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Edith Talina Luhanga

Abstract

Almost half of global adults have attempted to lose weight in recent years.

Many people make their own diet and exercise plans, and use websites and smart-

phone applications to track their progress. However, over 45% of weight loss

application users quit these applications, and their weight loss goals due to lack

of desired features, perceived lack of self-control, and due to the time-consuming

and tedious nature of dietary tracking. The theory-based strategies of stimulus

control, rewards and social support can address these challenges. In this dis-

sertation, we investigate the effectiveness of these three strategies in supporting

user adherence to dietary tracking and behavior change. We used a user-centered

design approach to determine user requirements for the implementation of these

strategies. We then implemented the strategies and evaluated user experiences

and efficacy through field studies.

For the stimulus control strategy, an application to track causes of negative

eating behaviors (cues) was developed. After identifying these cues, users were

presented with recommendations for healthier behaviors to use. The stimulus

control strategy led to a 3 times (3x) higher adherence to dietary tracking com-

pared to a control group, and users achieved their calorie goals 52% of the time

vs. 39% for the control group. User satisfaction with stimulus control was 65%.

Social support was provided through a group fitness application that offered a

structured eating and exercise plan to groups of less than 10 people, and the
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strategy resulted in a 2.3 times (2.3x) improvement in adherence to fitness goals

from baseline, and scored 60.8% in user satisfaction. To assess the impact of

rewards, a game with cash and virtual rewards was implemented. Users played

the game irregularly and felt the strategy was unsuitable for consistent, long term

tracking, leading to a user satisfaction score of 44%. These results reveal that

supporting users to suppress triggers of negative behavior and recommending al-

ternative healthy behaviors, as well as providing social support may be effective

for supporting adherence to weight loss behavior change.

Keywords:

behavior change strategies, health and fitness, smartphone applications, user-

centered design, human-computer interactions
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1. Introduction

1.1 Background

Global rates of overweight and obesity have more than doubled since the 1980s.

In 2014, 39% of world adults were overweight and 13% were obese [56]. The

increasing rates are a major public health concern. Both overweight and obesity

increase the risk of developing chronic diseases such as cardiovascular disease,

diabetes, cancers and musculoskeletal disorders [44], and chronic diseases account

for more than half of all deaths worldwide [56].

The World Health Organization recommends behavior change (healthy eating

and increased physical activity) for weight loss and long-term healthy weight

maintenance [56]. Healthy eating involves eating calorie balanced meals (meals

within a person’s personal calorie goal, which is calculated based on weight, height

and physical activity level) and increasing intake of fruits and vegetables as well

as whole grains. The recommended activity level is 150 minutes of moderate

intensity aerobic (cardio) exercises or 75 minutes of high-intensity cardio every

week [44].

Behavior change theories (BCT) explain how human behavior arises and they

outline several strategies that can be used in order to achieve behavior change.

There are several theories, and altogether, around 20 strategies have been sug-

gested. Table 1 (adopted from [25]) lists the strategies. Strategies in the “Be-

havior” category are actual habits that people undergoing behavior change need

to use in a daily or regular manner. Strategies in the other groups are concerned

with:

• Building knowledge - e.g. providing knowledge on calories and the required

calorie balance for weight loss

• Building skills e.g. providing cooking lessons

• Identifying and addressing erroneous perceptions

• Helping people address the role of emotions such as depression and stress

on negative eating and physical activity habits

1



Knowledge Behavior Cognitive Emotion-

focused

Therapy

General in-

formation

Realistic goal-

setting

Perceived bene-

fits

Stress manage-

ment

Skill-

building

Self-monitoring Perceived barri-

ers

Negative feelings

management

Increasing

knowledge

Rewards Perceived risks Motivation

help

Social support Perceived norms

Time manage-

ment

Self-confidence

Stimulus control Self-talk

Role model-

ing/vicarious

learning

Relapse preven-

tion

Table 1: List of behavior change strategies adapted from Doshi et al [25]
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1.2 Weight Loss Products and Services

A global survey found 50% of world adults had attempted to lose weight in 2014

[17]. They used various strategies and products including structured and self-

directed diet and exercise plans e.g. WeightWatchers, Jenny Craig and LoseIt!,

meal delivery services e.g. NutriSystem, meal replacement products e.g. SlimFast

(offers protein shakes, smoothies etc.), and diet products such as “Diet Cola and

diet pills. Using a diet or exercise plan typically involves adhering to a daily or

weekly personal goal e.g. adhering to a calorie goal or completing a number of

minutes of exercise. Structured plans have specific daily goals, usually created by

a professional nutritionist or physical trainer, while self-directed ones allow users

to determine their own daily goals.

With the increasing growth of the Internet and smartphone usage, many struc-

tured diet and fitness plans have become available in health and fitness websites

and smartphone applications. However, most people attempting weight loss use

self-directed (own) diet and exercise plans that focus on calorie and weight mon-

itoring, as well as increasing physical activity, often through walking more [68]

[67]. Smartphone applications provide useful tools to aid those following self-

directed plans, and over 75% of smartphone owners [51] have downloaded one

or more health and fitness applications. The behavior change strategies empha-

sized in the applications are usually: setting a personal calorie intake goal, daily

self-monitoring/tracking of food and exercise [7] [24], social support and rewards.

Providing a physical activity goal was only included in 20% of the top 30 applica-

tions [58]. Some of the most popular dietary and fitness smartphone applications

include: MyFitnessPal, LoseIt, MyNetDiary, FitBit, LiveStrong, All-in-Fitness

and NutritionMenu [58].

A review of 25 of the most popular free and commercial products [34] found

only Jenny Craig and WeightWatchers showed evidence for long-term effective-

ness, possibly because like the clinical programs, the programs guided users on

how to use the various theory-based behavior change strategies (Table 1) in their

lives through counseling and peer support groups. Both plans are more heavily

focused on healthy eating than on physical activity. The plans have a high cost

barrier however, with WeightWatchers costing $43 a month, while Jenny Craig

has an average cost of $570 a month, and are therefore unlikely to have a high im-
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pact on public health. Another study by the NWCR [47] found that people who

used their self-directed diet and fitness plans for weight loss as opposed to struc-

tured plans, had an easier time maintaining weight loss in the long term because

experimentation during the weight loss phase enabled them to understand which

eating and activity habits had most effect on their weight, and the techniques

they used to change these negative behaviors had become habitual. Those who

used organized programs on the other hand had to learn how to change their reg-

ular eating and activity habits once they completed their weight loss programs.

Dietary tracking and healthy eating were the main strategies used during weight

loss whereas physical activity was mainly used during weight maintenance.

Clinical weight loss programs such as the Diabetes Prevention Program [33]

have also proven overwhelmingly effective at assisting initial weight loss and at

ensuring long-term weight loss maintenance. The programs also use a structured

plan to help participants apply several of the behavior change strategies to their

lives.

Overall, research suggests guiding people through the use of theory-based

behavior change strategies e.g. through diet and exercise plans, may be more

effective in the long-term compared to using diet products, meal replacement and

meal delivery services. Supporting dietary tracking and healthy eating may also

be more important for people attempting weight loss.

1.3 Problem Statement

Although smartphone applications provide useful tools to aid users following self-

directed weight loss plans, and over 75% of smartphone owners have downloaded

a health and fitness application [51], research shows around 45% of weight loss

application users quit the applications before achieving their goals [51]. The

reasons include abandoning the weight loss goals, lack of desired features in the

applications, perceived lack of self-control of eating and exercise behavior, and

the time-consuming and tedious nature of dietary tracking [41] [51] [49].

The stimulus control strategy can help suppress lack of self-control, as it

deals with removing triggers of negative behavior, but it has not been included

in many existing smartphone applications [7]. On the other hand, rewards and

social support, which are known to support motivation and adherence to tasks,

4



are widely included but their implementation in existing applications has been

shown to be ineffective [50] [28].

Current research has aimed to identify design shortcomings in the implemen-

tation of these behavior change strategies in smartphone applications, and to

propose potential solutions. However, these solutions are largely conceived by

researchers, with little input from users on their needs and preferences. Since

“lack of desired features” is a major reason for quitting weight loss applications,

identifying users’ requirements is necessary to create more effective applications.

Likewise, including additional behavior change strategies to address barriers like

“lack of self-control” is also needed.

1.4 Research Objectives and Scope

The aim of this work was to use a User-centered design (UCD) approach to im-

plement and evaluate the effectiveness of stimulus control, rewards and social

support strategies, in supporting user adherence to weight loss behaviors, partic-

ularly dietary tracking and healthy eating.

In UCD, end-users influence the final design of a product by being involved in

various stages of the design process such as requirements gathering and prototype

testing. We used focus groups, surveys, interviews, along with field studies in an

iterative process to:

• Identify users’ requirements for the implementation of the identified behav-

ior change strategies, and for additional features and interactions to include

in the applications for further support.

• Evaluate the effectiveness of these strategies at supporting adherence.

• Evaluate user experiences and determine how these experiences contributed

to the observed effectiveness.

• Identify how to improve the design of the proposed strategies and features.

We focused on normal weight users because many people attempting to lose

weight do have a healthy BMI [17], and because forming a tracking habit is the

precursor to eating behavior change, which may prevent overweight and obesity

in future.
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We limited our work to healthy eating behavior change, because research

shows healthy eating may be more important to people during the weight loss

stage [47], whereas physical activity becomes more important during the mainte-

nance stage. In addition, numerous works have already successfully explored and

recommended how to design applications to support physical activity behavior

change (e.g. [18] and [50]), but very few have focused on applications for healthy

eating behavior change.

1.5 Dissertation Outline

This dissertation is organized as follows. In chapter 2, we present related works on

strategies that have been used to support dietary and physical activity behavior

change. In chapter 3, we present the design and evaluation of the WeightBoss

application, which implements the stimulus control strategy, and in chapter 4

we present the design, implementation and evaluation of HappyInu, a game with

cash and virtual rewards. Chapter 5 presents a participatory design study, where

users of both WeightBoss and HappyInu, along with other participants drew on

their experiences with weight loss applications to design the concept for a dietary

tracking application that would address the challenges they faced. In chapter

6, we present the user requirements study on how to provide social support in

fitness applications. We then present the design of MyFitnessTeam, a group

fitness application that we developed, and the results from a 6-week field study

on user experiences with the application and its effectiveness on healthy eating

and physical activity behavior change. Chapter 7 concludes this dissertation with

a discussion on the various strategies evaluated and recommendations for future

research.
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2. Related Works

In this chapter, we present related works on supporting user adherence to di-

etary and physical activity behavior change through both mobile phones and

computer applications. The works we review can be grouped into three (3) main

categories: Simplifying self-monitoring, providing health coaching and supporting

user motivation. Strategies used to support user motivation include: persuasive

applications, games, rewards and social support.

2.1 Simplifying Self-monitoring

Manual self-monitoring (tracking) is a time-consuming, tedious and error prone

process [41], and researchers have aimed to reduce user burden through several

ways. Early works focused on automatic detection of walking, running and cycling

activities through the use of mobile phone and wearable sensors ([4], [20]). Newer

research has expanded to detecting and counting repetitions of other physical

activities such as yoga poses, push ups etc. through integrating sensors into exer-

cise equipment such as exercise mats ([37], [78], [70]) and weight lifting equipment

[35].

To support food tracking, Andrew et al [5] developed POND, a streamlined

food diary, where users track the number of portions eaten of the various food

groups e.g. proteins, carbohydrates and vegetables. While easy and fast to use,

some users felt more detailed tracking (calories, nutrients) was necessary in order

to meet their goals. Other researchers have used photo-based food diaries. In [21],

both a mobile application (DECAF) and website were provided. The DECAF

application only allowed users to upload their photos, while the website could be

used to provide additional details such as the meal components, social context

(with whom the meal was eaten), location and feelings after eating the meal. The

study found providing photo-journaling reduced the number of users who chose

not to journal due to difficulty from 60% to 23%. Photos also enabled recall of

context and triggers of behavior and users felt photos provided an easier way of

determining whether a meal was healthy or unhealthy (compared to food labels,

calories etc.) because they had an image of what healthy and unhealthy meals

looked like, but could not relate this image to nutritional values, and it was easier
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to understand the size of a meal and how processed it was from photos. DietCam

[39], an iPhone application, automatically recognized the types of foods and their

volumes, from 3 photos or a short video. The information was used to obtain a

calorie estimate of a meal. The overall accuracy of the system was 92%.

In addition to simplified journaling, reminders/notifications have been used

to trigger the journaling process. Bentley et al [9] found that including reminders

in their application improved the average food logging rates of users from 12% to

63%.

2.2 Health Coaching

Health coaching has included supporting user’s knowledge on healthy eating, as

well as providing personalized feedback on how to improve current behavior.

Supporting user knowledge on healthy eating has mostly been achieved through

casual games. One such game is LunchTime [57], where users in a team were pro-

vided 3 meal options and asked to choose the best one for their health goal. Goals

could be weight loss, manage diabetes etc. A new challenge was posted daily with

users having 12 hours to respond, allowing them to research the food options in

the game and therefore reflect on the choices. An initial study found the game

supported reflection on individual eating behavior resulting in a shift in percep-

tions. A long-term study is however needed to determine how much this attitude

shift results in actual eating behavior change. In a similar game, OrderUP! [32],

users acted as waiters who had to recommend healthier foods as alternatives to

the ones virtual customers ordered. Users enjoyed the game and reflected on their

eating behavior but wanted the system to include information on why a certain

choice was the best.

Applications that provided personalized behaviour feedback to users include

HealthMashups [9] and MyBehavior [64]. In HealthMashups, an Android appli-

cation displayed statistically significant observations (based on Pearson’s corre-

lation) between various context data and user’s behaviour such as eating, sleep-

ing and walking. Natural language was used to convey the observations and

the strength of the correlation e.g. “You walk significantly more on Fridays”,

and observations were updated daily. Data sources for the application include

automatically-sensed data (city, weather, user’s free/busy hours from the calen-
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dar), third-party sensor data (weight, step count and sleep from Withings Scale

and FitBit), and manually logged user data (food, exercise, mood and pain).

After a 90-day field study, the authors found that the system improved users’

self-knowledge on how various contexts affect their wellbeing, and they initiated

life changes to address these. As a result of these changes, participants managed

to lose weight (2.3 Kg average over 90 days) and had a significant improvement

in their mood. In the MyBehavior application [64], users manually logged food

intake and physical activity. Automatic sensing was also used to collect walk-

ing, running, stationary and driving activities. Logged data was tagged with

GPS location. Unsupervised clustering and optimization were then used to learn

user behaviors at various locations, and provide food/activity recommendations

that the user could easily implement in their current lifestyle. Use of MyBehav-

ior resulted in significant improvements in walking minutes and calories burned

through non-walking activities, even when barriers such as low mood and bad

weather existed. Users also followed significantly more personalized suggestions

than non-personalized suggestions (control condition).

2.3 Supporting User Motivation

Persuasive Applications

A well-known persuasive systems for behavior change is UbiFit [20]. In UbiFit,

the wallpaper on users’ phones was used to depict user’s physical activities during

the week, with every 10 minute session of activity depicted as a flower, and

every completed weekly goal depicted as a butterfly. Different types of activities

were depicted by different flowers to persuade users to engage in a variety of

activities. To avoid the effect of negative feedback, physical inactivity during

the week was depicted as an empty garden. The system improved users physical

activity levels (minutes of exercise per week), and the authors found users who

had the glanceable display (wallpaper) had significantly higher activity levels

compared to users who had the system without the display.

9



Games

Games for behaviour change have mostly been aimed at promoting physical ac-

tivity, but dietary self-monitoring and behaviour change has also been studied.

Fujiki et al developed NEAT-o-Race and NEAT-o-Sudoku mobile phone games

[31] to promote physical activity. Both games used aerobic activity, measured by

a wearable sensor as input. In NEAT-o-Race, movement in real life resulted in

real-time movement of the players virtual avatar in a race against other players.

Each race lasted for short periods e.g. 24 hours, and coach avatars and notifi-

cations were used to motivate more physical activity whenever a player lagged

behind. In NEAT-o-Sudoku, the measured aerobic activity corresponded to game

points which the player could use to get a hint on how to complete a Sudoku puz-

zle. Both games. Evaluation found more consistent players of the game had more

physical activity minutes, and the real-time nature of the games fueled competi-

tion. Ahtinen et al [3] developed “Into”, a mobile application which automatically

sensed users step counts and visualized the distance covered on a map. Players

could set goals e.g. “Walk from Helsinki to Tampere” and they could collabo-

rate with friends to complete the goal. The interface displayed a different animal

based on the speed of progress towards the goal e.g. snail for slow progress and

horse for fast progress. Users enjoyed the game and found a virtual trip to be an

easily understandable and interesting way to understand their physical activity

levels.

To support healthy eating, Time to Eat [62] users chose a virtual pet and

uploaded their breakfast photos every day to “feed” their pets. The healthiness

of the breakfast was scored and an email sent to the user from their pet, with

feedback such as a healthier meal recommendation or appreciation for a healthy

breakfast. The game was aimed at adolescents and evaluation found players were

twice more likely to eat breakfast than those who did not play the game.

Rewards

Behavior change applications usually offer virtual rewards such as points, ribbons

and trophies that are earned at pre-specified milestones set by the application.

Some also offer cash rewards when the user accumulates a specified number of

points. A study by Munson et al [50] found that users find virtual rewards un-
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motivating. In particular, the use of points alone was deemed confusing since

users did not have a way of knowing the significance of earning a certain number

of points was. This is in contrast to games where more points lead to more powers

or in studies such as [6] and [75], where points are related to social status. Studies

on the effect of cash rewards on health behavior meanwhile have found people

lost more weight if there was a money reward [15], and the effect increased if a

large sum ($500) was to be split amongst successful members in an anonymous

group [40]. Both [15] and [40] studied overweight and obese patients.

Social Support

Applications have aimed to provide users with social support through: sharing

fitness activity data with friends, incorporating fitness interventions into exist-

ing social media platforms and providing group interventions in group fitness

applications.

Sharing of Fitness Activity Data

Sharing fitness updates is widely included in both commercial (e.g. MyFitnessPal,

FitBit) and research applications (e.g. [50] [23] [18] [18]). In most applications, a

message is automatically generated and posted on the user’s SNS account. The

method has several challenges however, such as user concerns over privacy, over-

burdening friends’ with updates and appearing boastful or narcissist ([28] [61]),

and many users find their posts are often ignored ([50] [28]) or receive ’likes’

without additional feedback [61]. A framework for making auto-generated and

user-generated updates more likely to receive the desired feedback was developed

by Epstein et al [28]. Other applications ([4] [18], Nike+, Endomondo) share

updates to a small group of friends within the application. The friends are usually

drawn from the user’s existing social network e.g. real life friends and co-workers.

This approach was shown to inspire social comparison and competition in [4].

Some people opt to broadcast their fitness journeys independently on social

network sites (SNS) such as Twitter, Instagram and Facebook. Twitter posts

are mostly on physical activity (goals and activities done) [72], while Instagram

has been used to share both food and physical activity posts [13]. Users on both

platforms usually share to the general public. Facebook users tend to share health
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updates with friends, and they have a preference on which friends should receive

certain updates [53].

Integrating Interventions into Existing Social Media Platforms

Social media applications have high user retention rates ( 95% retention on An-

droid), and researchers have attempted to improve adherence to behavior change

interventions by offering them within social media platforms. Merchant et al [48]

created a private Facebook group to deliver weight loss information by a health

coach. Over 72% of the posts received at least one interaction (e.g. like) from

users, with polls and photos being most popular, but user engagement visibly de-

clined with time. Maher et al [45] used a Facebook application to provide existing

Facebook friends with a physical activity intervention, and results showed access

to the application significantly improved weekly moderate to vigorous intensity

exercise minutes, with the effect being larger for participants who logged in more

frequently and those who were insufficiently active at baseline. Likewise, Foster

et al [30] used a Facebook application to post user’s daily step counts (from a

pedometer) to their newsfeed. They found that posting step counts resulted in a

significantly higher number of steps. On Twitter meanwhile, a study [74] found

that Twitter use predicted weight loss, but there was a significant decline in both

active engagement (posting) and passive engagement (reading posts only) after 3

months.

Group Fitness Applications

In several applications, users are grouped together and share updates towards a

common goal. Features to support group collaboration or facilitate competition

are usually included. In [16], [27] and [26], users posted updates on how they

completed an application-given daily goal. The studies found social conditions

improved performance, with [26] finding groups with more non-challenge based

interactions had higher levels of performance.

Other works have included both competition and collaboration elements, and

evaluated the efficacy of the elements against each other. In Pass the ball

[65], users took turns tracking their physical activity using their smartphone

accelerometers for 1-hour intervals and competed against other teams, while in
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HealthyTogether [12] people were paired up and required to track their FitBit

steps in order to earn badges. Badges were either earned independently and users

competed against their paired partner, or both users’ performances contributed

to the score either equally or with the user’s personal score contributing slightly

more. The competitive element was less effective than the collaborative elements.

Nishiyama et al [54] studied 5 forms of collaboration and competition and found

teams where members could see their team’s progress towards a common goal and

other teams’ progress performed best. When team members could see progress

towards the common goal and individual contributions of each member, overall

performance lowered but individual performance had a lower variance. Likewise,

when team members could collaborate towards a goal, but not compete against

other teams, performance lowered.

2.4 Chapter Summary

Applications for dietary and physical activity behavior change have focused on

simplifying user effort through automated tracking and machine learning of causes

of behavior, and on supporting user motivation through persuasion, enjoyment

(games), rewards and social influence. Automated tracking, persuasive systems,

games, and providing social influence through group interventions proved pop-

ular with users and had significant effect on behavior change. Providing social

influence through sharing and providing rewards however had several challenges,

which affected efficacy.
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3. Implementation and Evaluation of Stimulus

Control Strategy

3.1 Introduction

Many human behaviors are a result of physical, mental, emotional or environ-

mental cues. For instance, people eat in response to hunger cues, and drink in

response to a thirst cue. There are several other cues for eating and drinking in-

cluding stress, feeling overwhelmed, being at a specific location e.g. a food court

and a specific time e.g. every 12:30 PM [73]. A cue is known as a stimulus if

its removal leads to a change in response (behavior) [69]. The stimulus control

strategy for healthy eating is concerned with identifying cues for negative eating

patterns and suppressing or removing them. Cues for positive behaviors can also

be added to increase the probability of engaging in healthier eating behaviors

[63]. By suppressing or removing stimuli, the automatic negative response to

the stimuli is also suppressed, and this can help address the feeling of lack of

self-control many people face when attempting dietary behavior change [49] [63].

The goal of this study was to apply user-centered design to implement stim-

ulus control for dietary behavior change aimed at weight loss, in a smartphone

application. In this chapter, we present the user requirements study, implementa-

tion and evaluation on the effectiveness of the strategy, and user experiences with

our implemented application. Although our work is limited to dietary behavior

change, the strategy can also be used for encouraging participation in both op-

portunistic and scheduled physical activity. We discuss how this can be achieved

in section 3.6.

3.2 Study Method

We recruited sixteen people (3 male, 13 female, average age: 24.9 years) to par-

ticipate in the study. The participants were recruited via a Facebook post looking

for: “People interested in helping to design a calorie tracking application and to

participate in a field study and interview afterwards”. Thirteen (13) participants

were full time University students and 3 were employed full time in desk jobs.

Eight participants were Asian and 8 African. Ten of the participants had used
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calorie counting applications for a period of 2 weeks to 2 months.

Eight of the recruited participants took part in a user requirements study.

All 8 participants had used calorie counting applications before. The study was

aimed at identifying: (i) desired input methods, (ii) how stimulus control feedback

should be presented e.g. natural language short messages such as in [9], via graphs

or other methods, and (iii) what additional features and interactions to provide.

We conducted one-on-one interviews over Skype (n=6) and in person (n=2). Each

interview was started with an explanation of the stimulus control strategy, and

participants were then asked the following questions:

• What type of stimuli should be collected e.g. mood, GPS location etc.?

• How do you want to input food and context information? Search through

a database, list of common foods, likert scale etc.

• What would be the best way to present feedback?

• What other features do you require in the application?

Following the requirements study, two applications, WeightBoss (with stimu-

lus control features) and HealthyLife (control application with no stimulus control

features), were developed based on the user requirements.

We then conducted a 25 day field study with all 16 participants to compare

how effective the 2 applications were at: (i) supporting user retention (usage

of the applications) after initial novelty has worn off, and (ii) helping users to

achieve their calorie goals. We hypothesized that removing negative cues due to

stimulus control would enable users of WeightBoss to achieve their calorie goal

more often than users of HealthyLife, and that the confidence gained through

this success would mean WeightBoss would also be more effective at supporting

use retention. The experiences with both applications were also collected in exit

interviews interview, in order to determine further requirements for providing

stimulus control in weight loss applications.

The participants were randomly divided into 2 groups of 8 participants each.

One group used theWeightBoss application and the other group used theHealthyLife

application. The study period was divided into a baseline (7 days) and interven-

tion phase (21 days). During baseline, participants in both groups were provided
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daily calorie tracking features. During intervention, WeightBoss users got access

to stimulus control features in addition to the calorie tracking features, while

HealthyLife users continued to use only daily calorie tracking.

3.3 User Requirements for Inclusion of Stimulus Control

in Weight Loss Applications

Relevant stimuli

Participants were interested in the effect of: time (n=1), semantic location (n=2),

hunger (n=3), emotion (n=5), social context i.e. party, lunch with friends etc.

(n=5), cravings (n=8) and habit (n=8).

Input method

To input food information, all participants were against the idea of using the

extensive calorie databases that are used by existing applications e.g. FitBit and

FatSecret, and that are made publically available through APIs. The reasons

given were: (i) too many options in the search results to choose from, making

the process time-consuming and confusing, (ii) many of the foods and brands

were irrelevant for people outside the USA and (iii) missing food items (Asian

and African cuisine). Instead, users requested a custom database of foods and

drinks that they consumed most often to be created. Five participants suggested

displaying the database entries as a searchable list of foods. The foods should

be grouped e.g. Grilled dishes (Yakimono) and Rice dishes, and each list item

should contain the food name and serving size. Users could then click on buttons

next to the food item, to increment/decrement the number of servings they ate.

For context information, participants (n=6) suggested displaying a radio list (one

selection only) of the different stimuli. Figure 1 shows mock-up interfaces created

during the user requirements phase, for the meal (food) and context information

input pages.
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Figure 1: The figure shows sketches for the proposed interfaces for food input

(left) and context information input (center and right).

Feedback Presentation

Numerical values (calories eaten, calories used, calories remaining) and weight

trend graphs are the main way feedback is presented in existing calorie tracking

applications. All participants suggested the use of numerical values and graphs

would therefore be more intuitive for them to understand.

3.4 WeightBoss and HealthyLife Applications

We developed WeightBoss and HealthyLife based on the identified requirements.

Our custom database contained 200 foods and drinks. Data for the foods to

include in database was collected from the participants through Google Sheets,

and calorie values were collected from existing calorie databases such as FatSecret

(www.fatsecret.com) and Eat Smart (www.eatsmart.jp).

In WeightBoss, users were given a personalized calorie goal and they were

required to enter foods eaten, amount, main reason for eating (cues) and the

semantic location or emotion for each meal. Users could choose from 6 different

cues (hunger, craving, emotion, habit, location and social influence) and 11 se-
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mantic locations grouped into: home, work and eating out. Habit refers to eating

behaviors such as eating at specific times even when not hungry e.g. during coffee

breaks on the way to work, constant snacking at work and always clearing the

plate even when full.

Two kinds of feedback were then offered:

1. Calorie intake for the day (eaten, remaining)

2. Graphs depicting:

(a) The user’s calorie intake, calorie goal and weight trend over 7 days

(calorie trends graph). The weight trend and calorie goal were plotted

as line graphs and the calorie intake was plotted as bar graphs. (Fig.

2)

(b) Calorie intake vs. Eating cues over 7 days (Eating cues graph: Fig. 3

(left))

(c) Calorie intake vs. Semantic Locations over 7 days (Semantic locations

graph: Fig. 3 (right))

To help the user see the trigger foods (foods that contributed most to calorie

intake), calorie intake in the eating cues and location graphs was plotted as a

stacked column, with each stack showing the amount of calories consumed from a

type of food e.g. fried side dish, breakfast dish etc. A calorie intake vs. emotions

graph (similar to the calorie intake vs. locations graph) was not implemented

due to time restrictions, but its inclusion could also help participants determine

the effect of different emotions on eating behavior.

Along with the feedback graphs, users were guided on how to: (i) identify an

important negative eating cue, (ii) adopt a theory-based action/behavior (behav-

ior goal) to suppress or remove the cues. To identify important negative eating

cues, users referred to the eating cues graph. The cue which had the highest

calorie intake associated with it was the most important one. In Fig. 3 (left)

for instance, the graph shows that most calories the user consumed were due to

“Hunger”, and the main food they ate was “Rice dishes”. The most important

cue is therefore “Hunger” and the application would recommend evidence-based

behaviors that deal with overeating due to hunger such as to drink 2 glasses of
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Figure 2: The 7-day calorie intake and weight trend graph from WeightBoss

Figure 3: The calories eaten due to different cues (left) and the calories vs.

semantic locations graph (right) from WeightBoss

water before a meal, to eat a meal or snack every 3-4 hours to avoid excessive

hunger, practice mindful eating (chewing thoroughly and eating without distrac-

tions) or eating lower-calorie Rice dishes [63].

WeightBoss provided at least 5 behavior goals (recommendations) on how to

address each cue, and users then chose one goal to use on a daily basis. We gave

users a number of choices so that they could choose a behavior that was consistent

with their physical and social environment as well as preferences. Table 2 shows

some of the behavior goals recommended to users by the WeightBoss application.

Whenever a behavior goal had been used consistently during the day, it could

be marked as completed. If the user had consistently used the behavior goal but

no weight change or less than desired weight change was observed in the following

week, they were prompted to review their eating cues graph to verify that they

were addressing the most important eating cue, and if this was correct, to select
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a different behavior goal.

After a user had identified a behavior goal that led to the desired weight loss

each week, they could stop regular calorie tracking and instead only log their

weight and whether or not they had used their behavior goal each day. Since

this is much faster and easier than meal tracking, it could also motivate users to

continue with the application over the long-term.

Fig. 4 shows the WeightBoss home page and behavior goal selection screens.

Figure 4: The WeightBoss home screen (left) and the behavior goal selection

screen (right).

In the HealthyLife application (control application), users could also set a

calorie goal and log their daily meals (type and amount) but context information

was not collected. Users got daily calorie intake summaries and a weight trend

graph as feedback, which is similar to the feedback in existing weight loss appli-

cations. General tips on how to lower calorie intake e.g. reduce portion size and

manage cravings by distracting yourself were also provided in a website.
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Cue Example of neg-

ative behavior

Recommended behavior goals

Social

influence

(party)

Drinking many

glasses of beer

Drink a big glass of a low-calorie, non-

alcoholic drink e.g. water with lime after

each beer.

Drink one or more glasses of water before you

start drinking for the evening.

Order small size, ultra-light bottles instead

of the usual.

Drinking wine Dilute your drink with sparkling water (1:1

ratio).

Hunger Eating large por-

tions

Eat and snack at regular times (every 2-3

hours between a meal and snack, and a snack

and next meal).

Habit Mindless snack-

ing

Do not buy any high-calorie snacks. Buy or

prepare single serving of nuts, fruit or raw

vegetables instead.

Eating until

plate is clear

Put less food on the plate or remove 20% of

food on the plate before eating.

Table 2: Some of the behavior goals WeightBoss recommended to address nega-

tive eating cues
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3.5 Evaluation Results

During the baseline phase, participants in both groups were asked to track their

daily calorie intake. After the baseline phase, WeightBoss users were then given

the stimulus control feedback graphs and prompted to select a behavior goal.

During the intervention phase, they were asked to log whether or not they had

used their chosen behavior goal every day, and to log calorie intake at the end

of the day at least 3 times a week in order to gather ground truth on effect of

behavior goal on calorie intake and enable them to change the behavior goal if

needed. HealthyLife users were asked to continue with daily calorie tracking.

Adherence to Dietary/Calorie Tracking

In the baseline phase, all participants in both groups managed to log their daily

calorie intake everyday i.e. 100% adherence rate. Adherence levels for both

groups declined during the intervention period. By the fourth week, HealthyLife

users (control) group had an average adherence rate of 1 day a week whileWeight-

Boss (experiment) users had an average adherence rate of 3 days a week. This

difference in adherence was not significant (t=-1.37, p=0.19).

Changes in Calorie Intake Trend

During the baseline week, the experiment and control groups both had relatively

low levels of success in achieving their calorie goals. On average, the WeightBoss

(experiment) group achieved the calorie goal on 1.75 days (25%) vs. 2 days

(28.6%) for the HealthyLife (control) group. The difference between these two

groups was insignificant (t=0.23, p=0.82), showing both groups were relatively

equally matched in their ability at the beginning of the study.

By the end of the intervention phase, the WeightBoss group achieved the

calorie goal an average of 52.1% of the time vs. 31.9% for the HealthyLife group.

The change in the calorie goal achievement rate from baseline was significant for

the WeightBoss users (t=-2.96, p=0.02), but not for HealthyLife users (t=0.12,

p=0.9).
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Strategies Used to Reduce Calorie Intake

The HealthyLife (control) users only got daily calorie feedback and a weekly

weight trend as feedback. To reduce their calorie intake during the intervention

phase, five reduced the portion size of the foods they regularly ate, and three

quit snacking and ate during mealtimes only. The five users who chose to cut

down on portion sizes reported using various means to decide the correct portion

sizing. Two used the resources provided on the website to determine protein,

carbohydrate and vegetable servings while three arbitrarily decided how much

less to eat.

Four of the WeightBoss users found that their main cue for eating was habit.

They chose to use distraction techniques (n=1), eating healthier snacks (n=2)

and avoiding trigger locations to address this (n=1). Three users found they

regularly overate when hungry, so they chose to cut down 20-50% (based on how

much the graphs showed they overate) of the foods that contributed most to their

calorie intake, and one user decided to reduce the portion sizes of all foods he

regularly ate.

User Experiences

Opinions on WeightBoss Feedback graphs

All 8 users of WeightBoss found it useful to have a graphical depiction of eating

cues and how different food types contributed to their daily calorie intake. Six

users were surprised to find they routinely ate high calorie foods such as crisps and

pizza due to cues like boredom and habit, while the remaining 2 knew they were

emotional eaters but did not know the high amount of calories they consumed

over due to this habit.

“I didn’t realize how much calories I eat from snacking. When I used

(calorie counter application), I didn’t notice because in the list, the

meal entries had more calories than individual snacks. But when you

add up the calories for each group, the snacks and meals are almost

equal calories over a week.” - P2

“I have been struggling to cut out junk food and I was wondering

why I just can’t seem to stop myself from buying it. I didn’t realize
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I’m eating because of boredom so from now I’m making an effort

to occupy myself more especially on Saturday evenings (when the

behavior regularly occurred).” - P8

The calorie trends graph, which showed the combined weight and calorie trend

over the past 7 days, was also popular. Participants felt that having an overview

of calorie intake over the week helped them cope with disappointment if they did

not achieve their daily calories goals (“(The graph) helped me remember that I still

have opportunity to achieve my goals so I didn’t get so discouraged if I exceeded

my calorie goal.” - P3). The aim of this calorie trend graph was to enable users

to compare different days and see what they did on days when they met their

calorie goal against what they did on days they exceeded the goal, and therefore

enable them to modify eating behavior appropriately. The interview confirmed

that the users did frequently compare the performance on different days and try

to come up with theories on why they met/did not meet the calorie goal. For

some participants (n=3), looking back on past achievements motivated them to

remain vigilant about calorie intake for the rest of the week (“I started week

2 really well and just seeing the graph made me motivated to keep my eating in

check so the calorie bars for the whole week would stay below the calorie goal line”-

P2). However, the other participants (n=5) reported feeling they could “reward”

themselves whenever the calorie trend graph showed them meeting the calorie goal

consistently for 3 or more days. This reveals the importance of incorporating a

reward strategy that will not lead to lapses.

Opinions on WeightBoss Behavior Goals

The participants remarked that having behavior goals made them more confident

in their ability to succeed in achieving their calorie goal (“I found WeightBoss

less stressful than calorie counting because I had a plan, and it’s a plan based on

fact not guessing.” - P6). All participants also reported that on busy days, it

was easier to commit to a behavior goal than to tracking calories since it was less

taxing. This may be confirmed by the higher adherence level of the WeightBoss

users.
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Rating of WeightBoss and HealthyLife

We asked participants in both groups to rate the application and their experiences

between 1 (very unsatisfied) and 5 (very satisfied). WeightBoss scored an average

of 3.25 out of 5 (65%) while HealthyLife scored an average of 2.45 out of 5 (49%).

User Recommendations for Improving WeightBoss and HealthyLife

The HealthyLife users faced several challenges including: discouragement over

not achieving their calorie goals and lowered motivation with time. Although the

calorie feedback provided could be used to determine which meals to avoid in

future, they felt that analyzing the daily food logs was too time-consuming and

boring, and although they would learn what foods to avoid, they would not learn

what foods to eat instead. They remarked that having a meal planning tool and

personalized recommendations would help them achieve their goals.

“My frustration with calorie tracking is that you get feedback after

you have already eaten. It would be better if I had a meal planner tool

where I could enter what I want to eat today, and see if the calories are

ok (within calorie goal) or not. If they are not ok, then the application

can recommend similar meals that would change my calorie balance.”

- P10.

“I would like information on how to achieve my calorie goal. So maybe

summarize what things I’m eating that are bad for my calorie goal, and

give me a healthier suggestion. Something like ’Instead of drinking

Starbucks 5 times a week, drink it 2 times a week only because it

makes up 20% of your calorie intake.” - P13.

WeightBoss users also faced lowered motivation with time, particularly on

days when they had low moods and on days when they were busy. The lowered

motivation was also a result of the “boring” nature of calorie/behavior goal track-

ing. Five of the 8 participants recommended having an application where their

calorie intake was reflected in a virtual character, to make dietary and behavior

goal tracking more interesting. The remaining 3 participants felt adding social

features such as sharing with friends would make the application more interesting.
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“It gets boring just inputting calories or yes/no (using the behavior

goal), so maybe a game where my calorie intake has an impact on a

virtual avatar would make it more interesting.” - P4.

“Maybe adding some sharing features like posting what I ate, sharing

recipes and chatting with other people losing weight would be fun.” -

P3

In addition to low motivation, WeightBoss users (n=5) also felt more guidance

on how to meet certain behavior goals e.g. “eat lower calorie foods” was needed.

They felt personalized food recommendations from the application could help

them achieve this.

Two WeightBoss users found that despite using the behavior goal accurately

and consistently, they were not achieving their calorie goal. They therefore re-

quired additional support on how to modify the goal or food choices.

3.6 Extending the WeightBoss Application to Support In-

creased Physical Activity

Increasing physical activity is also an important part of weight loss and main-

tenance. Our work was limited to dietary behavior change, but the WeightBoss

application could be extended to provide cues that help people engage in more

exercise. Studies show that the two most important cues to engaging in physical

activity are time and the people around [60, 71].

One simple feature WeightBoss could support therefore, is providing an exer-

cise alarm to prompt users to take regular exercise breaks and to remind them

to prepare exercise gear. For instance, the alarm could prompt workers to take

short (5-10 minutes) walking breaks at regular intervals during the workday or

use GPS location and push notifications to interrupt just-in-time and suggest use

of stairs instead of an elevator at work, or persuade the user to use a slightly

longer walking route or go on a short walk before getting into the house. Over

time, the duration of these exercise breaks could be lengthened until the user is

meeting recommended guidelines such as walking continuously for 30 minutes.

To support users in choosing to do the exercise when the alarm rings, the appli-

cation could show how the day’s net calorie intake and the weekly weight and
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calorie intake trends (Fig. 2 - left) would change if the user consistently engaged

in all recommended physical activity. Additional rewards such as those used in

gamification (points, levels etc.) could also be added.

Another way to support exercise would be to provide a feature that pairs up

users in nearby locations to act as each other’s exercise partners. At a pre-agreed

scheduled time, the application would remind the users to meet up at the agreed

location for their joint exercise session.

In addition to these people and time cues, the application could also provide

guidance on how to use environmental cues to support engaging in opportunistic

exercises. For example, the application could suggest placing a post-it note on

the bathroom mirror to remind the user to do 10 jumping jacks after brushing

their teeth.

3.7 Limitations of the WeightBoss Application and Future

Work

The main limitation in WeightBoss was the lack of rewards in both applications.

Rewards are an evidence-based strategy to build new habits [66]. In this study,

we felt that achieving the daily calorie goals and seeing a declining weight trend

in each week would be sufficient intrinsic (internal feeling) rewards to support

motivation. However, our evaluation showed that participants preferred that

more explicit rewards such as rewards in a game should be offered. In the next

chapter, we implement and evaluate the effectiveness of various rewards.

Another limitation was the high focus on weekly calorie intake and weight

trends on WeightBoss, instead of equal focus on both daily and weekly trends.

We chose this longer-term focus for two reasons. First, weight tends to fluctuate

during the day and from one day to the next. We therefore felt that showing users

that they were experiencing weight loss by the end of the week, despite mid-week

fluctuations,j would lead to less discouragement. Second, we wanted to show users

which regular eating habits are most responsible for calorie intake. Although

evaluation shows both objectives were achieved, the limited focus on daily calorie

intake meant some users overindulged on certain days (usually Mondays or mid-

week), as they felt they could “make up for it” on another day. Overall, this
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behavior meant all participants had very low levels of weight loss over the 25

days (average: 0.34 Kg lost instead of a 1.5 Kg loss if calorie goals had been

consistently met). Future works should therefore also provide detailed feedback

and behavior-goal recommendations for both daily and weekly calorie intake.

Finally, the scope of our study (dietary behavior change only) meant we did

not recommend physical activity as a means of reducing net caloric intake, which

may have contributed to the fairly average success rates observed (participants

achieved calorie goals 52.1% of the time). If physical activity recommendations

had been included, most users would have been able to exceed their calorie goals

by 350-364 KCal more each day without effect on weight, as this amount can

be burned off by 1 hour of walking or cycling, or 30 minutes of circuit training

[63]. Indeed, research shows the people most successful at long-term weight loss

engage in at least an hour of exercise every day [77], and populations such as the

Maasai in East Africa manage to maintain a healthy weight despite a high-fat

diet, partly due to very high levels of physical activity [59]. Integrating physical

activity stimulus control and behavior-goals should therefore also be included in

future works.

3.8 Chapter Summary

In this chapter, we presented the design and evaluation of the WeightBoss ap-

plication, which provided users with stimulus control support to help lower the

burden of daily dietary tracking, and to support eating behavior change. We com-

pared the user experiences and behaviors of WeightBoss users against a control

group who used a calorie tracking application (HealthyLife) based on standard,

existing calorie trackers.

We hypothesized that the stimulus control feedback and behavior goal-setting

on the WeightBoss application would enable users to remove negative cues for

eating, and hence enable them to meet their calorie goals more frequently. We

also felt this increased success would lead to higher confidence, and make them

use the application more often at the end of the study.

We found that user retention on both WeightBoss and HealthyLife declined

during the study. Both groups faced lower motivation with time, and required

more features such as personalized food recommendations or gamification and
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social support features to make application usage more likely over the long-term.

However, WeightBoss users had a slightly higher level of application usage than

HealthyLife users, and interviews revealed this was partly due to the ease of log-

ging adherence to behavior goals compared to calorie tracking. This suggests that

implementing features that reduce the burden of daily dietary tracking as time

goes on can be a means of reducing the currently high attrition rates associated

with weight loss applications.

We further found that users of WeightBoss were more satisfied with their

experiences with the application (65% vs. 49%), were more confident about

their ability to achieve their calorie goals, and did indeed achieve their goals

significantly more than at baseline. This shows that providing detailed graphs

that help users cues that are most responsible for calorie intake and then guiding

them on how to suppress or remove these cues can be an effective way of providing

stimulus control in weight loss applications.
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4. Implementing and Evaluating Intrinsic and Ex-

trinsic Rewards in Games for Behavior Change

4.1 Introduction

We identified in chapter 3 that many users felt that gamification and rewards

would make calorie tracking more enjoyable and help them conquer the challenge

of lowered motivation for dietary tracking over the long term. Games have been

used successfully to promote both knowledge of healthy eating [57, 32], and to

support physical activity [31]. Their influence on dietary behavior change how-

ever has only been studied for adolescents [62]. Rewards are an evidence-based

strategy for supporting the formation of new habits [66]. They can be intrinsic

(internal feelings that provide satisfaction), or extrinsic (external rewards). In-

trinsic rewards are more motivating over the long-term but extrinsic rewards can

push people to engage in a new behavior. Current implementations of rewards

in calorie tracking applications (virtual rewards e.g. badges and trophies) have

been unmotivating ([50]), but cash rewards have proven effective at motivating

overweight and obese patients ([40], [15]). In this study, we wanted to investigate:

• How to promote the intrinsic rewards for dietary tracking and healthy eating

behavior change through games

• How effective intrinsic and extrinsic rewards are in supporting consistent

dietary-tracking behavior, and dietary behavior change

4.2 Study Method

We first conducted informal brainstorming sessions with 8 participants (average

age: 26.5 years), to determine what types of games and rewards are interest-

ing to users of smartphone, weight loss applications. Five of the participants

were from the WeightBoss study (chapter 3) and had suggested using games as a

motivational strategy. The other 3 participants were recruited from the Univer-

sity laboratory, and were interested in joining future studies on dietary behavior

change.

We asked the participants to describe:
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• What game scenarios are appropriate for a dietary tracking/behavior change

game

• what types of user tasks should be included

• Which user actions should be rewarded and punished

• What rewards and punishments should be given.

We then developed the HappyInu game for meal tracking after the require-

ments study, and conducted a 21-day (3 weeks) field study with 10 participants (8

male, ages 23 - 49) to determine the effectiveness of the game. Participants were

recruited through a news bulletin and a Facebook post targeted towards staff and

students of a graduate university in Japan who were interested in food tracking.

The bulletin described the application’s purpose and rewards available. Partici-

pants were required to use their own Android devices. Due to the low number of

participants, we did not split them into a control and experiment group.

In a pre-game survey, we collected baseline data including how often par-

ticipants played smartphone games, the types of games they played and their

motivations for playing, and how often they tracked their calorie intake.

After the field study, participants completed an exit survey where they rated

HappyInu in terms of how enjoyable they found it and its suitability for dietary

tracking. They also provided open-ended responses about their experiences with

HappyInu including: favorite features, challenges encountered and suggested im-

provements. A group interview was used to provide further insight on survey

responses.

4.3 User Requirements

Game scenario and User tasks

Participants were interested in a game where their eating habits were reflected in

the growth of a virtual character. Healthy eating would be reflected as healthy

growth, overeating as obesity and under-eating as malnourishment. It was felt

that having such a visualization would prompt the game players to engage in

more healthy eating.
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The preferred characters were either human characters or pet characters.

Since the focus of the game would be on an avatar, participants felt game tasks

should focus on performing everyday activities with the character such as in the

Sims game, and performing healthy tasks such as walking and running.

“In exercise games, you win based on how active you are. I think you

could do the same thing for a healthy eating game, where the healthier

you eat the better off your character is, and the more things they can

do. So if you overeat, your character gets fat and maybe can’t compete

in a race.” - P5

“I think I need a reminder of why junk food is bad, so show my char-

acter getting fat in a game. For fun, you can have interactions with

the character like feeding, going to work, like in Sims.” - P1

Rewards and Punishments

All participants were uninterested in virtual rewards such as ribbons and trophies.

They suggested avatar-initiated interactions such as a pet character bringing a

gift (n=2), or being provided with points that could be used to unlock game levels

and features (n=4) as more appropriate rewards. Three participants also felt that

cash rewards should be earned through a long-term competition e.g. at the end of

30 days, with the healthiest person obtaining the rewards. To support motivation

to win the competition, they suggested that a leaderboard be provided.

Regarding which user actions should be rewarded, participants felt: (i) consis-

tently logging meals, (ii) selecting healthy meals more often than unhealthy ones

in a specific period of time and (iii) engaging in more physical activity than nor-

mal should be rewarded. To ensure all players, whether beginners or experienced

in weight loss had a fair chance at winning the competition, participants (n=2)

suggested progressive difficulty in user tasks e.g. “For example, level 1 tasks can

be to log all 3 meals for 3 days, and in level 2, log all 3 meals for 5 days and gain

bonus points for each healthy meal.”-P3.

Participants suggested that to motivate players to keep their avatars healthy,

punishments should focus on making game interactions such as the ability to

interact with other players unavailable, when the avatar’s health declined.
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“Surprises could be a nice reward. Like a pet dog (avatar) bringing

you a bone he dug up.” - P5

“I think you should provide a table of all player scores (leaderboard)

to make it more competitive.” - P8

4.4 The HappyInu Application

HappyInu is a 3-level Android game that we developed, where players adopted and

cared for a pet puppy over 30 days. At the end of the 30 days a dog competition

took place and the two healthiest puppies (based on the health score computed in

the game) won cash rewards. In addition, the game included small cash rewards

for completing various tasks.

Depending on the players internal motivation, their objective in HappyInu

could be: (i) to have a healthy pet, (ii) to win the big cash prizes in the compe-

tition (and gain recognition from other players) or (iii) to win as much money as

possible by completing many of the tasks with smaller cash rewards. All three

objectives required daily care of the puppy, which in turn required the user/player

to do dietary tracking and healthy eating, and therefore all 3 motivators would

lead to the desired behavior change. We describe the user tasks in HappyInu in

more detail in section 4.4.

We chose the pet care approach for two reasons. First, the care-giving ap-

proach has been successful in prior work and second, our target users were young

to middle age adults, who were likely to have played pet care games such as

Tamagotchi [2] and we hoped the nostalgia would make the games interesting.

Application Screens

HappyInu consists of seven main screens: welcome, upload, uploads history, main

game, store, recommended foods and reminders. In the welcome screen, users

could see their puppy’s hunger level, the amount of points (virtual money) and

cash rewards (wallet) that they had earned. Buttons to navigate to other screens

were also provided.

The upload screen allowed users to take a photo of their meal or choose a

photo from the gallery, and a form for additional information such as hunger
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level and mood. Fig. 5 shows several screens from the application.

Figure 5: HappyInu application (left to right): Welcome, Main game and Virtual

shop screens

Gameplay, Rewards and Punishments

At the beginning of the game, players chose their puppy from a virtual store

and named it. Different breeds of dogs with varying personalities were available.

We provided this pet selection and naming to foster an initial bond between the

player and the puppy.

Players had to provide daily care for the pet, in order to support its health

and growth. The puppy grew every time its health score exceeded a specific value,

and the 2 puppies with the top health scores at the end of 30 days won $125 and

$60 respectively in cash. These two amounts correspond to 10% and 5% of the

average monthly stipend the students receive and we felt it was a fair amount to

motivate playing.

In order to care for the pet, players had to feed, walk and play with the

puppy. Puppies could be fed a maximum of three times a day to reinforce to

players that part of healthy eating is to eat three main meals. HappyInu issued
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3 daily notifications to remind the players to provide meals to their pets. Players

could set the times for the notifications.

In level 1 of HappyInu, players could only feed the puppy, in level 2 they could

feed and walk the puppy and in level 3 they could perform all three care func-

tions. The gradual increase in difficulty enabled players to slowly get used to the

game’s demands and also stopped the game from being repetitive. In addition,

progression through levels can give players a sense of progress and accomplish-

ment, which may increase their feelings of competence and therefore raise intrinsic

motivation to continue playing the game [66].

All pet care items e.g. food, toys, and walking leash, could be bought or

rented from a shop in the game using virtual currency (points). Prices ranged

from 200 1,000 points per item, with healthier pet foods and more durable/cute

accessories costing more. Providing the pet with healthier food would make their

health score increase faster, and thus increase the player’s chance of winning the

biggest cash prize, while providing cuter accessories could be a means of gaining

recognition from other players.

Players were given 1,000 points at the beginning of the game, and afterwards

they earned points by uploading photos of their meals (food tracking photos).

Each uploaded photo, regardless of the healthiness of the meal, earned 100 points.

This was done to ensure users could continue playing even if they chose unhealthy

meals. After photo upload, the photos were manually reviewed. If the meal was

found to be in the “Recommended foods” page of the application, the players

earned bonus points. These recommended foods were healthy meals i.e. meals

that contained an average number of calories (550KCal or less). We hoped more

players would choose healthy meals in order to gain more points, and in turn, be

able to afford healthier foods for their pet. If the player ate a recommended meal

and showed they had used a food scale to weigh their food (accurate portion size

estimation), they earned $1.5 in addition to the bonus points.

EXIF data was used to verify uploaded photos had not been previously up-

loaded, and to get time and location information for implementation of stimulus

control feedback in a future version with more levels. We used photo-based food

tracking because it is simple and fast, had been used effectively in prior studies

[9], and could provide the additional context details like location automatically.
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This initial version of HappyInu was aimed at promoting a consistent tracking

habit and not on assessing eating behavior change, and therefore we did not pro-

vide calorie feedback in this initial implementation, but planned to include it in

the next version (with stimulus control feedback).

Overall, HappyInu was designed to offer both intrinsic and extrinsic rewards.

The intrinsic rewards were: public recognition (through winning a prize in the dog

competition), pleasure (through playing the game), progress and accomplishment

(through completing challenges and going through the levels) and contribute to

something meaningful (research). Extrinsic rewards were the virtual currency

(points), puppy’s health score and real cash.

We chose to link players’ meal choices to virtual points and small cash rewards

instead of directly visualizing the effect of their meals or weight trend on the

avatar (as stated in user requirements) for two reasons. First, Lin et al [42]

found that directly modeling a player’s actions on a virtual avatar could lead to

disengagement when the avatar’s health declined. This was due to players feeling

guilt or wishing to avoid seeing the consequences of their actions. Secondly, we

felt having to care for and interact with the pet would be more interesting than

simply viewing the effects of eating behavior.

To avoid the guilt feelings observed in [42], and to adhere with the users’

requirements for punishment, if a user failed to feed the puppy, only the health

score lowered. The puppy’s visible health did not deteriorate. Likewise, the

puppy did not die even if the player continued to fail to feed the puppy. Instead,

the player was temporarily demoted to a lower level, which meant they lost some

of the interactions they could have with the pet e.g. taking the puppy for a walk.

4.5 Evaluation Results

All 10 participants in the field study were moderately active game players, with

five participants playing games up to three times a week, two playing at least

once a week and one playing everyday. Two participants played games less than

once a month. The main motivation for playing was “just for fun” (pleasure) but

some also played out of boredom. The most popular game types were: puzzle,

action/adventure, strategy and word games.

None of the participants were actively tracking their calorie intake at the time

36



of the study. However, five participants were intending to start within the next 6

months (contemplators) or had just started tracking (action stage), and the rest

had no immediate intentions for change (pre-contemplators) but were interested

in the game-based approach to tracking.

Adherence to Dietary Tracking

Participants used HappyInu as frequently they played other games i.e. five par-

ticipants played up to three times a week, one played everyday and four played

about once a week (average adherence: 2.7 days a week). These rates remained

consistent throughout the study. Although participants did not play everyday,

EXIF data indicates that four users (all in action stage) often uploaded food pho-

tos taken on previous days, meaning they continued food tracking even without

playing the game. Pre-contemplators and contemplators mostly uploaded only on

the days they played. However, no participant tracked on a daily or predictable

(e.g. every Tuesday) basis.

The survey revealed that the action stage users were the only ones who liked

the reminders but the reminder times did not always coincide with meal times,

leading them to sometimes forget to track. The other users did not like or want

reminders, and they ignored them. In the interview all participants remarked

that they felt playing the game everyday would be “too time consuming” and “a

bit too much”. They wanted to play on a casual basis and therefore felt the game

should be designed “to reward tracking, especially consistent tracking” but “to

not make (force) people play everyday” i.e. to stop lowering the puppy’s health

score due to underfeeding. On the days participants did use the application, they

played consistently throughout the day, uploading multiple photos and feeding

the puppy multiple times.

Application Reception and Rating

Participants were generally happy with HappyInu with several expressing interest

in continuing to use the application and asking for the game to be made more

elaborate and challenging in future versions, and for an iPhone version.

An average rating of 3 out of 5 stars (“Good”) was given for the question:

“How enjoyable do you find the HappyInu game?” Favorite features for the pre-
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contemplators were: (i) the inclusion of a beneficial behavior (food tracking) into

the game and (ii) both the small cash rewards for eating the games recommended

meals and the big cash rewards from the dog competition. Contemplators and

action participants liked the: (i) photo-based tracking, (ii) the “fun” (game-

based) approach and (iii) the small cash rewards. All participants liked the game

storyline, animations and in-game tasks. The application was not rated higher

because participants wanted more in-game tasks particularly strategic tasks such

as completing a timed maze or solving a puzzle with the puppy to make the game

more challenging and engaging.

A rating of 2.2 out of 5 stars (“Poor”) was given for: “How suitable is Happy-

Inu for food tracking?” The low score was because users could only see a history of

uploaded meals without any calorie information or personalized recommendation.

The feedback had not been included since this initial study was only aimed at

evaluating different rewards for enabling consistent tracking behavior and not the

use of feedback for behavior change. Feedback was important to all participants,

including those not intending on behavior change.

Participants’ Perceptions of Rewards

Participants appreciated the idea of rewards and suggested rewarding more be-

haviors such as for uploading an image at the time of eating and for recommending

the application to a friend. However, instead of cash, most preferred vouchers

that they could use in an application store or on a shopping trip, since these

are common rewards from other systems they used. In the interview, we found

that users preferred virtual rewards (points and surprises from the pet) for doing

recommended actions, as cash rewards would “make me associate the action with

money so if I don’t want the money, I will stop doing the action” - P7. Partic-

ipants also suggested that players should receive game points after specific time

intervals e.g. every day so they can continue playing even if they do not have any

new food photos.

Motivators for Application Usage

Participants rated (from 0 - not true at all to 3 - very true) how much various

factors motivated them to use HappyInu. All participants were primarily moti-
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vated to track eating behavior at the beginning of the study. Fig. 6 shows the

results at the end of the study. “Contribute to research” was the main motiva-

tor (average = 2.88) followed by pleasure (“I enjoy the game”) and “to tracking

eating behavior” (average = 2.0).

Figure 6: Motivators for playing HappyInu

Challenges Faced and Suggested Application Improvements

Despite using reminders and rewards to promote habit formation, no participant

formed the tracking habit. Some participants felt the reminders were burdensome

and they generally ignored them, while others ignored them because the reminder

came when they were not eating and they forgot to track later on. Participants

suggested a subtle, persistent reminder to take photos e.g. via an ambient display

and to issue a quiet update like “a message from the pet on what has been hap-

pening in its world” to motivate them to play. Participants also suggested having

the input page as the main page “like in SnapChat (social media application)” so
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they could quickly take and upload the image, even if they were not planning to

play the game.

4.6 Discussion

With HappyInu, we aimed to promote a daily food tracking behavior by using

intrinsic rewards and extrinsic rewards. We conducted an initial study to deter-

mine users’ experiences with the rewards and the effect of these rewards. Here,

we discuss the effects of the various rewards and suggest how to design games

that support habit formation.

Effect of HappyInu on Motivating a Daily Diet Tracking Habit

To form a new habit, a cue to trigger the desired behavior, and a reward to rein-

force the benefit of the behavior are needed. In HappyInu, we used notifications

(3 a day, 1 for each meal) as cues and points (virtual money), health score and

cash as rewards (Fig. 7).

Figure 7: The cue-habit-reward cycle that HappyInu aimed to create

In the study, users only played HappyInu when bored or due to free time,

which were the same cues for playing other smartphone games, and they did not

want to play HappyInu or any health game daily. Action stage users viewed

notifications as a cue for taking meal photos (not for playing) while other users

ignored the notifications. Fig. 8 shows the observed cue-habit-reward cycle.
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Figure 8: The cue-habit-reward cycle HappyInu players exhibited

The different response to notifications in action and pre-action users is con-

sistent with behavior change theory [76] which states that action stage users are

already committed to change and will use behavior change strategies such as self-

monitoring while those not ready for change need to believe in the benefits of

changing and their ability to change before they fully engage with strategies for

change.

However, the fact that action stage users continued to rely on old triggers

for playing HappyInu and their reluctance to play daily reveals that they gave

HappyInu, and behavior change games in general, the same role as other games

- to pass the time. Therefore gameplay alone may not be effective to enforce

strategies that need to be used daily. It can however be paired with an ambient

display such as in [20], which would serve as persistent cue to solve the timing

problem. The display should show both the actions needed along with the current

progress and the rewards to be gained, to motivate users. For instance, the display

can show an image for each meal that the user needs to track, and the points,

cash or other rewards to be gained when all meals have been tracked.

Effect of Rewards

Effect of Intrinsic Rewards

In the study, we found that the biggest motivators for all users were intrinsic

rewards, particularly contribution to something meaningful (research), and plea-

sure (fun). The desire to contribute enabled users to continue playing HappyInu

at a constant rate despite technical challenges such as being unable to disable
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the notifications and the lack of calorie feedback, and despite being busy over

the holidays in the study period. The motivators are similar to what motivates

people to contribute to user-generated content sites such as Wikipedia [55]. This

shows that having rewards such as the application donating money to a charity

of the user’s choice once a milestone is reached may motivate users more than

providing personal rewards.

Effect of Extrinsic Rewards

In the beginning of the study, participants were most interested in cash rewards

but by the end of the study the main motivators were all intrinsic. The cash

rewards were only slightly motivating to users ready for change, but were still

important (although not main motivator) for those not ready to engage in be-

havior change.

Theories such as the self-determination theory [66] suggest that when people

are no longer motivated by extrinsic rewards, their motivation for a task may

reduce and if intrinsically-motivated tasks are provided external rewards, then

the intrinsic motivation level may decrease upon removal of the rewards. During

the interview, we found that action-stage users deliberately ignored the cash

rewards so they would not form an attachment and thus lower their internal

motivators. This strategy ensured that if the reward had been removed at later

stages, they would still have enough motivation to continue working towards their

health goals. Users in the other stages had low self-efficacy on their ability to

win the competitions due to their inability to play regularly, and they therefore

gave up trying to have the healthiest pets. In both cases, the “removal” of the

extrinsic reward did not lead to decreased engagement (users continued playing

at the same rate) because the intrinsic rewards of contributing to research and

meeting health goals were more important. However, the removal of extrinsic

rewards may have stopped the motivation level of non- action-stage users from

improving in times when they could play more regularly, and therefore means of

boosting users’ competitiveness in a competition e.g. offering bonus points, may

be needed.

Participants’ ambivalence towards cash rewards is different from studies such

as ([40],[15]). In these studies, participants were overweight and therefore losing
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weight was important for their health and they needed to do it. Cash rewards

gave them added incentive. In our work, all participants were of a healthy weight

and while they were all interested in weight loss, since no negative health effects

would result if they failed, they took a more relaxed approach to behavior change

and focused more on intrinsic instead of extrinsic rewards. They were however

motivated to earn points, unlike in ]citemunson2012exploring, because this would

allow them to continue using the application.

Recommendations for Rewards in Weight Loss Applications

Contribution to something meaningful and pleasure were the biggest motivators

for continued application usage. Applications could exploit these factors by offer-

ing rewards such as: monetary contributions to a charity of the user’s choosing

when they complete a specific milestone and asking users to support people train-

ing for a marathon by sharing their daily healthy meal photos to motivate the

trainees.

Gamification elements such as competitions and the virtual pet by themselves

were popular with users. A persuasive application such as UbiFit, which does

not require user interactions beyond data input, but which visualizes the effect

of the behavior may be more effective than a full game. Furthermore, providing

resources for living a healthy lifestyle such as recipes, exercise videos and social

interaction features could also provide pleasure.

Limitations

The study had three main limitations. First, the number of participants was

small, and therefore we could not confirm whether the results were significant.

Second, we limited the pets in the game to puppies/dogs but some participants

preferred other pets like cats and snakes and could not fully engage with the

puppy. The Time to Eat study [62], which had a wide range of pets, had a more

positive user-engagement level.

Finally, the study was conducted during the university Christmas break when

many participants were traveling. The disruption in routine caused by travel and

the fact that holidays are known to lead to relaxed, sedentary behaviors may have

affected users’ engagement.
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4.7 Chapter Summary

In this study, we described the HappyInu application, which was aimed at promot-

ing the intrinsic rewards of dietary tracking, and to assess the effect of intrinsic

and extrinsic (cash) rewards on normal weight users. We found that games were

a popular way to make tracking enjoyable but users did not want to play daily.

Apart from the desire to track health, both pleasure and the desire to contribute

to something meaningful were major motivators. Extrinsic (cash) rewards were

less motivating than intrinsic rewards but still important for those not ready for

behavior change. Our study reveals the need to include more intrinsic rewards

in behavior change applications, and the need for some extrinsic rewards to mo-

tivate those reluctant to change. We also see the potential of pet-care games for

adult behavior change and the need for pairing games with ambient displays to

promote daily healthy behavior.
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5. Conceptual Design of the Ideal Dietary Track-

ing Application

5.1 Introduction

Following the field studies on WeightBoss and HappyInu, we aimed to identify

users’ final ideas on how to support self-directed weight loss attempts via smart-

phones. We present the study and results in this chapter.

5.2 Study Method

We randomly selected some of the participants from the WeightBoss (n=4) and

HappyInu (n=5) studies, and recruited other people who had used weight loss

applications at least twice, and whose weight loss attempts had lasted between

1 and 3 months for participation. We included these extra participants to get

a more thorough understanding of the challenges that remain with existing di-

etary tracking applications, and to facilitate a richer discussion on the merits and

disadvantages of different user ideas.

Twenty-six participants (14 males, average age: 26.85 years), took part in the

study. Twenty were full-time graduate students and six were full-time employees.

The study was done in Japan. Recruitment was done via email and Facebook

posts.

Three one-hour group sessions were conducted in total. In the beginning of

each session, participants completed a paper survey with their demographic data

and a summary of their previous weight loss experience (Qn: “List all weight

loss attempts in the last 2 years. For each, indicate: when it was, applications

used, how long the attempt lasted (approximate) and approximate weight loss

achieved”). An unstructured discussion was then conducted around two points:

• what challenges did you encounter with food tracking?

• How can we design better tracking experiences (features, interface and in-

teractions?)

When discussing the second questions, we wrote the suggested ideas and drew

mock interfaces and use cases on a whiteboard. We provided each participant
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with a sheet of paper on which they could write alternative ideas and draw al-

ternative interfaces. We also asked participants to vote “yes/no” for each of the

suggested ideas on this paper. In addition to ideas suggested by participants,

we also solicited opinions on the merits and drawbacks of different kinds of ap-

plications e.g. behavior change games (virtual pet care such as in HappyInu,

adventure/puzzle games etc.), stimulus control feedback with personalized food

and activity recommendations as well as group fitness applications.

5.3 Results

Desired Input Methods

Participants felt an ideal dietary tracking application would provide a variety of

input methods. Specifically, they identified: photo-based, tracking adherence to

healthy/unhealthy behaviors and database search (with streamlined results). The

preferred input method at a given time would depend on context, and participants

desired the appropriate input method to be provided automatically. Table 3

describes the desired input methods and when each method would be appropriate.
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Table 3: Preferred input methods and when to offer them

Input

Method

When Preferable &

Why

Implementation Comments

Photo-

based

For daily track-

ing and for

beginners to

dietary tracking.

This method is less

time-consuming

and less difficult to

learn than manual

input methods, and

it would therefore

make it easier to

adhere to.

“Using photos for

input is best for

beginners because

they don’t have

to worry about

whether they se-

lected the right

choice from the

database. They can

just focus on feed-

back and changing

their diet.” - P2

Photo input: On application start-

up, display the camera immediately for

faster input. Allow users to tag images

with descriptions e.g. names of salad

dressings for accurate calorie analysis.

In addition, mine social media accounts

for user’s food images using hashtag

e.g. #appnamelunch.

“I post my lunch photos on Facebook, so

if applications can get that information,

it would be simpler for me. You can

search images by hashtag to get them.”

Calorie estimation method: To es-

timate the calories in the meal, par-

ticipants suggested either using crowd-

sourcing, with professional nutrition-

ists, or automated image analysis. Au-

tomated image calorie estimation algo-

rithms have only been tested on a vari-

ety of foods and in controlled settings,

and therefore their accuracy in the real

world requires to be further studied.

Despite this, participants preferred the

automated calorie estimation since it

would enable them to get immediate

calorie feedback.
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Continuation of Table 3

Input

Method

When Preferable Implementation Comments

Adherence

to healthy

behavior

Fig. 9

For weight

maintenance and

for busy periods.

Calorie tracking re-

quires a lot of effort

for both tracking

and analyzing feed-

back. Focusing on

weight trends, and

ensuring a majority

of the meals are

healthy and of the

right portions is

more sustainable.

Recommend behaviors to track e.g.

“Fill 1
2
of your plate with vegetables and

fruit”., but also allow users to define

their own behaviors and goals.

Provide radio buttons or a Likert scale

so users can enter subjective estimates

on the healthiness of the meal, and of

the amount.

Furthermore, notify users when their

calorie intake trend is negative e.g.

they fail to adhere to the goal for 3 or

more days.

Location-

aware

database

search

For social situa-

tions.

It may be awkward

and seem rude to

take photos.

Display results from the menus of

restaurants, shops etc. located around

the user’s current GPS position. Use

user’s past search history to order

and/or filter the results. e.g. “When

I’m on (university) campus, present

the menu items from the cafeteria and

shop, with the meals I have eaten before

appearing at the top.” - P9.
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Figure 9: Participants’ sketch for an interface to track adherence to

healthy/unhealthy behaviors in the ideal dietary tracking application.

Desired Feedback

Participants indicated they rarely reviewed calorie summaries and graph data in

detail due to time constraints and not knowing how to analyze the data. Instead,

they used frequent glances (<30s) to check progress towards the daily goal and

make decisions on the next meal. In sketches for the ideal feedback interfaces

(e.g. Fig. 10), they indicated preference for 3 kinds of feedback: (a) summary of

progress towards daily and overall goals (b) automatically-generated summary of

which behaviors to correct (tips) and (c) personalized recommendations on how

to correct the negative behaviors (suggestions/advice). Examples of desired tips

and advice are shown in Table 4. Healthy eating articles such as [1] outline

common negative eating behaviors. Multi-label classification could be used to

tag all negative behaviors a meal entry corresponds to using the calorie, nutrient

and portion size details. The most frequent behavior, and its contexts e.g. usual
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times, location of behavior can then be presented to the user (tip). Advice should

be actionable for the user i.e. within their skill level, preferences and available

resources (location, budget etc.). This can be assessed during application regis-

tration and users past choices. In addition to immediate actions, the application

can also use past and future context to anticipate challenges and forewarn users.

For instance, people who stress eat could be given coping strategies whenever

their calendar fills up.

Figure 10: Participants’ sketch for the feedback page in the ideal dietary tracking

application.

Desired Interactions

Currently, applications present the same page as the main page (usually review

page) and use notifications with a general message as reminders. However, par-

ticipants desire a dynamic application - where the application opens directly to
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Tips Advice Focus

Over-eating How to reduce portion size

without going hungry

Mindless snacking How to identify and replace

snacking cues

Unhealthy meals e.g. high

fat, unhealthy diet

Meal substitutions and

cooking instructions

Table 4: Examples of negative eating behaviors, and advice to address them

the input page during food-tracking times, and to the review page during other

times, and where the content on the feedback page is alternated to make the ex-

perience “exciting”. Likewise, while reminders are useful, participants felt they

could be more effective if: (a) interruption occurs near meal times and free times,

and more importantly, (b) the message in the notification varies and focuses on

the next action the user should take and the rewards to be gained e.g. “If you

input your next meal, we can suggest similar, less caloric choices for you tomor-

row”. This would create interest in reading new notifications and performing the

recommended actions.

5.4 Chapter Summary

We presented users’ ideas on the design (features, interfaces and interactions)

of the ideal dietary tracking application. These ideas were derived from their

experiences with existing dietary tracking applications, as well the applications

presented in chapters 3 (WeightBoss) and 4 (HappyInu).
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6. Implementing and Evaluating Effectiveness of

Group Fitness Applications for Social Support

6.1 Introduction

In addition to stimulus support and rewards, this work aimed to implement and

evaluate the effectiveness of social support in weight loss behavior change adher-

ence. In this chapter, we present the user requirements study, implementation

and evaluation of MyFitnessTeam, a group fitness application.

Existing weight loss applications have aimed to provide social support to users

through sharing features, and through offering behavior change interventions to

groups. Of the 2 approaches, group interventions have been shown to be both

popular with users and effective for motivating change e.g. in [27] [26]. However,

the interventions included and methods for providing social support (e.g. compe-

tition, collaboration, etc.) vary widely among applications, and current research

has mostly focused on quantitative analysis of their effectiveness. It is unknown

which approaches best meet users’ expectations, and how user experiences affect

the observed efficacy. In this study, we had three objectives:

1. Identify user requirements for group fitness application (social support sought

and desired application features and interactions)

2. Implement a smartphone application (MyFitnessTeam) based on the iden-

tified requirements, and evaluate its effectiveness on supporting adherence

to fitness goals

3. Assess user experiences with the application, and determine how these may

have affected efficacy

6.2 Study Method

User Requirements Gathering

We first created a list of the social support features in 2 existing applications:

MyFitnessPal (in-application social feed and share to Facebook/Twitter), and

52



Nike+ (social feed and competition). We presented these, along with a descrip-

tion of the 4 types of social support, i.e. emotional support is offering empathy,

praise, and acceptance, informational support is providing useful information, in-

strumental support is the provision of tangible assistance, and appraisal support

is providing information for self-evaluation, to explain the meaning of social sup-

port, and how using of social features in applications may lead to obtaining such

support. The explanation was to aid the non-native English participants.

We then conducted 4 one-hour focus group sessions with 42 participants in

total (n=14, n=6, n=8 and n=14), where 23 were male and the average age

was 26.75 years. Each session had 2 facilitators. Participants had used dietary,

physical activity and weight loss smartphone applications in the previous year

for more than a month, and were interested in using group fitness applications

to support adherence to their fitness goals. The number of participants was not

predetermined. Successive focus groups were conducted until data saturation was

reached. Participants were recruited from a university mailing list and Facebook

groups and the study was conducted in Japan. Thirty-six (36) participants were

full time graduate students and six (6) were full time employees. Participants

came from Japan (5), South-east Asia (16), the middle east (3), Africa (6), Europe

(9), North America and South America (3). Sixteen participants (38.5%) had

previously achieved their fitness goals through the use of fitness applications.

The focus group started with a paper survey collecting demographic data and

previous experiences with fitness applications (Name of application, participant’s

goal, duration of use, goal achievement i.e. succeeded, failed, on-going and reason

for quitting). We then gave a brief presentation on social support theory and how

it is currently implemented in fitness applications, followed by an unstructured

discussion around the following questions:

A semi-structured discussion around the following points was then conducted:

• What type of fitness application did you use most in the previous year?

• What challenges did you face, and what type of social support would help

you overcome them?

• Imagine a group fitness application through which you can gain the desired

social support.
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– How should the application be designed - application flow, inputs,

group member interactions etc.?

– Who would you like to have in your support network - strangers, only,

current acquaintances, both, people with a similar goal etc.?

When discussing the questions, probes e.g. “Can you tell me more about

that?” and “Can you draw what you mean?” were used to gain further insight.

Participants called out their answers, which were then written on a whiteboard

and discussed. The whiteboard was also used to draw proposed use cases and

interfaces, and count votes for the various ideas. Each participant also had paper

on which they could write down further remarks or draw alternative ideas to

those on the white board. The focus groups were video recorded and notes were

taken during the sessions.

Following the focus groups, coding was performed. To identify desired social

support, a priori codes (information, emotion, appraisal, instrument) were used

to categorize which type of social support each response corresponded to, while

open coding was used for responses on application design. The user requirements

specification outlining: required social support, list of interfaces and their designs,

required inputs, outputs, user-user and user-application interactions for each of

the interfaces was then typed out.

Application Development and Validation

We used extreme prototyping and web-based tools (HTML, CSS, Javascript) to

develop the application prototype. The dynamic prototype was presented to

2 participants from the focus groups in order to verify that the interfaces and

application flow met the requirements specification. The final prototype was

tested in-situ by 10 participants from the focus group. Participants reported

bugs and gave feedback on the interface design and interactions during a 1 hour

group interview. All comments were noted on a whiteboard and photographed.

We then developed the final application, MyFitnessTeam (Fig. 12).
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Field Evaluation of MyFitnessTeam

We then conducted a 6-week field study with 23 participants (16 males, 7 females,

average age: 26.80 years) to evaluateMyFitnessTeam. Participants were recruited

in the same manner used during the requirements gathering study.

The field study consisted of 1 week of baseline, 4 weeks of intervention and

1 week of post-intervention. During baseline and post-intervention, participants

had access to exercise plans and calorie data but not social features or daily

challenges.

The primary measure was frequency of adherence to fitness behaviors i.e. num-

ber of days in a week on which participants did at least 30 minutes of physical

activity and ate at least 1 healthy meal (during baseline and post-intervention)

and number of days on which users completed the daily challenges (during inter-

vention). At the end of the second week of the intervention phase, we released

an updated version of MyFitnessTeam, which added a “public sharing” feature.

By default, photos uploaded on MyFitnessTeam were only shared with the user’s

group mates. In “public sharing” mode however, the photos could be viewed by

all MyFitnessTeam users. This feature was added at the request of participants

as a means of gathering more social support.

We investigated the following research questions:

RQ1: Is MyFitnessTeam effective at supporting behavior change?

We hypothesized using MyFitnessTeam would lead to higher adherence compared

to both baseline and post-intervention, due to the motivational aspect of seeing

others’ fitness posts, and from social support extended by group members. We

also hypothesized that the “public sharing” feature would lead to increased ad-

herence, due to users having a wider audience responding on their posts.

We used a Friedman test to compare the participants’ adherence levels during

the baseline, intervention (weekly average during the 4 intervention weeks) and

post-intervention periods, and the Nemenyi test for posthoc analysis. Although

comparing to the 4-week average may reveal high differences in adherence partly

due to novelty, Klasnja et al argued [38] that demonstrating the use of a tech-

nology leads to a pattern consistent with how the intervention works (providing

social support increases adherence in this case) is sufficient to demonstrate the
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efficacy of the technology with reasonable confidence. We used the Friedman test

due to the nonparametric nature of our data.

A Wilcoxon signed rank test was used to compare the participants’ adherence

levels in the first 2 weeks of the intervention phase (before the public sharing

feature) to the final 2 weeks (after the public sharing feature).

RQ2: Is MyFitnessTeam more effective for certain users e.g. those

active at baseline?

We had two conflicting hypothesis. We felt people with higher baseline fitness

levels would likely have overcome barriers to behavior change and therefore be

more likely to successfully adhere to fitness goals. However we also felt the social

comparison opportunities in MyFitnessTeam would motivate less active users to

perform to a similar level as the baseline active ones. We first grouped partici-

pants into 4 baseline fitness groups: low (0 days of adherence), light (1-3 days of

adherence), medium (4-5 days of adherence) and active (6-7 days of adherence).

We then calculated the average number of challenges completed in each week of

the intervention phase by the 4 groups, and applied a Kruskal-Wallis test.

Men are also generally more physically active than women [46] but social

support has been shown to double womens’ participation in exercise [29]. We

wondered whether MyFitnessTeam would lead to similar performance from male

and female participants, and we used a Mann-Whitney U test to compare the

adherence of male and female participants.

RQ3: Does MyFitnessTeam support adequate exchange of social sup-

port, and what factors/features are responsible?

The purpose of group-based interventions is to provide social support opportu-

nities to users, and an inadequate level of social support could limit the efficacy

over the long-term.

We assessed: (i) how much social support was extended by users of MyFit-

nessTeam, (ii) whether users felt the level of social support was adequate or

inadequate, and (iii) what factors influenced users in offering support.

To evaluate extended support, 2 individuals open coded the comments par-

ticipants posted on each other’s photos. Each identified theme was then assigned
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to one of the 4 types of social support. The total number of comments for each

type of social support exchanged by each group was counted. Participants in

each group then reported via survey, whether the social support extended to

them, met, did not meet or exceeded their expectations, and what influenced

their decision to extend support to others.

We hypothesized that participants who posted more actively on social media

would be most active at extending support on MyFitnessTeam. We used self-

reported social media posting levels to group participants into: low (Infrequent

use or never post), light (post 1-3 times a week), medium (post 4-6 times a week)

and active (post daily) social media use level. We then used a Kruskal-Wallis

test to compare the number of comments posted by these 4 types of participants.

We also felt the public sharing feature would lead to more extended support

due to the wider audience for posts, and we used a Wilcoxon signed rank test

to compare the number of comments posted before and after the addition of the

public sharing feature.

RQ4: How have the user requirements changed after in-situ use?

Studies have shown that day-to-day use of a technology can reveal implications

that were not thought of or intended during design [19], and therefore, we asked

participants to complete a 10-question online survey consisting of open-ended and

multiple-choice questions after the field study. Open-ended questions focused on

user experience, specifically, perceived social support, frequently used features

in the application, and how the application design could be improved. Multiple

choice questions assessed factors that affected motivation and preferences for

the application design. The order of options in multiple-choice questions were

randomized to prevent bias. Follow-up interviews were conducted with individual

participants (n=9) to gain further insight into their open-ended survey responses.

Notes were taken during the interviews. Both open-ended responses and interview

notes were independently, openly coded by two people using word processing

software. The coded data were then compared and discussed to decide the final

categories.
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6.3 Results

User Requirements for Group Fitness Applications

Table 5 summarizes the challenges faced with existing applications, proposed

solutions, and the number of participants who voted for each solution. The

challenges faced were similar to those identified in [22], [14], and [43]. All the

proposed solutions (Table 5, “Proposed Solutions”) involved gaining knowledge

(informational support) from fitness experts or people pursuing a similar fitness

goal. In addition to informational support, 22 participants (52%) felt getting

emotional support from others would motivate them. The types of emotional

support most desired were: encouragement, respect and empathy.

Table 5: Challenges faced with existing fitness applications & proposed solutions

Application

type

No. of

partici-

pants

Main challenges

faced

Proposed solutions

Calorie

counter

8

1. Lack of

knowledge on

meals to eat to

achieve calorie

goal (n=8, 100%

of participants)

2. Lack of time

to search for

calorie or nutri-

tion information

of foods (n=6,

75% of partici-

pants)

1. Provide information on foods and exer-

cises which are suitable for goal (n=8)

“Recommend healthy foods to help me meet

my goal, and the right serving size. But the

app should consider my location so it doesn’t

recommend foods I can’t make in Japan.” -

P34

2. Help users gain knowledge and skills from

others (n=5)

“I struggled with healthy eating because I

can’t cook. I want an app that also allows

things like recipes and cooking instructions

or advice from other people.” - P23

3. Provide tips for handling barriers such as

cravings and low motivation (n=3).

“I want information like ‘Drink water before

eating to feel fuller’”- P17
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Continuation of Table 5

Application

type

No. of

partici-

pants

Main challenges

faced

Proposed solutions

Walking,

running

tracker

11

1. Lack of

motivation/time

to achieve set

goal (n=7)

2. Lack of

knowledge on

what goals

to set after

achieving the

recommended

goals e.g. 10,000

steps per day

(n=4)

1. Provide progressively difficult goals (n=9)

“Make it like a game where you start with

easy goals and progress. ” - P18

2. Provide information on alternative fitness

goals that are similar to the achieved goal

(n=3)

“It would be great to have a search function

to see goals other people are doing or find a

fitness plan” - P31

Diet and

exercise

plans

23

1. Plans do not

consider users’

preferences, diet

restrictions, ac-

cess to resources

or cooking skills

(n = 22).

2. Plans focus

on short term

diets not long

term behavior

change (n=1)

1. Provide generic instructions on what

a meal should contain and what exercise

should be done (n=23)

“Instead of saying ‘Eat this food’ then say

‘Make sure your meal is less than this calo-

ries and has this much protein’” - P40

2. Assist the user to meet recommended

guidelines e.g. calorie control, portions of

fruits, 150 min. of exercise (n=23) “It’s im-

portant to focus on overall health not just

short-term things like low-calorie diet for

weight loss.” - P15
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Figure 11: The left and center sketches show the proposed photo upload page and

the home pages from the user requirements focus group. The sketch on the right

shows the redesigned home page proposed at the validation group interview.

Desired Application Design

Twenty-nine participants (69%) wanted an application that provided daily exer-

cise and healthy eating challenges created by a fitness expert to groups (“I want

something like a game with a daily mission that says all the tasks you need to do

for that day.” - P28 ). Group members would then post updates on how they

completed the challenges. They remarked that completing the same goal with

others would enable them to learn from each other through observation (“I’d

like to see how other people stay focused and reach their goal.” - P15 ), create

a common experience which they could use to offer informational and emotional

support (“It will be easier to get proper advice and help from people who are going

through the same thing.” - P18 ), and keep them motivated (“It’s more fun to do

something with others than to do it alone so I think it will help with motivation”

- P5 ). The other designs suggested were to pair up users in order to keep each

other accountable (n=3, 7%), and to pair users with a coach who provides daily

goals and feedback (appraisal & emotional support) (n=10, 24%). However, par-

ticipants were concerned the latter approach could be costly and coaches may not

provide adequate emotional support.
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Participants proposed interfaces for the home page and input page (Fig. 11).

The home page interface contained a description of the daily challenge, a link

to the calorie content of various foods, followed by a list of all group members.

Under each member’s name, a grid of photos they uploaded for the daily challenge

would be displayed along with a message button, “favorite post” button and the

caption/status of the last uploaded image. It was felt that showing a summary

of every member’s uploads would allow them to see inactive members so that

encouraging messages could be sent.

In the validation stage however, participants felt this interface had several

challenges. First, new photos did not appear at the top of the page. Instead,

users had to scroll down to the name of the person who uploaded the photo and

select the new photo from the grid in order to view it in full-size. Second, if

group members had not uploaded any photos, a list of names with no images was

displayed, which was reported to be unmotivating and confusing. Participants

proposed a new home page design where all uploaded photos appear in reverse

chronological order with the uploader’s name and caption on top of the photo

(Fig. 11). Information on inactive participants could instead be obtained by

going through an additional history page.

In-group & inter-group interactions

Participants wanted to be able to comment i.e. write short text messages on

group members’ updates and to select their favorite post (photo). Commenting

would enable them to ask questions and to exchange tips and emotional support,

while the favorite post feature would encourage competition and provide further

emotional support through recognition. Some participants were also interested

(n=12, 28.6%) in inter-group competitions as a way of motivating them to adhere

to challenges.

Input method

Most participants (n=36, 83%) preferred group members’ posts to be limited

to photo or video only, because they were deemed more interesting and more

believable than text updates (“It would make me believe people are really doing

these challenges with me.” - P8). Moreover, they felt that sharing photos or
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videos would encourage them to choose healthier meals (“If I know I am going

to be sharing evidence of my meals I’ll eat better.” - P18) and provide a better

opportunity to learn about portion sizing and the correct way to execute certain

exercises from others.

Support Network and Privacy

Participants preferred to form a group with people who shared a similar goal

even if they were strangers rather than with friends or acquaintances due to the

high interest in informational support (Table 5, “Proposed solutions”). They

felt the advice and tips from people pursuing a similar goal would be most rel-

evant. To ensure privacy, they suggested limiting group sizes to less than 10

members. There were concerns that a group of strangers or acquaintances might

not exchange comments frequently and participants were interested in features

to prompt interactions.

Outcome expectations

Participants wanted adherence to daily challenges as the primary outcome, with

weight loss, improved walking distances etc. being the secondary outcomes. Many

(n=34, 81%) felt that focusing on the effort (adherence) rather than progress

towards a goal would protect them from discouragement if they failed to achieve

these goals. They also felt focusing on the discipline of adhering to a plan would

enable them to better meet their health and fitness goals in the future.

Table 6 summarizes the identified user requirements.

MyFitnessTeam Application

We developed MyFitnessTeam (Fig. 12) based on the requirements and validated

its design through a field deployment with 10 users from the focus group. MyFit-

nessTeam is an Android and iOS application that offers daily fitness challenges

to groups. The application consists of four tabs: home, team history, personal

history and account. On application startup, the home page (under home tab)

is shown with instructions on how to register and create a new group or join an

existing group. Once the user belongs to a group, the home page shows a list
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Table 6: User requirements specification for group fitness applications

Application goal Provide daily challenges (exercise & healthy

eating) to groups of users. Group members

share updates on how they completed the

challenge. Also provide advice on how to

achieve the challenges.

Group membership Allow users to create or join an existing

group where members are pursuing a simi-

lar fitness goal/plan.

Input Limit user challenge updates to photos or

videos only

Group member in-

teractions

Provide commenting feature & a “favorite”

button

Inter group inter-

actions

Support inter-group competitions

Figure 12: MyFitnessTeam application: (a) and (b) show the daily challenge and

timeline respectively. (c) shows the exercise plans page.
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of all the tasks in the daily challenge (Fig. 12(a)). Group members post photos

showing how they completed the challenges and these appear below the challenge

((Fig. 12(b)). Users can see all the posts made by group members on previous

days under the “team history“ tab, or view their personal posting history under

the “personal history“ tab. The account tab contains register and login/logout

functions as well as group membership functions (create a group, join a group,

quit a group).

In this study, MyFitnessTeam offered one fitness plan consisting of 28 days of

daily challenges developed by a nutritionist and physical trainer. Table 7 shows

the weekly goals of the plan. During recruitment, participants were informed

that the fitness plan consisted of daily exercise and healthy eating tasks, and

completion of all challenges could lead to slight weight loss. This was partly due

to ethics requirements, and partly to ensure only participants who could safely

lose weight and whose fitness goals aligned with weight loss (and not weight gain

or muscle toning for example) would participate.

Each daily challenge consisted of a physical activity and healthy eating task.

For exercise tasks, users had to complete a specific number of minutes of exercise

e.g. “Do 30 minutes of moderate-intensity cardio exercises”. Every week, users

had 3 days of cardio exercises, 2 days for strength training and flexibility exercises,

1 day to do any exercise they wanted and 1 rest day. The healthy eating tasks re-

quired eating meals within a specified calorie range, eating a portion of fruits and

vegetables, and replacing sugary snacks. Three times a week, an optional team

bonding task to prompt social interactions, and hence address users’ concerns

over low social interactions amongst strangers, was also included. Team bonding

tasks were of three types: (i) sharing bits of personal information, e.g. “post

a photo of your favorite healthy snacks”, to help users learn more about each

other and therefore feel more comfortable interacting, (ii) sharing information

and emotional support messages e.g. “share a fitness tip”, “post an encouraging

comment on your group mates’ photos”, and (iii) group activities e.g. arranging

to eat/work out with groupmates.

To help users complete the challenges, MyFitnessTeam included a list of meals

and exercise plans grouped by type e.g. Rice dish, soft drinks, cardio exercises.

Each food item had a calorie amount, numerical serving size and a photo to
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Week Weekly Goal

1 90 minutes of exercise (60 min. low-intensity

cardio, 15 min. strength training, 15 min.

flexibility exercises), Eat 5 healthy meals

2 135 minutes of exercise (90 min. low-

intensity cardio, 30 min. strength training,

15 min. flexibility exercises), Eat 10 healthy

meals

3 145 minutes of exercise (90 min. mid-

intensity cardio, 40 min. strength training,

15 min. flexibility exercises), Eat 14 healthy

meals

4 200 minutes of exercise (Recommended: 90

min. mid-intensity cardio, 40 min. strength

training, 15 min. flexibility exercises, but

users could choose to distribute exercise min-

utes differently), Eat 19 healthy meals

Table 7: Weekly goals of the daily challenges

help users visually see the serving size and ingredients, and each exercise had a

description of how to complete the exercise as a low-intensity, moderate-intensity

and high-intensity workout. Tips on how to maintain motivation and substitute

exercise equipment were also provided. Fig. 12(c) shows a cardio exercise plans

from MyFitnessTeam.

Field Study Results

All 23 participants completed the study. They completed an average of 17.65

(63.04%) challenges, and participants gave MyFitnessTeam an average score of

3.04 out of 5 (60.8%). The most popular features were photo sharing and the

food calories list and exercise plans. Participants were motivated by both social

comparison and inter-group competition.
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Figure 13: Baseline, intervention and post-intervention adherence to physical

activity and healthy eating for the 23 participants

6.4 Composition of Participant Groups

Participants self-divided into 5 groups. The main criteria used to decide on a

group was their friendship level either with the administrator (creator) of the

group, or with other group members. Those without friends participating in the

study joined groups where the group’s goal (selected by the administrator at

group creation) matched their own.

Group 1 had 5 members (4 male) who considered themselves “very close”

friends. Group 2 had 3 male members who were strangers, while group 3 had

6 members (5 male) who considered themselves casual acquaintances. Group 4

had 5 members (3 male) who were “relatively close” friends and group 5 had 4

members (1 male) who were strangers.

Effect of MyFitnessTeam on Adherence to Fitness Behavior

Fig.13 shows the baseline, intervention and post-intervention adherence of each

of the 23 participants. There was a significant difference in the median adherence

during the three phases of the study (χ2 = 27.07, p=0.00001). Posthoc testing

showed a significant difference between baseline and intervention (p=0.000003)
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Figure 14: Box-plots of the adherence levels of participants based on: (a) their

baseline fitness adherence levels, (b) their gender

and between intervention and post-intervention (p=0.0026), but no significant

difference between baseline and post-intervention (p=0.27). The median adher-

ence of the participants before and after inclusion of the public sharing feature

(median=10 days and median=9 days respectively) was not statistically signifi-

cant (p=0.06).

Fig.14(a) shows the intervention phase adherence levels for participants with

different levels of baseline adherence (low, light, medium and active). The dif-

ference in adherence during the 4 weeks of intervention across the groups was

insignificant (χ2 = 1.91, p = 0.59). Male and female participants (Fig. 14(b)) on

the other hand had significant differences in median adherence levels (20 days for

men, 13 days for women, p=0.04).

The difference in adherence between male and female participants was due

to different primary motivation and location of exercise. Male participants were

primarily motivated to determine their limits for physical activity in each week

(“I don’t usually go to the gym but I thought it would be a great time to work

harder.” - P15) or to compete against others (“Whenever I had time, I did a

challenge and I encouraged everyone in my team to do the same so we could be

the best team.” - P10), while female participants had a fixed idea of how much

physical activity they wanted to achieve in a week and only strived to reach this

personal goal (“I usually exercise on Sundays but I wanted to exercise 3 times

a week so I only did 2 more challenges each week.” - P21, female). In addition,

6 of the 7 female participants did not participate in strength training challenges

due to misconceptions on the effect of these exercises on physique. Additionally,

male participants primarily exercised in the gym, sports facilities or outdoors, and
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they encouraged their group mates to join them, making the experience more fun

(“This (study) was fun for me because I usually exercise alone but now I was able

to encourage my friends to join me in the gym.” - P14), while female participants

chose to exercise alone at home despite having free, daily access to both sports

facilities and the gym.

Extended and Perceived Social Support

Participants posted 7 types of comments on each others’ posts: encouragement,

chatting, negative remarks, advice, accountability e.g. reminders of the group’s

goal, and an explanation of the uploaded post (photo and caption) by the up-

loader. Comments in the chatting category were mostly questions and answers

on portion sizes, exercise facilities and strategies used to achieve the challenges.

Comments in the encouragement category were an extension of emotional

support while advice, accountability and chatting categories were an extension

of informational support. Fig. 15 shows the number of comments (messages)

for each of the 4 types of social support shared by the groups. Only group 1

participants (n=5, 21.7%) perceived an adequate level of social support. All

other participants reported ‘“low” levels of perceived support.

Figure 15: The number of messages exchanged by the 5 groups for each of the 4

types of social support messages

The median number of messages exchanged in the groups before and after
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including the public sharing feature (Median=7 messages and median=10 mes-

sages respectively) did not vary significantly (p=0.875). Participants confirmed

that the feature did not lead to increased levels of perceived support because they

felt self-conscious about posting their food and activity updates to a wider audi-

ence. They instead shared general information such as the healthy food options

in different restaurants.

Factors affecting extension of emotional support

More than half of the emotional support messages posted by participants in

groups 2 to 5 was on days when the team bonding task in the challenge pro-

vided a prompt of what to post e.g. “Write a ‘well done’ comment on your

favorite post”. Members of these groups reported feeling “awkward” and “un-

sure” of what type of emotional support to offer, apart from praise, and when

to offer the support. They were also wary of offering praise frequently because it

would seem insincere. Group 1 participants (P1 to P5) however extended emo-

tional support consistently throughout the study because they had agreed at the

beginning of the study to comment on each uploaded photo, in hopes constant

feedback would support their motivation.

Factors affecting extension of informational support

Participants in groups 1, 3 and 4, who were friends in real life, often exchanged

information support outside the application, especially on meal choices and exer-

cises to do in order to meet personal fitness goals. Group 1 and 5 members were

strangers and they feared offending their group members by extending unsolicited

advice and information. They did ask questions about others’ meal and exercise

choices, but were careful to “not be too intrusive” (P23).

Level of extended social support based on social media posting behavior

Fig. 16 shows the number of social support messages posted by participants based

on their social media posting behaviors. Participants in the “Medium” category,

and the 2 outliers in the “Light” category all belonged to group 1, which had a

pre-agreed strategy to post comments on each others’ photos. Discounting these
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Figure 16: The number of social support messages exchanged by participants of

low, light, medium and active social media use behaviors

participants, the level of social support extended by the remaining participants

did not vary with social media use behavior. This was confirmed by a Kruskal-

Wallis test (χ2 = 0.74, p = 0.86). Interviews revealed that even participants who

posted on social media actively felt unsure on how to best support others through

comments.

Challenges Faced and Changes in User Requirements

Several participants (n=13, 56.5%) reported that increasing knowledge and con-

fidence with healthy eating and exercising over the course of the study made the

daily challenges feel restrictive (“I think some of the calorie restrictions became

inappropriate for my goal - muscle toning and weight maintenance. I would prefer

to choose my own challenges.”-P12, “I enjoyed cardio more and I would prefer

to focus more on that than.”-P23). They suggested overcoming this challenge by

giving users the ability to personalize the fitness plans. One way to achieve this

would be to specify the duration of physical activity a user should aim for, and

let them decide which type of exercises to do, and to let users specify their own

healthy eating goals.

Another challenge faced was the low level of social support exchanged despite

the team bonding tasks (“I didn’t get enough support from my group.”-P8). Some

participants (n=10, 43.5%) felt pairing up with friends and acquaintances instead
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of strangers, even if they had different fitness goals, would address this. A more

popular suggestion (n=20, 87%) was to encourage increased use of the public

sharing feature to solicit support, especially when users had achieved a goal or

were struggling with the challenges (“My group isn’t very active. I have lost quite

a bit of weight but there were no comments on my post. I want to share it with

more people, maybe I can get more responses.”-P9).

Although team bonding tasks were effective in prompting supportive inter-

actions, they were unpopular with most participants (n=18, 78.3%). They felt

social sharing was something to be on SNS with friends, and group fitness appli-

cations should focus on sharing challenge-related information only.

Finally, participants revealed that inter-group competitions were initially mo-

tivating, but as the performance gap between groups increased, they quickly

became demotivating (“No, I don’t like inter-group competitions. It’s just demo-

tivating when you realize you can’t win.”-P12). Participants felt more frequent,

short-term competitions e.g. daily or weekly would be more appropriate, as low-

performing groups would have a chance to start over.

Characteristics of Most Successful and Least Successful Participants

The top five participants all belonged to the same group (group 1), and they

shared the following characteristics:

• They all believed their individual success depended on how active their

group was.

• They therefore interacted often with their groupmates to offer praise and

encouragement as motivational support.

• They felt their current physical activity and healthy eating behaviors re-

quired significant improvements, and they believed in their ability to im-

prove with the support of the fitness plan and their group mates

• They firmly believed that the daily challenges met existing guidelines on

physical activity and nutrition and would help them achieve their fitness

goals.

The bottom three participants shared the following characteristics:
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• They belonged in groups where individual members were not concerned with

the performance of their fellow group mates. These groups therefore rarely

commented on each other’s photos, and did not attempt more challenges

than required for meeting their personal goals.

• They felt their current physical activity and healthy eating behaviors were

inadequate but did not believe in the necessity of significant improvements

or in their ability to achieve the required changes even within the support

structure in the application (i.e. low self-efficacy).

Table 8: Overview of the results from MyFitnessTeam field study

Measure Findings

Efficacy (Supporting

adherence to fitness

behaviors)

1. Significantly improved adherence levels com-

pared to both baseline and post-intervention.

2. Participants across different levels of baseline

fitness had similar adherence levels i.e. people who

were baseline inactive achieved similar adherence

to baseline active individuals

3. Male participants significantly outperformed fe-

males.

Extended social sup-

port in groups

Group members mostly offered encouragement or

exchanged information about their food and ex-

ercise choices. Groups comprised of friends were

more likely to ask for/offer information. Partici-

pants who actively post on social media did not

extend more support than inactive participants.

Perceived social sup-

port in groups

18 of 23 participants (78%) perceived low levels of

both emotional and informational support. They

wanted the application to engineer emotionally-

supportive interactions.
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Continuation of Table 8

Measure Findings

Preferences for appli-

cation design

1. Offer daily challenges developed by a fitness

expert to groups of users

2. Allow groups to either follow the same fitness

plan or different fitness plan

3. Provide a public-sharing space for members of

different groups to exchange information and gain

more support.

Discussion

Our work aimed to determine users’ design preferences for group fitness applica-

tions and to evaluate the effectiveness of the proposed design. Tables 6 and 8

summarize our findings.

We found that users look to group fitness applications to gain information and

emotional support in the form of guidance from experts and advice and tips from

peers for the former, and through exchanging empathy, respect and encourage-

ment for the latter. They envisioned an application that provides daily, common

goals (challenges) to a small group of users, who then post photo or video up-

dates on their progress and comment on others’ posts, would best provide the

needed support. Our field study showed that the design proposed is effective at

supporting increased adherence to fitness, with baseline inactive users managing

to achieve similar levels of adherence to baseline-fit users due to social compar-

ison. However social support exchanges through comments were low, with most

exchanges occurring when the application prompted users on what to say, which

may lower the efficacy of the application with time. Engineering social interac-

tions is therefore important. Socio-cultural factors also prevented the application

from being as effective for females as for male participants.

Informational and emotional support are the main forms of social support

found in online support groups [10] [36] and studies have found that people usually
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seek/gain informational support first, through lurking on online communities and

following health and fitness social media accounts [72] [10]. Those who require

emotional support usually start posting after gaining the required information [72]

[10] [61]. The higher preference for informational support compared to emotional

support during the focus group could be explained by this need to address gaps

in knowledge. Due to the short length of the field study, we were unable to assess

whether users’ preferences for support would change with time. However, we did

see indications that emotional support became more important over the course

of the study. Firstly, some participants expressed a desire to change their social

networks (fellow group members) from anyone who had a similar goal and plan

to real-life friends (even those pursuing different goals) in order to gain more

emotional support. Secondly, participants frequently commented on the need for

group applications to engineer emotionally-supportive interactions among group

members due to the low levels of support extended in the groups.

The small groups, common goal and daily challenges format proposed by the

focus group participants has been implemented in several group fitness applica-

tions in literature [27][16][45][26]. Similar to MyFitnessTeam, these applications

led to a significant improvement in outcome measures, thus demonstrating the

potential benefits of this approach. In MyFitnessTeam and [27], users were re-

quired to post photos to challenges, but the challenges in [27] were not from a

structured fitness plan. In [26], [16] and [45], users could show they completed

a challenge through a text update and/or clicking a ‘Done’ button. It is unclear

whether one approach has advantages over the other, and thus follow-up studies

may need to assess this.

How Well Existing Applications Adhere to the Identified Requirements

Several free and commercial group fitness applications implement one or two

of the 3 (small groups, common goal and daily challenges) elements. Teemo for

instance employs both small groups and a common goal. Up to 9 Facebook friends

can form a group and collaborate towards completing a goal such as “Climb Mt.

Everest” through their individual workouts. Yog, Running Club and FitRockr

provide a common goal. The first 2 allow users to schedule a virtual run (start

time, duration) and provide real-time updates of the progress of every user taking
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part in the run, while FitRockr converts any physical activity into points, thereby

allowing users doing different activities to have a common comparison metric

either for competition or for striving towards a common goal e.g. achieving a

specific number of points. Fit Friendzy and Fitocracy provide both a common

fitness goal/plan and regular challenges. However, the challenges are usually

user-defined, and group sizes are often very large (up to thousands of users per

group). Fitocracy does offer fitness plans with daily or weekly challenges created

by professional coaches that users can enroll to, but the bulk of social interactions

and thus support is between a coach and each individual user, not within peers.

The user satisfaction with, and relative efficacy of these different applications has

not been studied, and it is therefore unclear whether it is necessary to have all 3

elements, or whether a subset of the 3 is adequate.

The Challenge of Low Social Support Interactions

The low levels of social support observed in MyFitnessTeam have also been ob-

served by Cavallo et al [11], and [27] found participants desired more social in-

teractions.

We found that providing prompts to offer praise or encouragement via team-

bonding tasks resulted in more messages of support, which shows the need for

applications to be more proactive at engineering social interactions.

Most existing applications provide social features such as a discussion wall,

‘comment’ buttons on posts and ‘like’ buttons, but many do not prompt use of

these features or provide guidance on what to say, and therefore small groups

may still face experience the low-usage challenge. Fortunately, an increasing

number of applications now try to engineer interactions. Some like RunKeeper

Live notify users when their friends start an activity, and they can view their

friends’ progress and statistics in real-time so they can send appropriate support.

Others like Nike+ provide features to “nudge” inactive friends. We propose other

methods applications can use to promote social interactions in section 6.4.

Group Formation Strategy to Promote User Adherence

The top performing participants, in addition to being ready for behavior change,

also realized the importance of receiving emotional support from fellow group-
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mates in order to boost their motivation and performance. They also understood

that the best way to receive emotional support was to extend similar support to

others. The worst performing participants on the other hand were neither ready

for a lot of change nor ready to interact with others.

To promote the chances of individual success, we thus recommend that a

mini-survey be administered at the time of registration, to assess users’ baseline

behavior, their attitudes towards behavior change and basic personality. Groups

should comprise of people of similar personality, with either equal numbers of

users who are ready for change and those who are not, or with slightly more

users who are ready for change. Ideally, users who are not ready for change

would then be motivated both by observing the fitness activities of the others,

and through the emotional support they would receive.

Design Recommendations for Group Fitness Applications

We propose 5 methods applications can use promote more social support in group

fitness applications, based on participants’ experiences and comments in the field

study.

Assist Users to Form a Social Interactions Strategy

The top performing group in our study had members who realized the positive

impact of encouragement, praise, and pairing up for challenges, which resulted

in their pre-agreed social support strategy. Applications should inform users on

the importance of collaborating both in-application and face-to-face (if possible).

This could be achieved through statistics on the impact of social interactions

on adherence to goals or applications could propose ways members can collabo-

rate (pairing up, assigning roles such as “motivator” and “exercise scheduler” to

members).

Provide Prompts to Interact with Other Members

Applications typically issue notifications updating a social circle of a friends’ re-

cent progress and achievements. Suggestions of messages and actions that friends

can take to show their support could be appended to these updates e.g. “X com-

pleted the challenge today. Send a congratulatory message” or “Comment on

your favorite photo with ‘I like ...’”. Alternatively, buttons such as ‘like’, and
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‘favorite’, can be extended such that when a user clicks on the button, instead

of just incrementing the number of clicks, a comment box also appears with a

prompt for the user to specify their feelings e.g. “I like ....” or “Well done on....”.

Participants who are struggling to adhere to the challenges or to complete the

challenges should also be aided in requesting support for instance by prompt-

ing them to share their struggles, or by guiding them to relevant information

resources.

Provide an In-application Public Sharing Space for Tips, Conversations and Emo-

tional Support

Informational support was highlighted as an important form of social support in

the focus group. Providing an in-application public sharing space where users

from different groups can exchange tips, information on location of resources

e.g. exercise facilities, recipes and exercise plans etc. can allow easier access to

valuable information. Many fitness applications provide web-based forums, but

in-application forum features are still not as widely supported. Information seek-

ing effectiveness can lead to higher levels of perceived empathy [52], and therefore

this strategy may also help address the challenge of low levels of emotional sup-

port within groups. Allowing individuals and groups to share their challenge

photos to such a public space can further address this challenge, as individuals

can gain both informational and emotional feedback from non-group members.

Provide Opportunities for Vicarious Learning from the Best Performing Groups

and Individuals

Vicarious/observational learning [8] can promote behavior change and partici-

pants in our study showed interest in its inclusion in group fitness applications.

Top performing groups and individuals can support others by either sharing their

photos to the public domain for a day, sharing short stories on their fitness jour-

neys (motivations, challenges faced and strategies used to overcome them), an-

swering a subset of user questions, live-streaming their meal choices and exercise

sessions or mentoring/coaching an individual. Rewards such as badges and small

gifts donated by users and intrinsic rewards of contributing to something mean-

ingful can be utilized to encourage participation.

Allow Individual Competition and Awards to Recognize Individual Achievements
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Many participants felt competitions motivated them to perform more challenges.

To support competitive users who may be in non-competitive groups i.e. a group

where the majority of members are motivated by their internal goals and not

competition, a leaderboard of individual performance could be provided in addi-

tion to a group leaderboard. Furthermore, users could be allowed to personally

reach out to users in other groups to challenge each other to mini-competitions.

Limitations and Future Work

One limitation of the study was the low number of participants in the various

subgroups during the field study, which meant we could not determine whether

observations were statistically significant. We also relied on participants self-

reporting their activity levels which may have resulted in over-reporting.

Further work on the effect of group applications over an extended period of

time is needed. Determining correlates and determinants of individual and group

performance levels is also needed to provide more design recommendations.

6.5 Chapter Summary

In this chapter, we presented results from a focus group on the social support

users desire from group fitness applications. We also presented their requirements

for features and interactions in these applications. These included providing

daily physical activity and healthy eating tasks that users in a group attempt.

We developed MyFitnessTeam based on these requirements and evaluated its

effectiveness through a 4-week field study (n=23). We found that adherence to

physical activity and healthy eating increased significantly. Men had significantly

higher levels of adherence to females, and participants had significantly higher

levels of challenge adherence and social interactions when the challenges were

more specific, requiring all group members to engage in the same type of physical

activity and eat the same type of meal, than when they allowed group members

to choose different activities and meals. There were no differences in adherence

and in social interactions based on baseline physical fitness level and social media

posting behavior respectively. Groups consisting of real-life friends exchanged

more informational support, but both groups of friends and groups of strangers
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had low levels of emotional support due to lack of knowledge on when and how to

extend such support. We presented 5 design recommendations on how to engineer

in=group collaboration and interactions, and how to ensure users are aware of

strategies they can use to promote their success.
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7. Conclusion and Future Work

7.1 Summary

The aim of this research was to use a user-centered design (UCD) approach to first

identify users’ requirements for the implementation of three theory-based behav-

ior change strategies: stimulus control, rewards and social support, in smartphone

weight loss applications, and to then evaluate the effectiveness of these strategies

in promoting dietary behavior change. Requirements gathering was conducted

via one-on-one interviews, surveys, and focus groups, and evaluation was done

through field deployments of prototype applications that were developed based

on the user requirements specification. The scope of the evaluation was limited

to efficacy of the strategies for dietary behavior change for two reasons. First, di-

etary tracking and behavior change are the main strategies used by people looking

to lose weight [], and second, because much research on health and fitness be-

havior change support has already identified users’ requirements for applications

to promote physical activity but relatively few studies have been conducted for

dietary behavior change.

The stimulus control strategy received the highest user satisfaction score

(65%), and had the highest effect on adherence levels (3x higher adherence than

control group). Use of the strategy also enabled participants to significantly im-

prove the number of days on which they achieved their calorie goals. Stimulus

control involves identifying triggers (cues) of behavior, and either removing them

or suppressing them, thus lowering the probability of the behavior re-occurring.

The importance of providing feedback that helps users identify troublesome be-

haviors and recommending behaviors to address them was further confirmed in

the focus group study on designing the concept for an ideal dietary tracking

application (chapter 5).

Providing group interventions (through MyFitnessTeam) was also effective,

with 21 of the 23 participants in the field study significantly improving their ad-

herence to healthy eating and physical activity behaviors compared to baseline.

Male participants, and those who were inactive at baseline, had the most im-

provement in adherence. User satisfaction with the strategy was 60.8%. However,

despite grouping users and providing a shared experience through challenges, ex-
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change of information and emotional support messages was low, since users were

unsure when and how to offer such support. Providing in-application prompts to

post supportive messages, along with directions on what users could write, led

to more supportive messages being exchanged, which demonstrates the need for

group applications to be proactive at initiating inter-user interactions.

Finally, users felt that although dietary behavior change games sounded fun in

theory, they were too time-consuming to use on a daily basis. This was reflected

in the low user satisfaction score (44%) and adherence rate (2.6 out of 7 days a

week) observed in our deployment of the HappyInu application. Participants also

felt having real rewards such as cash and gifts would undermine their motivation

and ability to change in the long-term, since they would associate behavior change

with gifts, and removal of the gifts would make them less likely to keep up the

behavior.

Overall, our study has contributed the following knowledge. First, we show

that the stimulus control strategy, which is largely unimplemented in existing

weight loss applications, can build user’s confidence in eating behavior change.

This translates into increased motivation and adherence to the weight loss goals.

Once the most important cues have been identified, the strategy can also be

used in place of calorie tracking, and therefore further improve long-term adher-

ence due to the lower user effort required. Secondly, we show that group fitness

applications that offer structured plans are effective ways of promoting adher-

ence across different kinds of users (baseline-active, baseline inactive, men and

women). However, user motivation for using the applications is mostly to gain

informational and emotional support, but user interactions to offer each other

with support need to be prompted. We provide recommendations on various

ways applications can intervene and engineer these interactions. Finally, we show

that games for healthy eating behavior change support may not be effective over

the long-term, but gamification elements such as competitions and rewards, par-

ticularly those that provide users with the feeling that they are contributing to a

worthwhile cause, can be leveraged to support behavior change.
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7.2 Limitations

All our studies suffered from two main limitations. First, both the user require-

ments studies and field studies had relatively low number of participants, which

affects the ability of the results to be generalized to the wider population.

Second, the field studies conducted were of a short duration (21 to 42 days).

Research shows that only around 20% of people who have lost weight manage to

maintain their weight loss for a year or more [77]. They do so by eating breakfast

and low-calorie meals everyday, as well as exercising for around an hour each day

(usually walking). Although our studies did show positive behavior change, it is

difficult to determine whether participants would continue using the behaviors

they adopted once they quit the applications. Because stimulus control does deal

with removing cues, users of this strategy may have a high potential of adhering

to new behaviors in the long term. Similarly, users who can manage to obtain

social support from a group of peers (people with similar goals) may achieve long-

term success. However, it is unclear how the proposed applications in this work

would support users on permanently removing negative cues, and on maintaining

contact with their peer groups. Further long-term studies are therefore needed.

7.3 Future Work

There are a number of research questions that were unanswered by this work.

These include:

• What is the short-term and long-term effectiveness of the “ideal” diet track-

ing application proposed in chapter 5?

• What are the long-term effectiveness of stimulus control, rewards and so-

cial support strategies on weight loss behavior change, and how can the

application designs be improved for higher efficacy?

• How effective would an application that combines several strategies e.g.

stimulus control and social support be in the short and long term?
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Combining Stimulus Control and Social Support in Weight Loss Ap-

plications

From the study on social support requirements (chapter 6), we identified that

users want social applications to provide a common experience e.g. through a

common goal.

One way of providing this common experience is to have users form small

groups (2-8 people) at registration, and then ask them to decide on a group

physical activity goal e.g. 300 minutes of exercise this month. The application

should then guide the users to schedule a regular physical activity session with

at least 1 other member from the group as a means of working towards the goal,

and provide timely reminders to the users on when, where and with whom they

need to meet up for exercise. The application should also prompt these users to

share photos or videos of their exercise sessions, and prompt the other users to

give positive feedback. As mentioned in section 3.6, providing such time-based

and people-based cues have been shown to be strongly correlated with increased

physical activity.

In addition to regular scheduled exercise, the application can also provide just-

in-time recommendations for opportunistic exercise to individual users e.g. climb

the stairs instead of taking the elevator. If the user follows the recommendation,

the application can then share this with the rest of the users’ groupmates, and

prompt them to provide encouragement or praise.

The individual intervention and public sharing approach used for opportunis-

tic exercises can also be used for healthy eating stimulus control. Users would

privately log their weight and calorie intake information, and privately view the

visualized feedback. However their chosen behavior goal (from the application’s

recommendations) should be shared with the rest of their groupmates and each

day, the application should prompt them to share photos or videos of how they

completed/used their chosen behavior goal (e.g. photo of portion size of meal if

behavior goal is to reduce portion size). If the user does not upload any photos

over the course of the day, they can be prompted to share the challenges they

faced in keeping their goal on that day. In both cases, the application should

prompt other members of the group to provide the appropriate feedback e.g.

empathy, encouragement, advice, praise etc.
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To further motivate users to adhere to their goals and to share their progress,

competitions could be used. The application can provide a visualization of the

teams’ overall progress towards their goal e.g. 300 minutes of scheduled exercise

this month, as well as the progress of other teams. Individual contributions of each

group member towards the goal should also be provided. Although Nishiyama et

al found that doing so was less effective than not providing details of individual

contribution [54], we believe that the lower variance that would result among

individual members’ performance is a worthy benefit.
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