination. New York: SAGE Publications, 2018. ISBN:
978-0761959755.

Choi J, Lee M, Lee JK, Kang D and Choi JY. (2017).
Correlates associated with participation in physical activity
among adults: a systematic review of reviews and update.
BMC Public Health 2017; 17(1): 1-13. [doi:10.1186/
s12889-017-4255-2].

Cortis C, Puggina A, Pesce C, et al. Psychological determi-
nants of physical activity across the life course: A"
DEterminants of Dlet and Physical ACtivity"
(DEDIPAC) umbrella systematic literature review. PloS
One 2017; 12(8): e0182709. doi: 10.1371/journal.pone.
0182709

Aleksovska K, Puggina A, Giraldi L, et al. Biological
determinants of physical activity across the life course:
a “Determinants of Diet and Physical Activity”(DEDIPAC)
umbrella systematic literature review. Sports Medicine Open
2019; 5(1): 1-18. doi:10.1186/s40798-018-0173-9

Bauman AE and Bull FC. National Institute of Health and
Clinical Excellence. Environmental correlates of physical
activity and walking in adults and children: a review of
reviews, https:/www.nice.org.uk/guidance/ng90/evidence/
environmental-correlates-of-physical-activity-review-pdf-
4787281408 (2007, accessed 2020 February 26).

De Bourdeaudhuij I, Sallis JF and Saelens BE.
Environmental correlates of physical activity in a sample
of Belgian adults. Am J Health Promot 2003; 18(1): 83—
92. doi: 10.4278/0890-1171-18.1.83

De Bourdeaudhuij I, Teixeira PJ, Cardon G and Deforche B.
Environmental and psychosocial correlates of physical activ-
ity in Portuguese and Belgian adults. Public Health Nutr
2005; 8(7): 886—-895. doi: 10.1079/phn2005735
Giles-Corti B and Donovan RJ. The relative influence of
individual, social and physical environment determinants
of physical activity. Soc Sci Med 2002; 54(12): 1793—
1812. doi: 10.1016/s0277-9536(01)00150-2

Owen N, Cerin E, Leslie E, et al. Neighborhood walkability and
the walking behavior of Australian adults. Am J Prev Med
2007; 33(5): 387-395. doi: 10.1016/j.amepre.2007.07.025
Pan SY, Cameron C, DesMeules M, Morrison H, Craig CL
and Jiang X. Individual, social, environmental, and physical
environmental correlates with physical activity among
Canadians: a cross-sectional study. BMC Public Health
2009; 9(1): 1-12. doi:10.1186/1471-2458-9-21
Wendel-Vos W, Droomers M, Kremers S, Brug J and Van
Lenthe F. Potential environmental determinants of physical
activity in adults: a systematic review. Obes Rev 2007;
8(5): 425-440. doi:10.1111/j.1467-789X.2007.00370.x
Booth ML, Bauman A, Owen N and Gore CJ. Physical activ-
ity preferences, preferred sources of assistance, and perceived
barriers to increased activity among physically inactive
Australians. Prev Med 1997; 26(1): 131-137. doi: 10.1006/
pmed.1996.9982

Gobbi S, Sebastiao E, Papini CB, et al. Physical inactivity and
related barriers: a study in a community dwelling of older

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

Brazilians. J Aging Res 2012; 2012: 1-8. [doi: 10.1155/2012/
685190].

Reichert FF, Barros AJ, Domingues MR and Hallal PC. The
role of perceived personal barriers to engagement in leisure-
time physical activity. Am J Public Health 2007;97(3): 515—
519. doi: 10.2105/AJPH.2005.070144

Sebastido E, Chodzko-Zajko W, Schwingel A, et al. Perceived
barriers to leisure time physical activity: what Brazilians have
to say? Open J Prev Med 2013; 3(8): 491-499. doi: 10.4236/
0jpm.2013.38066

Zunft HJF, Friebe D, Seppelt B, et al. Perceived benefits and
barriers to physical activity in a nationally representative
sample in the European Union. Public Health Nutr 1999;
2(1a): 153-160. doi: 10.1017/s1368980099000208
Wagner WE and Gillespie BJ. The practice of survey
research. New York: SAGE Publications, 2016. ISBN:
978-1452235271.

MclIntosh T, Hunter DJ and Royce S. Barriers to physical
activity in obese adults: a rapid evidence assessment. J Res
Nurs 2016; 21(4): 271-287. doi: 10.1177/1744987116647762
EBSCO Information Services, https://www.ebsco.com/
products/research-databases/apa-psycinfo (accessed 2020
June 03).

ACM Digital Library, https:/dl.acm.org/ (accessed 2020
June 03).

Advancing Computing as a Science & Profession, https:/
www.acm.org (accessed 2020 June 03).

McDonald J and Levine-Clark M. Grey literature. In:
Schopfel J and Farace D (eds) Encyclopedia of Library
and Information Sciences. 2nd ed. London: Routledge,
2011, pp.2029-2039.

Chaudhury M and Shelton N. Physical activity among
60-69-year-olds in England: knowledge, perception, behav-
iour and risk factors. Ageing Soc 2010; 30(8): 1343-1355.
doi: 10.1017/S0144686X10000486

Baruth M, Sharpe PA, Parra-Medina D and Wilcox S.
Perceived barriers to exercise and healthy eating among
women from disadvantaged neighborhoods: results from a
focus groups assessment. Women Health 2014; 54(4):
336-353. doi: 10.1080/03630242.2014.896443

Dikareva A, Harvey W1J, Cicchillitti MA, Bartlett SJ and
Andersen RE. Exploring perceptions of barriers, facilitators,
and motivators to physical activity among female bariatric
patients: implications for physical activity programming.
Am J Heal Promot 2016; 30(7): 536-544. doi: 10.4278/
ajhp.140609-QUAL-270

Mama SK, McCurdy MA, Evans AE, Thompson DI,
Diamond PM and Lee RE. Using community insight to
understand physical activity adoption in overweight and
obese African American and Hispanic women: a qualitative
study. Health Educ Behav 2015; 42(3): 321-328. doi: 10.
1177/1090198114557128

Ablah E, Haug A, Konda K, et al. Exercise and epilepsy: a
survey of midwest epilepsy patients. Epilepsy Behav 20009;
14(1): 162-166. doi: 10.1016/j.yebeh.2008.09.019

Ashton LM, Hutchesson MJ, Rollo ME, Morgan PJ,
Thompson D and Collins CE. Young adult males’ motiva-
tors and perceived barriers towards eating healthily and
being active: a qualitative study. Int J Behav Nutr Phys
Act 2015; 12(1): 93. doi: 10.1186/5s12966-015-0257-6



https://doi.org/10.1111/j.1471-1842.2009.00848.x]
https://doi.org/10.1111/j.1471-1842.2009.00848.x]
https://doi.org/10.1186/s12889-017-4255-2
https://doi.org/10.1186/s12889-017-4255-2
https://doi.org/10.1186/s12889-017-4255-2
https://doi.org/10.1186/s12889-017-4255-2
https://doi.org/10.1186/s12889-017-4255-2
https://doi.org/10.1371/journal.pone.0182709
https://doi.org/10.1371/journal.pone.0182709
https://doi.org/10.1186/s40798-018-0173-9
https://doi.org/10.1186/s40798-018-0173-9
https://doi.org/10.1186/s40798-018-0173-9
https://doi.org/10.1186/s40798-018-0173-9
https://www.nice.org.uk/guidance/ng90/evidence/environmental-correlates-of-physical-activity-review-pdf-4787281408
https://www.nice.org.uk/guidance/ng90/evidence/environmental-correlates-of-physical-activity-review-pdf-4787281408
https://www.nice.org.uk/guidance/ng90/evidence/environmental-correlates-of-physical-activity-review-pdf-4787281408
https://www.nice.org.uk/guidance/ng90/evidence/environmental-correlates-of-physical-activity-review-pdf-4787281408
https://doi.org/10.4278/0890-1171-18.1.83
https://doi.org/10.4278/0890-1171-18.1.83
https://doi.org/10.4278/0890-1171-18.1.83
https://doi.org/10.1079/phn2005735
https://doi.org/10.1016/s0277-9536(01)00150-2
https://doi.org/10.1016/s0277-9536(01)00150-2
https://doi.org/10.1016/s0277-9536(01)00150-2
https://doi.org/10.1016/j.amepre.2007.07.025
https://doi.org/10.1186/1471-2458-9-21
https://doi.org/10.1186/1471-2458-9-21
https://doi.org/10.1186/1471-2458-9-21
https://doi.org/10.1186/1471-2458-9-21
https://doi.org/10.1111/j.1467-789X.2007.00370.x
https://doi.org/10.1111/j.1467-789X.2007.00370.x
https://doi.org/10.1006/pmed.1996.9982
https://doi.org/10.1006/pmed.1996.9982
https://doi.org/10.1155/2012/685190
https://doi.org/10.1155/2012/685190
https://doi.org/10.2105/AJPH.2005.070144
https://doi.org/10.4236/ojpm.2013.38066
https://doi.org/10.4236/ojpm.2013.38066
https://doi.org/10.1017/s1368980099000208
https://doi.org/10.1177/1744987116647762
https://www.ebsco.com/products/research-databases/apa-psycinfo
https://www.ebsco.com/products/research-databases/apa-psycinfo
https://www.ebsco.com/products/research-databases/apa-psycinfo
https://dl.acm.org/
https://dl.acm.org/
https://www.acm.org
https://www.acm.org
https://www.acm.org
https://doi.org/10.1017/S0144686X10000486
https://doi.org/10.1080/03630242.2014.896443
https://doi.org/10.4278/ajhp.140609-QUAL-270
https://doi.org/10.4278/ajhp.140609-QUAL-270
https://doi.org/10.4278/ajhp.140609-QUAL-270
https://doi.org/10.4278/ajhp.140609-QUAL-270
https://doi.org/10.1177/1090198114557128
https://doi.org/10.1177/1090198114557128
https://doi.org/10.1016/j.yebeh.2008.09.019
https://doi.org/10.1186/s12966-015-0257-6
https://doi.org/10.1186/s12966-015-0257-6
https://doi.org/10.1186/s12966-015-0257-6
https://doi.org/10.1186/s12966-015-0257-6

Rick et al.

27

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Sui Z, Turnbull DA and Dodd JM. Overweight and obese
women’s perceptions about making healthy change during
pregnancy: a mixed method study. Matern Child Health J
2013; 17(10): 1879-1887. doi: 10.1007/s10995-012- 1211-8
Belon AP, Nieuwendyk LM, Vallianatos H and Nykiforuk
CIJ. How community environment shapes physical activity:
perceptions revealed through the PhotoVoice method. Soc
Sci Med 2014; 116: 10-21. doi: 10.1016/j.socscimed.2014.
06.027

Jackson-Elmoore C. Self-perceived weight status and exer-
cise adequacy. Health Educ Res 2006; 22(4): 588-598.
doi:10.1093/her/cyl118

Mansfield ED, Ducharme N and Koski KG. Individual,
social and environmental factors influencing physical activ-
ity levels and behaviours of multiethnic socio-economically
disadvantaged urban mothers in Canada: a mixed methods
approach. Int J Behav Nutr Phys Act 2012; 13(1): 9. :42.
[doi: 10.1186/1479-5868-9-42.

Evenson KR, Moos MK, Carrier K and Siega-Riz AM.
Perceived barriers to physical activity among pregnant
women. Maternal and Child Health Journal 2013; 30(4):
361-369. doi: 10.1111/phn.12006

Igelstrom H, Martin C, Emtner M, Lindberg E and Asenlof
P. Physical activity in sleep apnea and obesity—personal
incentives, challenges, and facilitators for success. Behav
Sleep Med 2012; 10(2): 122-137. doi: 10.1080/15402002.
2011.574763

Devlin JT, Dhalac D, Suldan AA, Jacobs A, Guled K and
Bankole KA. Determinants of physical activity among
Somali women living in Maine. J Immigr Minor Heal
2012; 14(2): 300-306. doi: 10.1007/s10903-011-9469-2
Oyekanmi G and Paxton RJ. Barriers to physical activity
among African American breast cancer survivors.
Psychooncology 2014; 23(11): 1314-1317. doi: 10.1002/
pon.3527

Krishnan S, Tokar TN, Boylan MM, Griffin K, Feng D,
Mcmurry L, et al. Zumba® dance improves health in over-
weight/obese or type 2 diabetic women. Am J Health
Behav 2015; 39(1): 109-120. doi: 10.5993/AJHB.39.1.12
Leone LA and Ward DS. A mixed methods comparison of
perceived benefits and barriers to exercise between obese
and nonobese women. J Phys Act Health 2013; 10(4):
461-469. doi: 10.1123/jpah.10.4.461

Lee C, Ory MG, Yoon J and Forjuoh SN. Neighborhood
walking among overweight and obese adults: age variations
in barriers and motivators. J Community Health 2013; 38(1):
12-22. doi: 10.1007/s10900-012-9592-6

Halali F, Mahdavi R, Asghari Jafarabadi M, Mobasseri M
and Namazi N. A cross-sectional study of barriers to phys-
ical activity among overweight and obese patients with
type 2 diabetes in Iran. Health Soc Care Community 2016;
24(5): €92—e100. doi: 10.1111/hsc.12263

Kurti AN, Logan H, Manini T and Dallery J. Physical activ-
ity behaviour, barriers to activity, and opinions about a
smartphone-based physical activity intervention among
rural residents. Telemed J E Health 2015; 21(1): 16-23.
doi: 10.1089/tmj.2014.0034

Edwards MB, Theriault DS, Shores KA and Melton KM.
Promoting youth physical activity in rural southern commu-
nities:  practitioner  perceptions of  environmental

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

opportunities and barriers. J Rural Health 2014; 30(4):
379-387. doi: 10.1111/jrh.12072

Ylitalo KR, Umstattd Meyer MR, Stone K, Doyle EI and
Curtis R. Using the Community Assessment for Public
Health Emergency Response (CASPER) to assess barriers
to healthy eating and active living in a low-income commu-
nity. Eval Program Plann 2016; 59: 41-46. doi: 10.1016/].
evalprogplan.2016.08.003

Venditti EM, Wylie-Rosett J, Delahanty LM, et al. Short and
long-term lifestyle coaching approaches used to address
diverse participant barriers to weight loss and physical activ-
ity adherence. Int J Behav Nutr Phys Act 2014; 11(1): 16.
doi: 10.1186/1479-5868-11-16

Greaney ML, Lees FD, Lynch B, Sebelia L and Greene GW.
Using focus groups to identify factors affecting healthful
weight maintenance in Latino immigrants. J Nutr Educ
Behav 2012; 44(5): 448-453. doi: 10.1016/j.jneb.2011.11.008
Bond DS, Thomas JG, Ryder BA, Vithiananthan S, Pohl D
and Wing RR. Ecological momentary assessment of the rela-
tionship between intention and physical activity behaviour in
bariatric surgery patients. Int J Behav Med 2013; 20(1): 82—
87. doi: 10.1007/512529-011-9214-1

Quinn A, Doody C and O’Shea D. The effect of a physical
activity education programme on physical activity, fitness,
quality of life and attitudes to exercise in obese females. J
Sci Med Sport 2008; 11(5): 469-472. doi: 10.1016/j.jsams.
2007.07.011

Butler CE, Clark BR, Burlis TL, Castillo JC and Racette SB.
Physical activity for campus employees: a university work-
site wellness program. J Phys Act Health 2015; 12(4):
470-476. doi: 10.1123/jpah.2013-0185

Nelson MC, Kocos R, Lytle LA and Perry CL.
Understanding the perceived determinants of weight-related
behaviours in late adolescence: a qualitative analysis among
college youth. J Nutr Educ Behav 2009; 41(4): 287-292.
doi: 10.1016/j.jneb.2008.05.005

Capel T, Schnittert JF, Snow S and Vyas D. Exploring moti-
vations of young adults to participate in physical activities.
Proceedings of the 33rd Annual ACM Conference
Extended Abstracts on Human Factors in Computing
Systems, 2015 Apr 18-23: 1409-1414; Seoul. Republic of
Korea. [doi: 10.1145/2702613.2732800].

Fan C, Forlizzi J and Dey A. Considerations for technology
that support physical activity by older adults. In: Proceedings
of the 14th international ACM SIGACCESS conference on
Computers and accessibility, 2012 Oct 22-24; 33-40;
Boulder. Colorado. USA [doi: 10.1145/2384916.2384923].
Li I, Dey AK and Forlizzi J. Using context to reveal factors
that affect physical activity. ACM Trans Comput Interact
2012; 19(1): 1-21. doi: 10.1145/2147783.2147790
Grosinger J, Vetere F and Fitzpatrick G. Agile life: addres-
sing knowledge and social motivations for active aging. In:
Proceedings of the 24th Australian Computer-Human
Interaction Conference, 2012 Nov 26-30: 162-165;
Melbourne. Victoria. Australia. [doi: 10.1145/2414536.
2414566].

Lacroix J, Saini P and Goris A. Understanding user cogni-
tions to guide the tailoring of persuasive technology-based
physical activity interventions. In: Proceedings of the 4th
International Conference on Persuasive Technology, 2009



https://doi.org/10.1007/s10995-012-1211-8
https://doi.org/10.1007/s10995-012-1211-8
https://doi.org/10.1007/s10995-012-1211-8
https://doi.org/10.1007/s10995-012-1211-8
https://doi.org/10.1016/j.socscimed.2014.06.027
https://doi.org/10.1016/j.socscimed.2014.06.027
https://doi.org/10.1093/her/cyl118
https://doi.org/10.1111/phn.12006
https://doi.org/10.1080/15402002.2011.574763
https://doi.org/10.1080/15402002.2011.574763
https://doi.org/10.1007/s10903-011-9469-2
https://doi.org/10.1007/s10903-011-9469-2
https://doi.org/10.1007/s10903-011-9469-2
https://doi.org/10.1007/s10903-011-9469-2
https://doi.org/10.1002/pon.3527
https://doi.org/10.1002/pon.3527
https://doi.org/10.5993/AJHB.39.1.12
https://doi.org/10.1123/jpah.10.4.461
https://doi.org/10.1007/s10900-012-9592-6
https://doi.org/10.1007/s10900-012-9592-6
https://doi.org/10.1007/s10900-012-9592-6
https://doi.org/10.1007/s10900-012-9592-6
https://doi.org/10.1111/hsc.12263
https://doi.org/10.1089/tmj.2014.0034
https://doi.org/10.1111/jrh.12072
https://doi.org/10.1016/j.evalprogplan.2016.08.003
https://doi.org/10.1016/j.evalprogplan.2016.08.003
https://doi.org/10.1186/1479-5868-11-16
https://doi.org/10.1186/1479-5868-11-16
https://doi.org/10.1186/1479-5868-11-16
https://doi.org/10.1186/1479-5868-11-16
https://doi.org/10.1016/j.jneb.2011.11.008
https://doi.org/10.1007/s12529-011-9214-1
https://doi.org/10.1007/s12529-011-9214-1
https://doi.org/10.1007/s12529-011-9214-1
https://doi.org/10.1007/s12529-011-9214-1
https://doi.org/10.1016/j.jsams.2007.07.011
https://doi.org/10.1016/j.jsams.2007.07.011
https://doi.org/10.1123/jpah.2013-0185
https://doi.org/10.1123/jpah.2013-0185
https://doi.org/10.1016/j.jneb.2008.05.005
https://doi.org/10.1145/2702613.2732800
https://doi.org/10.1145/2384916.2384923
https://doi.org/10.1145/2147783.2147790
https://doi.org/10.1145/2414536.2414566
https://doi.org/10.1145/2414536.2414566

28 DIGITAL HEALTH
Apr 26-29: 1-8; Claremont. California. USA. [doi: 10.1145/ Sport  Exerc 2010; 11(6): 591-601. doi: 10.1016/.
1541948.1541961]. psychsport.2010.06.011

110. Morelli T, Foley J and Folmer E. Vi-bowling: a tactile spatial ~ 123. Rosenberger PH and Dorflinger L. Psychosocial factors
exergame for individuals with visual impairments. In: associated with binge eating among overweight and obese
Proceedings of the 12th International ACM SIGACCESS male veterans. Eat Behav 2013; 14(3): 401-44. doi: 10.
Conference on Computers and Accessibility, 2010 Oct 25— 1016/j.eatbeh.2013.06.006
27: 179-186; Orlando. Florida. USA. [doi: 10.1145/ 124. Chen Y, Chen Y, Randriambelonoro M, Geissbuhler A and
1878803.1878836]. Pu P. Design considerations for social fitness applications:

111. Scammell MK, Torres S, Wayman J, Greenwood N, comparing chronically ill patients and healthy adults. In:
Thomas G, Kozlowski L, Bowen D, et al. Balancing act: CSCW ’17. Proceedings of the 2017 ACM Conference on
approaches to healthy eating and physical activity Computer Supported Cooperative Work and Social
among Boston public housing residents. J Prev Interv Computing, 2017 February 25-March 1: 1753-1762;
Community 2015; 43(2): 109-122. doi: 10.1080/ Portland. Orlando. USA. [doi: 10.1145/2998181.2998350].
10852352.2014.973271 125. Li I, Dey A and Forlizzi J. A stage-based model of personal

112. Alvarado M, Murphy MM and Guell C. Barriers and facili- informatics systems. In: Proceedings of the SIGCHI
tators to physical activity amongst overweight and obese Conference on Human Factors in Computing Systems,
women in an Afro-Caribbean population: a qualitative 2010 Mar 9: 557-566; Atlanta. Georgia. USA. [doi: 10.
study. Int J Behav Nutr Phys Act 2015; 12(1): 97. doi: 10. 1145/1753326.1753409].
1186/s12966-015-0258-5 126. Munson S, Krupka E, Richardson C and Resnick P. Effects

113. Eugeni ML, Baxter M, Mama SK and Lee RE. of public commitments and accountability in a technology-
Disconnections of African American public housing resi- supported physical activity intervention. In: Proceedings of
dents: connections to physical activity, dietary habits and the 33rd Annual ACM Conference on Human Factors in
obesity. Am J Community Psychol 2011; 47(3-4): 264— Computing Systems, 2015 Apr; 1135-1144; Seoul.
276. doi: 10.1007/s10464-010-9402-1 Republic of Korea. [doi: 10.1145/2702123.2702524].

114. Albarran CR, Heilemann MV and Koniak-Griffin D. 127. Turchaninova A, Khatri A, Uyanik I and Pavlidis I. Role
Promotoras as facilitators of change: Latinas’ perspectives model in human physical activity. In: Proceedings of the
after participating in a lifestyle behaviour intervention Conference on Wireless Health, 2015; 21: 1-6; Bethesda.
program. J Adv Nurs 2014; 70(10): 2303-2313. doi: 10. Maryland. USA. [doi: 10.1145/2811780.2811917].
1111/jan.12383 128. Nakanishi Y and Kitamura Y. Promoting physical activities

115. Cadmus-Bertram L, Irwin M, Alfano C, et al. Predicting by massive competition. Proceedings of the Fourth
adherence of adults to a 12-month exercise intervention. International Conference on Human Agent Interaction,
Phys Act 2014; 11(7): 1304-1312. doi: 10.1123/jpah. 2016 Oct: 333-336; New York. USA. [doi: 10.1145/
2012-0258 2974804.2980483].

116. Leng J, Lee T, Li Y, et al. Support needs of Chinese immi-  129. Darroch FE and Giles AR. Health/service providers’ per-
grant cancer patients. Support Care Cancer 2014; 22(1): 33— spectives on barriers to healthy weight gain and physical
42. doi: 10.1007/s00520-013-1950-0 activity in pregnant, urban First Nations women. Qual

117. Bruner B and Chad K. Physical activity attitudes, beliefs, Health Res 2016; 26(1): 5-16. doi: 10.1177/
and practices among women in a Woodland Cree commu- 1049732315576497
nity. J Phys Act Health 2013; 10(8): 1119-1127. doi: 10.  130. Melton B, Marshall E, Bland H, Schmidt M and Guion WK.
1123/jpah.10.8.1119 American rural women’s exercise self-efficacy and aware-

118. Ng JY, Thggersen-Ntoumani C and Ntoumanis N. ness of exercise benefits and safety during pregnancy. Nurs
Motivation contagion when instructing obese individuals: a Health Sci 2013; 15(4): 468—473. doi: 10.1111/nhs.12057
test in exercise settings. J Sport Exerc Psychol 2012; 131. Leone LA, Campbell MK, Allicock M and Pignone M.
34(4): 525-38. doi: 10.1123/jsep.34.4.525 Colorectal cancer screening and physical activity promotion

119. Myers DL, Romero Z, Anzaldua N and Trinidad ML. among obese women: an online evaluation of targeted mes-
Exercise intervention at a Hispanic-serving institution. Coll sages. J Health Commun 2012; 17(10): 1187-1203. doi: 10.
Stud J 2011; 45(2): 428-438. 1080/10810730.2012.665422

120. Weiss DR, O’Loughlin JL, Platt RW and Paradis G. 132. Retnakaran R, Qi Y, Sermer M, Connelly PW, Zinman B
Five-year predictors of physical activity decline among and Hanley AJ. Gestational diabetes and postpartum phys-
adults in low-income communities: a prospective study. Int ical activity: evidence of lifestyle change 1 year after deliv-
J Behav Nutr Phys Act 2007; 4(1): 2. doi: 10.1186/ ery. Obesity 2010; 18(7): 1323-1329. doi: 10.1038/oby.
1479-5868-4-2 2009.329

121. Downs DS, Devlin CA and Rhodes RE. The power of 133. Ali HI, Baynouna LM and Bernsen RM. Barriers and facil-
believing: salient belief predictors of exercise behaviour in itators of weight management: perspectives of Arab women
normal weight, overweight, and obese pregnant women. J at risk for type 2 diabetes. Health Soc Care Community
Phys Act Health 2015; 12(8): 1168-1176. doi: 10.1123/ 2010; 18(2): 219-228. doi: 10.1111/j.1365-2524.2009.
jpah.2014-0262 00896.x

122. Silva MN, Markland D, Vieira PN, et al. Helping overweight ~ 134. McElroy T, Dickinson DL, Stroh N and Dickinson CA. The

women become more active: need support and motivational
regulations for different forms of physical activity. Psychol

physical sacrifice of thinking: investigating the relationship
between thinking and physical activity in everyday life. J



https://doi.org/10.1145/1541948.1541961
https://doi.org/10.1145/1541948.1541961
https://doi.org/10.1145/1878803.1878836
https://doi.org/10.1145/1878803.1878836
https://doi.org/10.1080/10852352.2014.973271
https://doi.org/10.1080/10852352.2014.973271
https://doi.org/10.1186/s12966-015-0258-5
https://doi.org/10.1186/s12966-015-0258-5
https://doi.org/10.1186/s12966-015-0258-5
https://doi.org/10.1186/s12966-015-0258-5
https://doi.org/10.1186/s12966-015-0258-5
https://doi.org/10.1007/s10464-010-9402-1
https://doi.org/10.1007/s10464-010-9402-1
https://doi.org/10.1007/s10464-010-9402-1
https://doi.org/10.1007/s10464-010-9402-1
https://doi.org/10.1111/jan.12383
https://doi.org/10.1111/jan.12383
https://doi.org/10.1123/jpah.2012-0258
https://doi.org/10.1123/jpah.2012-0258
https://doi.org/10.1123/jpah.2012-0258
https://doi.org/10.1007/s00520-013-1950-0
https://doi.org/10.1007/s00520-013-1950-0
https://doi.org/10.1007/s00520-013-1950-0
https://doi.org/10.1007/s00520-013-1950-0
https://doi.org/10.1123/jpah.10.8.1119
https://doi.org/10.1123/jpah.10.8.1119
https://doi.org/10.1123/jsep.34.4.525
https://doi.org/10.1186/1479-5868-4-2
https://doi.org/10.1186/1479-5868-4-2
https://doi.org/10.1186/1479-5868-4-2
https://doi.org/10.1186/1479-5868-4-2
https://doi.org/10.1186/1479-5868-4-2
https://doi.org/10.1123/jpah.2014-0262
https://doi.org/10.1123/jpah.2014-0262
https://doi.org/10.1123/jpah.2014-0262
https://doi.org/10.1016/j.psychsport.2010.06.011
https://doi.org/10.1016/j.psychsport.2010.06.011
https://doi.org/10.1016/j.eatbeh.2013.06.006
https://doi.org/10.1016/j.eatbeh.2013.06.006
https://doi.org/10.1145/2998181.2998350
https://doi.org/10.1145/1753326.1753409
https://doi.org/10.1145/1753326.1753409
https://doi.org/10.1145/2702123.2702524
https://doi.org/10.1145/2811780.2811917
https://doi.org/10.1145/2974804.2980483
https://doi.org/10.1145/2974804.2980483
https://doi.org/10.1177/1049732315576497
https://doi.org/10.1177/1049732315576497
https://doi.org/10.1111/nhs.12057
https://doi.org/10.1080/10810730.2012.665422
https://doi.org/10.1080/10810730.2012.665422
https://doi.org/10.1038/oby.2009.329
https://doi.org/10.1038/oby.2009.329
https://doi.org/10.1111/j.1365-2524.2009.00896.x
https://doi.org/10.1111/j.1365-2524.2009.00896.x
https://doi.org/10.1111/j.1365-2524.2009.00896.x

Rick et al.

29

135.

136.

137.

138.

139.

140.

141.

142.

Health Psychol 2016; 21(8): 1750-1757. doi: 10.1177/
1359105314565827

Zunker C, Cox TL, Wingo BC, Knight B, Jefferson WK and
Ard JD. Using formative research to develop a worksite
health promotion program for African American women.
Women Health 2008; 48(2): 189-207. doi: 10.1080/
03630240802313514

Saini P and Lacroix J. Self-setting of physical activity goals and
effects on perceived difficulty, importance and competence. In:
Proceedings of the 4th International Conference on Persuasive
Technology, 2009 Apr 26-29; 33: 1-7; Claremont.
California. USA. [doi: 10.1145/1541948.1541992].

Smits JA, Tart CD, Presnell K, Rosenfield D and Otto MW.
Identifying potential barriers to physical activity adherence:
anxiety sensitivity and body mass as predictors of fear during
exercise. Cogn Behav Ther 2010; 39(1): 28-36. doi: 10.
1080/16506070902915261

Jimenez-Garcia J, Romero NA, Keyson D and Havinga P.
ESTHER 1.3: integrating in-situ prompts to trigger self-
reflection of physical activity in knowledge workers. In:
Proceedings of the 2013 Chilean Conference on Human-
Computer Interaction - ChileCHI *13; 2013 Nov 11-15: 1-
4; Santiago. Chile. [doi: 10.1145/2535597.2535609].
Maley M, Warren BS and Devine CM. Perceptions of the
environment for eating and exercise in a rural community.
J Nutr Educ Behav 2010; 42(3): 185-91. doi: 10.1016/.
jneb.2009.04.002

MacLellan G and Baillie L. Development of a location and
movement monitoring system to quantify physical activity.
In: CHI’08 Extended Abstracts on Human Factors in
Computing Systems, 2008 Apr 5-10: 2889-2894.
Florence. Italy. [doi: 10.1145/1358628.1358779].

Tovar A, Must A, Metayer N, et al. Immigrating to the US:
what Brazilian, Latin American and Haitian women have to
say about changes to their lifestyle that may be associated
with obesity. J Immigr Minor Health 2013; 15(2): 357-
364. doi: 10.1007/s10903-012-9665-8

Maddux JE and Rogers RW. Protection motivation and self-
efficacy: a revised theory of fear appeals and attitude change.
J Exp Soc Psychol 1983; 19(5): 469—479. doi: 10.1016/
0022-1031(83)90023-9

143.

144.

145.

146.

147.

148.

149.

150.

151.

Ajzen 1. From intentions to actions: a theory of planned
behaviour. Berlin: Springer, 1985, pp.11-39. ISBN:
978-3-642-69748-7.

Deci EL and Ryan RM. Intrinsic motivation and self-
determination in human behaviour. New York: Springer
US, 1985, pp.1-372. ISBN: 978-1-4899-2271-7.
Hochbaum G, Rosenstock I and Kegels S. Health belief
model, http:/www.infosihat.gov.my/infosihat/artikelHP/
bahanrujukan/HE_DAN_TEORI/DOC/Health%20 Belief%
20Model.doc. (accessed 2020 March 06).

Rosenstock IM, Strecher VJ and Becker MH. Social learn-
ing theory and the health belief model. Health Educ Q
1988; 15(2): 175-183. doi: 10.1177/1090198188015
00203

Singh A, Piana S, Pollarolo D, et al. Go-with-the-flow: track-
ing, analysis and sonification of movement and breathing to
build confidence in activity despite chronic pain.
Human-Computer Interact 2016; 31(3—4): 335-383. doi:
10.1080/07370024.2015.1085310

Singh A, Bianchi-Berthouze N and Williams A. C.
Supporting everyday function in chronic pain using wear-
able technology. In: Proceedings of the 2017 CHI
Conference on Human Factors in Computing Systems,
2017 May 5-11: 3903-3915; Denver. Colorado. United
States. [doi: 10.1145/3025453.3025947].

Tajadura-Jiménez A, Basia M, Deroy O, Fairhurst M,
Marquardt N and Bianchi-Berthouze N. As light as your
footsteps: altering walking sounds to change perceived
body weight, emotional state and gait. In: Conf Hum
Factors Comput Syst — Proc, 2015 April 18-23: 2943—
2952; Seoul. Republic of Korea. [doi: 10.1145/2702123.
2702374].

Tajadura-Jiménez A, Newbold J, Zhang L, Rick P and
Bianchi-Berthouze N. As light as you aspire to be: chan-
ging body perception with sound to support physical
activity. In: Conf Hum Factors Comput Syst — Proc,
2019 May 4-9: 1-14; Glasgow. UK doi: 10.1145/
3290605.3300888].

Snyder H. Literature review as a research methodology: an
overview and guidelines. J Bus Res 2019; 104: 333-339.
doi: 10.1016/j.jbusres.2019.07.039



https://doi.org/10.1177/1359105314565827
https://doi.org/10.1177/1359105314565827
https://doi.org/10.1080/03630240802313514
https://doi.org/10.1080/03630240802313514
https://doi.org/10.1145/1541948.1541992
https://doi.org/10.1080/16506070902915261
https://doi.org/10.1080/16506070902915261
https://doi.org/10.1016/j.jneb.2009.04.002
https://doi.org/10.1016/j.jneb.2009.04.002
https://doi.org/10.1145/1358628.1358779
https://doi.org/10.1007/s10903-012-9665-8
https://doi.org/10.1007/s10903-012-9665-8
https://doi.org/10.1007/s10903-012-9665-8
https://doi.org/10.1007/s10903-012-9665-8
https://doi.org/10.1016/0022-1031(83)90023-9
https://doi.org/10.1016/0022-1031(83)90023-9
https://doi.org/10.1016/0022-1031(83)90023-9
https://doi.org/10.1016/0022-1031(83)90023-9
http://www.infosihat.gov.my/infosihat/artikelHP/bahanrujukan/HE_DAN_TEORI/DOC/Health%20Belief%20Model.doc
http://www.infosihat.gov.my/infosihat/artikelHP/bahanrujukan/HE_DAN_TEORI/DOC/Health%20Belief%20Model.doc
http://www.infosihat.gov.my/infosihat/artikelHP/bahanrujukan/HE_DAN_TEORI/DOC/Health%20Belief%20Model.doc
http://www.infosihat.gov.my/infosihat/artikelHP/bahanrujukan/HE_DAN_TEORI/DOC/Health%20Belief%20Model.doc
https://doi.org/10.1177/109019818801500203
https://doi.org/10.1177/109019818801500203
https://doi.org/10.1080/07370024.2015.1085310
https://doi.org/10.1145/3025453.3025947
https://doi.org/10.1145/2702123.2702374
https://doi.org/10.1145/2702123.2702374
https://doi.org/10.1145/3290605.3300888
https://doi.org/10.1145/3290605.3300888
https://doi.org/10.1016/j.jbusres.2019.07.039

	 Introduction
	 Methods
	 Recruitment
	 Databases
	 Search strategy
	 Selection criteria
	 Selection process
	 Data treatment

	 Results
	 Review 1: PA influencing variables
	 Review 2: Attention given to PA influencing variables in the Computing literature
	 Evaluation Outcomes

	 Discussion
	 Non-demographic barriers to PA
	 Barriers according to PA level
	 Barriers according to body weight
	 Considering other individual factors
	 Design recommendations for technology addressing PA barriers

	 Conclusion
	 Limitations

	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


