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ABSTRACT

Background: Physical inactivity of the general population is a major public health concern in
the US and around the world. Community-based interventions that include evidence-based
principles of group dynamics are effective at improving individual-level physical activity
behaviors as well as changing social norms for health behaviors. The use of technologies such as
smartwatches has a potential to channel and amplify underlying group dynamics principles in
such interventions. In order to explore the use of smartwatches for group dynamics-based
physical activity interventions, a smartwatch centered system was designed and deployed as part
of an eight-week pilot study.
Objectives: The primary goal of this study was to explore the degree to which smartwatches
effectively channel group dynamics strategies in the context of an eight-week community based
physical activity intervention.
Methods: In this explanatory mixed-methods study, system usage data were analyzed (e.g.,
frequency of interaction with smartwatch and smartphone) and participant physical activity (e.g.,
participant steps tracked by the system). To provide a richer picture of the user experience, use of
features, and impact of group dynamics, participants were invited to participate in one-on-one
interviews after the pilot program. The group dynamics-based questions centered on the
individual’s attraction to the group task and socially as well as the individual’s perception of
group integration around the task and as a social unit (i.e., the four dimensions of cohesion). The
interview recordings were transcribed verbatim and analyzed via an abbreviated grounded theory
approach. The system usage data was visually and numerically summarized.
Results: Five of the seven participants completed interviews. The interview analysis resulted in
365 meaning units representing 2 themes (related to user experience with devices and
manifestations of group dynamic principles), 4 sub-themes and 23 categories. The participants
completed 31.3 (SD=2.91) miles per week and engaged with the smartwatch and the Android
app 2.6 and 1.5 times a day, respectively. Analysis of interviews and the system usage logs from
five participants, reveal sustained engagement with the smartwatch and the smartphone app. The
system facilitated self-reflection and awareness in terms of physical activity levels, encouraged
interactions with the team members and helped them to stay aware of the daily goals.
Additionally, the participants reported habit formation in terms of wearing and using the

smartwatch on the daily basis.
Implications: This study provides preliminary support that accessible information via the
custom smartwatch watchface can be a viable solution for retaining higher participant
engagement during group dynamics-based community interventions. Such devices can help
expand group-dynamics interventions by making them less depended on in-person delivery
methods.

Development and Exploratory Findings of a Smartwatch Interface to
Facilitate Group Cohesion in a Statewide Health Promotion Program

GENERAL AUDIENCE ABSTRACT

Physical inactivity of the general population is a major public health concern in the US and around
the world. Community-based interventions, with group dynamics strategies at the core, are
effective at improving individual physical activity behaviors. The use of technologies such as
smartwatches has potential to channel and amplify the underlying program principles in such
interventions. This work presents a smartwatch-centered system to encourage group cohesion in
physical activity interventions, exploring it as part of an eight-week study that revealed participant
awareness of group performance through smartwatch interactions.
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CHAPTER I: INTRODUCTION

Adults 18-64 years of age should engage in at least 150 minutes of moderate -intensity
aerobic physical activity each week, to maintain a healthy lifestyle (CDC, 2015). Less than half
of Americans meet these recommendations for physical activity (NHIS, 2015). In recognition of
this problem, the Task Force on Community Preventive Services recommends communitybased interventions due to their demonstrated effectiveness of improving participant physical
activity behavior change (Kahn et al, 2002).
The distinguishing characteristic of community-based interventions (where community is
defined as a set of geographically collocated social groups) is how they reach the target groups - in their natural environments (Kahn et al., 2002). Targeting groups in their natural
environments can lead to stronger population level impacts (World Health Organization.
Regional Office for Europe, 2002) and enable a variety of mechanisms that can influence one’s
behavior. Community-based interventions base their strategies on the fact that individual
behavior is influenced as a result of interaction with various types of social environments (e.g.,
organizational, interpersonal, socioeconomic, and cultural) (Merzel & D’Afflitti, 2003;
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Mummery & Brown, 2008). These interventions can be broadly grouped into three categories:
interventions employing individual focused strategies for behavior change that use the
community aspect for the recruitment purposes, community focused interventions using
multiple strategies (group or individual focused) to change participants’ behavior, and
interventions that change environmental factors (i.e., incentivizing behaviors through
recreational facilities, healthy food and policy) with the intention to influence community
member behaviors (Brand et al., 2014).
Based on these levels of social and environmental changes, a number of interventions use
strategies that leverage interpersonal factors that arise in small social groups (Estabrooks et al.,
2012). Targeting small social groups is advantageous since it is common for people to engage in
physical activity in various exercise classes, sports teams, etc. The behaviors and social
processes occurring in small social groups are referred to as group dynamics. Research in group
dynamics (Cartwright, 1968; Lewin & Kurt, 1939) suggests that an individual is influenced
when joining a group. The group dynamics principles are viewed in the context of physical
activity as group cohesion and team-building (Estabrooks & Carron, 2000; Widmeyer et at.,
1985). Group cohesion has been defined as “a dynamic process that is reflected in the tendency
for a group to stick together and remain united in pursuit of its instrumental objectives and/or
for the satisfaction of member affective needs.” There are four dimensions of group cohesion,
operationalized as a combination of the individual's sense of integration and attraction to the
group task and social factors. The studies utilizing group dynamics often have numerous
interpersonal requirements such as attending meetings, manual tracking of progress, and
collaborating on creating group distinguishing items (Estabrooks et al., 2012). While these
2

studies show that group dynamics principles increase perceptions of group cohesiveness and
improve physical activity behaviors, it is unclear from the extant literature how modern,
interactive, and connected fitness tracking capable devices, such as smartwatches and
smartphones, could be used to effectively channel group dynamics principles.
Studies based on generalized social-influence and support theories utilizing web and
mobile technologies do show good results in terms of increasing physical activity levels.
However, the information on the design of user interfaces for the group dynamics-based physical
activity interventions principles is limited. Extent literature reveals no design guidelines that
enable channeling of group dynamics principles through the digital mediums offered by
interactive, accessible, and physical activity tracking capable wearable devices like
smartwatches.
In an attempt to explore the channeling of group dynamics principles via digital
interfaces, this thesis represents efforts to adapt an effective evidence and group dynamics-based
physical activity intervention into web, smartphone, and smartwatch formats from its original
“offline” format. The program was deployed among small social groups. Participants in these
groups used the smartwatch and smartphone applications (herein: apps) that were designed
around the goal of channeling group dynamics principles, with smartwatch as the primary
device. The findings from this study provide exploratory insights regarding the issues of
channeling group dynamics principles via smartwatch interfaces.

3

CHAPTER II: LITERATURE REVIEW
Group Dynamics
The study of group dynamics was pioneered by Kurt Lewin (Lewin & Kurt, 1939). Lewin
aimed to explore positive and negative forces present within social groups. The theoretical base
for group dynamics can be summarized using the following three claims: an individual is
changed upon joining a group, interactions of a group member with other group members
changes everyone involved and attractiveness of the group determines the degree of to which
group members are influenced (Estabrooks et al., 2008, pp. 141–156; Lewin & Kurt, 1939).
Group cohesion is viewed as the core property determining existence of a group as well as
supporting and enabling group dynamics. In fact, it is argued that group cohesion is what
differentiates aggregates of people from groups (Estabrooks et al., 2008, pp. 141–156).
Recognizing the importance of group cohesion for effective group dynamics-based
physical activity interventions, Carron and Spink (Carron & Spink, 1993) developed a
conceptual model of principles and strategies to influence perceptions of group cohesion.
According to their model, individual’s perceptions of group cohesion are continuously changed
via group processes which channels the effects of group structure and group environment.
Group cohesion manifests itself across four distinct participant perceptions: individual’s
attraction to group’s task, individual's attraction to group as a social unit, individual’s integration
into group’s task function and individual’s integration into group’s social function. As a way to
facilitate group cohesion in the group dynamics-based inventions and measure its manifestations,
Estabrooks et al. (2008, pp 165-182) provide example for improving group structure, group
environment and group process (see Table 1) as well an instrument for measuring the four
4

distinct dimensions of group cohesion in the form of a 25-item questionnaire (Estabrooks &
Carron, 2000).
Group structure describes the initial determinants such as the status and roles of the group
members as well as the expectations and norms associated with the group tasks and social
aspects. Group environment is operationalized as a collection of factors contributing to the
development of the sense of “us” towards the group members and “them” towards non-members.
Finally, group process describes the ongoing team activity determined through aspects such as
member interaction, cooperation, team goals, competition and sense of collective efficacy. The
final product of this exploration of the mechanisms that underpin group cohesion is a 12-item
table serving as a guide for intervention development (see Table 1).
Burke et al. (2006) conducted a meta-analysis of 44 relevant studies with a goal of
comparing relative effectiveness of group dynamics-based physical activity interventions. The
comparisons were made between individually targeted physical activity interventions, class
based interventions (i.e., an aggregate of individuals) and interventions using group dynamics
principles. The latter category was referred to as ‘true group’ interventions as they addressed
group structure, group environment and group process aspects in an effort to facilitate group
cohesion. When evaluated based on outcomes such as adherence, social interactions,
effectiveness and quality of life, the meta-analysis revealed that ‘true group’ interventions were
more effective than social support interventions, with individually targeted ones being the least
effective. Thus, the meta-analysis shows that employing group dynamics principles in physical
activity interventions is an effective strategy to amplify the desired outcomes via leveraging the
natural processes occurring in “true groups”.
5

In addition to immediate effect on physical activity, group dynamics principles have
impacted behavior maintenance as well. As demonstrated through a group-mediated cognitivebehavioral 12 week long intervention (GMCB) aimed to increase adherence physical activity in
older adults (Brawley et al., 2000). The intervention used social cognitive theory as the
theoretical basis for the cognitive-behavioral part and group dynamics for the group-mediation
aspects. The follow up assessments at 6 and 9 months demonstrated increased physical activity.
In another study utilizing group-mediated cognitive behavior change intervention, Rejeski et al.
(2003) demonstrated that the intervention participants continued increasing their physical activity
levels at a 6 month follow up.
While group dynamics strategies are confirmed to be effective for physical activity
interventions, it is important to consider specific group dynamics-based studies in detail to better
understand the variety of human centered factors as such factors will inform the group dynamics
centered interface design.
Group Dynamics-Based Studies
For a set of individuals to be considered a true group, it needs to have at least two
individuals in it, a shared goal and encouragement and motivation stemming from a group
process involving interaction and communication of the group members pushing them towards
the goal (Estabrooks et al., 2008, pp. 162–185).
A recent systematic review of physical activity behavior change interventions utilizing
one or more group dynamics principles, provides valuable information regarding the strengths
and weaknesses of such interventions and an understanding on how the group dynamics
principles are applied in practice (Estabrooks et al. 2012; Harden et al., 2015). The review
6

considered interventions that used elements of group dynamics or at least one of the strategies
proposed by Carron and Spink (1993) with relation to group process and group environment. The
review found 52 group dynamics-based physical activity promotion studies from which 48
demonstrated positive results in terms of the intervention outcome variables and physical activity
levels. In terms of specific strategies used, the review determined that there was no standard
collection of strategies shared between the interventions. The most common strategies included:
goal setting, interaction and communication, social support and self-monitoring, developing a
sense of group distinctiveness, collective and individual problem solving, leadership, group
norms, competition and cooperation. Social cognitive theory, goal setting, and group dynamics
were the most common theories and conceptual models reported to underpin the group
dynamics-based strategies, employed across the interventions, however, the most common ones
were social cognitive theory, goal setting and group dynamics. The review concluded that the
group dynamics approaches for physical activity promotion are effective. However, it cautions
that the differences in the application of group dynamics strategies in the interventions make it
difficult to establish formal understanding of how these strategies succeed, consistently measure
group cohesion related outcome variables and make comparisons between different
interventions.
When considering interventions with a shared underlying theory or conceptual
framework, the review shows that there are several studies explicitly using group dynamics.
Such studies are of particular interest for this thesis, as they provide valuable insight into the
conditions and human factors enabling group cohesion that lead to improved physical activity
behaviors via different group dynamics-based strategies.
7

A majority of the group dynamics-based studies can be categorized as “offline” for not
using the internet or connected devices for any of the intervention aspects. One such study
(Estabrooks & Carron, 1999) successfully applied group dynamics principles to facilitate
physical activity behavior change of 33 older adults divided into 3 groups for the duration of six
weeks. The groups met every two weeks for collective strength, cardiovascular and aerobic
exercises. Some of the group cohesion facilitating efforts included instructor-led communication,
collective group-goal setting and collaborative work towards achieving the team goal via in class
group physical activities .In another “offline” study (Estabrooks et al., 2005) low income older
adults were targeted at congregate-meal sites for 12 weeks. Active for Life (Green et al., 2007)
successfully applied group dynamics theory in an intervention that targeted 1167 middle aged,
mostly female, healthy but insufficiently active participants working at the same company.
Teams of five to eight coworkers had their group cohesion facilitated via in person activities that
developed group roles, norms, fostered interaction and competition. In yet another “offline”
study (Perry et al., 2007), group dynamics principles were used to successfully increase
cardiovascular fitness of middle aged inactive females from rural areas. The participants were
divided up in groups and attended weekly meetings at a local track where they walked for thirty
minutes and engaged in various group cohesion focused activities.
In 2008, investigators of Walk Kansas (Estabrooks et al., 2008; Kidd et al., 2008)
successfully utilized group dynamics principles in a large scale physical activity community
intervention with Carron and Spink’s team-building model (Carron & Spink, 1993) at its
foundation to improve physical activity behaviors of the participating individuals. The program
participants were in close-knit groups of around 6 people, often with opportunities for frequent
8

or regular interaction. These groups defined their team name, set their collective physical activity
goals, and proceeded to track their daily physical activity levels for the duration (8 weeks) of
the program. The groups reported their progress (on paper) and received feedback from the
program managers on a weekly basis. As part of the weekly feedback the groups were able to
compare their performance to others and thus engage in a friendly competition. Leading to
significant increases in physical activity levels, the study applied group dynamics principles via
establishing group roles, norms, goals and facilitating communication. Based on similar
constructs of Walk Kansas, Move More (Estabrooks et al., 2011) successfully increased physical
activity levels and demonstrated behavior change among 115 older adults that periodically met in
a classroom to exercise and engage in group cohesion activities such as establishing group
norms, tracking collective physical activity, communication and others. Taken together, group
dynamics-based interventions have worked with a variety of populations and settings, and with a
wide range of group dynamics principles employed.
To bring group dynamics into the 21st century, some recent studies propose using the
Internet as the medium of delivery for group dynamics-based physical activity interventions. The
motivation for such “online” interventions stems from their potential to mitigate the inherent
limitations of “offline” interventions (Ehlers et al., 2015; Irwin et al., 2016) such as reliance on
staff and practitioners, as well as participant related barriers such as time deficit, cost and
transportation. Irwin et al. (2016) conducted a study in a laboratory setting with college aged
participants to test the efficacy of an “online” group dynamics-based physical activity promotion
system. The system enabled groups of two to engage in group cohesion activities via a
synchronous web interface. Some of the activities included communication and discussions,
9

establishing team distinctiveness via name and icon, team based collaborative puzzle game,
setting group norms and virtually collocated exercising via webcam video stream. The study
results were generally positive--demonstrating high perceptions of cohesion and significant
impact on physical activity levels. As for the long term interventions, Ehlers et al.(2015) adapted
an “offline” evidence based book-club physical activity intervention (Huberty et al., 2008) into
an “online” one, by allowing the participants to attend and interact via tablet devices on a weekly
basis. The tablet interface allowed a group of twelve women to engage with motivating materials
(ebooks and interactive workbooks about physical activity) and participate in interactive
videoconferencing sessions involving discussions and collective problem solving. The results
were mixed, as some participants reported feeling less connected to the group, while others had
positive impressions and claimed that they could only participate because they were given the
ability to do so remotely. The same book club based intervention was adapted by another study
(Mailey et al., 2016) that used web discussions boards as the platform for group engagement.
During the multi-week intervention, small groups of four to five middle-aged women were
encouraged to perform group cohesion related tasks such as creating group goals, collaborating
towards the group goal, answer discussion questions and reflecting on motivational materials.
The results revealed increased physical activity levels and self-worth. However, only 60% of the
participants completed the study. The authors concluded that using group dynamics-based
strategies did not succeed at alleviating the common issue of rapid user engagement decline with
web based interventions (Eysenbach & Gunther, 2005; van den Berg et al., 2007; Webber et al.,
2010).
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It can be concluded that physical activity behavior change interventions targeting small
social groups and utilizing group dynamics principles are effective. The group dynamics
principles such as group communication and interaction, group goals, norms, collaboration and
friendly competition, develop group cohesion leading to increased physical activity levels and
improved behaviors. However, the transition from “offline” to “online” systems is in the early
stages and potentially influenced by the technological aspects such as the devices used and the
user experience offered by such devices.
Design and Evaluation for the Technology Based Systems
With the rising popularity and affordance of connected technologies such as smartphones
and smartwatches, designing group dynamics-based interventions with a focus on such devices
could make group dynamics-based interventions simpler and less resource demanding. A
transition from offline to online format for such interventions will introduce a layer between
participants and the intervention in the form of a User Interface. To effectively channel the
group dynamics principles or any other principles through this layer, the design of the user
interface needs to offer good user experience. In order to provide optimal user experience,
studies utilizing smartphone applications to increase user’s physical activity, usually follow the
design guidelines for behavior change applications suggested by Consolvo et al. (2006). The
authors propose a set of design requirements that emerged as a result of a study where three
variants of a simplistic (the paper was published in 2006) smartphone application were
compared:

11

“(1) Give users proper credit” - Apps should try to represent overall physical activity
levels without ignoring certain types. For example, if a person is biking and walking, the app
should account for both activities.
“(2) Provide personal awareness of activity level” - The app should allow users to reflect
on “history of past behavior”, “current status” and “activity level performance”.
“(3) Support social influence” - Enable social influence via social pressure, social support
and communication.
“(4) Consider the practical constraints of users’ lifestyles” - Ensuring that the hardware
does not impose aesthetic or physical discomfort (the study used a bulky smartphone coupled
with a bulky pedometer).
In order to apply these design suggestions and to, in general, create usable applications
that serve a specific purpose, Human Computer Interaction (HCI) (first mentioned in 1983 by
Card et al.(1983) methodologies are used, where HCI is a discipline about design and use of
computing technology in the context of interfaces separating humans and machines. Researchers
in HCI observe, evaluate, and design human-computer interfaces with a goal of improving the
quality of user experience. The process of designing effective user-centered interfaces is
complex and the researchers involved in such process need to follow a certain systematic
approach. The Wheel (Hartson, et al., 2012; Helms et al., 2006) is a widely used process model
for systematic design, development and evaluation of user centered interactive systems. The
Wheel (see Figure 1), being iterative, is composed of four “spokes” dedicated to analysis, design,
prototype and evaluations sub-processes. The analysis spoke represents understanding the
domain and the user. The sub-process of analysis is composed of contextual inquiry and
12

contextual analysis. In this model, contextual inquiry is a process of gathering data (i.e., user
interviews, usage data, and observation data) followed by contextual analysis, which is a process
of data interpretation, consolidation and sense-making that ultimately yields a set of
requirements, or design-informing models that feed into the next “spoke” (design). The design
sub-process produces conceptual designs and interaction behavior examples via design
production, which is a process of interpreting, digesting and applying requirements and designinforming models. Prototyping occurs after or during the design and it produces interactive
prototypes with fidelity (i.e., anywhere between a hand drawn paper and pencil prototype to a
highly detailed interactive one) appropriate for adequate evaluation. The sub-process of
evaluation produces findings needed to verify and refine the design.
The Wheel process model provides general guidelines for evaluation of user interfaces
and offers guidance into summative and formative approaches. For the purposes of this thesis, it
should be noted that Klasnja et al. (2011), offer very focused and highly relevant evaluation
guidelines aimed at technologies for health behavior change. According Klasnja et al., HCI
research can yield significant contributions to various health behavior intervention efforts via
user-centered design of effective technological solutions. The authors argue that there are several
issues with how evaluations of technologies are performed in the context of health behavior
change interventions. For novel technologies, demonstrating the effects on behavior change, in
the context of multi-outcome oriented studies, are viewed as unrealistic, as such studies require
matching control groups with very large numbers of participants and long intervention time
intervals. Similarly, efficacy studies are also viewed as very difficult to accomplish in the context
of novel systems from fast paced HCI research, as such studies need to use large randomized
13

control trials as a way to produce reliable findings. In the context of user centered interactive
systems that utilize behavior change strategies, there are many factors that influence efficacy of
the system. In order to produce reliable results, these factors need to be factored into adequately
designed, multi-arm RCTs with large numbers of participants. Such studies are viewed as too
complex and limited in the nature of the findings they yield:
”Furthermore, even such large multi-arm studies typically only show which components are
effective, but not why they are effective.” - (Klasnja et al., 2011)
With behavior change evaluation and RCT based efficacy trials not being the optimal
choice, the authors suggest tailoring the evaluation process towards specific behavior strategies
implemented in the system. Klasnja et al. (2011), claim that an understanding of the mechanisms
underpinning a particular intervention coupled with an appropriate choice of outcome measures,
can be effectively used to evaluate novel HCI technologies without the large scale studies
common for behavior change evaluations.
In summary, the authors suggest using exploratory approaches to evaluating novel
technologies as such approaches allow the “hows” and “whys” to be answered at the early stages
of the system development, via small scale in-situ evaluations. They argue that answering such
exploratory questions “is arguably the biggest contribution that HCI can make to the
development of effective systems in this domain”. Answering “hows” and “whys” as part of the
early qualitative field evaluations can reveal problems with the system that could be catastrophic
during an actual full scale intervention. Most importantly, through such evaluations, it is possible
to detect patterns of use of the system, thus allowing researchers to understand user perceptions,
and detect issues in the design. In summary, the authors argue that “...during the initial
14

evaluations of a novel system, investigation of patterns of use and users’ experience with the
system should be seen as a primary evaluation goal.”
Technology Focused Studies with Elements of Group Dynamics
In the past decade, many physical activity interventions started using internet connected
technologies as a medium of delivery for the intervention. A recent comprehensive review of
internet based physical activity interventions (Joseph et al., 2013) identified 72 studies published
since 2001. According to the review, the interventions mostly based their designs on social
cognitive theory and transtheoretical model, and targeted populations such as worksite
employees, obese adults, college students, sedentary adults, individuals with diabetes and others.
While none of the studies were reported to use group dynamics principles, twelve interventions
allowed the participants to communicate and interact over the internet. The types of interactions
included web based message boards enabling exchange of ideas and mutual support (Glasgow et
al., 2003; Liebreich et al., 2009; McKay et al., 2001), supervised university Blackboard
discussions (Gow et al., 2010), periodic support emails (Harvey-Berino et al., 2002; Kosma et
al., 2005), scheduled web based chat sessions (Dlugonski et al., 2011; Harvey-Berino et al.,
2002). Overall, the majority of the studies were reported to have significantly and positively
affect physical activity levels.
There are several studies that use novel designs of smartphone based systems to facilitate
physical activity behavior change of individuals from social groups, via elements of social
influence such as competition, sharing and support which have a crossover with the “group
process” component of group dynamics principles. One of the earlier examples of such study
employed older Windows Mobile devices to automatically track and share activities among
15

fiends (Anderson et al., 2007). The study explored the usage and perceptions of the app via a
user study with nine participants recruited from shared social circles (coworkers, friends and
etc.) and divided into three groups. The study lasted for ten days during which the subjects had
their low, moderate and vigorous intensity activities tracked and shared in their groups via the
smartphone app. The app interface enabled users to compare themselves with the group members
and to check the physical activity state of their peers in real-time (they could see if the other
persona was active in real time). While the focus of the authors was on the technical aspects of
the system and the accuracy of tracking physical activity via the proposed method (GSM
triangulation using the cell towers), the qualitative results from interviews and diaries showed
that participants found the app fun, informative and motivating.
In another study, Ahtinen et al. ( 2010) designed a smartphone (Symbian OS based) app
that enabled groups of individuals to collaboratively walk to various prominent locations around
Finland, such as the North Pole, by summing up their physical activities and visualizing it as a
trip to the destination on a map. The social elements of the app included collaboration and
competition. The study recruited 37 participants and grouped them into teams of around 4 for the
duration of one week. The participants were recruited from existing social groups with the
purpose of having teams. Survey and interview based findings revealed that participants liked the
virtual trips with the most favorite aspects being cooperation and competition between the team
members. In a relatively recent study, Pu et al. (2014) explored the effectiveness of using
cooperation, competition and social engagement in the context of socially connected groups of
two. The study recruited 18 participants for the duration of two weeks and grouped them in pairs
that shared social circles. The authors developed an Android app (HealthyTogether) that allowed
16

groups to perform physical activities together, monitor each other, communicate, compete,
cooperate and earn badges while automatically tracking physical activity. Results, based on
findings from interviews and usage data analysis, show that participants significantly increased
their physical activity, with cooperation and communication being distinctive positive influences.
Technology focused studies show that certain systems are successful at encouraging user
interactions leading to potential increases in physical activity. These results are encouraging and
motivate to explore the design of novel HCI systems that can effectively channel group dynamics
principles to facilitate behavior change and physical activity.
Smartwatches for Health Promotion
While the studies utilizing smartphones show promising results, the smartphone hardware
ergonomics impose certain barriers on the user experience (Ashbrook, 2010). It has been shown
that smartphones often reduce the number of cases of user interactions due to the anticipated
cognitive load associated with the steps (i.e., extracting the handset from a pocket followed by
screen power-on/unlock sequence) required to getting to the screen (Ashbrook, 2010). Such
reduction limits users’ exposure to valuable information aimed at promoting health behavior
change. Additionally, smartphones apps rely on notifications to gain user attention which comes
at a cost of interruption (Cutrel et al., 2001; Böhmer et al., 2012; Czerwinski et al., 2000; Pejovic
& Musolesi, 2014; Shirazi et al., 2014) and users do not like interruption from unimportant
(Carroll et al., 2003; McCrickard et al., 2003) notifications (users consider non-social
notifications as unimportant (Shirazi et al., 2014)).
However, there are notifications that cause no interruptions to the user. A study on
wellness tracking behavior (Bentley et al., 2013), considered using passive notifications (simple
17

icon/visualization that users discover while looking at the screen without the added interruption
from vibration/sound) and tested their effectiveness in an experiment where users were reminded
to log their wellness data using such passive notifications. The study results indicated that
passive notifications did not interrupt the users due to the passive nature of the notification, and
succeeded in increasing user fitness data logging frequency. This can be explained by findings
from a study on mobile notifications that surveyed a large number of users and determined that
they regularly check their smartphones without any tangible cues (vibration, light or sound)
(Bayer & Campbell, 2012; Bayer et al., 2015; Orbell & Verplanken, 2010), thus performing selfinterruptions. In the domain of communications theory, such behavior is linked to a phenomenon
referred to as “automaticity” (Bayer et al., 2015) and motivations for such self-interruptions are
known to be rooted in user’s social sense of connectedness that drives self-interruption through a
mechanism of various triggers/cues (Bayer et al., 2015) (visual/auditory and other reminders:
visible people looking at their phones, long duration since last communication and individual’s
mood). Thus, self-interruptions provide opportune moments of uninterrupted user attention
available for information of lesser importance such as health and wellness related updates.
Smartwatches, that are starting to become mainstream, in addition to being activity
trackers, provide ergonomic advantages over smartphones (Giang et al., 2014) as they provide
glanceable interfaces (Pizza et al., 2016) with easily accessible information and simplified
interactions. Thus, smartwatches could be better at leveraging users’ uninterrupted attention to
deliver information of secondary importance during the opportune moments.
Due to novelty of mass produced and affordable smartwatches, there is very little
information on studies on smartwatches for physical activity promotion in social groups. Gouvei
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et al. (2016) considered the design space of smartwatch glanceable interfaces. The study
explored four different types of smartwatch interfaces among twelve young male participants
that already owned a specific smartwatch. One of the smartwatch interfaces that participants had
to use provided step-count comparison information of an average user (normalized based on a
large database of tracked steps) with the same goal. Thus, users were able to compare themselves
to someone else with the same goal by simply glancing at the watchface. The study found that
participants often noticed and reacted to small step-count differences (500 or under) by walking
within five minutes of discovering the information. The authors conclude that participants were
more motivated to walk when they knew that it would not take much time to overtake the
opponent or stay ahead. These early findings suggest that smartwatches can effectively convey
simple physical activity related information that users notice and react upon. This is especially
interesting in the context of large scale, group dynamics-based community interventions as
smartwatches offer lower cost, superior ergonomics and simple to use, glanceable interfaces.
However, it is still unknown how to design smartwatch based systems with group dynamics
principles at the core and if such systems will succeed at facilitating group cohesion.

CHAPTER II: PREVIOUS WORK

Exploring Smartwatches
At first, smartwatches were explored as part of a teaching experience in an
undergraduate, upperclassmen computer science course focused on mobile software
development. Thanks to a donation from Pebble Inc. an opportunity was provided to incorporate
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smartwatches in the class. The unique aspects of the smartwatch form-factor were explored from
both, the software development and human computer interaction perspectives. Students in the
class produced novel applications as part of their projects highlighting the affordances offered by
the instantly accessible interface inherent to smartwatch ergonomics. Some examples include
applications allowing users to receive information on the watchface, such as Facebook updates
and room microclimate sensor readings (see Figure 2)
The results of the experience were synthesized in a research paper and that was accepted
at a premier, peer-reviewed computer science education conference (Esakia et al., 2015).

First Iteration of FitEx
FitEx is a group dynamics-based, statewide physical activity and fruit/vegetable
consumption program offered through Cooperative Extension. The program was based on Walk
Across Texas (established in 1999). Researchers and Cooperative Extension agents of Kansas
adapted the program to include group dynamics principles and began program (“Walk Kansas”)
delivery in 2002 (Estabrooks et al., 2008). In this program teams of 6 individuals, led by a team
captain, select a team name, set a team goal, and track their progress for eight weeks. County
Extension agents provide feedback and evidence-based strategies for behavior change via weekly
newsletters. The program was translated to Virginia Cooperative Extension in 2009 (Harden et
al., 2016; Johnson et al., 2015). FitEx incorporated a website for static presentation of materials
in 2010 (i.e., downloadable resources, calendar of events). In 2015, FitEx was transitioned to an
online portal to include tracking and group communication.
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The online system was designed to support three categories of users: agents, team
captains and team members. Agent accounts were intended for Virginia Cooperative Extension
(VCE) Agents whose role in FitEx 2015 was to recruit team captains, manage accounts and have
access statistics of all of the users from their county. Team captains, once registered, were
encouraged to invite team members (via automated email invitation system), manage their
accounts, view statistics, set team name, set group goals and track their daily minutes of physical
activity and cups of fruits and vegetables. Team members could only track their progress and
view statistics. The statistics interface enabled users to view their team members’ progress and
progress/ranking of other teams. The teams received weekly newsletters via email and the VCE
agents were encouraged to create social events and invite teams from their counties. The group
dynamics strategies used in FitEx 2015 are summarized in Table 2. The intervention lasted for 8
weeks and over 700 participants remained active through the end of the program.

HCI Process to Improve FitEx User Interface
Methods, Analysis, and Results
During the 8th week of FitEx, a series of online surveys were distributed in order to
obtain user feedback regarding their experience and perceptions of the FitEx 2015 website.
Feedback was collected from all three categories of users (Agent, Team Captain and Team
Member) and later used to inform the design of the next iteration of the website via an HCI
process. The survey included open-ended questions related to the user experience during
registration, enrollment, progress tracking and overall website usage (see Appendix C for
details).
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Following methods proposed by Hartson et al. (2012), three HCI experts independently
coded the textual responses in order to identify meaning units (or single pieces of datum from
text). Coders then met to collapse and merge semantically and or otherwise identical responses
(i.e. “program registration was hard”, “I had difficulties registering for the program”). After
completing the processing of the textual responses, the HCI experts met and agreed on a set of
approximately one hundred meaning units that were printed for further analysis (i.e., in a format
of cards). These cards were later used in an upper-classmen undergraduate level Usability
Engineering class, taught by one of the HCI experts as part of an in-class assignment.
The next step of the HCI process, involved distributing the cards in the class, having
them processed according to the Wheel model (Hartson et al., 2012; Helms et al., 2006) and
producing sets of recommendations for the next iteration of FitEx. Identical sets of cards were
distributed to five groups four during a regular 75 minute class session (prior to the class session,
the students were told about the upcoming in-class assignment and the FitEx project). The
groups were asked to work independently and to start by performing contextual inquiry (the
process of gathering data). As part of the contextual inquiry the students familiarized themselves
with the information on the cards. Upon completing this, the groups moved on to the contextual
analysis (the process of data interpretation, consolidation and sense-making) part where they
reduced the set of cards to a smaller set of reflecting the core themes. Having extracted highly
relevant and important cards, students began to organize their findings and ideas as Work
Activity Affinity Diagrams. Affinity diagramming is defined as “... a hierarchical technique for
organizing and grouping the issues and insights across large quantities of qualitative data and
showing it in a visual display, usually posted on one or more walls of a room.” (Hartson et al.,
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2012, p. 131). These diagrams allowed them to connect and organize the results of their
brainstorming. Finally, each group was asked to produce a conclusive list of their
recommendations. These recommendation were later aggregated, expanded and organized by the
HCI experts into a list of issues related to the FitEx 2015 website (see Table 3 and Table 4). In
summary the users were dissatisfied with the usability of the website interface with regards to the
minimum requirements for the passwords, the interface for changing physical activity goals and
the table for team rankings. The users also expressed dissatisfaction over the progress tracking
interface as it did not allow them to correct or report past entries.

Second Iteration of FitEx
Immediately after completing the HCI process, the development for the new and
improved website began. The website for FitEx 2016 addressed the issues of the previous
version and offered new features such as blogs with comments and user messaging. The group
dynamics strategies employed in FitEx 2016 and the website are listed in Table 5. The program
ran in the spring of 2016 for 8 weeks with around 300 participants completing it. Website usage
analysis and post intervention questionnaires revealed very low engagement. For instance, the
weekly newsletters, shared as blog posts, were expected to invoke participant discussion and
engagement, however, the website usage data showed very little interaction from users.
Additionally the website allowed users to make their own blog posts and share them with others - no such cases were recorded. These low levels of engagement confirm similar results from
other research (Eysenbach & Gunther, 2005; van den Berg et al., 2007; Webber et al., 2010) and
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further motivate to explore other types of technology, such as smartwatches, to effectively
channel group dynamics principles and sustain user engagement.

FitEx with Smartwatch and Smartphone
Based on the previous feedback and literature review, Android and Pebble apps were
developed with automated tracking of steps and sync with the website. The Pebble app
represents a watchface that displays information aimed at facilitating group cohesion: top left
corner displays user stepcount, bottom left corner shows the collective stepcount for the team,
top right shows users rank in the team for a given day and the bottom right shows team’s rank
among all teams for the day. The companion Android app allows users to get more in depth
information regarding their personal and their team’s progress (see Figure 5). The group
dynamics principles employed are listed in Table 6. At the moment of writing, the apps are
deployed with a small number of groups (three groups with two, three and four members in each)
for the duration of eight weeks. User interactions with the apps are being logged and saved for
further analysis.

CHAPTER III: STUDY

Overview
The purpose of this thesis was to develop and pilot test the smartwatch-based system that
accompanies an evidence- and group –based physical activity program (FitEx). The system was
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designed to facilitate the group dynamics principles (that underpin FitEx) via the glanceable
smartwatch interface. The goal of the system is to aid the program and strengthen its
effectiveness. Considering the novelty of the system that is being deployed, this work follows the
recommendations of Klasnja et al. (2011) regarding the evaluation. These recommendations
suggest that a novel health behavior change focused human-computer interaction (HCI) system
should be tailored to the specific outcome measures and should be exploratory in its nature (i.e.,
answering the “hows” and “whys”). In order to answer these exploratory questions, both
quantitative and qualitative data were gathered for a mixed-methods explanatory analysis. The
qualitative data were collected via participant interview and the analysis followed grounded
theory methodologies to explore the user experience with the system. The questionnaires and
system the usage logs contributed the quantitative data. The quantitative analysis yields
descriptive information that is used to enrich the findings from the qualitative analysis.

Methods
Eligibility
Community members reflective of the FitEx program participants were sought to pilot
test the smartwatch interface. Participants were 18 years old of age or older, capable of
moderate-intensity physical activity, with an Android smartphone, and willingness to wear a
Pebble smartwatch for the duration of 8 weeks. Additionally, the participants needed to have one
or more eligible, socially connected (friends, coworkers, family etc.) individual(s) with whom to
form a team.
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Recruitment, Setting, and Procedures
In an effort to best mimic the protocol of FitEx, study participants were recruited from
the local community by a Virginia Cooperative Extension agent who had participated in the past
iterations of FitEx. The VCE agent invited the groups to gather in the local extension office for
the study procedures (consent form, system set-up procedures, question and answer session). The
procedures included system account creation, smartwatch and the app installation onto
participant’s own Android devices, and a brief tutorial on how to use the system. Two teams
were formed. The Virginia Tech Institutional Review Board approved study procedures (IRB
#16-264).
One team was comprised of three members (P1, P2, P7) while the second team had four
members (P3, P4, P5, P6; see Table 8 for the demographic data). P1 and P2 from the first team
are coworkers that had worked together for over 5 years while P7 was invited by P2, via a public
Facebook page for the members of the local community. The members from the second team
represent two married couples (P3&P4 and P5&P6). Within the first week of the study, P7 asked
to be removed from the study due to inability to wear a smartwatch in her work environment. In
addition, P6 stopped tracking physical activity with the watch within the first week and declined
to participate in the post study interview. P5 unpaired the Pebble smartwatch from her Android
device and thus stopped access to the physical activity tracking data from the watch to the
Android device. The participant was contacted, instructed, and periodically reminded regarding
the syncing issue. The system data-logs revealed that P5 did not re-pair Pebble with her Android
device, thus producing no quantitative data of substance. Therefore, the quantitative results are
limited to P1, P2, P3 and P4.
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Quantitative Measures
Sociodemographics. At baseline, and as a part of the user account creation, every participant was
asked to complete an online questionnaire to answer a series of questions about their
demographics (age, weight, gender, race, employment and education), exercise habits (frequency
and duration of mild, moderate and vigorous physical activity) and nutrition (daily consumption
of fruits and vegetables per day). Additionally, the registration included an interactive interface
for setting their weekly physical activity goals. The questions regarding participants’ physical
activity are based on the widely used and accepted International Physical Activity Questionnaire
(Booth et al., 2003). The questions are listed in Appendix D.

Physical Activity. The system captured participants’ steps via the integrated 3-axis accelerometer
of the Pebble smartwatch. Steps were uploaded to the server and stored in the database for
further analysis.

Group Cohesion. At week 2, the participants were encouraged to take a variant of the Physical
Activity Group Environment Questionnaire (PAGE-Q) (Estabrooks & Carron, 2000) during the
first and the last weeks of the study. The questionnaire is used to assess group cohesiveness via
5-point Likert scale questions (ranging from “strongly agree” to “strongly disagree”) measuring
the four dimensions of cohesions (see Table 1) via questions such as “I like the amount of
physical activity I get with this group” and “our group is united in its beliefs about the benefits of
regular physical activity.” The questionnaire also measured group interaction items such as
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cooperation (e.g., “we all cooperate to help this group’s program run smoothly”), competition
(e.g., “There is friendly competition within the members to stay as healthy as possible”) and
communication (e.g., “people of this group talk about things that are happening in our lives”).
The PAGE-Q (see Appendix B for the detailed list of questions) has been validated and
recommended for use with participants during community interventions (Estabrooks & Carron,
2000).
System Usage and Engagement. In order to understand how the participants used the system,
usage data were logged on the smartphones and then uploaded to the FitEx website for storage.
The smartphone app recorded user interactions with all of the app’s user interface elements as
well as the app related events such information exchange with the smartwatch and saved them as
log entries. Each log contains information about the system username of the participant, the
corresponding timestamp (exact time of occurrence of the log), the description of the event (i.e.,
“App’s main screen loaded”, “User opened ‘my steps’ screen”, “User initiated step count
synchronization from the smartwatch”, “Smartwatch received new ranking information” etc.)
and the associated values (personal step count, team member step count and rankings). The
system also captured if the smartwatch was synced with the phone by periodically (in the order
of 5 minutes) querying the status of the Bluetooth connection between the two devices. These
logs (in the order of one million) were collected continuously throughout the duration of the
study (participants’ smartphones uploaded these logs to the program website which in turn saved
those logs in a database) in order to accurately capture the state of the system in terms of the user
interactions and the information presented via the interface. Via daily monitoring of these logs it
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was possible to determine if the participants were successfully connected to the server and
uploading the steps as well as the interaction logs.
User engagement with the smartwatch was measured as the number instances of manual
syncing of the smartwatch steps with the smartphone app. In order perform this action, users
sequentially pressed two buttons on the sides of the wearable. The engagement with android app
was measured by counting the number of user initiated app launches as well as interactions with
the four main screens of the app.

Qualitative measures. All of the participants were asked to participate in semi-structured
interviews (see Appendix A) aimed at exploring their experience with the system (e.g., usability
of the smartwatch, reactions to information updates, patterns of use) as well as the group
dynamics aspects of participating in teams. The group dynamics-related questions were primarily
focused on the four dimensions of group cohesion: individual’s attraction to the group task
(ATG-T), individual’s attraction to the group as a social unit (ATG-S), individual’s perception
that the group was integrated around the task (GI-T), and individual’s perception that the group
was integrated around the task (GI-S). Audio-recorded interviews were conducted by a trained
research assistant, over the phone, or via Skype for the participants’ convenience.

Qualitative Analysis
The interviews were transcribed verbatim by a group of trained research assistants. Upon
completion of the transcriptions, the interviews were qualitatively analyzed following the
abbreviated variant of the grounded theory approach (Corbin & Strauss, 1990; Wagner et al.,
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1968; Willig, 2013). The abbreviated grounded theory approach differs from the full version in
terms of the number of procedures involved. Unlike the full version, the abbreviated protocol
does not require the researcher to iterate between data analysis and data collection--it allows
researchers to focus on the analysis (Willig, 2013). The preference for the abbreviated method is
dictated by the nature of the study in which the subjects are not continually exposed to the
system but rather for a set duration (8 weeks), thus requiring prompt scheduling of interviews in
order to ensure “fresh memories”.
For the qualitative data analysis, it is crucial to have accurate interpretation and
classification of the meaning units (Riffe et al., 2006). In an effort to maximize the accuracy and
depth of the analysis and address the issue of reflexivity, four coders performed the grounded
theory approach. All of the coders have experience with qualitative data analysis, albeit, from
different domains: two have an HNFE background, one has an HCI background, and one author
has training in both HNFE as well as HCI.
Upon completing the individual open coding tasks, the discrepancies and differences
were resolved via Google Spreadsheets and the final set of codes was established. All of the
audit-trail information was saved on Google Spreadsheets on backup sheets and as comments.
For the axial coding an identical procedure was undertaken. The identified meaning units were
aggregated into categories, sub-themes, and major emergent themes (see Table 7).
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Results
Quantitative
Sociodemographics. All participants were middle aged and Caucasian. Of the five that completed
the interviews two identified as male and three as female. At baseline, all participants reported
completing 60 minutes of moderate-intensity aerobic physical activity per day over the last
month (see Table 8 for the sociodemographics data).

Physical Activity. All participants self-selected a goal of 10,000 steps per day, which is
equivalent to 5 miles per week across the eight-week program. Participants completed 62580
steps (SD=5826) or 31.3 (SD=2.91) miles per week based on the 2000 steps to 1 mile conversion
from the step count captured via the Pebble smartwatches which use a 3-axis accelerometer with
gesture detection (see Figure 9).

System Usage and Engagement. In terms of the system stability, for participants P1-P4, the
Android app and the Pebble watchface worked without crashing throughout the entire 8-week
period and successfully captured user engagement logs. Participants synced (by sequentially
pressing two keys on the sides of the device) their Pebble steps with the smartphone on average
2.6 times per day throughout the study, with an increase in the frequency during the final two
weeks (see Figures 7 & 8). As for the smartphone app engagement (instances of users starting
the app and interacting with it) the participants opened the app on average 1.5 times per day with
an increase in engagement in the final two weeks of the pilot (see Figures 8 & 9). With regards to
interactions with the specific views within the app, participants engaged with all of them.
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Specifically, the participants collectively viewed the “my info”, “my rank”, “team info” and
“team rank” screens 287, 212, 248, and 244 times, respectively.

Qualitative
Five participants (P1-P5) took part in the semi-structured interviews. Interviews were 25.59
(SD=8.17) minutes long and resulted in 365 meaning units associated with the various aspects of
the participant experiences with the system, program, and other participants. Over 60% of the
meaning units (n= 228) were related to the user experience with the devices as the theme of “user
experience with interactive technology” and categorized under three sub-themes, each containing
129, 64 and 35 meaning units. The remaining 137 meaning units (herein: MU) were represented
in the theme of “Group Dynamics Principles” which includes four sub-themes with 38, 35, 34
and 30 meaning units in each.
The first sub-theme of “user experience with interactive technology” describes
smartwatch use (“pebble watch use”, n=129 MU) and spans across six categories. In the first
category of this sub-theme, all participants described their challenges with the manual syncing
(”Manual syncing challenges”, n=54 MU) especially when viewing the step count progress in the
line-chart of the app (see Figure 5). When users synced manually, the tracked progress from the
smartwatch recorded the time of the sync instead of the actual moment of when the steps were
captured. This created situations where users observed “peaks” in their progress time chart (P2:”
… it looked like I did 12,000 steps at 11 o’clock at night …”, P3:” it would be great if
those[steps] were more in real time now instead of just being in whenever someone syncs their
phone then it updates that information…”). The second category represents positive perceptions
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with relation to the smartwatch use in the context of the 8-week intervention (“Positive
perceptions”, n=35 MU). All five participants generally appreciated the accessibility of the
information offered by the form-factor (P5: “So it was nice and it was swift the watch, to have
that information… you know… you twist your wrist over and you know exactly how you are
doing on your steps and what you need to be doing…”, P1: “the ability for me to feel or visually
see… the data coming across, the information coming in to me… it was just nice to have.”) and
expressed interest in owning a smartwatch (P3: “after this experience … you know we [P3 &
P4] are looking at this… the smartwatch… I mean like this could be something we really would
want to invest in… purchase.”, P2: “... and I… like I said, come Christmas or whatever I might
treat myself to an electronic device [smartwatch] or whatever so that my wife and I can do
something similar.”). The next category (“Patterns of use”, n=13 MU) shows how four users
consumed information from the watchface. It was revealed that they monitored the information
delivered via the smartwatch (P1: “You know… looked at the watch much more frequently [than
the smartphone]”, P3: “Probably the … tracking numbers on the watch itself… that was
probably it… [most used feature]”) and also acknowledged the ease and accessibility of the
information when it is placed directly on the glanceable watchface (P2: “it sure was handy to
have things to come up on my arm. “). Four participants provided examples of how they
developed a habit of using a smartwatch (“Habit formation”, n=11 MU) emphasizing the sense
of novelty (P4: “and the watch was weird because I don’t wear a watch and then I kinda got
hooked”, P2: “initially it was a little habit forming up there in the beginning necessary to wear
regularly to where the data was being tracked and all that… then towards the end of the trial…
however… there was not a day that I wouldn’t… I didn’t … have the watch on during the day.”,
33

P1: “It got me hooked on to it, and I don’t really like to wear a watch”) as well as a sense of
something missing after returning the watches upon completion of the 8-week intervention (P3:
“I think you… you know… my participation… or whatever… … I have got a bad habit of looking
at my bare arm now…”, P2: “Those things that I hadn’t been missing for a long time cause I
don’t normally wear watch, now you all spoiled me over the past sixty days and then I am… now
that I don’t have it on my arm I get a slight pro… ‘What is today’s date?’ ”... P2: “it was.. It
was… amazing how just within a short amount of time... how much it [smartwatch] became a
part of daily life… I don’t wanna say ‘a necessity’ but…... such a valuable tool.”). The
smartwatch displayed text messages and forwarded caller id information to the screen as a part of
the standard functionality. The same four participants appreciated its utility to remotely relay
such information from the smartphone (“Appreciation of the smartwatch utility”, n=8 MU) with
the emphasis on the ease of information accessibility (P2:”So that kind of that passing [of
information to the watch]… being able to look at the watch and be able to see that information
even briefly just to sneak at it just give you a good sense of what is going on or not.”,P5: “and I
had it [information] on my watch, right there...”). And finally, three participants that had used
older versions of FitBit appreciated the glanceability offered by the smartwatch (“Preference
over FitBit”, n=9 MU) noting the advantage of the simpler access to the information
(P1:”Having the smartwatch was much better rather than you checking my phone plus having a
FitBit.”, P5:”Whereas with the watch it[step-count information] is there[as opposed to fitbit in
pocket], it is visible, it is really nice... So it makes you more aware of what you are or aren’t
doing”,P4:”it[FitBit] was in my pocket, and it just kinda stayed in my pocket and it just stayed
in my pocket, and it was forgotten in my pocket…”).
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The next sub-theme (“Android app use”, n=64 MU) emerged from the meaning units
about the smartphone app use and is composed of four categories. The first category (“Patterns
of use”, n=28 MU) contains descriptions from all participants of how they used the app. The
participants regularly used the app to check their own and the team members’ progress (P3: “I
was one of those individuals that you know as once we got past 9’O clock in the evening I
wanted to see exactly where I was at compared to others and stuff…”, P2:”I probably looked…
just only on the… the phone itself a couple times a day.”). The second category (“Positive
perceptions”, n=24 MU) emerged from a set of meaning units conveying positive perceptions of
the general experience offered by the app and the specifics such as the ability to receive visual
feedback (P3: “Like I said, I liked to being able to see steps on my team in particular my
wife[P4]. Being able to to see… you know… where is hers? Where are her steps, where are my
steps and you know... the comparison of the two... that was a good thing”, P4:”It feels good to
see like that [app’s visual feedback]”). The third category captures the reasons for regularly
checking the app (“Reason for checking the app”, n=9 MU). Three participants used the app due
to their interest in checking personal and team progress information (P4:”I would get curious to
see like where our team was”, P3:”seeing what anybody else is doing”, P2:”Obviously keeping
up with how I was doing.”) and also for boosting self-motivation (P1: “because it[checking the
app] kept me on track or… or… gave me this incentive to keep on track”). The fourth category
(“Misleading tracking info”, n=5 MU) emerged from three users pointing out inconsistencies
with physical activity tracking/visualization (P3: “there was a great part in the app where it
would show you your steps by time through the day how long… but the problem was is if I didn’t

35

sync that watch until in the evening it looked like I did all my steps at 11 o’clock at night.”)
caused by the smartwatch manual syncing process.
The third sub-theme (“Reaction and comprehension from information”, n=35 MU)
represents four categories that describe the influence of the information updates on all of the
participants. The first category (“Feedback and awareness from app”, n=17 MU) shows that the
app increased awareness of personal (P3: “… it made me better understand how active I actually
was during the day. I didn't realize I was that active.”) and team member physical activity
levels (P3: “and then I think you know back to my wife.. just realizing her job and everything
like that is just not as active and that maybe and I think we need to be more active.. you
know…”). The second category (“Feedback and awareness from smartwatch”, n=11 MU) shows
that the smartwatch also facilitated personal and group physical activity level awareness (P4:”It
made me more aware… because I was using [smartwatch]”,P3:”with just the two of us it wasn’t
a big deal to put together if I was first second or third. Because it was just two of us and it
[smartwatch] would flash back on and off.”). The third category (“Increase of PA”, n=7 MU)
describes how the information form the app and the smartwatch helped three participants to
increase their physical activity (P5: “Sometimes I just need a little bit extra intensity to get me
going. So seeing the numbers made me do it”, P2: “there was a realization in place that we need
to get up get a little more exercise or do enough activity for the watch to pick and to elevate our
numbers.”). And finally, the fourth category (“Physical activity habit change”, n=6 MU)
captures how four participants were influenced via the feedback from the information delivered
via the smartwatch and the app (P2:”It [smartwatch] did motivate me some to be like oh my gosh
like only 5,000 I’ve got to pick it up”, P1:”So it did help me, it motivated me some to do
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more[looking at the watch]”, P3:”It is changing some of the habits… and it is… or at the very
least you know from that… gonna reach my goal for that day… I would definitely work to make
sure that that I think my goal was 10,000 steps a day, that I would work to reach that at the very
least that goal not necessarily for competition but just for to make sure I had that.”).
The theme of “Group Dynamics Principles “contains four sub-themes. The first subtheme (“Barriers to group dynamics”, n=38 MU) emerged from three categories that describe
barriers to group dynamics processes during the intervention. The first category (“Limited
interactions”, n=17 MU) describes limited person-to-person interactions (P5: “Or, if I went to
church with these people I saw every Sunday. Yeah, I might be more motivated to… use the app
more.”). The second category (“Small team size”, n=13 MU) reflects on the reduced sense of
engagement due to smaller team sizes (P2: “For me and my coworker P1 you know we were in
kind of a unique situation where we… we thought we were starting with more people on the team
and then… you know... it ended up in a situation where it was just she and I…”, P4: “as far as
the team stuff … I couldn’t check much during the day and honestly a part of this is not really
about the app, part of it is, again, being part of a small set… ”, P4: “I think with this
competition again… [with] many other teams that [feeling as a social group] might be a little bit
different.”). The last category (“Lack of motivation”, n=8 MU) describes reduced sense of
motivation (P5:”I really don’t feel like I participated 100% and I could’ve given more but I
really wasn’t… motivated. I don’t know why”, P4: “you know we were looking at this as sort of
testing the smartwatch … I did even talk to P5, we talked about this. It was more about testing
the smartwatches and less about the competition part of it so I think we didn’t take much effort
towards that it was just more individual effort.”).
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The second subtheme (“Physical activity goals”, n=35 MU) is composed of two
categories related to individual (“Perceptions of individual goal”, n=26 MU) and group goals
(“Non-engagement with group goal”, n=9 MU). The participants (all five) did not report goal
setting during the registration (P1: “I don’t… I didn’t concentrate on that goal as much”, P5: “If
we had a group goal? I don’t even remember.”) but they were consciously aiming for 10,000
steps a day (P1: “I concentrated more on the daily goal of trying to get as least the 10,000…”,
P2: “As long as I was doing about 10,000 steps a day I figured I was on… you know… on route
to achieving my goal…”).
The next sub-theme (“Interaction and communication”, n=34 MU) captures three
categories that describe different types of communication. In terms of the social interactions
(“Social communication”, n=14 MU) three participants emphasized pre-existing familiarity with
each other (P2:“you know we are very fortunate here that in some ways we are more like
siblings in a family than we are two coworkers”, P2: “We don’t go to our offices normally close
the doors and not talk.”) and considered the social interaction experience as positive (P2:”So it
was… you know… the social side was… I think between us[P1 & P2]… it was kind of
enjoyable”). But not all participants experienced social interaction (P5: “We didn’t usually
socialize”) or felt socially connected (P5:“I didn’t feel like were a social group so...”). From the
interactions that occurred, some were meant to encourage more involved participation in the
program (“Motivational”, n=13 MU) via causal reminders or humorous remarks (P3: “With P5
whenever we were together in a meeting or something like that we would… I would ask her… we
would joke… you know talk about the watch and stuff like that and… I’d say ‘you gotta keep
syncing in, you are not syncing in’ ”, P2: “yelling down the hall ‘You aren’t moving from your
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desk’. ”) others (“Reflection on PA”, n=7 MU) included conversations related to each other’s
physical activity progress (P4: “My husband[P3] and I would sometimes compare[physical
activity progress] at night”, P3: “My wife is…obviously we are together all the time and in the
evening we would briefly talk about the steps or especially at the beginning you know ‘how it
was going’ ”, P2:”the majority of our conversation was about… what we were doing and what
activity we might be undertaking or how are we gonna get more steps or whatever might be…”).
The fourth sub-theme includes categories about participant competition (“Competition”,
n=27 MU) and cooperation (“Cooperation”, n=4 MU). Four participants channeled their
competitiveness as they were concisely trying to stay ahead of their team members (P2: “If
she[P1] had a set number she… synced in first I knew… I knew… about the period when her
numbers would stop for the evening… is it 15 or 20 minutes on the treadmill downstairs to beat
her? Well, I can do that.”, P3: “I wanna be on top … I wanna be best person on my team … so
I’d do that instead of saying “You know when I leave I will just … when I am leaving in the car I
will just pull off to the side and get the mail then’ ”, P2: “I could see what I was doing and I
could see what P1 was doing, P1 has competitive spirit and… maybe because of a little bit more
competitive spirit[I was more active].”) while also cooperating to help their teams have higher
rankings (P2: “I didn’t want… other teams sneaking up to us… I wanted to... I wanted to ours to
win so...”, P3: “Then I would have walked down and gotten the mail … I gotta help the team
right?”).
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Limitations of Sample Size
The small team sizes (that became even smaller after some participants dropped out)
constrained the potential for the facilitation of group cohesion. In fact, in response to an email
requesting completion of the PAGE-Q questionnaire, P3 pointed out that he only interacted with
his wife (P4) in the team and thus questions in the PAGE-Q do not make sense for such a small
and strongly connected team. Only one participant completed the post intervention survey.
Another limitation, stems from the fact that there were not many teams to compete against, thus
reducing the potential to leverage participants’ competiveness and desire to cooperate against
other teams. However, from the perspective of Human Computer Interaction research for novel
technologies for health behavior change, the findings from the interviews and the system usage
data successfully answer the “hows “and “whys “related to the user experiences and the patterns
of use.

Discussion
The purpose of this study was to determine the degree to which a smartwatch interface
could facilitate group dynamics strategies within a community-based physical activity promotion
program. The findings from this study lead to a number of implication important to advancing
smartwatch use in such programs.
First, the use of smartwatch technology with custom watchfaces allows participants to
engage with intervention specific information without the added complexity of manually
tracking physical activity progress and being in front of a computer and logging in onto a
website. Eliminating these steps while also preserving the richness of the information could
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alleviate the rapid decline in participant engagement and high attrition rates (Eysenbach &
Gunther, 2005; van den Berg et al., 2007; Webber et al., 2010). The results of this study show
that the engagement with the smartwatches continued throughout the entire duration of the study
and even increased towards the last two weeks. These findings indicate that the use of
smartwatches with custom watchfaces is a viable solution for interventions seeking sustained
participant engagement without resorting to the in-person practices such as supervised classroom
meetings. Thus, the group dynamics-based community interventions could potentially broaden
their impact by resorting to smartwatches as the main medium of delivery.
Second, the smartwatch watchface with group dynamics-based information such as
personal step count, team step count, rank in team and team rank, has preliminary support for
successfully triggered participant competition and interaction (even in teams as small as the ones
described in this thesis) thus leading to a stronger perceptions of group cohesion. These findings
are encouraging, especially when considering the fact that group dynamics-based community
interventions delivered via remote mediums such as web (as opposed to supervised in-person
practices) suffer from low participant engagement and high attrition rates (Mailey et al., 2016),
thus failing to increase group cohesion. Strengthening of the sense of group cohesion is key in
group dynamics-based intervention as it facilitates behavior change. The use of smartwatches
with custom watchfaces to display group dynamics related information, appears to be successful
at invoking participant behaviors suggestive of group cohesion, thus potentially leading to the
positive behavior changes.
Third, the results imply that this system has the potential to directly affect participant
self-regulation (Carver & Scheier, 1982) as it demonstrated the capacity to facilitate self41

monitoring, goal-setting and feedback which are the fundamental building blocks of successful
physical activity interventions (Artinian et al., 2010). The results also indicate that the system
can help to mediate social-support between participants, which in turn positively influences selfregulatory behaviors (Anderson-Bill et al., 2011). Effective group dynamics-based interventions
leverage the group dynamics principles to increase participant self-regulation and the sense of
social-support. While the we-based interventions suffer from low engagement levels, the use of
smartphones in studies utilizing existing social circles (but not following group dynamics
principles) show promising results in terms of the user engagement and overall behavior change
by targeting self-regulation and social-support, since using such devices enable automatic
progress tracking and simplified accessibility to the information and the features channeling
social-support. This study reflects the trend towards the use of mobile technology and attempts
to strengthen participant self-regulation and social-support by (a) applying group dynamics
principles and (b) using smartwatches with the user interface designed with the goal of
simplifying information accessibility by leveraging the ergonomic advantages of smartwatches.
The results are encouraging for the small groups, however, further studies are needed with more
participants to better capture the group cohesion aspects such as competition, cooperation and
interpersonal interactions.
And finally, this system provides the functionality to meet the needs and requirements of
FitEx. It allows users to track progress in the digital medium and receive feedback on their
individual and team progress without relying on any help from program staff or the Cooperative
Extension Agents. Moreover, this system provides a number of advantages from the perspective
of Extension Agents as it offers a simplified online participant recruitment via the web based
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registration interface and offers a centralized data storage with all of the participant information.
This information enables simplified and accurate measurement of the impact on health behaviors
of the participants recruited by a given agent. These affordances offered by the system should be
able to alleviate the workload on the participating agents and help in attracting more of them to
join FitEx.

Conclusion
This work applies group dynamics principles and human-computer interaction
methodologies to produce an innovative design and a working system tailored for community
group dynamics-based physical activity interventions. The system is novel in its focus on
utilizing the glanceable information presentation of Pebble watchface to display non-interruptive
updates aimed at encouraging positive group cohesion and sustained engagement. The display
layout on the smartwatch watchface balances individual and team performance, allowing
participants to connect with their (and the team’s) information in ways that work for them. This
work offers findings from an exploratory study where the system was deployed with two small
teams of community members. While not without limitations, the study results are promising as
the participants appreciated the glanceable nature of the Pebble smartwatch watchface and
sustained continued engagement throughout the entire duration of the trial coupled with increases
in physical activity awareness, engagement in friendly competition and team member
interactions. The results of this study encourage further investigation in the context of a full-scale
statewide community intervention (FitEx 2017) where, via deployment of a revised version of
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the system, the user experiences and the patterns of use with relation to the smartwatch interface
will be studied.

44

TABLES
12-item table by Estabrooks et al.(2008, pp. 165–182) that provides a list of potential intervention
strategies.
Table 1.Group dynaimcs strategies
Dimension of Cohesion

Potential Group Dynamics-based Strategy

Individual attractions to group—task
Group structure

Develop strategies that enhance group norms for appropriate exercise during class
Example: Reward individual group members for prompt and regular attendance

Group environment

Identify a group name that is attractive to a specific population that would participate
Example:‘Cardiopump’—designates specific task-related exercises to help women tone muscles

Group processes

Provide opportunities for group interaction around exercises
Example: Incorporate partner-stretching exercises

Individual attractions to group—social
Group structure

Develop strategies that enhance group norms for appropriate social activities during class
Example: Celebrate individual group members’ birthdays or other special occasions.

Group environment

Consider the appropriate group size to allow for participant social interactions
Example: Small classes (5–17 members) are best for higher attendance and provide the opportunity for
social interactions

Group processes

Provide opportunities for group social interaction
Example: Offer time and space for post-class water and fruit

Group integration—task
Group structure

Develop group roles for class participants
Example: Develop a telephone tree and identify who will follow-up with who when someone is absent or
unable to attend

Group environment

Develop sense of group distinctiveness
Example: Get participant input on refining group name or developing subgroup names to reflect the group’s
specific identity (e.g.‘Cardiopump: Pumped Park Hill Parents’)

Group processes

Develop strategies that involve the group working together to achieve a common goal
Example: Set a group goal for amount of physical activity over the course of 3 or 6 months and set a group
reward for when the goal is achieved

Group integration—social
Group structure

Provide structured social interactions within and outside of the formal class time
Example: Monthly potluck lunches or dinners have been used to encourage social belongingness

Group environment

Develop strategies that ensure class participants occasionally come in close proximal distance of each
other to heighten the sense of distinction
Example: Use games like a modified musical chairs format that allow group members to be in close
proximity to one another without feeling uncomfortable

Group processes

Provide opportunities for participants to share challenges and complete problem-solving activities to feel a
sense of collective similarity and support
Example: Use small groups to identify underlying motives and barriers to living a healthy lifestyle
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The strategies are aligned with the 12-item table by Estabrooks et al.( 2008, pp. 165–182) that provides a
list of potential intervention strategies.
Table 2.Group Dynamics Strategies Used in FitEx 2015.

Dimension of Cohesion

Potential Strategy

FitEx 2015

Individual attractions to group—task

Group structure

Develop strategies that enhance
group norms for appropriate exercise
during class

Group environment

Identify a group name that is
attractive to a specific population that
would participate

Group processes

Program design

Website Interface

Optional prizes for the winning
team

Statistics view accessible to all
users

Setting team name
Agents and team captains were
encouraged to facilitate group
interaction

Provide opportunities for group
interaction around exercises

Individual attractions to group—social

Group structure

Develop strategies that enhance
group norms for appropriate social
activities during class

Agents and team captains were
encouraged to facilitate to
establish group structure

Group environment

Consider the appropriate group size to
allow for participant social
Recommended group size was set
interactions
at six

Group processes

Agents and team captains were
Provide opportunities for group social encouraged to facilitate to group
interaction
social interaction

Group integration—task

Group structure

Develop group roles for class
participants

Team Captains had more
responsibilities that Team
Members

Group environment

Develop sense of group
distinctiveness

Groups were encouraged to name Groups were identified by their
their team
name and county

Group processes

Develop strategies that involve the
group working together to achieve a
common goal

Groups were told that they are
cooperating to compete with
other groups

Group integration—social
Agents and team captains were
encouraged to facilitate to group
social interaction

Group structure

Group environment

Develop strategies that ensure class
participants occasionally come in close Agents and team captains were
proximal distance of each other to
encouraged to schedule group
heighten the sense of distinction
walks
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Team Captain can manage Team
Member accounts

The statistics interface shows how
each group member contributes
to the team

Group processes

Provide opportunities for participants
to share challenges and complete
problem-solving activities to feel a
Agents and team captains were
sense of collective similarity and
encouraged to facilitate email
support
discussions
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The issues related to registration/login and communication from the perspectives of Agents, Users/Team
Captains and the website administration.
Table 3a.Summary Registration and Communication Issues of FitEx 2015.
Registration and login
User/Team Captain

Communications
Agent

No
registration
procedure for
agents (STL
had to make
such
Passwords too complex accounts)

No option to login with
Google/Facebook and
etc.

No option to reset
password without
involving email

Options for
"no agent
“assigned to
a county
(selected by
participant)

Ability to
identify
counties

Administrat
or
No
registration
procedure for
admins (STL
had to make
such
accounts)

Different
accounts
required for
each "level"
of user

User/Team Captain

Agent

Administrator

No communication
through the website. All
communication done
through email.

No communication
through the
website. All
communication
done through
email.

No communication through
the website. All
communication done
through email.

Email are inherently
unreliable as they can
get delayed, unsent,
bounced and reported
as spam

Email are
inherently
unreliable as they
can get delayed,
unsent, bounced
and reported as
spam

Emails are inherently
unreliable as they can get
delayed, unsent, bounced
and reported as spam

Communication
through email
Communication through requires spelling it
email requires spelling it correctly which
correctly which often
often times did not
times did not happen
happen

Communication through
email requires spelling it
correctly which often times
did not happen

Report from registration
not available for admin
to view

Newsletters could not be
seen through the
No way to
website - users had to
No way to manage communicate/manage
resort to their emails
teams/captains
agents/users

Team name character
limit

No html of newsletter,
PDF attached

No information about
program on homepage
(i.e., for non-users)
No option to register
without agent approval
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The issues related to administration, stability/performance and usability from the perspectives of Agents,
Users/Team Captains and the website administration.
Table 4.Summary of Administration, Stability/Performance, and Usability Issues of FitEx 2015.
Administration

Stability/Performance

GUI/Usability

User/Team
Captain

Agent

Administrator

User/Tea
m
Captain Agent

Admin

User/Team
Captain

No ability to
change
password on
behalf of the
user

No ability to
change
password
on behalf of
the user

No ability to
change
password on
behalf of the
user

the
website
periodicall
y went
down

the
website
periodicall
y went
down

Clumsy and
unintuitive
way of
reporting
progress on
behalf of
users - no
dedicated
administratio
n panel.

Clumsy and
unintuitive
way of
reporting
progress on
behalf of
users - no
dedicated
administrati
on panel.

Clumsy and
unintuitive way
of reporting
progress on
behalf of users no dedicated
administration
panel.

Hosted on
a small
unreliable
server as
opposed
to large
commerci
al
solutions

Hosted on
a small
unreliable
server as
opposed
to large
commerci
al
solutions

Very
confusing
dropdown
for selecting
users

Very
confusing
dropdown
Very confusing
for selecting dropdown for
users
selecting users

No search
functionality
- could not
search by
team name,
email and
Very poor
etc.
method for Scrolling
updating
and ctrl+f
progress for was the only
other users way.

Did not
Did not
work on
work in all all
browsers browsers

Agent

Administrator

the
website
periodicall Old fashioned
y went
and childish
down
overall look

Old fashioned
and childish
overall look

Old fashioned
and childish
overall look

Hosted on
a small
unreliable
server as
opposed
to large
commerci
al
solutions

Very static in its
feel - no use of
dynamism to
make things
more intuitive
(dynamic tabs
to show which
mode the user
is in and etc)

Very static in its
feel - no use of
dynamism to
make things
more intuitive
(dynamic tabs
to show which
mode the user
is in and etc)

Very static in its
feel - no use of
dynamism to
make things
more intuitive
(dynamic tabs
to show which
mode the user
is in and etc)

Did not
work on
all
browsers

Clumsy fonts,
clumsy buttons, Clumsy fonts,
Clumsy fonts,
clumsy
clumsy buttons, clumsy buttons,
controls.
clumsy control clumsy control

No search
functionality could not search
by team name,
email and etc.
Scrolling and
Slow load Slow load Slow load
ctrl+f was the
times/slo times/slo times/slo
only way.
w login
w login
w login

Unnecessary
use of "hover
over to show"
elements.

Unnecessary
use of "hover
over to show"
elements.

Unnecessary
use of "hover
over to show"
elements.

Entire team
content
shown thus
wasting
space and
making
search very
painful

Entire team
content shown
thus wasting
space and
making search
very painful

No clear
indication of
what mode the
website is
in(reporting for
user/agent/adm
in)

No clear
indication of
what mode the
website is
in(reporting for
user/agent/adm
in)

No clear
indication of
what mode the
website is
in(reporting for
user/agent/adm
in)

Very poor
method for
updating
progress for
other users

Could not
search across
entire user
base.

Frequent and
unnecessary
prompts for
confirmations.

Frequent and
unnecessary
prompts for
confirmations.

Frequent and
unnecessary
prompts for
confirmations.

No ultimate
"all in one"
admin tool
that allows
to directly
administer

No way to see
clusters of users
that are active,
passive and etc

Poorly
executed and
designed
Poorly
"weekly update" designed stats
feature
page view
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Unable to
update content

users with a
"spreadshee
t"-esque
interface
no
seamless
electronic
payment
integration

Very poor
method for
updating
progress for
other users

Lack of reports,
research,
admin

No ultimate "all
in one" admin
tool that allows
to directly
administer users
with a
"spreadsheet"esque interface
No way for
admins to
create/remove/e
dit user(or
agent) accounts
Admins did not
have all the
privileges that
agents had
no seamless
electronic
payment
integration
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The strategies are aligned with the 12-item table by Estabrooks et al.( 2008, pp. 165–182) that provides a
list of potential intervention strategies.
Table 5.Group Dynamics Strategies used in FitEx 2016.

Dimension of Cohesion

Potential Strategy

FitEx 2016

Individual attractions to group—task
Group structure

Develop strategies that enhance group
norms for appropriate exercise during class

Group environment

Identify a group name that is attractive to a
specific population that would participate

Group processes

Provide opportunities for group interaction
around exercises

Program design

Website Interface

Optional prizes for
the winning team

Statistics view accessible to all
users
Setting team name

Agents and team
captains were
encouraged to
facilitate group
interaction

Messaging/Blog posts with
comments

Individual attractions to group—social

Group structure

Agents and team
captains were
Develop strategies that enhance group
encouraged to
norms for appropriate social activities during facilitate to establish Messaging/Blog posts with
class
group structure
comments

Group environment

Consider the appropriate group size to allow Recommended group
for participant social interactions
size was set at six

Provide opportunities for group social
interaction

Agents and team
captains were
encouraged to
facilitate to group
social interaction

Develop group roles for class participants

Team Captains had
more responsibilities Team Captain can manage
that Team Members Team Member accounts

Group environment

Develop sense of group distinctiveness

Groups were
encouraged to name Groups were identified by
their team
their name and county

Group processes

Groups were told
that they are
cooperating to
Develop strategies that involve the group
compete with other
working together to achieve a common goal groups

Group processes

Messaging/Blog posts with
comments

Group integration—task

Group structure

The statistics interface shows
how each group member
contributes to the team

Group integration—social

Group structure
Group environment

Develop strategies that ensure class
participants occasionally come in close
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Agents and team
captains were
encouraged to
facilitate to group
social interaction

Messaging/Blog posts with
comments

Agents and team
captains were

Messaging/Blog posts with
comments

proximal distance of each other to heighten encouraged to
the sense of distinction
schedule group walks

Group processes

Provide opportunities for participants to
share challenges and complete problemsolving activities to feel a sense of collective
similarity and support
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Agents and team
captains were
encouraged to
facilitate email
discussions

Messaging/Blog posts with
comments

The strategies are aligned with the 12-item table by Estabrooks et al.( 2008, pp. 165–182) that provides a list of potential intervention strategies.
Table 6.Group Dynamics Strategies used in Smartwatch & Smartphone FitEx 2016.

Dimension of Cohesion

Potential Strategy

FitEx 2016 Smartwatch/Smartphone Pilot Study

Website Interface

Smartphone

Smartwatch

Group structure

Develop strategies that enhance
group norms for appropriate
exercise during class

Statistics view
accessible to all users

shows detailed
information on team
progress, personal
progress, team
ranking and personal
ranking

shows personal
rank in team,
rank of team
among all teams,
personal steps,
team steps

Group environment

Identify a group name that is
attractive to a specific population
that would participate

Setting team name

Group processes

Provide opportunities for group
interaction around exercises

Individual attractions to group—task

Program design

recruited teams with
strong social
connectedness

Individual attractions to group—social
Group structure

Develop strategies that enhance
group norms for appropriate
social activities during class

recruited teams with
strong social
connectedness

Group environment

Consider the appropriate group
size to allow for participant social
interactions

Small and tight knit
groups

Group processes

Provide opportunities for group
social interaction

Groups consist of
members that spend a
lot of time in close
proximity

Group integration—task
Group structure

Develop group roles for class
participants
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Team Captain can
manage Team
Member accounts

Group environment

Group processes

Develop sense of group
distinctiveness

Groups were
encouraged to name
their team

Develop strategies that involve
the group working together to
achieve a common goal

Groups were told that
they are cooperating to
compete with other
groups. The
smartphone/smartwatch
applications
automatically track
steps and post them
share.

Group integration—social
Groups consist of
members that spend a
lot of time in close
proximity

Group structure

Group environment

Develop strategies that ensure
class participants occasionally
come in close proximal distance
of each other to heighten the
sense of distinction

Groups consist of
members that spend a
lot of time in close
proximity

Group processes

Provide opportunities for
participants to share challenges
and complete problem-solving
activities to feel a sense of
collective similarity and support

Groups consist of
members that spend a
lot of time in close
proximity
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Groups were
identified by their
name and county

The statistics
interface shows how
each group member
contributes to the
team

The smartphone
interface allows users
to see how each
team member
contributes to the
team

The smartwatch
shows both
personal steps
and teams steps
for the day. It
also shows the
rank within team
based on the
steps.

Results of the qualitative analysis of the participant interviews. “n” denotes number of meaning units and “p” denotes the number of
participants.
Table 7.User experiences and patterns of use

Theme

Sub-Theme

Categories

N P Example Meaning Units

User Experience
with Interactive
Technology (n =
228)

Pebble watch use (n
= 129)

It would be great if those were more in real time now instead of just
Manual syncing challenges (n =
being in whenever someone syncs their phone then it updates that
54, p = 5)
54 5 information…

Positive perceptions (n = 34, p
= 5)

So it was nice and it was swift the watch, to have that information…
you know… you twist your wrist over and you know exactly how you
are doing on your steps and what you need to be doing… as opposed
to picking up the phone and syncing it or getting over to phone or
34 5 whatever.

Patterns of use (n = 13, p = 4)

You know… looked at the watch much more frequently [than the
13 4 smartphone]

Habit formation (n = 11, p = 4)

So it it… initially it was a little habit forming up there in the beginning
necessary to wear regularly to where the data was being tracked and
all that… then towards the end of the trial… however… there was not
11 4 a day that I wouldn’t… I didn’t … have the watch on during the day.

Preference over FitBit (n = 9, p
= 3)

So, so overall, having the smartwatch was much better rather than
9 3 you checking my phone plus having a FitBit.

Appreciation of smartwatch
utility (n = 8, p = 4)

So I did not send my email to my watch -- that would drive me nuts
because I get like you know 20 emails an hour and I would be going
crazy. But I did get my texts and phone calls to my watch and I
8 4 absolutely loved that.

Android app use (n =
64)
Patterns of use (n = 28, p = 5)
Positive perceptions (n = 24, p
= 4)
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I watched what my co… cohort and partner in … teammate was
28 5 doing.
Like I said, I liked to being able to see steps on my team in particular
24 4 my wife. Being able to to see… you know… where is hers? Where

are her steps, where are my steps. And you know... the comparison
of the two... that was a good thing.

Reaction and
comprehension from
information (n = 35)

Reasons for checking app (n =
9, p = 3)

[Chose to use the app because] Just because I would get curious to
9 3 see like where our team was.

Misleading tracking info (n = 5,
p = 3)

There was a great part in the app where it would show you your steps
by time through the day how long… but the problem was is if I didn’t
sync that watch until in the evening it looked like I did all my steps at
5 3 11 o’clock at night.

Feedback and awareness from
I mean it made me more aware of where i was… you know… where i
app (n = 17, p = 5)
17 5 was at for the day’s activity… and as far as my steps and stuff go
With just the two of us it wasn’t a big deal to put together if I was first
Feedback and awareness from
second or third. Because it was just two of us and it[smartwatch]
smartwatch (n = 11, p = 5)
11 5 would flash back on and off

Group Dynamics
Principles (n =
137)

Barriers to group
dynamics (n = 38)

Increase of physical activity (n
= 7, p = 3)

Sometimes I just need a little bit extra intensity to get me going. So
7 3 seeing the numbers made me do it.

physical activity habit change
(n = 6, p = 4)

So that [20:32 unclear] you know you kinda have that picture in your
head what what kind of… it… it is changing some of the habits… and
it is … or at the very least you know from that… gonna reach my goal
for that day… I would definitely work to make sure that that I think my
goal was 10,000 steps a day , that I would work to reach that at the
very least that goal not necessarily for competition but just for to
6 4 make sure sure I had that.

Limited interactions (n = 17, p =
Or, if I went to church with these people I saw every Sunday. Yeah, I
4)
17 4 might be more motivated to… use the app more.
For me and my coworker P2 you know we were in kind of a unique
situation where we… we thought we were starting with more people
on the team and then… you know... it ended up in a situation where it
Small team size (n = 13, p = 4) 13 4 was just she and I…
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Lack of motivation (n = 8, p = 3)

Physical activity
goals (n = 35)

Perceptions of individual goal
(n = 26, p = 5)
Non-engagement with group
goal (n = 9, p = 5)

Interaction and
communication (n =
34)

Other than just saying… you know… at least just a 10,000 a day … I
26 5 didn’t have a particular goal
9 5 If we had a group goal? I don’t even remember.

Social communication (n = 14,
p = 3)

I have texted her a couple times to tell her to… you know (talks to P1)
“P1 did I text you during the trial?”. (After her response) Yes, see, I…
those things I wouldn’t normally do, I wouldn’t call my co-worker or
text her at 930 or 10 O'clock at night to say “Hey”... you know…
[laughs]. So if you count that as social activity I guess that would work
14 3 out.

Motivational (n = 13, p = 5)

We tried to I guess… Joke or motivate each other about where we
13 5 were[when they met]

Reflections on physical activity
(n = 7, p = 4)

Competition and
cooperation (n = 30)

You know, I really don’t feel like I participated 100% and I could’ve
given more but I really wasn’t… motivated. I don’t know why.”
8 3 (laughs)

My wife is obviously... we are together all the time and in the evening
we would briefly talk about the steps or especially at the beginning
7 4 you know “how it was going”

Competition (n = 27, p = 4)

If she had a set number she… synced in first I knew… I knew…
about the period when her numbers would stop for the evening… is it
15 or 20 minutes on the treadmill downstairs to beat her? Well, I can
27 4 do that.

Cooperation (n = 3, p = 2)

Then I would have walked down and gotten the mail … I gotta help
3 2 the team” right?
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Participant self-reported physical activity levels and demographic info. (* Demographic data was lost due to external incident with the database)

Table 8.Baseline Participant Demographics and Physical Activity Levels

Participant
ID
Age Sex

Weight
(lbs)

Muscle exercise (times
per week/duration in
Height Race minutes)

Moderate exercise
Strenuous exercise
(times per
(times per week/duration week/duration in
in minutes)
minutes)

p1

46 male

242 6'

White

p2

57 female

270 5'3"

White 0/0

0/0

0/0

White --

--

--

0/0

p3*

--

male

--

N/A

1/5

p4

42 female

275 5'4"

White 0/0

p5

45 female

145 5'7"

White

1/30

58

1/5

Workday physical
activity duration
in minutes
1/5

60
-3/30

1/30 2/30

60

60
60

FIGURES
User-centered system design process model by Rex Hartson.
Figure 1.HCI process: The Wheel model
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Screenshots of the example Pebble Classic smartwatch projects from the undergraduate computer
science class projects.
Figure 2.Smartwatch Projects from Undergraduate Class
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The final stage of the in class activity where the needs and requirements are extracted from Work Activity
Affinity Diagrams

Figure 3.In Class HCI activity
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Examples of final WAADs that the groups of students came up with during in-class HCI process.
Figure 4.Work Activity Affinity Diagrams.
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The elements on the watchface (a) directly map to the four squares on the Android app’s home screen
where tapping the top left square opens up a screen with the user progress chart (“my info”) for the day
(b). Tapping the top right square opens a visualization and table displaying each team member’s
contribution (“my rank”) to the team steps (c). The bottom left opens up a progress chart (“team info”) for
all team members (d) and the bottom right square leads to a table with intervention statistics (“team rank”)
for the day and the whole period of the competition.
Figure 5.Smartwatch and Smartphone Interface.

63

Instances of users manually syncing their steps.
Figure 6.Syncing Smartwatch Steps.
65
60
55
50

Frequency

45
40
35
30
25
20
15
10
5
0
Week 1

Week 2

Week 3

Week 4
p4 p3

64

Week 5
p2 p1

Week 6

Week 7

Week 8

Overall weekly Android app usage and smartwatch sync frequency
Figure 7.Usage Frequency
140
130
120
110
100

Frequency

90
80
70
60
50
40
30
20
10
0
Week 1

Week 2

Week 3

Week 4
android

Week 5
smartwatch

65

Week 6

Week 7

Week 8

Weekly instances of users opening the Android app

Frequency

Figure 8.Android App Usage Count Per Week

34
32
30
28
26
24
22
20
18
16
14
12
10
8
6
4
2
0
Week 1

Week 2

Week 3

Week 4
p1

p2

66

Week 5
p3

p4

Week 6

Week 7

Week 8

Weekly steps for the participants
Figure 9.Weekly Steps
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APPENDIX A: Interview Questions
Question

Prompt

Android app (10min)
1. Did you use the FitEx How did you use it? Why did you use? How frequently
app?
did you use it? Did you use at certain times?
2. What information did
you receive from the
Was it from "My Info" (top left), "My Team Info" (bottom
app?
left), "My Rank" (top right), "Team Rank" (bottom right).
3. How and what
information would you
like to receive on an
app like this?

What did you not like about app and how would you fix
it? How should it be to minimize the aspects you didn’t
like?

Smartwatch (10min)
4. What did you like
about receiving
information on the
smartwatch?

Your steps(top left)… Team Steps(bottom left)… Your
rank(top right)… Team Rank(bottom right). Did you
notice the changes? Which information was
important/unimportant?

Did you ever look it without a notification prompt? What
5. How did you receive did you look at when you looked at the watchface? How
the information on the did you react to the information on the watchface? Did
watchface?
you notice changes in the watchface information?
6. How did you handle For <Your steps… Team Steps… Your rank …Team
information updates on Rank > did you <open the phone app/ignore/open
the smartwatch?
website/started walking/other>? If so, why?
Group Cohesion Additions(10 min)

1. How did you feel
about the group goal?

- How was the goal set (in person, email, text)
- How often did you communicate about the goal?
- How did you communicate about the goal (in person,
email, text)
- What were your feelings about the goal? (how did you
contribute, friendly competition, etc)
Watch Specific:
- How did the smartwatch help with your goal setting
- How did the smartwatch help with goal attainment
- What were you typically doing before looking at the
watch? What did you typically do after look at the
watch? What do you think your teammates did with their
watch?
75

2. How do you think
others felt about the
goal?

- What did others share with you about the goal (too
difficult, too easy)
- How did people work together to achieve the goal?
Watch Specific:
- How did the smartwatch help others with the goal

3. How did you feel
about the team as a
social group?

- Please describe your social interactions with group
members
- How valuable is this team to you as a social unit?
- How has participation in the program changed your
perception of the group?
- How often did you all engage in social interactions (pot
lucks, sharing photos, etc)
Watch Specific:
- How did the smartwatch help with social interactions?
(Triggered conversations? Compared information on the
watch with your team? Other interactions caused
by/related to the watch?)
- How often did you follow-up with a team member after
looking at the watch?

4. How do you think
others felt about the
- Describe how other team members valued social
team as a social group? interactions
Watch Specific:
- How did the smartwatch encourage others to support
each other?
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APPENDIX B: 25-item Physical Activity Group Environment Questionnaire
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APPENDIX C: FitEx 2015 Post Study Online Survey
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APPENDIX D: Registration Questions
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