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Abstract—We developed four mobile phone prototype appli-
cations informed by theoretical models of behavior change to
improve the snacking habits of low socioeconomic status (SES)
families. Eight primary caregivers and 18 secondary caregivers
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shifts based on the living environment, family is a constant
influence [13]. Moreover, many studies affirm the positive in-
fluence that family has on individual health. Gillman et al. [14]
showed that children who ate dinner with their family included
more fruits and vegetables in their diets. Similarly, Taveras
et al. [15] found that the frequency of eating family dinner
was inversely related with children’s overweight prevalence.
Given these benefits, researchers explored how technology
can leverage the family-based context to improve individuals’
health [16, 17, 18]. Colineau et al. [16] designed a family-
based health portal to study how family members reflected
qRtheir lifestyles to improve their health. Results showed that
families were more motivated when they were presented with a
collective goal paired with appropriate feedback. We leverage
this research by empowering families to compare, communi-
cate, and collaborate through the mobile phone applications to
gradually improve their snacking.

In this paper, we explore both gaming and non-gaming
designs to identify which kind of mobile applications would
engage low SES caregivers, the gateways to family health,
to improve their own and families’ snacking. The specific
contributions to Pervasive Healthcare research include:

« Four mobile phone application designs based on applied
psychology theories to promote healthier snacking.

o An evaluation of these designs that show the benefits and
pitfalls of gaming and non-gaming applications.

o An in-depth discussion about design considerations for
low SES mobile snacking applications.

II. STUDY OVERVIEW

This study was influenced by our prior research where
we showed that low SES populations wanted low-cost and
accessible technological interventions [19]. We also found that
caregivers wanted to manage their family health with technol-
ogy [20]. Our subsequent study examined their everyday health
habits where we found that snacking was an issue [13].

A. Tk Br i dBgrdoe c t

We conducted this study in collaboration with the Bridge
Project, a community outreach program that provides aca-
demic support to K-12 children in 500 ethnically diverse
families in Denver public housing neighborhoods. In 2011,
80% of the children qualified for free and reduced lunch.
We selected this population because a study showed that 87%
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of the children in this community were at risk for a chronic
illness [21]. We volunteered over 100 hours tutoring children
at the Bridge Project to build a rapport with the community.

B.Prot otypes

We designed the HTML and Flash based prototypes for
Internet-enabled touchscreen-based mobile phones because the
low SES caregivers wanted mobile phone-based technological
interventions. The prototype designs were informed by ap-
plied psychology behavioral-change theories. Each prototype
provided users with the ability to: (1) enter snacks; (2) receive
feedback on snack healthiness; (3) view an individual’s snack-
ing history; and (4) view family snacking healthiness. The
first two prototypes discussed are non-gaming, while the last
two are gaming applications. The prototypes were internally
evaluated and modified using multiple cognitive walkthrough
iterations [22].

1 )Snadfanag eSnack manager was based on social
cognitive theory (SCT) that describes how individuals’ per-
ceived self-efficacies, coupled with socio-structural factors
and outcome expectations, affect the individuals in achieving
their goals and inducing behavioral change [23]. The Snack
Manager design incorporated SCT by providing users the
ability to view the snack healthiness of their family members
and send messages to each other to encourage healthy snacking
habits. The Snack Manager prototype design was informed by
our prior work where we found that the low SES families
did not want to waste food and risk money on new food
items [19, 13]. Based on these findings, the prototype provided
suggestions to users within a price threshold to replace their
current snack with a healthier snack. The healthier snack was
either within the same product category as the current snack,
or it was a snack that the low SES families preferred.

The home screen, shown in Figure 1a, lets users navigate to
different screens of Snack Manager. First, the users selected
the family member whose snacks they wanted to manage and
then they entered a snack for that profile. If the snack was
unhealthy, the snack suggestion screen (Figure 1b) displayed
the healthiness of the current snack and suggested snacks in
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a star rating system. The stars, which were paired with the
snack prices, were used to abstract health information since
prior work showed that participants did not understand dietary
nutritional values (e.g., proteins, carbohydrates). Finally, the
users could view their snack history (Figure 1c), their family’s
snacking healthiness (Figure 1d), and a convenient shopping
list with all the snack suggestions provided by Snack Manager.

2 )Sna &K u c a tTherSnack Educator prototype, shown
in Figure 2 was based on SCT, the health belief model (HBM),
and elaboration likelihood model (ELM). According to HBM,
individuals change their health behavior based on four beliefs:
perceived susceptibility of acquiring an adverse health condi-
tion; perceived condition severity; perceived barriers to adopt
a healthy behavior; and perceived benefits of acquiring the
healthy behavior. The Snack Educator incorporated HBM by
displaying unhealthy snack’s potential negative impact on the
user’s heart, body, and teeth, and comparing it with a healthier
snack. The Snack Educator also used ELM which suggests
that individuals are persuaded by peripheral and central routes.
Central route decisions are long-lasting and take place after
much reflection about the message contents. Peripheral route
decisions are short-lived, include little deliberation about the
message, and are often triggered by message attributes. We
designed the Snack Educator to capitalize on central route
decision-making by visually categorizing an individual’s long-
term snack consumption into healthy, average, and unhealthy.

In Snack Educator, after the user entered a snack, the system
displayed the snack’s potential impact on the user’s heart,
body, and teeth. The following screen, shown in Figure 2a,
suggested a healthier snack and compared the three health
indicators for both the entered snack and the suggested snack.
The user could view his overall snack history (Figure 2b) and
compare his snack healthiness with his family members (Fig-
ure 2c). The aggregated snack healthiness in the family snack
comparison screen was represented by a bar that consisted of
different colors corresponding to the healthiness of the snack
with green and red being healthy and unhealthy, respectively.

3 )Life s p dhe:Lifespan prototype, shown in Figure 3,
was a gaming application based on SCT, transportation theory
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[24], and the precaution adoption process model (PAPM) [23].
Transportation theory suggests that narratives can affect indi-
viduals’ beliefs. When an individual experiences an immersive
narration, she makes some decisions in the narrative world
that induces a change when she returns to her origin world.
The Lifespan prototype used an animation-based narration to
encourage healthy eating where the player selected a game
character whose progress in life was related to the healthiness
of a player’s snacks. The character went through different
stages of life, which was informed by the stage-based PAPM
that categorizes an individual’s behavior in seven different
stages: (1) unaware; (2) unengaged; (3) deciding about acting;
(4) decided not to act; (5) decided to act; (6) acting; and (7)
maintenance.

In the Lifespan game, we translated the PAPM stages to
the game character’s progressive life stages. The game goal
was to gain enough health points to have the character get an
education, job, house, and car. Since past study participants
were African Muslims, we designed culturally sensitive char-
acters, such as one wearing a hijab. Once the player entered a
snack, she would view the game character’s reactions (Figure
3a) followed by an animation highlighting the character’s
progress in life. Players moved to the next stage by eating
healthy snacks and gaining a predetermined amount of health
points. Once the players reached the final stage, they had to
maintain healthy snacking; otherwise they would fall back
to the previous stage. As shown in Figure 3b, players could
view their snacking history with pictures of snacks and health
points. Players could also compare the snack healthiness of
different family members by viewing the snapshots of their
family members’ characters (Figure 3c).
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4) Heal t h HdhoeHealth Heroes prototype, shown
in Figure 4, was a gaming application based on SCT and
transportation theory. The user selected a health hero character
who defended a city against the onslaught of Taco Belly -
the main villain. The game started with Taco Belly causing
destruction in the city, shown on the home screen in Figure
4a, where ruined buildings needed to be rebuilt. The Health
Heroes gained superpowers by eating healthier snacks to fight
the villain (Figure 4b) and rebuild the city. The Health Heroes
prototype also had a multi-player mode where different family
members played the game and coordinated to form a team of
Health Heroes to fight Taco Belly. The players could view
their individual snacking points breakdown and team status
(Figure 4c). Once the city was rebuilt, the players had to keep
eating healthy snacks to counter a surprise attack.

C. Met hods

After obtaining Institutional Review Board approval, we
recruited participants with the assistance of the Bridge Project
personnel. While working with this population, we identified
two gateways to family health: the parents, who were the
primary caregivers, and the older teens who were secondary
caregivers. In most of these families, the teens often cooked
and looked after their younger siblings - thus we defined this
role as a secondary caregiver. To qualify for the study, the
participants needed to be able to communicate in English.

In a prior study with this population, we found that although
primary caregivers readily provided feedback, the secondary
caregivers were hesitant in communicating with us. Therefore,
for this study, we asked the Bridge Project personnel to pair the
teens so that they felt more comfortable talking to researchers.
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After collecting the demographic information, the participants
were provided a task list and a scenario. Participants had to
(1) set up the application, (2) enter multiple snacks, (3) view
individual snack history, and (4) view family snack history.
We used a Motorola Droid touchscreen mobile phone for the
study. Prototypes were presented in random order. Since the
secondary caregivers were in pairs, we asked them to alternate
using the mobile phone after each prototype.

We asked questions to understand which prototype features
they liked or disliked, the reason behind their choices, and how
we could improve the prototypes. Following the four proto-
types, we provided the participants a post-study questionnaire
where we asked them to rank the various prototypes and rate
the importance of the application features. Participants could
provide the same rank to multiple prototypes.

All study sessions were conducted at the Bridge Project
facility. Each session was video recorded with participants’
consent and lasted for 90 minutes. A fifteen dollar retail
store or supermarket gift card incentive was provided to the
participants at the end of the session.

D.Anal ysis

The quantiative data was analyzed in Excel, while the
prototype evaluation recordings were transcribed and coded
in NVivo 9 qualitative analysis software using Grounded
Theory principles [25]. The transcriptions were first open
coded to identify concepts in the empirical data, followed
by axial coding where we identified central ideas and events.
The authors discussed codings until a mutual consensus was
reached. Finally we elaborated on the central themes and
categories through selective coding.

E.Paticilpanotgraphi c s

We recruited 26 participants, including 8 primary caregivers
and 18 secondary caregivers. The primary caregivers included
7 females and 1 male - their average age was 36.1 years
(s.d.= 9.4 years). Five of the primary caregivers were African
American, while the remaining 3 were Hispanic. Five primary
caregivers owned a computer and all of the primary caregivers
had used a computer and had access to a computer elsewhere.
Six primary caregivers owned a mobile phone (5 smartphones)
and used it daily. The 2 that did not own mobile phones,
however knew how to use them.
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The 18 secondary caregivers were equally split gender
wise: 9 males and 9 females. The average age of secondary
caregivers was 14.6 years (s.d.= 1.6 years). Thirteen secondary
caregivers identified themselves as Africans, 3 as Hispanic,
and 2 as African Americans. Thirteen secondary caregivers
had a computer at their home; all of them had access to
a computer elsewhere. Five secondary caregivers owned a
mobile smartphone. All secondary caregivers mentioned that
they knew how to use a mobile phone.

III. RESULTS

Overall, we found that primary caregivers preferred ap-
plications that were well-organized and provided them a
straight-forward mechanism to manage their snacks, whereas
secondary caregivers favored applications that were game-
like and engaging. The semi-structured interviews provided
interesting insights into reconciling these two approaches for
a family-based intervention. We further expand on these ideas
starting with the findings from the post-study questionnaire.

A.CaregPveferences

1)Pri mave r sStesc ond@Qay egi Peeferences:

The post-study questionnaire results (Figure 5) highlighted
key differences between the two types of caregivers. Most
of the primary caregivers preferred Snack Manager, which
lay in stark contrast to secondary caregiver rankings where



75% gave it a low ranking. The Lifespan prototype was
consistently preferred by both types of caregivers. In contrast,
Snack Educator received mixed rankings from both primary
and secondary caregivers. None of the primary caregivers
favored Health Heroes, however half the secondary caregivers
preferred it.

2)Gami ndgn- GambngCombi naafiBon h? :

In the post-study questionnaire, we also asked participants
whether a snack management application should be a game,
non-game, or a combination of both. The primary caregivers

3)Import afiFaemi $yac kPDingp | Thg primary
caregivers believed that viewing the entire family’s health was

essential. P7 said, “ITi# shel ppead aufstehifsper sonal]

wasmeand hewermychil drleanu ghwdg yu lbde
wat ching etlkeahbpiuigt hemaut hSimilarly,

P8said, “1 i kaeverdiflamidghkal t hamesag ¢ .
Youknowtwoulprovers poi o hatthevholfeami ly

needseabet t &his’is understandable since primary
caregivers are the principle conduits for family health. On the
contrary, secondary caregivers were generally more interested

in individual health.

4) 1 sPr i £ mp o r t dWhile?’the primary caregivers fa-
vored most of the Snack Manager features, they thought dis-
playing snack prices was irrelevant because snack healthiness
was more important. When asked why she did not want prices,
P8said, “ [ Prikeulldet hte bek ai yealbysn’t
havenyt htiad gwi tshn a ¢ k iGivgng *another reason,

P4 said, “It hink houl He’.b.ecalifstehiisgoing
tobeanati onwhidifg,ode alviay iiensv e syt at e
..d.toubdadiscouragpmemyi pnghknofpruits
and e get alPlimasy. ciregivers were not the only ones

to criticize displaying snack prices, secondary caregivers also

did not want a gaming application and preferred either a non-
gaming (N=4) or a hybrid (N=4) approach. This is in line with
the prototype rankings where there was a tendency among pri-
mary caregivers to favor non-gaming applications, specifically
Snack Manager and Snack Educator. On the contrary, only 1
secondary caregiver wanted a non-gaming application, while
the rest favored having a gaming component.

B.SnadManager

During the prototype evaluation sessions, we discovered
that primary caregivers preferred Snack Manager over the

other applications because of its well organized interface, reverberated similar thoughts, S162 said, “Idoe smat t er
family messaging capabilities, and intuitive visualizations ©©0  wh arther i icsifs o me t k igmgfdoy o ubro dtyh eyro u
understand snack healthiness as P8! summarized, “ I ju s lgotpaf orher i cSA5 toted that snack prices could be
seemprerganapddaabetlay amdbett @iScouraging if healthier snacks are expensive: “ The yni g ht
understofidimgtonreryingreaégoal |. Sejcandel i kboneést,hkealomymorexpensive

1) Me s s a g The grimary caregivers emphasized the im- ¢ s awh alta me at inmgs o candffosdlwon’t . ”
portance of sending messages to other family members. When C Lifespan

asked whether she would want family messaging capability, ) .
P7 replied, “ Iwo u l Hu sttol etthefmc hi | dmeomhat The Lifespan prototype was consistently preferred by both

somebbdut chdamdghit[ snadks Hgc umen prmry.and secondary caregivers. Participants enjoyed.th.e
foareasldmuglslayswantts eleow o yframi lag,pllcatlon’s overall message of a healthy lifestyle. P5 said it

i & at i P4 thBught messaging could be useful to remind be.st: “Yopuros pfromealltihyi ng ulrifexpe ctancy
children about healthy eating: “ It hi inké g 0 oidd eyio u ™i 8 teasl ongndowamgeuldhehi nghsaytou
knovb,ecamsleomfkia’asrobesientheounmyydwanda”yaﬁi‘éﬂngte@eiﬂjhath’osﬂseét gt

s omet iiffnacmwan nue nide if ki disnje s s aognet P T ¢ Smesefhow ounrprosperviinghwayour
hefkidesebhornaschooWwhat ewenaheal tlhi;estyfeeat iamgl i ving.”

s n a c Becdhdary caregivers also found value in messaging )Mot iv atthi.r 00_"@ gmpe t_ i.Apart)fr.om .the overall
since they felt it was important to help other siblings reach ~McS528¢ of the application, the participants highlighted that

their snacking goals. Some secondary caregivers, however, Lifespan could be useful in encouraging healthy competition.

were skeptical about the family messaging feature and said that Thinking aloud, P4 elaborated, *. i £ ompayeknowho

the parents might get mad if they receive too many messages hat Mei ghpa l:t w fhse a lsmaycka hkus .ami khe
about healthy eating. upsighebrot higat bregt boheorhesi st ehe

2)Snadleal t hRapsss en Ofithd smack health mi ghwtinncahal | hagetedfabet t elt himdding

Lo . . t heociawlp etcat wi l[lal smmjk e tmoret i mul at i ng
visualizations we implemented in the prototypes, the star . . w o . .
. . . f oad ul Similafly, P3 mentioned, “ Il i kav itnhgeoi nt s
representation of snack healthiness was well received by the . . ; .
- . . . . . becausd hkeompetityp ®dprer swamm p i ntisk e,
primary caregivers. They identified it as a classical reward w dgofiv i notr 5 p i nit t@fad
system: “Maybeéetr kehil dhbaodgal wagygass t ar codgo pornoregolig o epol mimstejad.

fodoiwglAnd a Asat okefapprec l.ammimnysoatio 0Od)a | o r While th€ primary caregivers identified
toktemont itmluobet tiewl’ ishjgsycholiomprcia

competition as a useful motivator for their children, none of
thabéespuitnoaheads nlwea $ i tktilded. "While

the secondary caregivers resonated with this idea. If we were
. . to leverage a points-based system to encourage competition,

the secondary caregivers understood the star representations, geap y & p

they did not find it interesting.

we would have to avoid the use of negative numbers because
a majority of the participants had trouble understanding them.

1 P[N} Primary Caregiver| Participant Number] 2 S[N} Secondary Caregiver[Participant Number]
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2)Gam&harac t F rai sPrimary caregivers mentioned ¢t heyal cultawlkdtg osodnadvhatbasdl.l i kteldat .
that the determination shown by the Lifespan character could [ twa s nl’itho thad cadd nhownuc homwei gimd
be related to real life: “ I f ome bowdayshavi hgal tal d haott hembarrass uffglli kethaspretty
problemsasasdet er mi sschd g a meeh a rac tiesrsje-lfe x pl anlawe gyr e s iymptlaend e r s tQnnhé. ”
t @ewhasthwan ttshewi plroba busye h b s e PI”  contrary, P7 wanted to understand why a particular snack was

The secondary caregivers also corroborated on relating to  healthy or unhealthy by tracking calories. When asked what
the game character - S5 said, “. .I.t k § nodfl i wa t c h i wogld she modify in the application, P7 replied, “ Ummm
aviddas.howoemot i whathasppennengct i may peheal o rSioe h awta wheyon omp arhee mo u
anédv e ryt h Bufgrthér described how he could see people camhavtehhsis himanyal oaindsh ditas hantany
relating to the game character: “ It hi ke wearihigbcal onnhdsoknowhawhy woubdabet sanck.
anfenamesAmnas,he Mus | i fr.ou 'Mue | y enu ’ Bimilarly P1 also wanted to view nutritional details: “ Na § s
beabltexr el a eh a 89 dlso felt a connection with the notseleosuvsvsabagpfchimsghuavmorsal han
character and described how he would eat healthy to makesure ¢t het heddonknoift heayrtel ltiheg uifkant
that the game character was successful in his life. Although ¢t ¢ eeveryt Hinmg ri ti onal ].”
most of the secondary caregivers preferred Lifespan, some 3)Snadeal t hBakas er pr eWembséreed that
complained that the game character was ¢ o d e ma n dds n gyhile evaluating the Snack Educator’s family snacking screen
she continued to ask the user to eat healthier snacks to get (Figure 2c), the participants immediately identified Alice as
to the next level. The participants may have perceived the eating healthier than Julia because the green portion of her
application as demanding because we accelerated the game bar was larger. The participants also noticed that Alice’s
progress to demonstrate the major game milestones within the  healthiness bar was longer than Julia’s bar because Alice
user study. Normally, users would achieve these milestones ate more snacks. However, despite this observation, they still
over an extended period of time. held the belief that Alice was eating healthier than Julia —
neglecting snack quantity in their assessment. This ambiguity

was intentionally designed to determine if users could account
The Snack Educator prototype received mixed reviews from  for quantity in snack healthiness evaluations.

both primary and secondary caregivers.
1) Re al iAptpilci ¢ dlhé pamicipants described Snack  r yo 4 1 Hehroe s
Educator as r e a I isince it displayed implications of eating
healthy or unhealthy snacks on their bodies. In P8’s words: The Health Heroes prototype was not preferred by primary
“JIgti viesubet uader st afwhiatgeons e q u e 9aEegvers because they thought it was ¢ hi | dndsdificult
a r eWe’heard similar opinions from other primary caregivers. to understand. The primary caregivers could not relate to
P6 claborated, “ . i gi veaon hdi ff e rLdrkeeb e hi nthe Health Heroes game and did not find it motivating to
wi tthhpot acthoi pad hetmow ad & § oy o mn d t adopt healthy behaviors. They further complained that Health
doetsheompar wi baran g @s elre raen & e ehso w Heroes had cluttered action screens. P7’s feedback sums up the
healt hay oyoiS.ot hav ésgoodlhdsecondary collective sentiment: “ Ummml,di dd itk d wom ¢ Heal t h
caregivers also preferred the Snack Educator’s realism as S5 He roe sijt,a ki tftulnehy ok Amng.t f aki ds . ”
said, “F hitnkowne l.i kéeduc atoensor B gi viecau 1) Funf o ounlge ena g Whik :primary caregivers
t hei &dfecFhs onelsprot otywed ] He f asrheo we did not prefer Health Heroes, there was a split within the
younrealtihs mlgicskfey o u aun h e a lamidy,mgu y secondary caregivers. Mostly young males preferred Health
wi t o koev etrhwor [ d e f et dHemg Hehroe sT/h at Heroes because they thought the application was ¢ o oahd
notealistic.” found the game action exciting. For example, S12 said, “ 7 ¢t ’ s
2)DiferenoeoshHeal Mt riamsVis ual i zat bawi.ngeal phypleat upgnheabrebypbeo.
Some primary caregivers showed concern over the Snack ¢ hante anysou srteart emgeal amdki rodl i ke
Educator visualizations that depicted potential obesity risk bet Solunde r sittadd himhkawhyl i kbbne.
associated with a snack. P3 said, “ IIfs e@f apte r s[oSnn a cSimilarly, when asked which was his favorite application, S4
Educaitmagrexttme|[ imheppli canidorki nmaid, “Eiené¢ HeaHehoe s JcauTacBelil %ind
perswexdtdl |l i fonampdes armjmtak esef eebfl i hd unnumand ldft hefmHe alHek o ewsoJr k
wo r s Sonie secondary caregivers also mirrored the same t o g e it hikerf drd m. ”
sentiment at the obese person’s picture. When S4 laughed at The older teens, however found Health Heroes too childish
it, S3 said, “ t hatofsu nn h,as b me boldgdBwo ul dor their liking. S5 said, “ Li &k & iwso u ljdi sma k @ o u
nevemakguafit.” t himhkagtou'arkei ddonl it k & a Another secondary
The primary caregivers were divided on visualizations of caregiver mentioned that she wanted to view how food affected
nutritional details. P3 did not want to know the nutritional her body, S8 said, “Ildonl t k dbn § He a He hoe sas
details or how the application calculated a snack’s healthiness. muc & st hfir sond SnaEd&u c atbeercja u stdeo e s n’ t
She stated, “ I g aidtd i d m’ditd al orliicksehatwn’ vy eat by lhommuch’ geowmd .idids hobwhe
bad hiMgdonwantoseeheal orSclsl.i howbatltiktbet hemé¢ Figidec¢.”

”

D.Sna&lducator

”
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IV. DISCUSSION

We acknowledge there are external factors such as income,
environment, and education that impact improving health
in low SES populations. We focus on the small tractable
issue of snacking that could gradually lead towards healthier
eating habits. This is challenging because we must make
technology accessible and useful to two different caregiver
groups. Particularly, we explore how differences in primary
and secondary caregivers’ preferences can be incorporated into
an effective family-based application. We also discuss how a
flexible health metrics tracking system can abstract nutritional
details. Finally, we explore how individuals’ sensitivities affect
the application design and the importance of considering the
holistic application message.

A.Managenendngagement

Our results showed that the primary caregivers wanted an
application that provided them with the ability to effectively
manage their snacks. They had an intrinsic motivation to view
and maintain healthy snacking for their entire family. They
were not interested in spending time in gaming activities,
that would serve as an extrinsic motivation to support snack
management. This idea was highlighted by P8 when she used

Snack Educator after using the gaming applications, “ Ummm,

ifSnakducatastemsflow et tDi d nh’atvteo
mangrap hiacnsd wa s t rai g lpto i nFurthérmore, the
primary caregivers found the gaming applications childish.
In contrast, secondary caregivers found non-gaming appli-
cations monotonous and redundant as underscored by S9 while

using Snack Educator: “ I tl ‘asmbee c ay » & a vteg ob a c k
andoramd seeleamei ct oveanadveagain,
S10 continued, “ I th’osr ibnegc a wy 9 & a vtea ot ht § i Crz
andvehavieoj ussteawho 'gset theagl ahywho’ s

noget thegl t hk & a This highlights that secondary
caregivers want some form of engaging, fun interaction as an
incentive in their snack management application.

We also found that while primary caregivers preferred the
familiar stars as the reward mechanism, secondary caregivers
were excited by the dynamic rewards that unfolded as they
progressed through different stages of the game. Based on
these findings, we suggest that applications be designed with
(1) basic snack management features with familiar metaphors
for primary caregivers, and (2) engaging game-like applica-
tions to encourage secondary caregivers’ usage. The backend
of these applications should be a common multimodal platform
that tailors data for various front ends. This would allow
for a family based solution that would accommodate both
types of caregivers. Indeed, researchers have responded by
developing backend architectures, such as Salud! [26] - a
common platform for consumer health applications. Using
a similar platform, we can implement useful features such
as messaging between family members to encourage healthy
eating habits.
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B.Heal t hVisasn$ i zNeteidasn

During the study, we identified two types of health visual-
ization needs, those for (1) uninformed health metrics and for
(2) informed health metrics. An uniformed health metric was
one where participants were not aware of how the particular
metric affected their health, whereas participants were aware
of the informed health metrics’ effects.

In our study, we found that food quantity was an uninformed
metric that the participants did not consider while deciding
the healthiness of their snacks. This was evident in Snack
Educator, where participants did not consider quantity when
viewing the snack healthiness bar (Section III-D3). Indeed,
research has shown that while the average portion size of
snacks have remained relatively constant, the snacking fre-
quency has increased significantly, resulting in an increase in
the daily energy intake from snacks [27]. We need to address
this issue by helping participants visualize the effects of snack
quantity on an individual’s health. We acknowledge that this
is a challenging problem that requires an accurate measure-
ment of a user’s height, weight, and other health parameters,
however, a good starting point could be categorizing healthy
and unhealthy snacks with a predefined snack-entry threshold
per day. For example, in a gaming application, if a user enters
more than a predefined threshold for a particular snack, the
application can deduct points to discourage overeating.

While it is important to educate users about how the
uninformed metrics affect their health, we also identified
informed health metrics where users provided feedback about
their tracking preferences. For example, P3 and P7 had op-
posite views on tracking caloric intake, and P1 wanted to
track sodium in her snacks. While we acknowledge that the
snack healthiness visualizations did not account for specific
nufritional information, they were intuitive and could gradually
ove the user towards healthy eating. Moreover, a majority of
e participants were satisfied with the abstracted healthiness
representations and did not ask for nutritional information. If
nutritional details are needed, stars could be a good represen-
tation for each nutrient needed in the healthiness visualization.

t

C. Pri dke:ChangRaguirement

Our prior studies have shown that low SES populations
considered price an influential factor while making dietary
decisions [19, 13]. We implemented price in Snack Manager to
determine whether it was beneficial for the target population,
but an overwhelming majority of the caregivers did not find it
valuable. This change in requirements highlights a key aspect
of the iterative user-centered design process where the users
often reflect and reevaluate their design recommendations after
viewing a particular implementation.

D.Desi gfioBgnsi andiutyt u He n gV dil u e

We must design applications that are not only usable,
but also are sensitive to the target population’s needs. As
highlighted in our findings (Section III-D2), some caregivers
were sensitive to the obese person graphic in Snack Educator
(Figure 2a). It made them aware of their own issues with
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obesity and body image. This is especially relevant for low
SES populations since they are at a higher risk for obesity [1].
Therefore, if we are to induce healthy behavior change, our
designs must accommodate for these perceptions of self-
image. This may in turn increase adoption of health and
wellness technologies in low SES populations.

Another important design consideration was the overall
application message. The caregivers indicated how Lifespan
propagated a hidden message of well being that would encour-
age them in using the application. In particular, the secondary
caregivers related to Lifespan and inferred that healthy eating
leads to successful life outcomes. This unanticipated result
of h e a latsdqv a | 28] can be fostered to establish healthy
lifestyles in secondary caregivers. Therefore, while researchers
should have traditional design goals to motivate users to adopt
healthy habits, we must also reflect on how the overall appli-
cation message can nurture health values in the population.

V. LIMITATIONS

We acknowledge that the primary caregiver participants
were predominately female - with only 1 male and 7 females.
While this does not account for different gender perspectives,
we and other researchers [29] found that in low SES families,
primary caregivers are predominately female.
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