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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
Physical inactivity is a serious problem: it is one of the main
causes of death worldwide, causing 3.2 million deaths each
year.1 Globally, 23% of adults are not considered suffi-
ciently active, and across Europe, one-third of the adult
population is considered physically inactive.2–4 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

outcomes.5–10 In turn, regular physical activity (PA)—
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150 minutes or more of moderate PA per week for adults—
can reduce the prevalence of these conditions.11

Technology often contributes to physical inactivity12 but
it also offers many cheap and widely accessible possibilities
for increasing PA.13 Many technological interventions such
as mobile apps, web interventions, activity trackers and
visualizations of PA, social media, or videos14–18 are
being designed to promote PA. While computer-based
interventions were initially the primary approach to
promote PA through technology,14,19,20 nowadays the
main focus is on developing interventions using mobile
devices.21,22 Moreover, wearable devices currently hold
the first position in worldwide fitness trends23 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.24–26

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 technologies27 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.28 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.25 Especially when the intervention is based on mul-
tiple theories, where there is a risk of excluding potentially
important variables.29

A recent review30 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.25 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.25 In particular, different reviews and meta-analyses
have reported only small to moderate effect sizes for theory-
based interventions (e.g., in,31 effect sizes were in the range
of 0.12–0.15, and in,32 were around 0.35). In this context,
there is a debate on the appropriateness of using theory-
based interventions for PA promotion.33–35 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.36–38 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.30,39–43

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.44 The variables reported will be sorted according to
three major levels: psychological, physical, and personal/
contextual, based on.45 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.46 The articles
included in the literature review consider populations from
all weight groups, that is, healthy weight, obese and over-
weight groups,47 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.48 A deficient PA level, along with sedentary
time, are among the fundamental causes of obesity in
adults.5,7,10,48–50 People with obesity may experience/per-
ceive more PA barriers than non-obese or the healthy-weight
populations as shown in some studies with adolescents51 and
women.52 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.53

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 reviews54,55 were
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.56 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.54–56 In add-
ition, systematized literature reviews allow synthesizing
qualitative evidence54–56 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.57–59 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.60–66 Equally, we acknowledge physical vari-
ables to PA, especially among elderly people.67 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.68–71

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.74 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.75 ACM is consid-
ered the world’s largest educational and scientific comput-
ing society.76

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,77 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,29 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,45 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 on47. 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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(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

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

Rick et al. 5



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.

Figure 2. Flow diagram illustrating article selection strategy in Review 2.
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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,105,108,116 self-efficacy109 and skills (i.e. having
a previous level of PA,105 good performance,126 and nim-
bleness109) as facilitators to PA, while medical conditions
or decline in physical/health status,106,108–110,124 inclement
weather,105,106 and lack of time106 or poor management
skills105 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.124 Similarly, specific goals with a high commitment
level are usually good facilitators of PA109,136, but can act
as a barrier if announced publicly.126 For emotional/psy-
chological state, the mood was found to affect the level of
PA105,106: depression or sadness decreases PA106; stress
could be a barrier to PA106,109 but also a motivator to do
PA to alleviate it.105 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,106,107,109 are asso-
ciated with a more persistent engagement in PA.109

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,106 and that
tracking PA and contextual information together supported
users’ reflection on the association between the environ-
ment and the PA level.107 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 goals136 as a facilitator
to PA, while lack of energy,105 caregiving duties,106 and
time management mistakes related to work106 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.96 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

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.
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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-
tion25 and a relationship has been found between a techno-
logical intervention relying on a theoretical basis and the
effectiveness of the technology.27 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 behavior29 and also to explore other pos-
sible variables.25 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.73 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 in73 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.84,70 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.29 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.142–144 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,25 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).145,146 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.82,93,133

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, but115 does not find a correlation. This
could be because in115 PA was measured within a particular
long-term intervention involving a 12-month facility- and
home-based exercise program, while most of the other
studies80,84,86,87,90,120 did not have an intervention or had
a shorter-term intervention involving more moderate PA
(wear a pedometer for 8–9 weeks103,119); 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 PsycInfo. 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.78,91,94,96 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 cues99; second, lack of social support is
reported as a barrier more often in the obese than non-obese
population91; third, the influence of others is related to the
PA level only in the overweight/obese population121; and
finally, the incidence of negative social influence (e.g.
teasing) can be higher for overweight/obese women.79,87

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.90

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.93 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 differences91

handles a population of African American breast cancer
survivors, while those finding differences52,121 handle
broader populations. Finally, in contrast, barriers related
to time demands are reported to be lower for the overweight
or obese population.121

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,79,87,91,99,121 fear of
injury,91 self-consciousness,52 and self-confidence87,93

about one’s looks (leading to not wanting to exercise in
front of others79,93), knowledge (e.g. receiving health mes-
sages related to PA131), 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 women90, although
there is no consensus about it,91 perhaps as this variable
may be mediated by other variables. Nevertheless, obese
women seem to only find external (versus intrinsic)
motives to exercise.93 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
PA96; lack of willpower was not reported as a barrier by
Hispanic students119; lack of self-confidence appears to be
more likely reported as a barrier in younger adults than in
older adults94; and fear as a barrier appears to be higher
in older adults than in younger adults,94 in women than
men,78 and in non-college educated women.91

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.72

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.105,106,108,116 (2) By providing social
incentives to motivate people to exercise, for instance
by using fitness tracking tools,124 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.127 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,128 for some individuals (e.g.
obesity, diabetes) the focus should be on supporting
strong ties between team members.124 (3) By allowing
following others as effective role models127 which also
relate to the influence of others. (4) By integrating
social assistance126 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.136 The system could also integrate a
virtual coach, providing suggestions based on calendar
and observed patterns,107 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.136 For
instance, according to the user’s PA level, different PA
activities could be suggested (e.g. walking or running).96

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,136 and to find enjoyable activities
to support PA106 and experience. One example105 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.105

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 PA80,95; while using music while
exercising has been suggested as an effective tool to adjust
the mood of users and motivate them,105 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.60,42,147–151 Future 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.
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