StoryMap: Using Social Modeling and Self-Modeling to Support
Physical Activity Among Families of Low-SES Backgrounds

Herman Saksono
Harvard University,
Cambridge, MA, USA
hsaksono@seas.harvard.edu

Magy Seif El-Nasr

University of California at Santa Cruz,

Santa Cruz, CA, USA
mseifeln@ucsc.edu

ABSTRACT

Physical activity (PA) is crucial for reducing the risk of obe-
sity, an epidemic that disproportionately burdens families of low-
socioeconomic status (SES). While fitness tracking tools can in-
crease PA awareness, more work is needed to examine (1) how such
tools can help people benefit from their social environment, and (2)
how reflections can help enhance PA attitudes. We investigated how
fitness tracking tools for families can support social modeling and
self-modeling (through reflection), two critical processes in Social
Cognitive Theory. We developed StoryMap, a novel fitness tracking
app for families aimed at supporting both modes of modeling. Then,
we conducted a five-week qualitative study evaluating StoryMap
with 16 low-SES families. Our findings contribute an understand-
ing of how social and self-modeling can be implemented in fitness
tracking tools and how both modes of modeling can enhance key
PA attitudes: self-efficacy and outcome expectations. Finally, we
propose design recommendations for social personal informatics
tools.
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1 INTRODUCTION

Obesity is an epidemic that disproportionately burdens households
of low-socioeconomic status (SES) backgrounds in the United States
(U.S.) [55]. This epidemic poses numerous chronic health issues,
such as cardiovascular diseases and diabetes [59, 72]. Although
obesity can be prevented by regular physical activity (PA) and a
healthy diet, low-SES households face many barriers to being active
[19, 44]. These barriers include limited time due to burdensome
jobs and also limited PA facilities. Therefore, obesity preventions
need to be prioritized for households of low-SES backgrounds.

For more than a decade, Human-Computer Interaction (HCI)
research has examined how personal informatics tools (e.g., fitness
trackers) can support PA. This body of work has examined design
strategies that can positively impact PA, such as novel visualiza-
tions [16, 47], goal-setting tools [29, 45, 50, 54], reflection support
[10, 12, 42], as well as fitness comparison tools [53, 58]. Indeed,
these studies give us insights on how to design tools to support PA.
However, designing impactful fitness tracking tools also requires
an understanding of how such tools can facilitate the development
of positive health attitudes [40], such as self-efficacy [34, 71]. For
example, although many studies have examined how individuals
reflect on their PA experiences (e.g., in Fitbit Plan, Reflection Com-
panion, Visualized Self) [12, 42, 45, 64], more work is needed to
advance this field. More specifically, more work is needed to exam-
ine the theoretically grounded processes in which reflection can
impact health attitudes. Furthermore, even though PA behavior
among adults and children is linked to social factors such as family
support [34, 71], only a few works have examined how personal
informatics tools can help people leverage social influences [53, 58].
In fact, children PA is influenced by parental support [34] via in-
volvement, encouragement, and facilitation [31]. Thus, by targeting
caregivers (e.g., parents), fitness trackers can positively support the
caregivers as well as their children in being active. In short, we
need to examine how personal informatics can be more social and
enhance PA attitudes, especially in families.

To this end, we sought to examine how technology can sup-
port self-modeling and social modeling for promoting PA attitudes.
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These two modes of modeling are important processes in Social-
Cognitive Theory (SCT), a well-established theory that explains
how human cognition, human behavior, and their social environ-
ment reciprocally influence each other [3-7]. Self-modeling is re-
flecting on one’s best performances in the past [3:71, 21] and social
modeling is observing similar people’s performances [3:47, 7:270].
Furthermore, in SCT, health behavior is induced by two attitudinal
factors: self-efficacy and outcome expectations [3:391, 4:22, 5:627].
Self-efficacy is our belief about our ability in completing a task (e.g.,
being active regularly). Outcome expectations are our beliefs in what
happens if we do the task (e.g., tired, injured, becoming healthy).

Guided by SCT, we developed a smartphone app prototype called
StoryMap to answer this research question: how can technology be
designed to (1) facilitate self-modeling as well as social modeling, and
(2) positively impact PA attitudes? To answer this research question,
we conducted a five-week field study with 16 families of low-SES
backgrounds using data-driven retrospective interviewing (DDRI)
[68]. This method uses log data to help participants explain their
experiences.

Through our naturalistic study, we provide three key contribu-
tions. First, we demonstrate the caregivers’ cognitive processes
during self- and social modeling in the context of fitness tracking,
and personal informatics generally. During these processes, users
elicited and exchanged four key pieces of information about PA
experiences: information related to one’s sense of adequacy, tasks
that one can undertake to be active, emotions that arise during
PA, and peers’ behavioral norms. Such information has the po-
tential to enhance PA self-efficacy and outcome expectations. By
understanding these processes, researchers and designers can de-
velop personal health informatics systems that are aligned with the
way humans process personal and social information. Second, we
demonstrate how DDRI can be used to study participants’ cognitive
processes in a naturalistic field study. Finally, our findings and de-
sign guidelines expand the HCI community’s understanding of how
SCT constructs can be translated into the design and evaluation
of personal informatics systems [33], especially given that many
mHealth studies are not theoretically-grounded [70]. Furthermore,
through our theoretical contributions, we encourage researchers to
further explore how SCT can be used for designing social health
technologies and also test our guidelines across different health
domains, user characteristics, and sociocultural contexts [33].

2 RELATED WORK

2.1 Social Cognitive Theory (SCT)

Introduced by Albert Bandura, SCT posits that human behavior is an
interplay of human cognition and humans’ interactions with their
environment [3-7]. Thus, humans are not simply passive bodies
who are triggered solely by external stimuli, nor fully autonomous
beings that completely ignore their social environment. Rather,
humans actively observe their surroundings, develop attitudes from
these observations, and in effect, these attitudes guide humans’
complex patterns of behavior.

As we have stated, according to SCT, human behavior is induced
by two attitudinal factors: self-efficacy and outcome expectations
[3:391, 5:627]. Additionally, impediments that we face often readily
constrain our behavior (e.g., limited time, no PA facilities). The
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importance of SCT as a model of human behavior has been demon-
strated by review papers on health that show self-efficacy is a key
predictor of PA behavior [34, 71]. SCT also argues that self-efficacy
and outcome expectations can be enhanced by self-modeling and
social modeling. Table 1 shows the key constructs in SCT.

Self-modeling is learning by observing our behavior but specifi-
cally focused on our successes at performing a task [3:21, 71]. Tra-
ditionally, self-modeling is done by videotaping the performance
of a person, editing out the less desirable performances, and then
asking the person to review the best performances [21]. However,
Dowrick also argues that self-modeling can be reenacted in other
ways, for example, by remembering best performances [21]. There-
fore, a potential mode of self-modeling is through reflections on
past experiences from a positive lens.

Indeed, HCI researchers have investigated how technologies can
support reflections on past experiences. For example, Echo, MAHI,
Pensieve, and Visualized Self [12, 36, 48, 56]. The evaluations
of these prototypes show that remembering memories of the
past can help people gain insights about their PA [12], enhance
well-being [36], and improve diabetes self-management [48].
Furthermore, Baumer has theorized the dimensions of reflection
(i.e., breakdown, inquiry, transformation) [9]. As these findings
and model provide insights into the dimensions and the positive
effect of reflections, an important next step is to investigate the
process of reflections and how it impacts health behavior attitudes.
By doing so, we can design technology-mediated reflections that
match the way humans process their experiences and make the
technology more impactful. Here, we argue that self-modeling is
a form of reflection that is focused on positive experiences aimed
at enhancing behavioral attitudes.

Social modeling is learning by observing the behavior of other
people performing a task [3:47, 7:270]. This modeling can be per-
formed directly by observing people’s actions, or indirectly through
symbols (e.g., stories, imageries).

A few HCI studies have also investigated how health technolo-
gies can help people benefit from their social environment, for
example, Citisenze Maker, EatWell, and StepStream [30, 53, 58].
These studies show that learning other people’s behavior can help
people pick reasonable goals [58], gain a feeling of social sup-
port [53], and get motivated to engage in healthy behavior [30].
However, designing more impactful systems requires an under-
standing of the processes that could impact key health attitudes
[40], such as self-efficacy and outcome expectations. Thus, more
work is needed to examine the process of social modeling in health
technologies.

Moreover, given the myriad of events that happen in our social
environment, supporting social modeling requires supporting the
human’s attentional process to focus on relevant observations [3:51,
7:272]. More specifically, social modeling is more effective by ob-
serving people similar to us [3:302,403]. However, there remains a
question of what constitutes as similar. The notion similarity can be
from material observations (e.g., similar gender or similar physical
appearances) [28, 51]. But similarity can also be interpretative (e.g.,
perceived model’s ability) [11]. Therefore, a potential mode of social
modeling is enhancing people’s attentional process to focus on PA
success stories from similar people, either through a material or
interpretative similarity.
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Table 1: Key constructs in Social Cognitive Theory [3-7]

Construct Definition

Self-efficacy
complete the behavior of interest
Outcome expectations
Impediments
Self-modeling
Social modeling
Internal Standards
Social Standards
Adequacy

A person’s belief about their ability in completing a task appropriately. A task is the steps taken to

A person’s beliefs in what happens after they perform the task.

Personal or external challenges that limit a person’s ability to do the task.

Learning by observing own behavior but focused on the successes at performing the task.
Learning by observing how other people performs a task.

A person’s beliefs about the value of a behavior.

A person’s beliefs about how other people value a behavior.

A person’s belief about what constitutes as sufficient behavior.

In short, prior work has examined how technologies can support
reflection and social comparison. However, Klasnja et al. argued
that research on novel health technologies needs to examine in
what ways such technologies can impact people [40]. Thus, to ad-
vance research in this field, we argue for the need of examining
the processes that facilitate self- and social modeling. Furthermore,
given that social modeling is more impactful if the observer per-
ceived that they share similar characteristics with the model, we
also need to investigate how to convey model similarity in health
technologies.

2.2 Physical Activity Technologies

The field of personal informatics [46] has examined how fit-
ness tracking data can be enhanced with novel design elements.
Metaphorical visualizations are design elements that help users feel
more connected with their data (i.e., using a fish tank, flower gar-
den, and spaceship fuel metaphors to visualize PA data [16, 47, 67]).
Goal-setting tools are design elements that help people pick and man-
age their fitness goals (e.g., Bounce, Fitbit Plan, GoalPost, Habito
[29, 45, 50, 54]). Reflection support is a design element aimed at help-
ing people gain insights about their behavior (e.g., VisualizedSelf,
Health Mashups, Reflection Companion [10, 12, 42]). Social compar-
ison is a design element that helps people gain behavioral insights
from their peers (e.g., Citisenze Maker, StepStream [53, 58]).
Findings from these studies revealed open questions that can be
investigated to make personal informatics more impactful. First,
although novel metaphorical visualizations can enhance behavioral
awareness [16, 47], they need to provide behavioral support to
help users maintain the desired behavior [40], for example through
goal setting [15, 54]. Furthermore, consistent with SCT, people are
more committed to their fitness goals if the goals are linked to
their aspirations [45, 64]. Second, personal data reflections indeed
help people to gain deeper insights into their behavior [10, 12].
But, observation solely on past behavior has limited value [29]
because, from SCT’s standpoint, observing past behavior does not
guide people towards immediate action [3:338]. People tend to value
observations that guide them to make near-term changes. Finally,
studies on social comparison designs show that information about a
person’s social circle’s behavior can help them make sense of their
behavior and also enhance the feeling of social support [53, 58].
Although these findings informed us on how to design impactful
fitness tracking tools, there remain research gaps that need to be

investigated. First, many of these tools are designed for individual
use, although prior studies overwhelmingly show that interpersonal
relationships, such as those in families, are important sources of PA
support [34, 71]. Second, while there is a wealth of studies on the
kind of insights that people gained when they are reflecting on their
PA experiences [10, 12, 64], more work is needed to understand how
reflection can facilitate the development of positive PA attitudes
(e.g., self-efficacy). Finally, while social environment shapes health
behavior, only a few works on fitness tracking examined how people
benefit from an increased awareness of their peers’ PA behavior
[53, 58]. Still, these important studies have not fully explained in
what ways social influences are beneficial for health promotion.

In conclusion, we highlight the potential of self-modeling and
social modeling in enhancing PA self-efficacy and outcome expecta-
tions. We also argue for the need to investigate how fitness trackers
can support the processes of self-modeling (i.e., reflection) and so-
cial modeling towards the development of positive PA attitudes in
a family setting, especially in low-SES contexts where PA resources
are limited.

3 METHOD

We developed the StoryMap prototype to examine how technology
can facilitate self-modeling and social modeling and support health
attitudes, more specifically self-efficacy and outcome expectations.
We then conducted a five-week qualitative study to examine the
cognitive processes when caregivers used a self- and social model-
ing technology in a naturalistic setting. That is, how caregivers used
such technologies amid barriers related to low-SES and COVID-
19 pandemic. To do so, we used the Data-Driven Retrospective
Interviewing (DDRI) method [68].

This study was conducted from April to July 2020, which was the
beginning of the COVID-19 pandemic in the U.S. To maintain social
distancing, we conducted our study over the phone. Our university’s
ethics board approved the study protocol. In this section, we will
discuss StoryMap’s design rationale followed by the study design.

3.1 StoryMap Prototype Design

We developed StoryMap (Figure 1) on top of an existing open-
sourced Android app called Storywell [63, 65]. We extended
Storywell design by adding the community story map in which
caregivers can record and share PA stories and listen to other
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The elephants enjoy
exercising together. Can you
describe a time when you
enjoyed being active with
your family? What are some
nice things that happened
that you would like others to
™, know about?

Being active means doing any activity that makes
you sweat or become out of breath like dancing,
playing on the playground, or playing sports such
s baseball or soccer.
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Figure 1: StoryMap Screenshots. (1) A family begins with reading a storybook, then (2) the caregiver shared a community
story. After that, (3) the caregiver logs their emotions which we will use for the interviews. (4) Families can see other families’
community stories on the story map, and (5) listen to the stories. If a family missed their goal, (6) they can spin the magic
needle and get the listen to a community story balloon. Doing so will unlock the story. Note: this figure does not show the

actual locations of community stories.

families’ stories as well. Next, we will discuss the user scenario
and the design rationale of StoryMap.

3.1.1  User Scenario. In StoryMap, families begin by reading a PA-
themed storybook (Figure 1.1). At the end of each chapter, StoryMap
asks the family to do one of these activities: (1) record answers to
a set of reflection questions, or (2) record and share a community
story — a personal story that other families can listen to (Figure
1.2). By default, a community story is accompanied by metadata
about the caregiver who shared the story. The metadata includes
caregivers’ neighborhood, approximate age, number of children,
hobby, and average seven-day steps. After sharing a story, StoryMap
will ask the caregiver to log their emotion at that moment (Figure
1.3). The emotion logs were used to drive the interviews, which we
will discuss in section 3.2.

We made the following designs to protect the family’s privacy
and provide more autonomy. First, StoryMap added a random 3
miles offset when placing community story marker on the map.
Caregivers also have the option to change the marker location to
a nearby landmark. Second, caregivers have the option to select
which metadata to disclose when they share a story. Finally, to
protect children’s privacy, StoryMap only invites caregivers to
share community stories

Next, similar to Storywell, to continue reading the next chapter,
the caregiver and the child must choose a one-day step count goal.
StoryMap uses MiBand 2 (we provided the bands) to track step
counts because of their accuracy, long battery life, and low cost
[46]. If the family members completed their goals, they can unlock
the next chapter.

If the family misses their goal, they may continue using the
app by spinning the magic needle to randomly get one of the exit
balloons (Figure 1.6). In addition to Storywell’s three exit balloons
(i.e., bypass, fitness tip, and pick another challenge balloons), we
also added the listen to a community story balloon. This balloon
asks the family to listen to other families’ stories in the community
story map to unlock the next chapter.

The community story map shows other families’ community
stories as markers on the city’s map (Figure 1.4). When a user taps

on a marker, StoryMap will show the player sheet for listening to the
story (Figure 1.5). It also shows the metadata of the caregiver who
shared the story. To ensure the story content is appropriate and does
not contain personal information, the research staff reviewed the
community stories before they were made available to other users.

3.1.2  Design Rationale. The purpose of the storybooks in Sto-
ryMap is to provide families with social rewards [63], and to prime
families for discussing PA as a means of self- and social modeling.
We developed eight storybooks [61] through workshops with health
and HCI researchers. Then, a community organization focused on
children’s literacy reviewed the storybooks and provided feedback
on the stories that we used to further iterate on them. The goal of
this process was to ensure that the story themes, health messages,
and language complexity are appropriate.

We implemented self-modeling as reflection questions and com-
munity story prompts. The questions were designed for children
and caregivers to remember their past positive experiences in being
active [66]. Each set of reflection questions consists of a broad ex-
perience question, a focusing question, and a closing statement. For
example, families begin with reflecting on their physical activity
experiences broadly, then focus on the specific aspect of their experi-
ences (e.g., self-efficacy, enjoyment, supportive people, comfortable
places). The closing statement is aimed at helping caregivers and
children conceptualize meanings in their PA experiences [43, 64].
Below is an example of a three-part reflection question:

e Can you tell a time when you tried a new physical activity
that was hard at first?

e How did that activity become easier when you tried it again?

e Being active does not happen overnight. Starting with small
activities and repeating them often can make physical activ-
ity easier to do.

The community story prompts (for the caregivers) have a similar
structure. The only difference is the broad experience question
and the focusing question is merged into one question. The aim
is to simplify the story sharing process. Below is an example of a
community story prompt:
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“Can you describe a time when you enjoyed being active
with your family?

What are some nice things that happened that you
would like others to know about?”

We implemented social modeling as the community story map
(Figure 1.4). StoryMap sought to facilitate social modeling by en-
abling families to listen to other families’ success stories. This is
symbolic social modeling because the behavior is indirectly ob-
served through symbols (i.e., stories). We also placed the stories on
a neighborhood map because social interactions in neighborhood
places can help people develop a sense of connectedness [62].

Additionally, social modeling is more impactful when individ-
uals feel the model is similar to them [11, 28, 51]. Therefore, to
better facilitate modeling, health informatics tools should provide
features that highlight salient aspects of the model and thus capture
users’ attentional process. But aspects of the model’s similarities
that capture users’ attention remains unexplored in the field of
personal informatics, as well as how users understand these simi-
larities [35]. Therefore, to examine how to support social modeling
by similarity, we designed the story viewer (Figure 1.5) to display
metadata about the caregiver who shared the story. To support iden-
tifying similarity from objectively measured ability information,
StoryMap shows the caregivers’ step count. This design is guided
by Braaksma et al.s work that shows ability information is impor-
tant for observational learning [11]. To support similarity based
on subjectively constructed ability information, StoryMap shows
the caregiver’s approximate age, the number of children, and their
neighborhood. These pieces of information are subjective because
they do not directly show PA ability, but act as a proxy that could
determine PA behavior. Additionally, neighborhood information
also acts as a proxy indicator of SES, which is also a PA correlate
[71]. Collectively, showing these pieces of information enabled us
to examine how such information affects the feeling of similarity.

3.2 Study Design

We recruited families from family-focused community organiza-
tions in a Northeast U.S. city. Families were eligible to participate if:
(1) they had at least one child aged 3-8 years, (2) owned an Android
phone, and (3) met the low-SES criteria (i.e., eligible for the state-
based health insurance program for low-income families or lived
in low-SES neighborhoods). We conducted the study from April
to July 2020 when the COVID-19 pandemic began in the U.S. One
month before the interview with the first participant, the governor
ordered schools to close and issued a stay-at-home advisory. Thus,
to ensure the safety of the family participants and the research staff,
all of the participant’s interactions were conducted over the phone
and the Mi Band 2s were mailed to the participants. Participants
can keep the bands after the study.

This five-week study consisted of one week for baseline data
collection and four weeks for the intervention. We conducted the
three interviews during the first meeting, then three and five weeks
after the first meeting.

Each family can receive up to $160 in gift cards for their study
participation. At the end of every interview, each caregiver received
a $40 gift card. Caregivers who completed the study also received
an extra $40 gift card. The $40 compensation is about 2.5 times
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the city’s hourly living wage. This is to compensate caregivers’
time in participating in the interview during the difficult COVID-19
pandemic and also for using StoryMap throughout the study.

3.2.1 Data Collection and Analysis. In the first session, we asked
the caregiver to fill out an online survey which includes the care-
giver’s 7-day PA [37], and the caregivers’ perception of their chil-
dren’s PA [132]. After that, we helped them to set up StoryMap and
the fitness bands on their phone. We asked them to wear the bands
daily and to check StoryMap at least once a week. Then, we in-
formed the caregiver that they can start choosing fitness challenges
in one week. This is to allow StoryMap to collect baseline fitness
data for determining fitness challenges. Finally, we conducted the
first interview with the caregiver. After two and five weeks, we
conducted the second and final interviews, respectively.

To better examine caregivers’ cognitive processes when using
StoryMap in a naturalistic setting, we used DDRI [68], which is an
approach for conducting an in-depth examination of users’ expe-
rience. The DDRI approach was applied in this study as follows.
After a family responded to a reflection question or shared a story,
StoryMap prompted the caregiver to log their emotion (Figure 1.3).
The list of emotions was taken from a Positive and Negative Affect
Schedule (PANAS) questionnaire [161]. StoryMap also kept a log
of users’ interactions within the app. We used the combination of
emotion and interaction log to help caregivers remember their expe-
riences during the interviews. Figure 2 shows an example of a DDRI
log. The complete example log is included in the Supplementary
Material.

The semi-structured interviews were organized as follows. In the
first session, we interviewed the caregivers to understand their atti-
tudes and perceptions on PA as well as barriers that they may face
in being active. We focused on the caregivers in these interviews

Family 07's Moments
Wed, May 13, 2020 - Tue, May 19, 2020

Tue, May 19, 2020
Caregiver: 3792 steps, child: 7164 steps
8:08 PM Completed family fitness challenge.
8:08 PM  Unlocked a story chapter in: Have You Ever Seen a Unicorn?.
8:08 PM Read a storybook: Have You Ever Seen a Unicorn?.
8:11PM Caregiver 7 shared a community story.
Question: Discovering a unicorn is new for Edith. Tell a story about when you
tried a new physical activity. Did you face any challenges? How did you deal
with those challenges?
"I remember when | face the challenge [in being active]. It was Zumba. It
was a lot of work, it was active, it was going, it was fun. But, a lot of work.
How did | deal with it? Just kept trying. Practice make perfect. Keep
trying, and trying, and trying. Until | had fun with it."
8:12PM Child 7 logged this emotion: Happy, Laugh.
8:12PM Caregiver 7 logged this emotion: Excited, Active, Strong, Proud.

8:13PM Picked a fitness challenge. Caregiver: 3880 steps, child 7030 steps.

Figure 2: An example DDRI log that we used in the inter-
views
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because of the challenge of engaging young children in phone in-
terviews. Understanding caregivers’ perspectives is our first step in
designing family health apps. In the second, and third sessions, we
investigated caregivers’ experiences with StoryMap. We began by
first emailing the caregivers their DDRI logs. Then, we reviewed the
log with the participants to help them remember and explain their
experiences, specifically their experiences in using the reflection,
the story sharing, and the community story map feature. I also in-
vestigated the challenges they faced, especially how the COVID-19
pandemic might have affected their ability to use the fitness app op-
timally. Throughout the study, we continuously refine the interview
guide to capture the concepts we identified in our analysis. The
final interview guide is included in the Supplementary Material.

The median duration of the first, second, and third interviews
was 25, 28, and 41 minutes, respectively. In total, we conducted over
26 hours of interviews across the three sessions and accumulated a
total of 672 pages of transcripts.

We analyzed the interview data using the constant comparative
method [17]. The steps are as follows. (1) We conducted open coding
on the interview transcripts. While we were informed by SCT
constructs during the analysis, we did not deductively look for
those concepts during the open coding stage. (2) We wrote memos to
capture the preliminary analysis (n=38 pages). (3) Using the initial
concepts that we identified from the initial coding, we conducted
theoretical sampling by probing and comparing the concepts in
the subsequent interviews. (4) We grouped the concepts to develop
higher-level categories. While initially we distanced ourselves from
SCT constructs to avoid interpreting the data prematurely, at this
point, we began using SCT constructs to further explain the findings.
(5) We linked the categories and subcategories to identify their
relationships.

3.2.2  Participants Overview. We recruited 16 caregivers and 16 chil-
dren from 16 families. The caregivers’ median age was 34 (IQR=10)
and the children’s median age was 6 (IQR=2). All of the caregivers
were women; 10 children were girls and 6 were boys. Twelve care-
givers self-identified as Black and four self-identified as White.
Three caregivers self-identified as Hispanic. Nine families were
single-caregiver households and seven were dual-caregiver house-
holds. The median household size was four and the median number
of children was two. Most of the caregivers’ highest educational
level was some college or vocational training (n=6) or college (n=>5).
The median income group was US$ 23,017 or less (n==8). As a com-
parison, the city’s median income was US$65,883. More detailed
information about the participants is included in the Supplementary
Material.

Caregivers’ median self-reported PA frequency was 1-2 bouts
of PA in the previous week, which is below the recommended PA
level [57]. Caregivers also reported that their children’s median
PA frequency in the previous week was five bouts of 60+ minutes
of PA, which is also slightly below the recommended PA level for
children [57].

4 FINDINGS

Throughout the four-week intervention, caregivers shared a total
of 86 community stories (mean=6 stories, SD=6). On average, fam-
ilies opened the StoryMap app 17 times (SD=12). Our qualitative
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analysis characterized how reflection and storytelling can enhance
PA attitudes, namely self-efficacy and outcome expectations. In this
section, we will discuss the characteristics of self-modeling (Section
4.1) and social modeling (Section 4.2). Finally, we will discuss find-
ings about the impediments that families face in being physically
active, which limit the impact of health technologies (Section 4.3).

4.1 Reflection as Self-Modeling

For the caregivers, reflecting on family PA experiences evoked exer-
cise memories from the past, and such evocations helped caregivers
relive the emotions they felt in those past experiences (n=11). We
also found that such emotions can reinforce outcome expectations
for being active. For example, P7 logged the inspired emotion after
reflecting on her experience of doing sit-ups with her son. She ex-
plained that she reached those emotions after the reflection because
being active as a family was valuable for her:

P7: When we were doing our sit-ups, it felt good just
to watch him [, my son,] do it too. If 'm active or 'm
doing something active or doing a different activity,
then he likes to do it as well. And so that’s really why
[T experienced positive emotion remembering it].

Similar to P7’s experience above, the positive effect of remem-
bering was also discussed by P4 when she was proud that she
supported her daughter to learn how to ride a bike. She explained
how remembering can lead her to bring past events to the present,
and doing so will evoke the emotions of those events:

P4: When I think about things I used to do with
the kids, and what made them happy, laughing, have
fun. .. it brings it from the past, and it brings it back
to the present. And it puts me back in that moment
because it’s a memory I have that I'll never lose. And
it was a happy, joyful time for me and something that
I cherish.

In short, these accounts show that reflections of positive expe-
riences can lead to remembering that evoked positive emotions.
However, the effects of reflection go much further. Reflections can
help people (1) identify their abilities and emotional outcomes of
the task and also (2) identify discrepancies in their behavior.

4.1.1 Reflections Identify Abilities and Emotional Outcomes. As a
result of reflections, some caregivers expressed (1) enhanced percep-
tions of their abilities and also (2) the desire to repeat the activities.
The effect of reflections on enhancing ability perceptions (n=3)
is exemplified by P9’s quote:

P9: [Reflection] just makes us realize. Before, we
weren’t thinking about how active we were.

Here, P9 explained that remembering being active made her real-
ize that her family has always been active. Similarly, P3 experienced
strong emotion after reflecting on the time when she won a sports
game:

P3: We came out victorious. We won the tournament.
So, we felt strong, I felt motivated. You know, that
practice makes perfect. When you come out stronger,
you come out better. When you win something, it
gives you that empowerment feeling.
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Thus, in other words, reflections led caregivers to remember the
successes they had while being active. By remembering positive
moments, people can solidify their beliefs about their ability to do
the behavior of interest, that is, their self-efficacy.

The effect of reflections in inducing the desire to repeat the
activities (n=38) is best exemplified in P8’s account:

P8: One of the questions do trigger certain thoughts
about, “Oh yeah. I remember when me and my daughter
did this” It kind of reminds, like, “Hey, we could do
that again and get involved with that again. Why did
we stop doing that? That would be so nice”

Here, P8 said that the reflection questions helped her remember
a nice family activity and she wanted to do the activity again. Her
account, as well as P4 and P7’s accounts earlier, show that reflections
can induce the intention to repeat the activity because reflections
reinforce the emotional outcome expectations of performing the
behavior.

In short, reflection can both reinforce the self-efficacy and the
outcome expectations of the task. However, intents that were in-
duced by reflections can be impermanent (n=3). For example, if a
family answered the reflection questions in the evening, they might
immediately develop the intent to be active on the next day. But, on
the next day, circumstances change, and they ended up not doing
the activity. This is exemplified by P8’s account:

P8: I'm doing this [reflection] in the evening and 'm
like, “Oh yeah. You know what? Tomorrow we should
try to be a little bit more active and get going” But
when I wake up in the morning and I'm like, “Oh, I
have a headache and I'm not up to it” That motivation
is forgotten about.

P8’s experience is echoed by P7 who felt that emotions and
feelings change:

P7: It depends on what time you read the book [in
the app]. Then they ask that question, you feel that
way, yes. That is so true. That after you say, “Okay
you’re going to go do this” Then the emotion and your
feelings then change, that you didn’t even complete
the task.

The fleetingness of intents-from-emotions suggests that PA re-
flections should be prompted when being active is the most feasible.
Alternatively, reflections can be followed with tools to plan the
next actions. The value of prompting a behavior during heightened
positive emotional state was supported by P8:

P8: But if it’s [prompted on] the right time of day, I
might be a little more motivated to do something.

Collectively, these accounts show the potential and limitations
of reflections. Reflections can help families remember how they
have been active and the emotions associated with being active as a
family. Such remembering can enhance self-efficacy and reinforces
outcome expectations. As a result, reflections can induce the intent
to be active because it recalls the positive emotional outcomes
related to the activity. However, such intents are often dissipating
over time.

4.1.2  Reflections Identify Discrepancies. While reflections about
pleasant past events can lead to positive emotions, reflections that

CHI ’21, May 08-13, 2021, Yokohama, Japan

lead caregivers to think about future actions can lead to the feel-
ing of uneasiness (n=3). This uneasiness seems to stem from the
perceived discrepancy between caregivers’ aspirations versus their
beliefs about their ability to reach their aspirations. For example,
P7 indicated that she felt alert when her daughter said she loved
soccer when responding to a reflection question:

P7: My daughter was saying something about soccer,
and she loves soccer. She loves kicking the ball and
stuff like that. But they used to do that with their dad
a lot. And so now that he’s not around, it’s just like,
“Okay, I can’t doit” [...] I'm not really good at soccer.
I'll trip over it.

P7 wanted her daughter to be happy, but, at the same time, she
was not proficient in soccer. As a result, P7 became more alert, that
is, she became vigilant in finding ways to support her daughter’s
interest in soccer:

P7: So, I'm like, “Okay, I'm watching, but I'm alert.
Watching what’s going on to see if you all can continue
with your dad”

Similarly, this notion of being vigilant was experienced by P12
when she heard her son respond to the reflection question and
describe how much he loved swimming. P12 felt vigilant she did
not know how to swim:

P12: My son, he always loves water. Whenever he’s in
water, he’s just always happy. He just wants to learn
to swim.

As a result, she felt determined and yet nervous because she felt
the urgency to learn how to swim so that she can protect her son:

P12: It was a determination to learn how to swim and
you would get anxious, you get kind of nervous and
everything else. [...] I think my biggest fear was the
fact that he would one day go in the water and it’s
just me and him. I was like, “If I can’t swim, how can I
save him?”

In contrast, other parents did not experience discomfort, because
they felt they are proficient in the physical activity that the child
liked. For example, P8 felt differently when we asked her experience
in comparison to P7 and P12’s experiences of alertness:

P8: I think it’s a little different for me because I did
sports when I was younger.

It appeared that for P8, her physical activeness enhanced her
self-efficacy so that she believed that she can support the activities
that her daughter enjoyed. In other words, these accounts show
that inducing caregivers to think about PAs that the child enjoys
can lead to the feeling of alertness or discomfort, but only if the
caregiver is not sufficiently self-efficacious to support the activity.
It should be noted that such feelings are not necessarily negative.
Rather, these feelings suggest that supporting their children’s PA
was aligned with the caregivers’ aspirations. Then, as a result, the
caregivers sought ways to reduce their discrepancies in achieving
their aspirations (i.e., supporting their children’s PA). As the inter-
view data suggest, by identifying discrepancies, caregivers started
to engage in discrepancy reduction.



CHI ’21, May 08-13, 2021, Yokohama, Japan

4.2 Storytelling as Social Modeling

Listening to other families’ community stories is a symbolic mod-
eling process that can enhance caregivers’ PA beliefs (n=10). The
motivational effect of listening to verbal stories is exemplified by
P7’s account:

P7: Hearing their voice saying, “This is what I do with
my kid. This is what makes me happy” [...] Just hear-
ing their voice from another point of view, for me, I
was like, “Wow, I should do that with my kids. I didn’t
think of doing that.” [. . .] Just listening to other people
saying this is what they did, and this is what they’re
doing, gives me the confidence of continuing.

Furthermore, listening to verbal stories from other caregivers
appeared to be more impactful because caregivers felt the stories
were more relevant to them. For example, P5 said:

P5: I think that listening to other families would be
more effective [than reading health advice]. Just real
people and having their real advice would be more
effective.

Similar to P5 who felt caregivers’ stories felt real, P11 felt the ver-
bal stories embody the passions and the happiness of the caregivers.
P11 said:

P11: Hearing someone else talk about it, they prob-
ably talk with more details of what they were doing.
[...] You can feel the passion or the happiness. It’s
different when you hear something than from when
you read it.

By unpacking caregivers’ accounts further, we identified several
characteristics of information that were exchanged while using
StoryMap.

4.2.1 Data and Stories Affect Health Beliefs. By sharing fitness sto-
ries along with data (i.e., average step counts), families exchanged
several kinds of information, and this information impacted the
caregivers’ beliefs about tasks, emotions, norms, and adequacy. We
will describe these kinds of information in more detail below.

Task information derived from listening to the stories ex-
panded caregivers’ beliefs about the courses of action that one can
engage in to be active (n=9). More specifically, stories gave care-
givers new ideas about how they can be active with their children
(i.e., task information). These activity ideas felt resonant because
other families were able to do the activity. For example, P11 felt she
can do Zumba to exercise with her daughter after she listened to a
story from P7:

P11: [P7] mentioned the ways that she did her PA
with her children. I didn’t think of doing Zumba, but I
thought that was a great idea. Because we are actually
able to go on YouTube and look at that, [Zumba].
[...] So that did inspire me to, to try that out with
[my daughter] as well.

Here, by learning other caregiver’s approaches in being active,
P11 developed the motivation to be active, watched exercise videos
on YouTube, and act on that motivation. Similarly, P1 also felt
motivated when learning how other families found ways to be
active during social distancing amid COVID-19:

Herman Saksono et al.

P1: It’s very motivating to see that other families are
finding ways to continue to be active even through
this difficult time when have social distancing.

P1 and P11’s experiences were echoed by other caregivers who
were pleased to learn different ways to be active with their children,
suggesting that their PA self-efficacy was improving. In other words,
by learning that there were more feasible means of being active,
caregivers enhanced their perception of their PA ability.

Caregivers also derived emotion information from the stories
they listened to, that is, information regarding the emotional out-
comes of being active (n=3) — this information in turn reinforced
caregivers’ own outcome expectations. In particular, shared stories
were evocative because they conveyed the happiness that can come
from the feeling of belongingness during family exercise. For ex-
ample, P9 wanted to be active with her children because she heard
other families felt happy when exercising together:

P9: It was nice hearing [those stories], because it
makes me, like I said, do more things with my son as
well. [...] Just picking up different things that they
do and considering how happy they are to do those
things.

By listening to stories in which other families felt happy while
being active, P9 appeared to gain PA motivation as well. This ac-
count also resonated with P7’s account at the beginning of section
4.2 where she felt that the family happiness conveyed in the stories
gave her the motivation to be active.

These accounts suggest that stories with emotion information
can reinforce caregivers’ beliefs about the outcome expectations of
family PA.

Another type of information that caregivers gleaned was norma-
tive behavioral information, that is, information regarding what
kind of behavior is valued by one’s peers (n=7). This information
was derived from learning about the typical behavioral practices of
other families (e.g., from the stories from other caregivers). In turn,
when caregivers learned that their internal standards align with
the social standards (i.e., what their peers’ value), caregivers felt
validation of their behavior. According to SCT, individuals judge the
expected outcomes of their behaviors using their internal standards
[3:340] and behaviors are most optimal when internal standards are
compatible with social standards [7:274]. Thus, in short, normative
behavioral information can enhance how individuals assess the out-
come expectations of their behavior (e.g., a validation). For example,
P12 explained why hearing other families’ stories felt good:

P12: Just hearing the stories, you were just like, “Oh,
okay. So, I'm not the only one” [...] When you sit back
and you're like, “Okay, I'm not the only one doing this.
I'm not the only one trying to find ways to keep my kids
busy and happy” It’s good. It works out.

P12’s account above shows how stories can validate caregivers’
efforts in supporting their children’s wellbeing. Furthermore, listen-
ing to the stories induced positive emotions because they reduced
the feeling of isolation as a caregiver with young children. P12, who
was the primary caregiver in a dual-caregiver household, said:

P12: Nobody understands how you’re feeling [as a
mother], but then when you basically talk to the other
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parents, or you, like I said, hearing other parents,
you're like, “Oh, okay, so it’s not me. It’s not just me”

This feeling of isolation was also expressed by other caregivers.
Therefore, while listening to a story can guide beliefs about a task
and emotion, it can also give validations to caregivers’ behavior.
Such validations are beneficial in the context of caregiving because
caregiving often felt like a socially isolating duty.

The final type of knowledge that caregivers gathered was ade-
quacy information. This information refers to knowledge that is
gained by observing other caregivers’ step count data, and which
helps the observer assess their ability to do the behavior of question
(n=6). Here, data is information that directly shows the behavior of
the model (i.e., step count averages). Reflecting on their sense of ad-
equacy helped caregivers to set reasonable goals (self-improvement)
as well as enhance their perception of self (self-enhancement) [73].
Adequacy information is different from normative behavioral infor-
mation. Adequacy information tells us how many steps are deemed
to be sufficient, whereas normative behavioral information tells us
whether being active (and getting the steps) itself is valued.

An example of using an adequacy information for self-
improvement is when P7 felt knowing other caregivers’ step aver-
ages helped her to set higher goals:

P7: It gives me a challenge because sometimes I be
like, “Oh, I beat that person today. Oh my gosh, she was
at a thousand. Well, she beat me today. Let me see if
can beat that” And I laughed.

An example of using an adequacy information for self-
enhancement was when P5 felt better about herself from knowing
that other caregivers’ step averages were around her averages:

P5: People [who] were on the same level as you would
just give you a lot more motivation. Like, “Okay. I don’t
need to I kill myselfto do a lot more steps. I can try to
progress gradually. Because I'm not so far behind”

These accounts exemplified the value of knowing other care-
givers’ step count averages because such information can inform
their sense of adequacy. Their accounts also show that adequacy
information can be used to make sense of past behavior (e.g., P5)
and also future behavior (e.g., P7).

In short, stories that caregivers shared were impactful and res-
onant for other caregivers because stories conveyed information
that enhanced task, emotion, and normative beliefs. Moreover, the
behavioral data that accompanied the story appeared to influence
caregivers’ adequacy beliefs. The interplay of these beliefs enhances
self-efficacy, outcome expectations, and internal standards, which
in tandem can support the behavior in question.

4.2.2 Metadata Enhances Data and Stories. Community stories in
StoryMap are accompanied by metadata and placed on a neighbor-
hood map. In designing this feature, our goal was to help caregivers
assess their similarity with the model, that is, how many character-
istics they share with the caregiver who shared the story. We found
that this metadata helped caregivers predict how much they can
replicate the models’ behavior (n=_8). By providing context, such
metadata goes hand in hand with data and stories. The two types
of metadata that were seen as being valuable were the number of
children in the family and the family’s neighborhood.
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The number of children was cited as the most valuable metadata
(n=10) because a greater number of children usually inhibited PA,
given that caregivers were more occupied with caregiving respon-
sibilities. For example, P2 said:

P2: [The] number of children is important because
maybe if you have four kids like I do, and then the
other person has two. Maybe, it’s easier for that per-
son to be able to get more steps in or have more time
to do stuff than it is for me.

Indeed, P2’s quote suggests that having more children can limit
PA. But P16 disagreed because for her, the number of children
should not affect PA:

P16: I think the number of children shouldn’t matter.
I don’t think... Well for me, I don’t think it should.
And then if the children are keeping us from getting
things done, I think the one thing we can do is to get
them engaged in it.

That P2 and P16 perceived the effect of the number of children
differently show the subjective nature of metadata. Yet, such infor-
mation is helpful for some caregivers to explain their adequacy.

Neighborhood was also frequently cited metadata because care-
givers believed that neighborhoods affect family PA (n=6). Neigh-
borhoods can inhibit PA when they lack places to be active or when
those places that are available are lacking in safety. For example,
P13 felt caregivers who lived in other neighborhoods may have bet-
ter resources to be active, thus their step counts could not provide
a sense of adequacy because P13 had limited means in being active:

P13: If there’s a wooded area that they’re doing all
these walks on, or a trail, I could be doing the trail and
they could be doing hiking or something. It’s more of
a stretch, versus me doing a trail all on one level.

While P13 felt that neighborhood information can predict PA
by signaling the availability of resources, P3 felt that neighbor-
hood information predicts a family’s PA ability, specifically due to
associated feelings of safety when outside in the neighborhood:

P2: Where you live, it’s important to know because
maybe they’re doing more steps because they’re in
an area where it’s safe, and they can do things.

Here P2 suggested that other neighborhoods might be safer, and
thus families who lived there can have more PA outside. Therefore,
neighborhood information provides important context for how
feasible it is for a caregiver to replicate other caregivers’ behavior.

In conclusion, data, stories, and metadata can support social mod-
eling by transmitting information about adequacy, task, emotion,
and norms. In turn, this information enhances PA self-efficacy and
outcome expectations.

4.3 Barriers

Although caregivers received motivating cues from their social
peers, there were underlying barriers and temporary barriers that
limited families’ use of StoryMap and ability to be active (n=12).
Underlying barriers included straining caregiving and work respon-
sibilities. Families also faced a temporary barrier, namely social
distancing guidelines during the COVID-19 pandemic. For P15, a
single mother of two children, these barriers were compounding:



CHI ’21, May 08-13, 2021, Yokohama, Japan

P15: You would think [we can be more active] because
[during the pandemic] we’re a home that we’re able to
use [the app more] more. But being home, there’s so
much more to do, nowhere for [my kids] to go. Even
just the energy level and just the amount of work you
have to do and get it done. Because right now trying
to be a student, a parent, a teacher, everything all at
one time just within these 24 hours is a lot.

The account from P15 illustrates how an overlapping set of bar-
riers can compound and further limit PA. These barriers include
caregiving and work responsibilities as well as the COVID-19 pan-
demic, which forced caregivers to take on the role of teacher in
supporting their children’s education. Furthermore, two mothers
were in a residential treatment program aimed at helping women
and children who had substance abuse problems. Such a program
puts a limit on how often they can go outside. For example, P8 said:

P8: We do have staff here where we’re not allowed to
get outside on our own free will or on our own time.
But the small amount of times we do get to go outside
me and my daughter try to find regular activities to
do.

Accounts from the majority of the families show that they face
barriers to being active. Such barriers are often compounded by the
COVID-19 pandemic and also the unavailability of personal spaces
for exercising. Only a small set of families in the study reported
that they have a backyard (n=4). These families reported that social
distancing was not a barrier for them because they can be active
within the safe space of their house, which is in contrast to the rest
of the families. For example, P11 said:

P11: I'm very grateful that I do have a backyard. I
don’t have to worry about [social distancing while
exercising at the park]. [...] That’s very hard with
children. I don’t like to tell my child “No, you can’t
touch it. You can’t go here. You can’t be too close to this
person”

In conclusion, a set of barriers limits the families’ ability in being
active. Underlying barriers include access to the backyard, strain-
ing caregiving and work responsibilities, and mandatory health
programs. The temporary barrier was the COVID-19 pandemic that
caused a myriad of changes in family activities, including limited
access to parks and increased caregiving responsibilities.

5 DISCUSSION

Findings from this study show that self-modeling and social model-
ing can positively influence self-efficacy and outcome expectations,
two key attitudes that can induce health behavior. During these
modeling processes, families elicited and exchanged four kinds of
information embedded in data and stories: task, emotion, behav-
ioral norms, and adequacy. Additionally, our findings show that
metadata influence the effectiveness of social modeling, namely
by helping users to predict whether they can replicate the models’
behavior. However, although self-modeling and social modeling are
promising means of health promotion, impediments readily thwart
people’s ability in achieving healthy behavior. Family participants
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faced barriers that limit their PA, which include the underlying
barriers and the COVID-19 pandemic.

These findings also highlight the distinction between data and
stories. While stories are also data, we need to make a distinction
to think conceptually about personal informatics. Data represents
the outcomes of interest (e.g., using numbers, texts, visuals) that
guide future actions and can be easily compared for informing as-
sessments of adequacy. Stories represent memories that convey pro-
cesses, progress [23, 27, 60], emotions [39], and values [20, 32, 52]
related to the actions. Our findings show that data often supports
assessments of adequacy while stories convey information about
tasks, emotions, and norms. More importantly, while data sharing
is valuable for social modeling, people also benefit from stories that
elucidate the steps needed to achieve the modeled behavior and the
potential outcomes of that behavior. Building upon Elsden et al.’s
work that suggest personal informatics data often lacked important
detail [22], we further show how stories can add detail that enhance
data and positively impact behavioral attitudes. Guided by SCT,
we will discuss how these concepts were in play during social and
self-modeling.

5.1 Social Modeling Using Data and Stories

Figure 3 shows a conceptual model of technology-supported so-
cial modeling. In this process, individuals shared their data and
stories about the behavior of interest (e.g., PA). Data conveys in-
formation about peers’ behavior, and can inform one’s sense of
adequacy, while stories provide information about tasks, emotions,
and behavioral norms. Adequacy and task information enhance
self-efficacy because these two pieces of information can enhance
individuals’ beliefs about their ability. On the other hand, emotions
and norms enhance outcome expectations. More specifically, learn-
ing the emotional outcomes of a behavior can reinforce individuals’
beliefs about the joy of performing the behavior; while learning
that a behavior is compatible with peer norms can enhance one’s
outcome expectations and make performing the behavior more de-
sirable [7:274]. Collectively, by informing self-efficacy and outcome
expectations, data and stories help individuals to further develop
the intention in performing the behavior of interest.

Indeed, prior work has begun to demonstrate how social mod-
eling can be facilitated by data, stories, and metadata. In terms of
data sharing, prior work shows that sharing of health data can
inform adequacy. In Citizense Maker’s evaluation, Puussaar et al.
found that people appreciated the opportunity to situate their data
in comparison with other users [124]. Through our study, we fur-
ther formalize that people value comparing their data with their
peers’ data because such comparisons are helpful to give a sense of
adequacy.

Relying on peers’ performance as the sole metric of adequacy
may seem problematic because people could fall into a false sense
of adequacy (e.g., feeling complacent). But, from the perspective
of SCT, self-efficacious people are naturally inclined towards self-
improvements [7:268]. Thus, people are still likely to attain higher
goals even if they are surrounded with underperforming peers.
However, Wood et al. posited that a false sense of adequacy tends to
have negative effects in people who perceived they are surrounded
by peers who higher in abilities (i.e., people felt less competent when
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Figure 3: Social Modeling Process

surrounded by higher-performing peers) [73]. Therefore, adequacy
information should be tailored to highlight people with similar
abilities in tandem with providing prescriptive goals (e.g., aim for x
numbers of steps in 3 months) so that people can better manage
their fitness goals.

In terms of story sharing, prior work shows that health technolo-
gies can transmit task and emotion information in stories. Chung
et al’s study on how Instagram was used to support a healthy diet
shows that Instagram allows the exchange of stories that highlight
successes or share healthy eating ideas [13]. In EatWell’s evaluation,
Grimes et al. found that people appreciated the emotive health ideas
from people they could identify with [30].

Additionally, prior work also demonstrated how health technolo-
gies can convey behavioral norms and validate people’s experiences.
Physical activity stories can foster norms around being active [53]
whereas stories about women’s health can challenge false norms
[52]. Similarly, the exchange of health support messages [1] and
sexual harassment stories [20] can validate people’s experiences.
Speaking more broadly, stories have been used by people on the
margin to genuinely voice their experiences [49, 69] and technol-
ogy can amplify their voices [49]. Through our study, we confirm
these prior findings and begun to formalize the characteristics of
impactful stories.

Finally, in terms of metadata, prior work also begun to show
that metadata can help users contextualize health data and stories.
Puussaar et al. show that health data would be more impactful
if there is more information to contextualize the data [58] and
Grimes et al. show that people valued being able to see themselves
in the storytellers [30]. Furthermore, Daskalova et al. suggest that
being similar is not only about sharing similar characteristics but
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also facing similar obstacles [18]. Thus, through this work, we
demonstrate that the purpose of metadata is for helping users to
predict if they can replicate the model’s behavior.

In conclusion, building upon prior study and SCT, we began
to formalize the properties of technology-facilitated social model-
ing (i.e., data, stories, and metadata), the information they convey
(e.g., adequacy, task, emotions, and behavioral norms), as well as
the health attitudes they impacted (i.e., self-efficacy and outcome
expectations).

5.2 Reflection as Self-Modeling

Figure 4 shows a conceptual model of reflections as self-modeling,
that is, reflecting on past experiences from a positive lens. This
process can help accomplish two outcomes. First, by remember-
ing positive experiences, people experienced positive emotions
that reinforce the outcome expectations of the task. Second, by re-
engaging cognitively on the courses of actions to complete the task
effectively, individuals can enhance self-efficacy in a task. Similarly,
reflection also helps people to have a greater understanding of their
abilities and can enhance self-efficacy [2]. From the perspective of
SCT, self-efficacy and outcome expectations can help develop the
intention to act on the behavior of interest (e.g., PA) [5].
However, it should be noted that the intention to reproduce
the behavior can be transient. Some caregivers said that they lost
interest in reproducing the behavior on the next day. There are two
potential approaches to mitigate the fleetingness of intentions. First,
by prompting reflections when it is most feasible for individuals to
do the activity, akin to Epstein et al’s contextually aware feedback
[25]. For example, by using the user’s geolocation and calendar
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Figure 4: Reflection as Self-Modeling
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schedules, a system can prompt users in reflections when they are
close to exercise facilities or when they have more time flexibility.
Second, is by providing goal setting tools after a user was reflecting.
Since intentions are transient, the goals need to be close in time. For
example, after a user reflects on their experiences, an app can offer
a goal-setting tool to set a PA schedule the next day and specify
the type of activity and the people who can provide support to
accomplish the activity.

Reflecting socially with loved ones can also help people to ex-
perience social connectedness [8] that supports engagement [63]
and reduces the risk of technology abandonment [14, 24]. Indeed,
Katule et al’s work shows that family social connections support
health app engagement [37] by having children directly help par-
ents to use health apps [37, 38]. Our work contributes to Katule et
al’s work by showing that children can influence parents indirectly.
By remembering the joy of exercising with their kids (e.g., P4, P7,
P8), parents can be more motivated to exercise as a family.

5.3 Concluding Remarks

Guided by our findings and SCT, we present design recommenda-
tions to support self- and social modeling in personal informatics:

¢ Invite reflections on success stories and invite users to
share key information. While prior work has supported
more open-ended reflections [12, 30, 42] we suggest that
future work should provide prompts that explicitly invite
users to share key information about the behavior of interest,
such as processes, emotions, progress, and behavioral norms.
This key information can enhance self-efficacy and outcome
expectations.

e Support the exchange of stories and behavioral data

aimed at enhancing self-efficacy and outcome expectations.
The data should be behavioral data that users can easily
compare and seek to achieve, with the goal of gaining a
sense of what is typical behavior and also directing users to
set goals towards self-improvement. In contrast to prior goal-
setting tools that rely solely on health guidelines [29, 54],
we echo prior work in personal informatics [18, 26, 58] by
advocating for goal-setting tools that provides cohort data
for comparison purposes. Guided by SCT, the aim of showing
cohort data is to help make the goals feel achievable because
the goals have been done by people who experience similar
circumstances.
However, future work should ensure that users choose goals
that are not too high nor too low. People with high self-
efficacy are likely to set high goals when looking at their
peers’ data [7:268]. In contrast, people with low self-efficacy
are likely to be less motivated if they see they underper-
formed in comparison to their peers [73]. Therefore, expert
insights and health guidelines are still needed to ensure ap-
propriate goals.

e Support users in gaining a sense of similarity with the
model by allowing the exchange of information that helps
users determine whether they share sufficient characteristics
with the model (e.g., metadata). With such information,
the user can predict whether they can replicate the actions
of the person being observed. However, people define
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“similarity” differently [26]. Thus, we recommend that
future work support users in identifying their own cohort of
models — echoing Daskalova et al. [18]. To encourage users
to choose appropriate goals, there should be enough similar
people in the pool of models. Additionally, to support users
who have low self-efficacy, we recommend showing similar
cohorts of models who managed to change their health
behaviors gradually over time. This approach will inform
users that change is possible when it is done gradually.
Invite reflections that lead to action by asking users to
reflect on when it is most feasible to engage in behavior
change. Alternatively, provide action planning tools
immediately after reflection when the positive emotions
and intentions are still heightened. For example, apps can
prompt reflections aimed at helping users to notice higher
self-efficacy and positive emotional outcomes when it is the
right time and location to exercise [41].

Amplify community voices using stories. This work
and our prior work [63] shows that people often face barriers
that are beyond their control. Therefore, future research can
examine how personal informatics can be used for advocacy
to counter health disparities. Storytelling technologies are
powerful means of advocacy [20, 52] because stories can
help communities to empower themselves, challenge faulty
societal beliefs, develop a sense of collective action, and
refocus on their strengths [69]. Technology can amplify
community voices and in so doing, provide benefits that tran-
scend primary health outcomes [49]. Therefore, stories from
self- and social modeling can be amplified and repurposed
as means for communities to express their aspirations.

These guidelines show that the elicitation and the exchange of data,
stories, and metadata are the important steps in the social and self-
modeling processes. Furthermore, such elicitations and exchanges
can positively support self-efficacy and outcome expectations, two
key attitudinal concepts in SCT that can induce the behavior of
interest. [18]

6 CONCLUSION

Social modeling and self-modeling (i.e., reflections on positive expe-
riences) are promising processes to enhance the impact of personal
informatics tools, especially for promoting family physical activity.
Through a five-week evaluation of StoryMap, we characterized that
social and self-modeling in personal health informatics involves
the elicitation and the exchange of four key information, namely
adequacy, task, emotion, and norms. Such information can enhance
self-efficacy and outcome expectations, two attitudinal factors can
induce health behavior.

Therefore, behavioral data sharing is a promising means of social
modeling, but it can more impactful if the data is accompanied
with stories (that explains how to achieve the modeled behavior
and the positive outcomes of the behavior) and metadata (that
helps to predict how much the modeled behavior can be replicated).
However, families also faced external impediments in being healthy.
As such, impactful health technology needs to help people to
enhance self-efficacy and outcome expectations and at the same
time mitigate the impediments to living a healthy life.



StoryMap: Using Social Modeling and Self-Modeling to Support Physical Activity Among Families of Low-SES Backgrounds

ACKNOWLEDGMENTS

This material is based upon work supported by the National Science
Foundation under Grant Number #1618406. This study was made
possible through generous engagement from the participating fam-
ilies and community organizations, including Mattapan Food and
Fitness Coalition, Smart from the Start, and Raising a Reader Mas-
sachusetts. We would like to thank Amanda Carreiro and Arushi
Singh for contributing to the story and the illustration development
as well as our colleagues at the Wellness Technology Lab for their
tremendous support.

REFERENCES

(1]

&,

[10

[11

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Phil Adams, Eric P.S. Baumer, and Geri Gay. 2014. Staccato social support in
mobile health applications. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (CHI ’14), 653-662. https://doi.org/10.1145/2556288.
2557297

Deemah Alqahtani, Caroline Jay, and Markel Vigo. 2020. The Effect of Goal
Moderation on the Achievement and Satisfaction of Physical Activity Goals. Pro-
ceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies
4, 4. https://doi.org/10.1145/3432209

Albert Bandura. 1986. Social foundations of thought and action: A social cognitive
theory. Prentice Hall, Englewood Cliffs, NJ. https://doi.org/10.1037/13273-005
Albert Bandura. 1997. Self-efficacy: the exercise of control. W.H. Freeman and
Company, New York. https://doi.org/10.5860/choice.35-1826

Albert Bandura. 1998. Health promotion from the perspective of social cog-
nitive theory. Psychology and Health 13, 4: 623-649. https://doi.org/10.1080/
08870449808407422

Albert Bandura. 1999. Social cognitive theory: An agentic perspective. Asian
Journal of Social Psychology 2: 21-41. https://doi.org/10.1111/1467-839X.00024
Albert Bandura. 2001. Social Cognitive Theory of Mass Communication. Media
Psychology 3, 3: 265-299. https://doi.org/10.1207/S1532785XMEP0303_03

Roy F. Baumeister and Mark R. Leary. 1995. The Need to Belong: Desire for Inter-
personal Attachments as a Fundamental Human Motivation Roy. Psychological
Bulletin 117, 3: 497-529. https://doi.org/10.1037/0033-2909.117.3.497

Eric P S Baumer. 2015. Reflective Informatics: Conceptual Dimensions for De-
signing Technologies of Reflection. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems - CHI 2015, 585-594. https://doi.org/10.
1145/2702123.2702234

Frank Bentley, Konrad Tollmar, and Peter Stephenson. 2013. Health Mashups:
Presenting Statistical Patterns between Wellbeing Data and Context in Natural
Language to Promote Behavior Change. ACM Transactions on Computer-Human
Interaction 20, 5: 1-27. https://doi.org/10.1145/2503823

Martine A.H. Braaksma, Gert Rijlaarsdama, and Huub Van Den Bergh. 2002.
Observational learning and the effects of model-observer similarity. Journal of
Educational Psychology 94, 2: 405-415. https://doi.org/10.1037/0022-0663.94.2.405
Eun Kyoung Choe, Bongshin Lee, Haining Zhu, Nathalie Henry Riche, and Do-
minikus Baur. 2017. Understanding Self-Reflection: How People Reflect on Per-
sonal Data Through Visual Data Exploration. In Proceedings of the 11th EAI
International Conference on Pervasive Computing Technologies for Healthcare (Per-
vasiveHealth ’17). https://doi.org/10.1145/3154862.3154881

Chia-Fang Chung, Elena Agapie, Jessica Schroeder, Sonali Mishra, James Fogarty,
and Sean A Munson. 2017. When Personal Tracking Becomes Social: Examining
the Use of Instagram for Healthy Eating. In Proceedings of the 2017 CHI Conference
on Human Factors in Computing Systems (CHI '17). https://doi.org/10.1145/3025453.
3025747

J. Clawson, J. Pater, A. Miller, E. Mynatt, and L. Mamykina. 2015. No longer
wearing: investigating the abandonment of personal health-tracking technologies
on craigslist. In ACM International Joint Conference on Pervasive and Ubiquitous
Computing, 647-658. https://doi.org/10.1145/2750858.2807554

Sunny Consolvo, Predrag Klasnja, David W. McDonald, and James A. Landay.
2009. Goal-setting considerations for persuasive technologies that encourage
physical activity. In Proceedings of the 4th International Conference on Persuasive
Technology - Persuasive "09, 1. https://doi.org/10.1145/1541948.1541960

Sunny Consolvo, David W Mcdonald, Tammy Toscos, Mike Y Chen, Jon Froehlich,
Beverly Harrison, Predrag Klasnja, Anthony Lamarca, Louis Legrand, Ryan Libby,
Tan Smith, and James A Landay. 2008. Activity Sensing in the Wild: A Field Trial
of UbiFit Garden. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems - CHI 2008, 1797-1806. https://doi.org/10.1145/1357054.
1357335

Juliet Corbin and Anselm Strauss. 2014. Basics of Qualitative Research: Techniques
and Procedures for Developing Grounded Theory. Sage Publications.

Nediyana Daskalova, Bongshin Lee, Jeff Huang, Chester Ni, and Jessica Lundin.
2018. Investigating the Effectiveness of Cohort-Based Sleep Recommendations.

[19

[20]

[21

~
5,

[23

[24

[25

Iy
S

[27

[28

[29]

(31

[32

[33

[34

(35]

[36

(37]

@
&,

[39

[40

CHI ’21, May 08-13, 2021, Yokohama, Japan

Proc. ACM Interact. Mob. Wearable Ubiquitous Technol 2, 3, Article 101 (September
2018): 1-19. https://doi.org/10.1145/3264911

Kristen Day. 2006. Active Living and Social Justice. Journal of American Planning
Association 72, 1

Jill P. Dimond, Michaelanne Dye, Daphne Larose, and Amy S. Bruckman. 2013.
Hollaback!: The role of collective storytelling online in a social movement organi-
zation. In Proceedings of the ACM Conference on Computer Supported Cooperative
Work (CSCW ’13), 477-489. https://doi.org/10.1145/2441776.2441831

Peter W. Dowrick. 1999. A review of self modeling and related interventions.
Applied and Preventive Psychology 8, 1: 23-39. https://doi.org/10.1016/S0962-
1849(99)80009- 2

Chris Elsden, David S Kirk, and Abigail C Durrant. 2015. A Quantified Past:
Toward Design for Remembering With Personal Informatics. Human-Computer
Interaction 0024, June: 1-40. https://doi.org/10.1080/07370024.2015.1093422
Daniel A. Epstein, Mira Dontcheva, James Fogarty, and Sean A. Munson. 2020.
Yarn: Adding meaning to shared personal data through structured storytelling.
In Proceedings of Graphics Interface 2020. https://doi.org/10.20380/GI2020.18
Daniel A. Epstein, An Ping, James Fogarty, and Sean A. Munson. 2015. A lived
informatics model of personal informatics. In UbiComp 2015 - Proceedings of the
2015 ACM International Joint Conference on Pervasive and Ubiquitous Computing,
731-742. https://doi.org/10.1145/2750858.2804250

Daniel Epstein, Felicia Cordeiro, Elizabeth Bales, James Fogarty, and Sean Munson.
2014. Taming Data Complexity in Lifelogs: Exploring Visual Cuts of Personal
Informatics Data. DIS "14 Proceedings of the 2014 conference on Designing interactive
systems: 667-676. https://doi.org/10.1145/2598510.2598558

Clayton Feustel, Shyamak Aggarwal, Bongshin Lee, and Lauren Wilcox. 2018.
People Like Me: Designing for Reflection on Aggregate Cohort Data in Personal
Informatics Systems. Proc. ACMInteract. Mob. Wearable Ubiquitous Technol. 2, 2,
3, Article 107 (September 2018): 1-21. https://doi.org/10.1145/3264917

Jim Gemmell, Aleks Aris, and Roger Lueder. 2005. Telling stories with MyLifeBits.
IEEE International Conference on Multimedia and Expo, ICME 2005 2005: 1536—1539.
https://doi.org/10.1109/ICME.2005.1521726

Thomas R. George, Deborah L. Feltz, and Melissa A. Chase. 2016. Effects of Model
Similarity on Self-Efficacy and Muscular Endurance: A Second Look. Journal of
Sport and Exercise Psychology 14, 3: 237-248. https://doi.org/10.1123/jsep.14.3.237
Ruben Gouveia, Evangelos Karapanos, and Marc Hassenzahl. 2015. How Do We
Engage With Activity Trackers? A Longitudinal Study of Habito. In UbiComp
2015 - Proceedings of the 2015 ACM International Joint Conference on Pervasive
and Ubiquitous Computing, 1305-1316. https://doi.org/10.1145/2750858.2804290
Andrea Grimes, Martin Bednar, Jay David Bolter, and Rebecca E Grinter. 2008.
EatWell: Sharing Nutrition-Related Memories in a Low-Income Community. In
Proceedings of the 2008 ACM conference on Computer Supported Cooperative Work
(CSCW ’08). https://doi.org/10.1145/1460563.1460579

Sabrina L Gustafson and Ryan E Rhodes. 2006. Parental correlates of physical
activity in children and early adolescents. Sports Medicine 36, 1: 79-97. https:
//doi.org/10.2165/00007256- 200636010-00006

Carol Haigh and Pip Hardy. 2011. Tell Me a Story—A Conceptual Exploration of
Storytelling in Healthcare Education. Nurse Education Today 31

Eric B. Hekler, Predrag Klasnja, Jon E. Froehlich, and Matthew P. Buman. 2013.
Mind the theoretical gap: Interpreting, using, and developing behavioral theory
in HCI research. In Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems (CHI ’13), 3307-3316. https://doi.org/10.1145/2470654.2466452
Klazine Van Der Horst, Marijke J.Chin A. Paw, Jos W.R. Twisk, and Willem Van
Mechelen. 2007. A brief review on correlates of physical activity and sedentariness
in youth. Medicine and Science in Sports and Exercise 39, 8: 1241-1250. https:
//doi.org/10.1249/mss.0b013e318059bf35

Judith A. Howard and Daniel G. Renfrow. 2014. Intersectionality. In Handbook
of the Social Psychology of Inequality, Edward J. Schwalbe, Michael McLeod and
Jane D. Lawler (eds.). Springer, 749. https://doi.org/10.1007/978-94-017-9002-4
Ellen Isaacs, Artie Konrad, Alan Walendowski, Thomas Lennig, Victoria Hollis,
and Steve Whittaker. 2013. Echoes from the past: How Technology Mediated
Reflection Improves Well-Being. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (CHI ’13). https://doi.org/10.1145/2470654.
2466137

Ntwa Katule, Melissa Densmore, and Ulrike Rivett. 2016. Leveraging inter-
mediated interactions to support utilization of persuasive personal health in-
formatics. In Proceedings of the Eighth International Conference on Informa-
tion and Communication Technologies and Development (ICTD ’16), 1-11. https:
//doi.org/10.1145/2909609.2909664

Ntwa Katule, Ulrike Rivett, and Melissa Densmore. 2016. A Family Health App:
Engaging Children to Manage Wellness of Adults. In Proceedings of the 7th Annual
Symposium on Computing for Development, 1-10. https://doi.org/10.1145/3001913.
3001920

Elisabeth T. Kersten-van Dijk and Wijnand A. IJsselsteijn. 2016. Design beyond
the numbers: Sharing, comparing, storytelling and the need for a quantified us.
Interaction Design and Architecture(s) 29, 1: 121-135

Predrag Klasnja, Sunny Consolvo, and Wanda Pratt. 2011. How to evaluate
technologies for health behavior change in HCI research. In Proceedings of the


https://doi.org/10.1145/2556288.2557297
https://doi.org/10.1145/2556288.2557297
https://doi.org/10.1145/3432209
https://doi.org/10.1037/13273-005
https://doi.org/10.5860/choice.35-1826
https://doi.org/10.1080/08870449808407422
https://doi.org/10.1080/08870449808407422
https://doi.org/10.1111/1467-839X.00024
https://doi.org/10.1207/S1532785XMEP0303_03
https://doi.org/10.1037/0033-2909.117.3.497
https://doi.org/10.1145/2702123.2702234
https://doi.org/10.1145/2702123.2702234
https://doi.org/10.1145/2503823
https://doi.org/10.1037/0022-0663.94.2.405
https://doi.org/10.1145/3154862.3154881
https://doi.org/10.1145/3025453.3025747
https://doi.org/10.1145/3025453.3025747
https://doi.org/10.1145/2750858.2807554
https://doi.org/10.1145/1541948.1541960
https://doi.org/10.1145/1357054.1357335
https://doi.org/10.1145/1357054.1357335
https://doi.org/10.1145/3264911
https://doi.org/10.1145/2441776.2441831
https://doi.org/10.1016/S0962-1849(99)80009-2
https://doi.org/10.1016/S0962-1849(99)80009-2
https://doi.org/10.1080/07370024.2015.1093422
https://doi.org/10.20380/GI2020.18
https://doi.org/10.1145/2750858.2804250
https://doi.org/10.1145/2598510.2598558
https://doi.org/10.1145/3264917
https://doi.org/10.1109/ICME.2005.1521726
https://doi.org/10.1123/jsep.14.3.237
https://doi.org/10.1145/2750858.2804290
https://doi.org/10.1145/1460563.1460579
https://doi.org/10.2165/00007256-200636010-00006
https://doi.org/10.2165/00007256-200636010-00006
https://doi.org/10.1145/2470654.2466452
https://doi.org/10.1249/mss.0b013e318059bf35
https://doi.org/10.1249/mss.0b013e318059bf35
https://doi.org/10.1007/978-94-017-9002-4
https://doi.org/10.1145/2470654.2466137
https://doi.org/10.1145/2470654.2466137
https://doi.org/10.1145/2909609.2909664
https://doi.org/10.1145/2909609.2909664
https://doi.org/10.1145/3001913.3001920
https://doi.org/10.1145/3001913.3001920

CHI ’21, May 08-13, 2021, Yokohama, Japan

2011 Annual Conference on Human Factors in Computing Systems - CHI 11, 3063.
https://doi.org/10.1145/1978942.1979396

Predrag Klasnja, Shawna Smith, Nicholas J. Seewald, Andy Lee, Kelly Hall, Brook
Luers, Eric B. Hekler, and Susan A. Murphy. 2019. Efficacy of contextually tailored
suggestions for physical activity: A micro-randomized optimization trial of heart
steps. Annals of Behavioral Medicine 53, 6: 573-582. https://doi.org/10.1093/abm/
kay067

Rafal Kocielnik, Lillian Xiao, Daniel Avrahami, and Gary Hsieh. 2018. Reflec-
tion Companion: A Conversational System for Engaging Users in Reflection on
Physical Activity. Proc. ACM Interact. Mob. Wearable Ubiquitous Technol. Proc.
ACM Interact. Mob. Wearable Ubiquitous Technol Article 2, 70: 261145-3214273.
https://doi.org/10.1145/3214273

David A. Kolb. 1984. Experiential Learning: Experience as the Source of Learning
and Development. FT press. https://doi.org/10.1016/B978-0-7506-7223-8.50017-4
Shiriki Kumanyika and Sonya Grier. 2006. Targeting interventions for ethnic
minority and low-income populations. The Future of Children 16, 1: 187-207.
Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/16532664

Min Kyung Lee, Junsung Kim, Jodi Forlizzi, and Sara Kiesler. 2015. Personalization
revisited: A reflective approach helps people better personalize health services
and motivates them to increase physical activity. UbiComp 2015 - Proceedings of the
2015 ACM International Joint Conference on Pervasive and Ubiquitous Computing:
743-754. https://doi.org/10.1145/2750858.2807552

Tan Li, A Dey, and J Forlizzi. 2010. A Stage-Based Model of Personal Informatics
Systems. CHI 2010: 557-566. https://doi.org/10.1145/1753326.1753409

[47] James J Lin, Lena Mamykina, Silvia Lindtner, Gregory Delajoux, and Henry

B Strub. 2006. Fish’n’Steps: Encouraging Physical Activity with an Interactive
Computer Game. In Ubicomp 2006, 261-278. https://doi.org/10.1007/11853565_16
Lena Mamykina and E Mynatt. 2008. MAHI: investigation of social scaffolding
for reflective thinking in diabetes management. In CHI 2008, 477-486. https:
//doi.org/10.1145/1357054.1357131

M. Marathe, Jacki O’Neill, Paromita Pain, and William Thies. 2015. Revisiting
CGNet Swara and its Impact in Rural India. ACM International Conference Pro-
ceeding Series 15. https://doi.org/10.1145/2737856.2738026

Gabriela Marcu, Karina Caro, Meghan M Plank, and Andrea M Barsevick. 2018.
Bounce: Designing a Physical Activity Intervention for Breast Cancer Survivors.
In PervasiveHealth ’18. https://doi.org/10.1145/3240925.3240927

Karen S. Meaney, L. Kent Griffin, and Melanie A. Hart. 2005. The effect of model
similarity on girls’ motor performance. Journal of Teaching in Physical Education
24, 2: 165-178. https://doi.org/10.1123/jtpe.24.2.165

Lydia Michie, Madeline Balaam, John McCarthy, Timur Osadchiy, and Kellie
Morrissey. 2018. From Her Story, to Our Story: Digital Storytelling as Public
Engagement around Abortion Rights Advocacy in Ireland. In Proceedings of the
2018 CHI Conference on Human Factors in Computing Systems (CHI ’18), 1-15.
https://doi.org/10.1145/3173574.3173931

Andrew D. Miller and Elizabeth D. Mynatt. 2014. StepStream: A School-based
Pervasive Social Fitness System for Everyday Adolescent Health. In Proceedings
of the 32nd Annual ACM Conference on Human Factors in Computing Systems -
CHI ’14, 2823-2832. https://doi.org/10.1145/2556288.2557190

Sean Munson and Sunny Consolvo. 2012. Exploring Goal-setting, Rewards, Self-
monitoring, and Sharing to Motivate Physical Activity. In 6th International Con-
ference on Pervasive Computing Technologies for Healthcare (PervasiveHealth) and
Workshops, 25-32. https://doi.org/10.4108/icst.pervasivehealth.2012.248691
National Center for Health Statistics. 2017. Health, United States, 2016: With
Chartbook on Long-term Trends in Health. Hyattsville, MD.

S Tejaswi Peesapati, Victoria Schwanda, Johnathon Schultz, Matt Lepage, So-yae
Jeong, and Dan Cosley. 2010. Pensieve: Supporting Everyday Reminiscence. In
CHI 2010, 2027-2036. https://doi.org/10.1145/1753326.1753635

Kenneth E. Powell, Abby C. King, David M. Buchner, Wayne W. Campbell, Loretta
DiPietro, Kirk I. Erickson, Charles H. Hillman, John M. Jakicic, Kathleen F. Janz,
Peter T. Katzmarzyk, William E. Kraus, Richard F. Macko, David X. Marquez,
Anne McTiernan, Russell R. Pate, Linda S. Pescatello, and Melicia C. Whitt-
Glover. 2019. The scientific foundation for the physical activity guidelines for
Americans, 2nd edition. Journal of Physical Activity and Health 16, 1: 1-11. https:
//doi.org/10.1123/jpah.2018-0618

(58]

[59

[60

[63

[64

o
2

[66

(67

(68

=
20,

[70

[71

(73

Herman Saksono et al.

Aare Puussaar, Adrian K Clear, and Peter Wright. 2017. Enhancing Personal
Informatics Through Social Sensemaking. In CHI ’17 Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems. https://doi.org/10.1145/
3025453.3025804

J. J. Reilly and J. Kelly. 2011. Long-term impact of overweight and obesity in
childhood and adolescence on morbidity and premature mortality in adulthood:
Systematic review. International Journal of Obesity 35, 7: 891-898. https://doi.org/
10.1038/ij0.2010.222

Daniela K. Rosner and Kimiko Ryokai. 2008. Spyn: Augmenting knitting to
support storytelling and reflection. UbiComp 2008 - Proceedings of the 10th Inter-
national Conference on Ubiquitous Computing: 340-349. https://doi.org/10.1145/
1409635.1409682

Herman Saksono, Amanda Carriero, Arushi Singh, and Andrea G. Parker.

Storywell Storybooks. Retrieved December 18, 2020 from https://github.com/
WellnessLab/storywell_content

Herman Saksono, Carmen Castaneda-sceppa, Jessica Hoffman, Magy Seif El-
nasr, Vivien Morris, and Andrea G. Parker. 2018. Family Health Promotion in
Low-SES Neighborhoods: A Two-Month Study of Wearable Activity Tracking. In
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems -
CHI ’18, 1-13. https://doi.org/10.1145/3173574.3173883

Herman Saksono, Carmen Castaneda-Sceppa, Jessica Hoffman, Vivien Morris,
Magy Seif El-Nasr, and Andrea G Parker. 2020. Storywell: Designing for Family
Fitness App Motivation by Using Social Rewards and Reflection. In CHI Conference
on Human Factors in Computing Systems Proceedings (CHI 2020). https://doi.org/
10.1145/3313831.3376686

Herman Saksono, Carmen Castaneda-Sceppa, Jessica Hoffman, Magy Seif El-Nasr,
Vivien Morris, and Andrea G Parker. 2019. Social Reflections on Fitness Tracking
Data: A Study with Families in Low-SES Neighborhoods. In CHI Conference on
Human Factors in Computing Systems Proceedings (CHI 2019), 14. https://doi.org/
10.1145/3290605.3300543

Herman Saksono and Andrea G. Parker. Storywell Android. Retrieved January 3,
2020 from https://github.com/WellnessLab/storywell_android

Herman Saksono and Andrea Grimes Parker. 2017. Reflective Informatics
Through Family Storytelling: Self-discovering Physical Activity Predictors. In
Proceedings of the 2017 ACM Conference on Human Factors in Computing Systems
- CHI 17, 5232-5244. https://doi.org/10.1145/3025453.3025651

Herman Saksono, Ashwini Ranade, Geeta Kamarthi, Carmen Castaneda-Sceppa,
Jessica A. Hoffman, Cathy Wirth, and Andrea G. Parker. 2015. Spaceship Launch:
Designing a Collaborative Exergame for Families. In Proceedings of the 18th ACM
Conference on Computer Supported Cooperative Work & Social Computing - CSCW
’15, 1776-1787. https://doi.org/10.1145/2675133.2675159

Magy Seif El-Nasr, Shree Durga, Mariya Shiyko, and Carmen Sceppa. 2015.
Data-Driven Retrospective Interviewing (DDRI): A proposed methodology for
formative evaluation of pervasive games. Entertainment Computing 11: 1-19.
https://doi.org/10.1016/j.entcom.2015.07.002

Daniel G. Solérzano and Tara J. Yosso. 2002. Critical Race Methodology: Counter-
Storytelling as an Analytical Framework for Education Research. Qualitative
Inquiry 8, 1: 23-44. https://doi.org/10.1177/107780040200800103

Elizabeth Stowell, Mercedes C Lyson, Herman Saksono, Reneé C Wurth, Holly
Jimison, Misha Pavel, and Andrea G Parker. 2018. Designing and Evaluating
mHealth Interventions for Vulnerable Populations: A Systematic Review. In
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems,
1-17. https://doi.org/10.1145/3173574.3173589

Stewart G Trost, Neville Owen, Adrian E Bauman, James F Sallis, and Wendy
Brown. 2002. Correlates of adults’ participation in physical activity: review and
update. Medicine & Science in Sports & Exercise 34, 12: 1996-2001. https://doi.org/
10.1249/01.MSS.0000038974.76900.92

Amna Umer, George A Kelley, Lesley E Cottrell, Peter Giacobbi Jr, Kim E Innes,
and Christa L Lilly. 2009. Childhood obesity and adult cardiovascular disease
risk: a systematic review. BMC Public Health (2017) 17, 683: 1-11. https://doi.org/
10.1038/ijo.2009.61

Joanne V. Wood. 1989. Theory and Research Concerning Social Comparisons
of Personal Attributes. Psychological Bulletin 106, 2: 231-248. https://doi.org/10.
1037/0033-2909.106.2.231


https://doi.org/10.1145/1978942.1979396
https://doi.org/10.1093/abm/kay067
https://doi.org/10.1093/abm/kay067
https://doi.org/10.1145/3214273
https://doi.org/10.1016/B978-0-7506-7223-8.50017-4
http://www.ncbi.nlm.nih.gov/pubmed/16532664
https://doi.org/10.1145/2750858.2807552
https://doi.org/10.1145/1753326.1753409
https://doi.org/10.1007/11853565_16
https://doi.org/10.1145/1357054.1357131
https://doi.org/10.1145/1357054.1357131
https://doi.org/10.1145/2737856.2738026
https://doi.org/10.1145/3240925.3240927
https://doi.org/10.1123/jtpe.24.2.165
https://doi.org/10.1145/3173574.3173931
https://doi.org/10.1145/2556288.2557190
https://doi.org/10.4108/icst.pervasivehealth.2012.248691
https://doi.org/10.1145/1753326.1753635
https://doi.org/10.1123/jpah.2018-0618
https://doi.org/10.1123/jpah.2018-0618
https://doi.org/10.1145/3025453.3025804
https://doi.org/10.1145/3025453.3025804
https://doi.org/10.1038/ijo.2010.222
https://doi.org/10.1038/ijo.2010.222
https://doi.org/10.1145/1409635.1409682
https://doi.org/10.1145/1409635.1409682
https://github.com/WellnessLab/storywell_content
https://github.com/WellnessLab/storywell_content
https://doi.org/10.1145/3173574.3173883
https://doi.org/10.1145/3313831.3376686
https://doi.org/10.1145/3313831.3376686
https://doi.org/10.1145/3290605.3300543
https://doi.org/10.1145/3290605.3300543
https://github.com/WellnessLab/storywell_android
https://doi.org/10.1145/3025453.3025651
https://doi.org/10.1145/2675133.2675159
https://doi.org/10.1016/j.entcom.2015.07.002
https://doi.org/10.1177/107780040200800103
https://doi.org/10.1145/3173574.3173589
https://doi.org/10.1249/01.MSS.0000038974.76900.92
https://doi.org/10.1249/01.MSS.0000038974.76900.92
https://doi.org/10.1038/ijo.2009.61
https://doi.org/10.1038/ijo.2009.61
https://doi.org/10.1037/0033-2909.106.2.231
https://doi.org/10.1037/0033-2909.106.2.231

	Abstract
	1 INTRODUCTION
	2 RELATED WORK
	2.1 Social Cognitive Theory (SCT)
	2.2 Physical Activity Technologies

	3 METHOD
	3.1 StoryMap Prototype Design
	3.2 Study Design

	4 FINDINGS
	4.1 Reflection as Self-Modeling
	4.2 Storytelling as Social Modeling
	4.3 Barriers

	5 DISCUSSION
	5.1 Social Modeling Using Data and Stories
	5.2 Reflection as Self-Modeling
	5.3 Concluding Remarks

	6 CONCLUSION
	Acknowledgments
	References



