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Abstract: Wearable technology has become increasingly popular and available
since the mid-2000s, raising hopes for new and innovative ways to address long-
standing issues of physical inactivity that have plagued modern societies. Despite
growing interest in the field and a voluminous body of literature, analyses of
wearable technology-induced social interactions and their effect on people’s phy-
sical activity are virtually non-existent. This systematic review addressed the ques-

tion “Does wearable technology enhance social interactions and subsequent
physical activity?” The review covered studies published between 2007 and
December 2018 and was conducted in accordance with PRISMA guidelines.
Searches were performed within 12 databases, and a total of 3,426 sensitivity
publications were identified, but only 136 (4%) met the specificity criterion, and 20
publications were included in the review. The results revealed that: (i) wearable
technology has the potential to both motivate and demotivate individuals to
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The results revealed that: (i) wearable technol-
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demotivate individuals to engage in physical
activity; (i) interactions stimulated by wearable
technology included mainly cooperation, com-
petition and social recommendations; and (iii)
those interactions are temporary, physically
organised, and can be repeated in different con-
texts. Wearable technology also tend to be
responsible for two important tacit transforma-
tions including being used for personal/group
self-actualisation to a competitive environment
encouraging real-time physical and virtual con-
tests, and for framing physical activity as

a mainly personal problem by shifting the
responsibility for healthy and active living from
professional agencies to the individual.
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engage in PA; (i) interactions are made up of at least three main activities, including
cooperation, competition and social recommendations, which is a rather limited
spectrum of activity; and (iii) those interactions are temporary, physically organised,
and can be repeated in different contexts. Wearable technology also tend to be
responsible for two important tacit transformations including being used for per-
sonal/group self-actualisation to a competitive environment encouraging real-time
physical and virtual contests, and for framing physical activity as a mainly personal
problem by shifting the responsibility for healthy and active living from professional
agencies to the individual. The social and economic implications of such a shift
would be profound.

Subjects: Sport and Exercise Science; Sports Development; Sport and Leisure Management

Keywords: physical activity and sport; real-time and virtual contests; social interactions;
tacit transformations; wearable technology

1. Introduction

Wearable technology (WT) has become increasingly popular and available since the mid-2000s,
raising hopes for new and innovative ways to address long-standing issues of physical inactivity
that have plagued modern societies (Friedrich, 2017). Wearable technology (i.e., technology worn
on the body) such as smartphones, smartwatches, wristbands and smart textiles are self-tracking
tools capable of monitoring vital signs, weight, fitness, sleep, diet, emotions and even social
interactions. Recent estimates suggest that there are over 500 such self-tracking tools and
approximately 325,000 mHealth (mobile health, or the use of mobile devices to collect information
and educate consumers about preventive healthcare services) applications, 44,384 of which are
available in the Apple App store alone, and a global market worth 37 USDb in 2019 (Aitken &
Gauntlett, 2013; Milculic, 2019). Bjornsjo et al’s (2014) global survey including the USA, UK,
Germany, India, China and Japan found that 8% of individuals aged 11 to 55 owned a wearable
fitness monitor and 6% owned a wearable health device.

Wearable technology has also become increasingly important to health researchers, providers
and policy makers. Given its ability to continuously monitor biological, behavioural, and environ-
mental outcomes, wearable technology provides an ideal platform for delivering and assessing
health-related interventions, including those focused on physical activity. For example, it can be
used to measure heart rate, galvanic skin response, and allow documenting activities on cameras,
as well as geo-sensors (GPS) for tracking exact geographic movements of participants. Such
technologies allow performance monitoring of aspects related to health and physical activity
with high precision and sampling frequency and over longer time periods than more traditional
methods. Wearable technologies are also well suited not only for self-assessment aspects of
behaviour but also for delivering digitised interventions.

Lomborg and Frandsen (2016) noted that the application of self-tracking has been studied in the
context of health care, interaction design and systems development research, and its implications
have been discussed under a critical-sociological lens in terms of surveillance, labour and loss of
privacy. There have been several systematic reviews around the topic of wearable technology and
health/physical activity/sport (Adesida et al., 2019; Chambers et al., 2015; Edwards et al., 2016;
Lynch et al., 2019; Miller et al., 2016), including one registered on the Prospero systematic reviews
data base (Stephenson et al., 2017). While these reviews offer valuable insights about the current
state of research in the field, none of them addresses the relationship between wearables, PA and
social interactions. Moreover, analyses of wearable technology-induced social interactions and
their effect on people’s physical activity are virtually non-existent. This is an important aspect of
technology, for information from customers’ use of wearables could be combined with healthcare
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and physical-activity delivery systems to provide information about the meaning people attach to
wearables, and to better tailor these and other interventions. As Petticrew and Roberts (Petticrew
& Roberts, 2008, p. 198) conclude, “The systematic review is a method of critically appraising,
summarizing, and attempting to reconcile the evidence on a particular problem” and one of its
main benefits is that it provides a synthesis of studies in a particular field which sport policy
makers and practitioners cannot realistically follow and evaluate themselves.

2. Unpacking the key concepts

This study explores the relationship between three key concepts including wearable technology,
social interactions, and physical activity and thus it is important to define them before the analysis
proceeds further. Global comparative use of the search terms “wearable technology”, physical
activity’ and “social interactions” on Google search engine suggests that global interest in these
three terms varied over the five-year period (May 2014- May 2019) but follows similar patterns
with PA being a far more searched term at the time that these data were collected. When
examining the interest for the same three concepts but as topics (as opposed to terms), it
transpires that both WT and PA have been searched-for far more regularly than social interactions.

2.1. Wearable technology

The conceptual meaning of WT goes well beyond that of a self-tracking tool. Lupton (2016) defines
self-tracking as “practices in which people knowingly and purposefully collect information about
themselves, which they then review and consider applying to the conduct of their lives” (p. 2).
Personal informatics, or more broadly data collection, therefore, represents the essence of the self-
tracking movement which has been captured by the term “quantified self”. In the words of Wolff
and Kelly (2014), who coined the term, the aim of the “quantified self” movement “is to help
people get meaning out of their personal data”. More specifically, the “quantified self” movement
seeks to replace intuition and emotions with quantified data and emphasizes the power of
numbers. Proponents of the movement claim that numbering things allows for the development
of tests, comparisons and experiments (Lupton, 2016).

In combination—tests, comparisons and experiments—constitute the essence of the process of
knowledge creation. According to Nonaka and Takeuchi (1995), the knowledge creation process
includes four interrelated stages known as the SECI model. It starts with socialisation (S) where
people share tacit knowledge through observation, imitation, practice and participation in formal
and informal communities. Socialisation in the context of the present study usually takes place in
a physical or virtual space, where sports clubs, centres and gyms represent the typical locations for
such interactions. Online forums offered by wearable industry leaders such as Fitbit, Apple,
Jawbone and others are examples of virtual spaces for interactions. The second stage is externa-
lisation (E) where tacit knowledge is articulated into explicit knowledge. The key aspect of this
process is the dialogue where individuals commit to the group, and thus help transfer individual
knowledge into group knowledge. The third stage is that of combination (C), in which organisations
—including sports authorities and wearable technology producers—develop and incorporate the
knowledge of their members. Finally, internalisation (I) is the process of converting organisational
knowledge (i.e., owned by sports authorities and technology providers) into individual knowledge.
A key feature of the SECI model relevant to this study is the central place afforded to interactions
as the main mechanism for knowledge creation. Interactions are critical for conducting tests,
comparisons and experiments, the main outcome of which is the creation of new knowledge. Self-
tracking also has significant social implications, and as Lupton (2013a) observes “In a social
context in which self-management for optimising one’s life is idealised and rewarded, those who
fail to do so are disadvantaged both in terms of financial costs and in attracting moral judgements
from others” (p. 18).

2.2. Social interactions
While wearables are essentially personal devices designed to provide cognitive feedback on one’s

physical activity and on a range of bodily functions, they also offer several opportunities for social
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interaction. Social bonds are necessary for people’s optimal psychological functioning, and the
need for these connections provides the stimulus for social interactions (Ryan et al., 1995). The
need to belong urges individuals to seek out interpersonal contacts and cultivate relationships with
other people.

Social interactions are central for engagement with any physical activity, and they largely
determine what people do in this domain, and how they do it. Turner (1998, p. 13-14) defines
social interactions as “the process whereby the overt movements, covert deliberations, and basic
physiology of one individual influence those of another and vice versa” (p. 14). Therefore, social
interactions present a unique situation where the behaviours of one actor are consciously recog-
nised by another actor who then interprets them and reacts either overtly or covertly.

There is an extensive body of literature on how people interact and develop relationships across
contexts in everyday life, both on and off digital media (e.g., Boyd, 2008; Ellison et al., 2007;
Lomborg, 2014; Wellman & Haythornthwaite, 2002). Lomborg and Frandsen (2016) approached
self-tracking from a communication perspective and suggested that “communication is predomi-
nantly a means of achieving a common practice and shared understanding of the situation at
hand, of maintaining social order and thus finding meaning and pleasure in a sense of belonging”
(p. 18). This statement illustrates a central aspect of PA concerned with establishing one’s sense of
belonging and social recognition. In the context of the present study, wearable technology offers
enhanced affordances for social interactions. As Lomborg and Frandsen (2016) explicated “the
practice of communicating with others implies an ongoing negotiation of what is appropriate,
relevant and expected to be communicated in a given context and with a given set of people”
(p. 18).

Social interactions also have important economic implications. Downward and Riordan (2007)
highlighted the central role of social interaction in shaping people’s involvement with sport, and
contended that social interactions—reflected in the development of lifestyles—are essential to the
popular demand for sports, and that these processes can be understood as the accumulation of
personal and social capital, respectively. Social interactions help further develop social networks
where members of the network affect the relationship quality by offering opportunities, informa-
tion, and support (Sprecher et al., 2002). These networks can be real (where members engage in
physical interactions by attending the same group or event), or virtual (including social network
sites (SNS) such as Facebook, Twitter or wearable device firms’ own websites). Boyd and Ellison
(2007) define SNS as “web-based services that allow individuals to (1) construct a public or semi-
public profile within a bounded system, (2) articulate a list of other users with whom they share
a connection, and (3) view and traverse their list of connections and those made by others within
the system”.

Social interactions have three interrelated properties including motivational, interactional, and
structuring (Turner, 1988). The motivational aspect refers to how it affects the process of interac-
tion. The interactional processes concern what people actually do when they influence each other.
The structuring processes “denote the fact that social interactions are often repeated across time
as well as organised in physical space” (p. 16).

2.3. Physical activity

Physical activity (PA) is a socially constructed umbrella term which refers to certain values, beliefs,
practices and behaviours, and can be defined as “any bodily movement produced by skeletal
muscles that requires energy expenditure” (World Health Organisation [WHO], 2015). Physical
activity covers a wide range of bodily movements, including informal activities such as walking,
running, dancing, exercising, and playing, as well as formal activities of physical training, practicing
and competing experienced within the framework of set rules, fixed environments, norms and
competition structures. Both formal and informal forms of PA provide participants with a site to
develop mutual close social relationships, and to validate their sense of self by gaining social
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status and recognition. Personal identities, social status and recognition are central determinants
of people’s involvement with PA and sport. This study concerns all forms of PA, regardless of the
purpose of the activity, the level of participation, and the age, gender or abilities of participants.

Evidence for the impact of wearables on physical activity is mixed, with some studies findings
positive associations (Butte et al., 2012; Helbostad et al., 2016; Muntaner-Mas et al., 2016), while other
results were less positive (Baker et al., 2017; Jakicic et al., 2016; Kerner & Goodyear, 2017). Piwek et al.
(2016) noted that a key weakness of existing studies is their reliance on the subjective experiences of
small participant samples. Piwek et al. also cited the often-temporary nature of WT use, noting that
32% of users reported stopping their use of WT devices after six months, and 50% after one year.

3. Method

The overall aim of this systematic review was to understand the meaning people attach to their
social interactions that have been stimulated by their use of wearable technology. More specifi-
cally, the study addressed the following main research question “Does wearable technology
enhance social interactions that in turn affect people’s physical activity?” The study, therefore,
does not aim to establish the effectiveness of WT on people’s level of physical activity, nor on their
level of satisfaction with these devices. These questions had been addressed by others.

This review was conducted and reported in accordance with PRISMA guidelines (Moher et al.,
2009), and the protocol is presented below. This review also followed Petticrew and Roberts (2006)
detailed practical guide for conducting systematic reviews, and comprised four interrelated stages
including studies identification, screening, eligibility and inclusion (see Table 1). The review proto-
col was independently peer-reviewed by a scholar with extensive experience in the field, two heads
of research for the leading sport organisation in England, and a global market research company.
Review feedback was used to refine the study protocol.

3.1. Search eligibility criteria

This review employed six eligibility criteria for inclusion. Studies were included if they (i) followed
qualitative, survey, case study, and control trials design, as well as similar systematic reviews; (ii)
included population of any age, gender, ethnicity and background; (iii) examined any level and
form of physical activity; (iv) were using wearables such as smart watches, wristbands, phones and
textiles (smart clothing); (v) analysed on-line and off-line interactions including participation in
chat forums, campaigns, activity groups, gyms, leisure/sport clubs and centres, events, and studies;
and (vi) were published in English.

The primary outcome of this review was objectively or subjectively documented cognitive/social
interactions (stimulated by possessing a wearable) that resulted in: (i) changing PA behaviour and/
or in engaging with other people; (ii) impacting on one’s interpretations of their PA and health; and

Table 1. Flowchart for the selection of studies on wearable technology-stimulated social

interactions promoting physical activity

Identification Records identified through | Additional records identified
database searching through other sources (n = 4)
(n = 3,422)
Records after duplicates removed (n = 3,211)

Screening Records screened by title and Records excluded (n = 3,075)
abstract (n = 3,211)

Eligibility Full-text articles assessed for Full-text articles excluded with
eligibility (n = 69) reasons (n = 67)

Included Studies included in the review (n = 20)
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(i) repeated and organised actions with others across time and space. The secondary outcome
included the (i) number of wearable users and (ii) depth and forms of social interactions.

3.2. Search strategy

Two teams of two researchers undertook a systematic search in which the results from the initial
search were reviewed independently by each researcher, and then compared before a selection
was made. Searches were performed within the following databases: Scopus, Medline, Psychinfo,
PubMed, Sports Discuss and Web of Science. The grey literature databases included: COPAC,
Dissertation abstracts; Index to Social Sciences and Humanities Proceedings and Mintel. In addi-
tion, the PROSPERO (University of York https://www.crd.york.ac.uk/prospero/) database was con-
sulted for relevant studies. The search covered studies published between 2007—when Nike+iPod
launched the first fitness tracking application—and December 2018.

For each database, search terms were combined with the appropriate Boolean Operators:
wearable technology AND physical activity; AND sport; AND social interactions; AND exercise;
AND social influence. Those words were used also in combination including WT, PA, sport and
exercise and social interaction/influences. Studies concerning the accuracy and reliability of wear-
able technology as well as their use for enhancing athletes’ performance, the effectiveness on
people’s level of physical activity and their level of satisfaction with the device were excluded from
the selection. There were disagreements between authors over the inclusion of three studies.
These were resolved by re-reading the papers by four members of the research team and ensuring
that all inclusion criteria were met. As a result, a consensus was reached and the three studies in
question were excluded from the final list.

3.3. Quality appraisal

The review followed the principles of critical interpretive synthesis to inform the data synthesis, as
proposed and evidenced by Dixon-Woods et al. (2007). The authors examined the application of
three structural approaches for appraising qualitative research and concluded that structured
approaches did not appear to yield higher agreement than that by unprompted judgement.
Critical interpretive synthesis (CIS) is not a formal method for critically appraising the quality and
methodological rigour of included studies. Rather, it recognises that the critical evaluation and
integration of disparate forms of evidence is essentially a product of the authorial voice. As Dixon-
Woods et al. (2006, p. 10) elaborated “CIS does not aim to offer a series of pre-specified proce-
dures for the conduct of review. It explicitly acknowledges the ‘authorial voice’; that some aspects
of its production of the account of the evidence will not be visible or auditable; and that its account
may not be strictly reproducible. Its aim is to offer a theoretically sound and useful account that is
demonstrably grounded in the evidence”.

Systematic reviews that include predominantly qualitative studies such as the present one,
cannot unproblematically use the hierarchy of evidence approach to evaluate study designs. This
is not to suggest that there is no method to be followed in the CIS. Therefore, three of the
authors made judgements about the relevance and underlying assumptions of articles, which
were then incorporated into the data analysis. We employed the “line of argument strategy” for
evaluating the studies. Dixon-Woods et al. (2006) suggested that the output of an line of
argument synthesis is a synthesising argument, which integrates evidence from across the
studies. Its main function is to “to provide more insightful, formalised, and generalisable ways
of understanding a phenomenon” (p. 5). Since the focus of the systematic review was on social
interactions stimulated by WT, the evaluation concentrated on identifying the key constructs
that make up social interactions. The analysis that follows in the results and discussion section
reviews the evidence and develops a synthesising argument. Three synthesising arguments were
developed concerning the motivational, interactional and structural properties of social interac-
tion. The CIS has been successfully applied in systematic reviews in the past (i.e, Perski et al.,
2017).
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3.4. Data extraction

Following procedures outlined in Petticrew and Roberts (2006), a data extraction form including 13
items was developed. This form was then piloted on two studies by all four researchers to ensure
consistency of analyses, and to make refinements based on co-authors feedback. The same steps
as in initial searches were then followed, where researchers in each team would review each
other’s data forms to assess accuracy and completeness. Where necessary, discussions were held
to clarify appropriateness of studies for inclusion.

4. Results and discussion

The aim of the literature search was not to retrieve all publications that contain the search terms
in the title or abstract, but rather only those studies relevant to the aims of the review. According
to Petticrew and Roberts (Petticrew & Roberts, 2006, p. 83), there are two terms that ensure the
achievement of this aim: sensitivity and specificity. Sensitivity refers to the “proportion of all
studies that were retrieved by the search” and specificity concerns the “proportion of studies
that were retrieved, that were relevant”. As Table 1 shows, searches returned 3,426 sensitivity
publications including journal articles, conference proceedings, three dissertations and two reports
published between 2007 and 2018. A total of 136 (4%) publications met the specificity criterion.

Studies were published in various outlets pertinent mainly to health and computer sciences, with
notable examples being Journal of Health Communication and Lecture Notes in Computer Science.
Interestingly, we found no studies in sport or physical activity-related journals. The full text of 69
publications (41 journal articles, 3 book chapters, and 25 conference proceedings) was analysed
and a final list of 20 studies was established. There were also 3 PhD dissertations, (Johnson-Siegel,
2017; Kinney, 2017; Ramirez, 2016), which were included in the analysis.

Overall, most studies were poorly theorised, and only 7 studies (35%) mentioned explicitly the
theoretical framework underpinning the research. No study employed the social interaction theory.
There were three predominant research designs, including qualitative (n = 8), experimental (n = 7)
and mixed method (n = 5). The focus of most studies was on evaluating the effectiveness of PA
monitors and their impact on people’s intention to exercise. Studies were conducted in three types
of settings including outdoor (n = 9), indoor (n = 1), online (n = 7) and three studies did not specify
where they took place. Populations subject to investigation included university students, company
workers, runners and gym goers with sample sizes varying between 20 and 1,149. Two systematic
reviews we also included in the review because they provided useful overview of the role of WT in
changing people’s physical activity behaviours including strategies involving social interactions.

The main type of WT used in these studies was smartphones (n = 10) followed by wristbands
(e.g., Fitbit = 8), sociometric badges (1), and smart clothing (1). Study duration also varied
significantly from a single session to 12 months, however 60% of the studies did not provide
this information. There were three main forms of social interactions stimulated by wearables.
The dominant interaction took place in social media (e.g., Facebook), but other interactions
(e.g., collaboration, competition and social recommendations) also featured prominently. No
interactions were reported on wearable producers’ online platforms (i.e., Fitbit, Apple,
Jawbone), with the exception of Jawbone, who provided opportunities for virtual engagement.
All wearable producers’ online platforms allow for setting up online groups, and in this way,
they tend to stimulate more cooperation rather than competition between participants. It
should also be noted that WT themselves are typically not enough to encourage interaction,
but rather need a mediating device in the form of a mobile application, as in the case of
‘Aaron2’ and “Race by hearths”. This conclusion is also supported by Kinney’s (2017), Johnson-
Siegel’s (Johnson-Siegel, 2017) and Ramirez (2016) comprehensive studies. Table 2 synthesizes
the studies included in this review.

Page 7 of 17



Girginov et al., Cogent Social Sciences (2020), 6: 1742517

<k: cogent--social sciences

//doi.org/10.1080/23311886.2020.1742517

https

(penunuo))

'sdiysuonniaJ |o1d0s

Bunsixa J1ay3 s92UDYUS pup BuIDIY
-J]9S SNUIUOD 01 SIASN SIIDAIJOW
SHI0MIBU |DID0S Bunsixa-aid yiim pipp
ssaull buibys 30y3 91021puUl sbuipul4

SM3IAIIUI
painionils-iwas

payidads auoN

auoydypws
‘ddo uny-apm
{SJ9SN UNY-a/\\
(W8T 4 %T) ¢€

SUOIDDJIUI 1DIDOS puUD $32139D.d
BuI2DI] SSBUYY SIDSN SIIDHD HIOMIDU
|p20s bunsixa-aid xa)duwlod ojul saINDay
ssaujly bunpibajur moy sa3pbrysanul

DUIYD ‘9ARONIOND

(£107) 1P 3919

ybnoyi pajowoid os|p aiam sbuiasy
anipbau ‘(buoyuow Jo) uosupdwiod
J93d (1) pup ‘pauing Ssa1I0|PI

pup sdajs jo buipiodas pup buniojuow
ay1 (1) ‘ybnouys 11gi4 ay3 Aq pajowoid
$92130D4d JUD|IPAINS-J13S BY} JO 9SNDIAG
A3ni3op poisAyd aiow op 03 ajdoad
BbunoA ay3 paboinodus 321Aap 3G YL

MIINIDIUI
sdnoib sndo4

(£61)
92UD)|IBAINS

JjNpbdNo4

QY4 ‘syuspnis
100y2s 00T

92IASP Y3D3Y 3]gIDIM D
Jo sasn s,a)doad bunoA sauiwpx3

N
‘Apnis
9SDD 9AIIDUIDNY

610C
“10 19 JDaApoon

S3UO padUDYUS AJDID0S-UOU B4}
Ul041adino suoiDPUSIWIOISI
A}IAIIOD SSBUYY padUDYud A])DId0S

Kanins
Jasn/auswiiadxy

payidads auoN

sauoyd ppwis
uo ddp 114-04d 4T

suodDIAUI
J4aunnd ssauly pup A3ARID JodisAyd
Bunpiodiodur Joy Jomawnly b sdojdaaq

VSN ‘Uononjond
|p3UBWILIRdX]

9100)
‘o 32 pUDY(Q

*A321XUD 0} PaIDIdI
Ajpupdiubis aiam pup 39940 anlisod uo
9DUSN)JUI OU PAIMOYS SIIIASP 3)qDIDIN

sisAjpub
UBWIRUSS

payidads suoN

S9DIASP 9)gDIDIM
SNOUDA ‘87

Buiag-ljam aaid(gns S9)DWBY 3SBUIYD
4O JUBWIDUDYUD

3y} UO SIIIASP 91GDIDAM PUD YIOMIDU
]DIDOS BUNUO JO S1D944d dY3 salojdx3

puly) ‘ubisap
uawWIadxe 7,7

(9107) 1P 18 UsY)

S}IgbYy pup SINOIADY3G Yd buidoys
Ul SS PadJojulal uInd Ul Yaiym ‘simn
yym jJuswabobus pup aduaiaypp SIasn

(P10 s409K 09-0%)
s3Inpp pabp-aippiul buowp sjigpy pup
sabupyd J0IADYSQ d 3]gDUIDISNS J3}SOy

PasDaIDUI ‘SIDINIDS HIOMIBN |DID0S DIA sdnoub snooy UIWIDD ‘SBYDI0M 0} Jay32b03 ylom p)nod ‘sajbojouyda) uDMID| (9102)
pauIpiqo/paan;ap (ss) 1oddns joipos pUD SM3IAIDIU] payidads suoN MDWS ‘ST 9]Igowl pup }WIaIUI Moy saJoldx3 | ‘Apnis aAiIpIpPNY ‘Io 32 Buby)
Spaau
S919)Y1D |IJjN4 03 JUSIDIYNSU| SUOID J|9sH (wioyoid
S|DaA3J 310U} JUIDJY |DNUIA DY) 0 109dsal Buiyop0-9
yum buibobua pup bunpaow aiow sisAjoup 3UI]-U0) 1DNUIA JuaWabobua ,SiauUIDI} U0 WDISASODD (£102)
AMD312 I Jauips} upwiny b jo Joddns ay | aunuo ‘Aaning payidads auoN ‘plospuy ‘€01 Buiyop0)9 Jo 3104 Y3 saulwDX] | Ap3] |pJUBWILIRAX] ‘Io 39 01IpIOg
poyiaw Yyoupasal jnyasn pup a3pudoiddo Aydoibouyia
up Sb ApN3s-419S JaPISUOD 0} SJaYDIDISaI -J}9s pup A3Aiop oa1sAyd uo Abojouyday ssaully vsn ‘Apnis
Juswaboupw pods aboinoduy | Aydoibouyrsoiny payidads auoN yojom 3)ddy ¢/ 9]gDJIDAM JO DUSN|JUI DY) SSUILIDXT | -§|9S DAIIDIOGD]I0) | (£107) "0 19 J19¥Dg
y40MawDiy pasn 1M\ pup A13uno)
sbuipui4 Aoy POYIBW |po133409Y | syundid13und saA3dafqo/uonisand Yyoinasay pup ubisag Apmgs

M3IA3J 3Y3} Ul papn)aul salpnis 3y} jo fipwwins Yy °Z 3)qpL

Page 8 of 17



Cod
°

*

Girginov et al., Cogent Social Sciences (2020), 6: 1742517

cogent--social sciences

//doi.org/10.1080/23311886.2020.1742517

https

(penunuo))

"SWDa}
ods sb yans ‘suoipnis anlRdwWod
Ul SWD3] 10} 9AI1I944 1SOW dY} SDM
Jopow 3desu0d uonii}aduwod |puIAIXD
ay3 ‘sjppow pasodoud Jo spuiy Xis Y3 JO

(spoyisw
paxiw) smalniaiul
pup pIP pPabbo

payidads suoN

ddp auoydypwis
‘(sjuspnis
Y24pasal
|pJauab z¢
‘logasog 7€) %9

", /UoIIDIOgD1|02,,
pup  uonnadwod,, jo s3daduod ayy
Buibpiana) ‘uorrowold as1249%3 J1BY3 104
siaquiawl wpa} buown sjppow bulpbys
Bojayl] Jo SadAY JUBIBYIP XIS S9IDNIDAT

undor
‘anipIIUDND
puD 3ARDYIONY

(9102)
‘Io 19 DWDAIYSIN

"9oupwlioylad

s.dnoJb ayy so jjam sp ddupuliopad
IDNPIAIPUL J1BY3 Y10q JO SIDMD

aJow buiaay payiodas syupdidiping
“J19y1ab01 Ap1s 01 dnoub syl paipanowl
Ao)dsip ay3 103 3194 syundipiupd jo
Kyuofbw v 92pd dnoub 396103 ay3 ubyy
J93SDJ 10 3D UNJ 0} WAY) PAIDAIIOW 44S
30y3 paaJbp syupndipiund jo Ajuofow v

SM3IAI9IUI PUD
saJpuuonsanY

payidads suoN

sAoidsip
9]11x9}-9 9|qDIDIM
(W LT 4 5€) 2§

"9oupwlIoyad sssully dnoib

JO UOJIDAI}OW PUD SSUJIDMD 3SDJOUI
0} MIYS SJ2ID3M 33 JO X20q 3y}

UO Ud913s palpys ‘91qpadup)b b sapiroid
44S "(44S) SSaullq 211gD4 |PIDOS P3)10d
sdnoJb bujuuni Joy sAojdsip 9111xa3-2
9]gpJpam 4o 313s D s3o)id pup SUASAI]

VSN ‘enpjiubnb
puD SADHIDNY

(%100
‘Io 19 oj]2UNDI

UOIUSAIDIUI SAIIDUIDID
uD 0] PaJpdulod 24D SUOIUBAIDIUI
uaym 12949 aniIsod D JO 9OUBPING

0U S| 249Y] 49A3MOH 1unod da1s

Ul punoj si 199442 annisod pJausb o sp

PaIDNIDAS SIDIMD

Jo1nnyaq (vd)
A31A1300 1D21sAyd sabupyd uoruaARIUl

124019

‘SUOIIURAIDIUI Vd dUDYUD ADW SJaydpJ] | 1020304d YINSTHd /N JUDAR13J T7 | (14) 429204} SSBUY D JOYIBYM SUILIDXT | ‘M3IASI JIIDWRISAS | (6T07) 1P 39 YoukT
ybnouys jas jo sbunaay annpbau ui
pajnsal uoniaduwod awos 4oy A1AIID
p21sAyd aJow ul abpbus 03 wayy
pabninodua suorzadwod 9say3 1by3
pup sdnoJb saad Jisy3 ul suoniadwod
dn 13s Aay3 1py3 payiodal sjdng N ‘ubisap
'sdiysuoip]a4 1o100s pajouloid by MBINIDIUI K1oayy uonuaAIAIUI
ddp ay3 jo uonduny Jusuodwod Ay b sdnoJb snooy UonDUILLIDISP 1q34 ‘plo $SSUPaIDIaJ JIpUIY |piauanbas | (£107) 4pakpoon
sp pabiawa siad yjm uoiedwo) | pup a4pUUoRSAINY -J19S sinak #1-€1 48 | 4o poddns ddo pup 3gl4 8yl s90p MOH poyaw paxi puD JaUIRY
loMdWDAY pasn |\ pup A1uno)
sbuipui4 Aoy POy 1po13v409Y | syundidi3ng saA13da[qo/uonsand yoinasay pup ubisag Apnis

(panufjuo)) g 91qpy

Page 9 of 17



Girginov et al., Cogent Social Sciences (2020), 6: 1742517

https

<k: cogent--social sciences

//doi.org/10.1080/23311886.2020.1742517

(panunuo))

JUBWSbDINOISIP puUD UOIIDIASDXD
95ND UDD DIDP dlIdWoIq JO

Bupipys awiy |pas uo paspqg uoiaduod
Bupnposjul Ing “AHAIROD ssauly

2y Jo JuawAofua ay3 sanoidwi pup
‘uoipAROW JIdY3 saspaJsdul ‘syupndidiind
U99M}3q SUOIDIJ |DID0S Suaylbuails
3WI3-1paJ Ul DIOP dlBWoIg bulpys

SM3INIDIUT

paydads auoN

S}D3H
Aq 920y—ddp
auoyd Ubws ‘07

buyes

Jods aA33RdWod-Uou 3SIMIBYI0 UD Ul
uonnadwod buligoua Agaiayl Ixa1uod
WwAB Joopul UD Ul DIDP J1IBWOIQ

40 bunpys awi-jpal ybnoyy uondLIIUI
|DI20S D S910M)IPD4 DY} ABojouyda}
BuPNPOoJIUL JO S1994J9 Y3 S21pbIIsaAU]

sowuaQ
‘Apnis 10ouidwiy

(¥100)
USSUS pUD BUUOS

S99 Yd

41941 paJindulod pup a1doad Jayio yum
puD SADM DA1329)}94 Ul DIDP DDIAIP U}
1034 J13Y3 yum pabobus pup padijou

sdnoib snooy

juswiabobua (Z1-11) Yyinok
uo $321A3P buBPDA UGS Jo AIgISDaY

VSN ‘@npyizubnb

(9102)

A3y} ‘s921A3p J19Y3 240M UYINOA USUM ‘sbo) pIpp 1G4 payidads suoN 094 ‘42 PUD SS2USAIIIYD 3Y3 SaUIUIDXT puD SARDUPNYD 'ID 32 I242DYIS
Joddns
Kiojuswa)dwod £s9oupwIoyIRd AH3USpI puUD
SUOIDDJBIUI PaILII puo ‘59169310415 Buluipa) ‘sassadold buinb
Ing (bunoA ‘ysiggous 4002 sb yans |  ‘suoissas buiuipiy 95U3S ‘s32110D4d JO SWIIDY Ul YDIDMBIDWIS
S9INQLIID YIM PBIDID0SSD) SNIDIS |DIDOS ‘SMaIAIRIUL yonoiddo U210MUDWS | 3Y3 jo uonpiobau pup abosn jo suianiod AJD3I pup (£L102)
Ul 3500q D papinoid Yd3omuDwS ay ] PaJINIONIIS-ILISS uonpansaulog 09€ D 010N ‘TT priul syundipipd 9y 94p 3oypn | uInds ‘9AipIENY ‘Io 39 S9|DS0Y
ddo 31g314 3Y3 DIA PIPIDMD (SPIDMSJ)
sabppg JusaWaA3IYID 3y} jo Jopdull
|DUOIIDAI}OW BU3} 03 SD suoluido paxiu
2J9M 3By "SpUSLY JI9Y3 YIm sabuajpoyd
9¥pUBpUN 01 uondo syl buipnppul ‘ddo "S1U9ISI)0PD
ay3 ybnouyy siead s1vyy yym buibobus Buowp 19x2D43 AJIAIIOD 3)gDIDAM D JO DI|DJISNY (8102)
40 JUBWAO[UD J1BY} PaYID SIUSISIIOPY sdnoJb sndo4 payidads auoN 1934 ‘09 | A3Igp3da2dD puDp AIgDSN 9y} SBUILIDXT QAIIDIPNYD ‘D 32 SJ12bpRy
S19A3] A1IAIIDD
AJIAIIOD Kloay] 92104) 021sAyd AjIDp S3USISI10PD UO S82IN0SA pIpAISNY ‘ubisap
1021sAyd BupubyUD Joj JuppOdwl |DJnoIADYg 2bubyd JNoIADY3G |DIBIP YIIM PauIquIod 1oL Pa)10J3u0d
s syundidiod Jaylo yim jusausbobua Kioypdidiind pupfioay] Jojuow A3IAIOD 9)qpIDaM D Jo 3opduwl pasiwopuD. (£L102)
IonpiA/jpuosiad pup poddns |pidos | ‘sboj pipp ‘Aanins aAIIubo) |p1d0S 19314 ‘00¢€ WwJ93-J26U0] puD -1I0YS 3y} SaUILUDXT 15N ‘|0 12 siabpiy
l0MadwWDAy pasn 1M pup K13uno)
sbuipui4 Aoy POYIdW 12132409y sjundid13and saA3da[qo/uonsand yoinasay pup ubisag Apmis

(panunuo)) "z 3qo1

Page 10 of 17



Cod
°

*

Girginov et al., Cogent Social Sciences (2020), 6: 1742517

cogent--social sciences

//doi.org/10.1080/23311886.2020.1742517

https

'9s1249%9 uodn 10J3u0d paniediad

pup ‘as1249%3 Jo |pAoiddp sisylo
jupyodwl INOGD J9119q ‘9S1249Xd JO
UOIIDNIDAS S|ONPIAIPUL AQ Pa3IDIPAW 2D
SUOIUIUI 9SBY) PUD ‘SUOIUDIUI ISIDIDXD
ay3 aousnyul Ajpupdyiubis paipys

9D DIDP ISIDIBXD YDIYM Ul SADM Y]

Aaning

Inoinoyag
pauubyd jo Aioayl

1914 ‘sluspmis
Ayisianun
puD SIMIOM Q€7

"95129Xd 01 UOIUAUI
S|pnpiaipul uo—buiadwod |p1Dos
puD BULDYS |DIDOS—SIIINIP SSDUL}
9]gDJDAM JO S2INIDD DAIIDIIUNWILLOD
0M] JO S129449 3y} saJo1dx3

¥SN ‘@ADIoND

(£100) 1P 18 Nyz

"9DINIP
a3 yim juswabobus s onpiaipul up

ul 9104 b sAp)d 1oddns |pi20os {sinoiAbyaq
Aynpay paysijgoisa-AppaJp uodn
9A0Jdwi JO UIDIUIDW 0} JUBWISDI04UIDI
anisod buia@IaJ JO supawl D

Jo 126613 D B41SBP PUD SINOIADYSG
Aynpay Joj UOIDAIIOW 3y} SADY ApPDaJD

J9x204] AjiAdy
OWDUAQ SI0HUOW

‘uonpindod Yd24nyd UDILBWIY-UDILY
Apupuiwopaid b Ul yd bulnspaw

Abw sinoinbyaq AYoay paysijqoisa Vd UIOM-1SLIM AJ9A1303(QO 104 ‘SI0NUOW Yd UIOM | SN ‘SUOIIDAIDSGO (L102)
-ApDaJJD SADY OYM S|ONPIAIPU] poylaw paxip payads auoN | ‘s190b y2INYd 66 -ISLM DIUOJII3]9 JO 3SN BY} S9IDN|DAT -K1030d1d130d ‘o 32 Bunbuiz
'sInoInDYaq
Ayypay pup A3AdD buispaloul
ul \nydiay Ajpidadss aq 03 wass sanbiuysay
Buiyopod pup ‘poddns p1d0S ‘SpipM3I abupypd Joinbyaq
“opgpasy ‘buiojiuow-jias ‘bunies jpob J0 Awouoxny
SD yans s916330.3S “uoipindod papusiul (34-01vD) Abojouyday
1343 Joj |Nyasn a1p 30y3 sanbiuydal paulay-uopuo’ Ssauyly pup sa1b633pJ3s abubyd Joibyag
abupyd Jnoinbyaqg panuap A]pa1aiosay} 2OUIPINS pup ‘usspiaqy sauoyd ppws | Buisn A3AoD 1o21sAyd jo jJuswiainspaw 2InpJay (£107) uowydn
apnjdul 0} spaau Abojouyday ssaull4 4O M3INDY ‘A13uano) ‘S19¥2D13 SSaUII4 pup uonowoid ay} yloqg SauILIDXT 4O M3INDY puD UDPAIINS
103004 Ao% D
10U Joddns |pI20S $00qadD4 JO/pPUD "J913IIM] puUD
J93UM ] UO S313IAIRDD 02IsAyd Bulibys 300g22D4 S91IS PuiOMIBU DID0S BY}
uo 3opduwll 3updIUbIS D 9ADY (Bulio}UOW Kloayy uo sa1ppdn snip3s A3AIROD pdIsAyd aipys wnibjag
-J19S puD BULIDYS-UOIIDULIOJU] uolIPUILLISISP DADJ}S | O} S913]Y1D |DUOIIDR.I34 JO SUOIIDAIIOW ‘lepowl uoppnba (5102)
‘WSINJ}ID) SUOIIDAIIOW JISULIIU] Aanins -)19S | ‘auoyd 1pWS ‘00% pUD SIUDUILLIRIBP By} SaJojdx] 1DINIPNAS ‘b 32 J21bDNIS
Jiomawipiy pasn I\ pup A1uno)
sbuipuiq Aoy POy |p2132409Y | syupndid134pd S9A1129[qO/uoIISaNY Yoinasay pup ubisag Apmis

(panunuo)) “z 91qo1

Page 11 of 17



Girginov et al., Cogent Social Sciences (2020), 6: 1742517 ﬂ-_‘ Cogent o SOCia| Sciences
https://doi.org/10.1080/23311886.2020.1742517

4.1. Motivational properties of social interactions

As discussed earlier, social interactions have at least three interrelated properties, including
motivational, interactional, and structuring (Turner, 1988). We found no study explicitly
examining the relationship between WT, PA and social interactions, as interpreted in this
review. The work of Kerner and Goodyear (2017) could be considered as an exception as the
authors have tried to answer the question “how does the Fitbit and app support or hinder
relatedness?” amongst three other research questions. Regarding motivational and interac-
tive aspects, the results of this review are overwhelmingly supportive of technology. Almost
without exception, studies highlighted the positive motivational effect of using a wearable,
although this motivation was not necessarily related to enhanced social interactions. The
effects of WT on participants’ motivation and interactions were not unidirectional though as
negative effects were also reported by researchers (Goodyear et al, 2019; Kerner &
Goodyear, 2017). However, evidence for the role of intrinsic and extrinsic motivation was
mixed. In contrast to other studies, Stragier et al. (2015) found that intrinsic motivations
such as altruism, information-sharing and self-monitoring (rather than extrinsic motivations
such as goal commitment, social support and connecting to others) have a significant
impact on sharing physical activity data within the Twitter and/or Facebook platforms. For
example, Kinney (2017) documented the effects of WT on college students and noted their
positive influence of students’ confidence and motivation for participation in PA.

Interestingly, social interactions did not feature amongst the motivation of college students to
use WT. Rather, all reasons mentioned were intrinsic, or for personal gains such losing weight,
improve workout or monitor sleep. Ramirez (2016) extensive review of 17 behaviour change
techniques (BCT) related to WT identified only two—social support (i.e., practical and emotional)
and social comparison—as being affected. The review found instances in support of extrinsic
motivation as well: Johnson-Siegel (2017) reported a significant increase in women’s PA when
supported by their partner. Critical for any social interaction is the establishment first of individual
or group identities. Dunne et al. (2014) discussed the importance of visual expression particularly
in the case of smart clothing.

4.2. Interactive properties of social interactions

The interactive properties of social interactions draw attention to the processes of what people
actually do when they influence each other. Three primary activities emerged from the studies in
this review, including cooperation (information sharing), competition (with oneself or with others) and
recommendation (endorsement). Information sharing includes either real-time biometric data collec-
tion and posting/sharing or posting information to be viewed/used later by other people. Findings
indicate that sharing fitness data with pre-existing social networks motivates users to continue self-
tracking and enhances their existing social relationships. For example, Curmi et al. (2013) found that
sharing real-time biometric data on Facebook strengthened the social tie between an athlete and her
Facebook friends. Several studies reported that information sharing has been widely used to promote
competition (Chen et al., 2016). While competing with oneself or with others can and has indeed
stimulated higher levels of physical activity, it has also been responsible for some negative effects.
Sonne and Jensen (2017) documented how introducing real-time biometric data sharing technology
facilitated a social interaction in an indoor-gym context by transforming a non-competitive activity
into a competitive one. With that said, this transformation was not unidirectional, and it had
demotivating effects for many participants, suggesting that competition was not the main motivation
for their participation in PA and sport, which is consistent with previous research (Kerr & Mackenzie,
2012). The most elaborate study in this category was by Ramirez (2017) who identified 40 unique
BCTs that were used by participants. The most common techniques were goal setting (behaviour),
feedback on behaviour, and self-monitoring of behaviour. Other highly used BCTs include social
comparison, review behavioural goal(s), and action planning. The most infrequently reported BCTs
were behavioural experiments, future punishment, identification of self as role model, and valued
self-identity (p. 78). Interestingly, Ramirez (2016) noted that social comparison, defined as drawing
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attention to others to allow comparison with the person’s own performance, was the only technique
within the comparison of behaviour domain.

Wearable devices also stimulate another significant tacit transformation in the field of PA and
sport noted by Lupton (2013b) in a different context. By giving feedback to users on their
performance in real-time and over time, self-tracking not only promotes self-care, but it also shifts
the responsibility for good health and fitness from the professional system (i.e., healthcare & sport
establishments) to the individual.

4.3. Structuring properties of social interactions

Social interactions’ structuring processes concern the repetition and organisation of interactions
across time and physical space. Several studies included in this review provided insights into this
property of social interactions. For example, Nishiyama et al. (2016) studied the effects of an
online-based exercise app (Aaron2) on a sport and a non-sport team’s behaviour in Japan. The
findings suggest that lifelong data closely related to the performance indicator of the team and
can effectively enhance team behavioural change. The authors tested six behaviour-change
models, and they concluded that the external competition concept model was the most effective
for teams in competitive situations. This model encourages competition among team members, as
well as competition among multiple teams, with collaboration between team members occurring
simultaneously. This model also allows team members to access comprehensive information on
their own activity, the activity of other team members, the total amount of activity achieved by the
team they belong to, and the total amount of activity achieved by competing teams. Thus, the
online application has enabled the organisation of interactions over time and space.

Some WT providers such as Fitbit offer two features that directly incorporate social comparison
and allow it to be repeated across physical and virtual domains. This is achieved through the main
interactive screen in the Fitbit mobile application called “Friends” leader board. It allows uses to
connect with each other and share activity data. If individuals are connected, they will show up in
the leader board under the Friends tab. The leader board contains all connected friends and ranks
them (and the user) according to their running 7-day total. Fitbit also provide another feature,
called Challenges, that involves a comparison of performance between users.

5. Conclusions

The main research question addressed by this study was “Does wearable technology enhance
social interactions that affect people’s physical activity?” We found a very limited number of
studies that addressed the relationship between the concepts of wearables, PA and social inter-
action. This indicates that, conceptually and practically, there is still a great deal of work to be
done to better understand the role of technology in mitigating problems of physical activity
through social interaction. The systematic review defined social interactions in terms of three
key aspects, including motivational, interactional and structural properties. The results revealed
that the evidence in all three properties was mixed, suggesting that: (i) wearable technology has
the potential to both motivate and demotivate individuals to engage in PA; (ii) interactions are
made up of at least three main activities, including cooperation, competition and social recom-
mendations, which is a rather limited spectrum of activity. There was no evidence that using
technology promoted physical interactions, either by individuals or PA organisations; and (iii) those
interactions are temporary, physically organised, and can be repeated in different contexts, but
there was no evidence for their institutionalisation. In the context of the present study, the
initialisation of social interactions refers to the creation by groups or organisations of real or
virtual spaces, supported by relevant technologies, which allow people to meet, share information
and experiences, build identities and enhance their wellbeing. The only exception was wearable
producers own online platforms, but the research team could not secure access to the functioning
of these platforms. In spite of that, we do know that wearables tend to be responsible for at least
two important, tacit transformations. The first involves the transformation of time and space from
being used for personal/group self-actualisation to a competitive environment encouraging real-
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time physical and virtual contests. The second transformation involves the changing role of
professional agencies (e.g., sport and health organisations), who can use wearables to frame
physical activity as a mainly personal problem and shift the responsibility for healthy and active
living to the individual. The social and economic implications of such a shift would be profound.

As with any systematic review, the current study also has some limitations. These include
examining publications in English language only as opposed to considering other languages
since the problem of WT and PA has global relevance. A further limitation concerns analysing
only certain types of studies such as qualitative, survey, case study and control trials designs, but
participatory research could also have been included. Not providing specific recommendations for
policy makers and practitioners might also be considered by some as a limitation of the study as
one of the main functions of systematic reviews is to inform evidence-based policy making.
However, the authors believe that despite those limitation the study provides some original

insights into this little explored topic.
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