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Abstract

Background: Indoor air pollution is harmful to everyone, but children are of particular concern, as they are more vulnerable
toits adverse health effectsfrom air pollutants. Although mobiletechnology isincreasingly being designed to support monitoring
and improving air quality indoors, little attention has been paid to its use by and for children. Previously, we created inAirKids,
a child-friendly device to promote children’s engagement with monitoring indoor air quality through a participatory design
process. The next step isto evaluate its usability in the real world.

Objective: Theaim of this study isto investigate how inAirKids affects children’s understanding of and engagement with indoor
air quality through alongitudinal field deployment study.

Methods: We deployed inAirKids in the homes of 9 children aged between 6 and 7 years, and investigated their use for up to
16 weeks by conducting semistructured, biweekly interviews.

Results: The results show that participants promptly engaged with inAirKids but quickly lost interest in it owing to the lack of
engaging factors to sustain engagement. In addition, we identified 2 design considerations that can foster sustained engagement
of children with monitoring indoor air quality: design interactivity for engaging in continuity and corporate hands-on activities
as part of indoor air quality monitoring for experiential learning.

Conclusions: Our findings shed light on the potential to promote the engagement of children in indoor air quality as well as
considerations for designing a child-friendly digital device. To the best of our knowledge, this is the first longitudinal field
deployment to investigate how to engage children in monitoring indoor air quality.

(IMIR Form Res 2022;6(1):€32404) doi: 10.2196/32404
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homes without realizing poor air quality indoors and their

Introduction association with health and well-being implications [4]

Background

Itiswidely known that air quality indoors, where people spend
most of their time, is essential for occupant health and comfort
[1]. However, it isnot commonly known that indoor air in homes
and buildings is typically more polluted than outdoor air, even
inlarge and industrialized cities[2]. As many air pollutants are
colorless and odorless, it is challenging to estimate air quality
conditions using bare human sensors, such as eyesight or smell
[3]. Thus, many people spend most of their time inside their

https://formative.jmir.org/2022/1/€32404

Owing to the advancement of personal and sensing technologies,
smart devices areincreasingly availableinthe market to monitor
indoor air quality (IAQ). These devices have proven effective
in improving IAQ, as simply making occupants aware of the
IAQ levelsin the homes can positively motivate their behaviors
toward better IAQ [5]. However, most existing | AQ monitoring
devices are optimized for interaction with adult users, which
display air quality information using numeric figures, text, and
graphs [6]. This trend leaves behind important household
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members who can highly influence and be influenced by 1AQ,
the children.

Not only do children spend the majority of their time indoors.
They are also most susceptible to the effects of air pollution as
their lungs are till developing, and they breathe in greater
volumes of air per body mass than adults [7,8]. Furthermore,
children can be highly influenced by education to influence
improving I1AQ in their household positively. Without relevant
deliberations about users’ skills and cognitive abilities, the
interface may cause confusion and even misunderstandings
about the conveyed information [9]. Aschildren’s needs, skills,
and expectations differ drastically from those of adults, a
technology designed for adult users may not be suitable for
children to use [10]. Therefore, it is crucial to create a tool
optimized for children to promote their engagement in
monitoring and improving |AQ.

We previoudly investigated design considerationsto best convey
IAQ information to children in middle childhood (aged 6-8
years) through a participatory design approach [11]. In this
previous study, we had children engage in the entire design
process both as informants to express opinions on interacting
with the device and testers to try out the prototypes and make
suggestions for improvements. This process enabled us to
capture the perspectives of the child, elicit a guiding principle
of designing technology for children, and create child-friendly
interfaces for IAQ visuaization. On the basis of the findings
from that study, this paper reports our field deployment study
on inAirKids, an |AQ monitor that provides persuasive and
expressive visualization of |AQ optimized for use by children.

Objectives

Through a longitudinal deployment study of inAirKids, this
study aims to investigate how the IAQ visualization designed
for use by children affectsthe understanding of and engagement
with 1AQ by children and what contributes to or prevents the
engagement of children in monitoring IAQ.

inAirKids: App Design and |AQ Sensing

Our system, inAirKids, consists of a mobile app that runson a
tablet PC as a stationary device to represent air quality indoors

and outdoors graphically and an |AQ sensor (Figure 1). On the
basis of the findings from our previous study [11], we created

Figure 1. Setup of inAirKids. |IAQ: indoor air quality.
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inAirKids, amabile app that runs on atablet PC for children to
check the current state of 1AQ. In the design, we used a
graphical metaphor of a house to visualy illustrate air quality
indoors and outdoors in a child-friendly manner (Figure 2).

In designing inAirKids, we used various graphical el ementsto
meet the abilities, skills, and perspectives of children. First, we
used simple language to explain the level of air quality so that
young children who can read can easily comprehend it. The six
labels to indicate different air quality states by the air quality
index (AQI) of the environmental protection agency are good,
moderate, unhealthy for sensitive groups, unhedthy, very
unhealthy, and hazardous [12]. As some of these labels are not
easy for children to understand, such as moderate and
hazardous, we changed them to not so good and extremely bad,
respectively. Second, we applied 6 colors from the AQI color
codes to inside and outside a house graphic that directly
compares the current air quality indoors and outdoors. Third,
we added an animating cat that strolls inside the house to
respond to different |AQs and narrate its meaning. For instance,
acat smiles and moves lively around the house when the IAQ
is good, but it frowns and moves sluggishly when the 1AQ is
poor. Fourth, we applied relevant background images outdoors
to portray air quality outside (eg, tree for good, automobile
exhaust for not good, and factory chimneys for bad). Finally,
clicking a cat will display a popup screen that describes the
current |AQ status and suggests proper actionable interventions
for children to improve the lAQ (Figure 3).

For 1AQ sensing, we used an off-the-shelf sensor that
continuously measures the levels of five indoor air pollutants:
fine particulate matter (PM,s), carbon monoxide, carbon
dioxide, total volatile organic compounds, and nitrogen dioxide
(Figure 1). This sensor transmits the measurements of these air
pollutantsto the server every 15 seconds. The server then sends
the current 1AQ level to the app every 5 minutes. The system
determines the current IAQ level based on the level of air
pollutants that AQI falls under as the lowest category among
the 5 air pollutants. For instance, if the 5-minute average of

PM,5is20 pg/m? and its AQI category isthe lowest anong the

air pollutants, inAirKids displays |AQ as not so good (Figure 4
[23]).
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Figure2. A set of indoor air quality visualization interfaces for inAirKids.
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Figure 3. A popup screen of inAirKids that describes the current indoor air quality status with interventions.
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Figure4. Theair quality index category for PM2.5 (from AirNow [13]). AQI: air quality index; PM: particulate matter; USG: unhealthy for sensitive

groups.
Average PM, s
AQI Category | AQIValue | ¢, ontration (ng/m?)
Good 0-50 0-15.4
Moderate 51-100 15.5-40.4
USG 101 - 150 40.5-65.4
Unhealthy 151 - 200 65.5-150.4
Very Unhealthy 201 - 300 150.5 - 250.4
Hazardous 301 - 500 250.5-500.4
Methods

Participant Recruitment

Children aged 6-8 years and who could read were eligible to
participate in the study for up to 16 weeks. We chose the age
range of 6-8 years, as children in this age group begin to read
and use digital devices with information written in simple
languages for learning and reasoning [14]. After obtaining
approval from the Rutgers institutional review board, we
distributed recruitment fliers on sociad media and local
community groups on the web for parents on Facebook,
NextDoor, Reddit, Twitter, and others. The recruitment flier

https:/formative.,jmir.org/2022/1/e32404
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included the study purpose, duration, participation criteria
(children aged 6-8 yearswho can read), what children are asked
to do, and monetary compensation. After confirming a child’'s
age and readability, we obtained temporary consent from parents
about the participation of their child in the study by phone.
Parents and children provided written consent for participation
during the visit of a researcher to their home for the device
setup. In al, 11 children were recruited to participate in the
study, 4 (36%) femae participants and 7 (64%) mae
participants, (mean age 6.5 years, SD 0.7 years; Table 1), 4
(36%0) participants of whom had withdrawn within thefirst few
weeks of the study.
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Table 1. Participant demographics and study duration.
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ID Age (years) Gender Study completion Study duration (weeks) Number of interviews
1 8 Female Completed 16 8
2 7 Female Completed 16 8
3 6 Female Completed 12 6
4 7 Mae Completed 12 6
5 7 Male Completed 12 6
6 6 Male Completed 12 6
7 7 Male Completed 12 6
8 6 Male Withdrawn 6 3
9 6 Female Withdrawn 6 3
10 6 Mae Withdrawn 2 1
11 6 Male Withdrawn 2 1

Consent and Withdrawal

Overview

Although we obtained consent from al participants before the
study, we considered consent as an ongoing process to
renegotiate verbally throughout the study duration. As children
are often less familiar with what research entails, they may
initially wish to participate but later feel lesskeen asthey realize
what is involved in the study [15]. Alternatively, parental
consent obtained as a safeguard to protect children may restrict
the ability of children to participate voluntarily in research [16].
Considering all these, children need to feel comfortable ending
their involvement in the research should they wish to do so from
an ethical standpoint.

Among the 11 children who signed up for the study, 4 (36%)
children, all aged 6 years, had withdrawn from the study within
the first few weeks because they did not have or lost their
interest in the study. For those who answered “| do not know”
to most of our questions in the interview, we explained to feel
comfortable to end their involvement in the study whenever
they wanted. In all, 2 (18%) participants expressed their
willingness to withdraw from the study after 1 interview, and
2 (18%) other participants did so after 3 interviews. After
explaining to a parent about the right of their child to participate
or withdraw voluntarily in research, we removed them from the
study. We discarded all data collected from 2 (18%) children
who had withdrawn after the first interview. We kept the data
from the remaining participants for data analysis, which made
9 (82%) participantsin total.

Data Collection

We conducted biweekly interviews with the participants to
collect qualitative data on the use of inAirKids by children over
time. All data were collected through interviews using a
videoconferencing software of the choice of the participant (eg,
Skype or Zoom). In addition, we made 2 visits to the home of
the participants for device setup before launching the study and
its pickup after the study was compl ete.

https://formative.jmir.org/2022/1/€32404

I nterview Protocol

Our interview focused on the following four aspects: (1) how
children initially perceive and respond to inAirKids, (2) how
they use it in their daily lives, (3) what motivates or prevents
their use of the device, and (4) how their engagement in IAQ
changes over time. On the basis of this, we constructed a set of
open-ended interview questionsin 3 phases of the study duration
to explore these spaces. The first phase focused on
understanding the purpose of participating in the study, general
perspectives about |AQ, and initial impressions of inAirKidsin
the first interview. The second phase focused on exploring the
user experiencein-depth, including patterns of usinginAirKids,
engagement in IAQ, and factors contributing to or preventing
engagement of children in monitoring 1AQ throughout the
deployment duration, except for thefinal interview. Finally, the
third phase focused on exploring suggestions for system
improvements and reviewing the overall reflection on the use
of inAirKidsin the fina interview.

Study Procedure

Before the study started, the research team visited the home of
a participant to set up inAirKids in the location of their
preference (eg, anightstand or a coffee table). Participants and
their parents were asked to place theinAirKidsdisplay (atablet
PC) anywhere in the house to see it easily in their everyday
lives (eg, aliving room, a dining room, or a study; Figure 5).
After setting up, we introduced inAirKids to the participants as
“adevice to present air quality both inside and outside of the
house in real-time” We then provided basic instructions on
how to use the app. In addition, the parents of the participants
filled out a survey to inform us about their basic demographic
information, including the age of the child, household type,
income, purpose of participation, and ethnicity. Finally, both
participants and their parents were told to freely interact with
inAirKids as much as they wanted throughout the study period.
In addition, they were given contact information from the
research team if they needed technical support.
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Figure5. Thelocation of atablet PC includes aside table or atelevision stand in aliving room, on adining tablein akitchen, and on adesk in achild's

study.
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During the interview, participants were told to freely use any
materials (eg, pen and paper) to supplement their feelings or
thoughts to facilitate their engagement in the study [17]. When
they drew on a paper, we asked to show them on a screen to
take a screenshot or a parent pictured and emailed them to us.
When a child expressed no interest in answering questions or
when aresearcher had difficulty engaging themintheinterview,
we asked how much they liked participating in the study. We
explained that they could withdraw from the study at any time
and asked if they wished to terminate an interview early.
Although al the interview questions were for children, we
allowed the parents of the participantsto join theinterview and
share their thoughts and opinions when they wanted. Most
parents (mothers) participated in the interviews.

https://formative.jmir.org/2022/1/€32404

XSL-FO

RenderX

After the study was complete, the research team visited the
homes of the participants and picked up the device. All
participants were compensated with a gift card for their time
up to US $160, prorated by the duration of participation after
device pickup. Participating in this study did not have any
harmful consequences on the health of the participating children.

Study Duration

The duration of deployment was initially planned to be 16
weeks. However, we shortened it to 12 weeks in the middle of
the study, as many participantslost interest in the device asthey
continued using it gradually, but less significantly. Thus, 18%
(2/11) of the participants completed the study for the entire 16
weeks, and 45% (5/11) of the participants completed the study
for 12 weeks. We conducted interviews with each participant
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every other week for the duration of the study. Thus, we
conducted 8 interviewswith 18% (2/11) of the participantswho
participated in the study for 16 weeks and 6 interviews with
36% (4/11) of the participants who participated in the study for
12 weeks. Eachinterview lasted between 30 minutesand 1 hour.
All interviews were audio recorded and transcribed.

Data Analysis

We analyzed theinterview data using thematic analysisto revea
patterns across data sets and find significant themes through
open, axial, and selective coding [18]. First, we conducted open
coding to identify and code concepts significant in the data as
abstract representations of events, objects, happenings, actions,
and so on. The example excerpt below illustrates how one
participant lost interest in using the device because of no change
in the app interface. This response is coded as
bored of continuity:

{bored _of continuity}l didn’t look at thetablet at all

this past week at all because nothing’s changing. It's

been green all the time. It's

boring.{/bored_of continuity} [P2]
Next, we categorized the related concepts created by open
coding into conceptual phenomena using axia coding.
Phenomena refer to repeated patterns of events, happenings,
actions, and interactions that represent people’s responses to
problems and situations. For instance, losing_interest refersto
a participant’s loss of interest in using our app and associated
factorsthat contributeto it. During axial coding, the open code
bored of continuity in the example excerpt above was
categorized as losing_interest, as it illustrated how the
participant began to lose interest in using our app. Finaly, we
followed the sel ective coding processto assembl e the conceptual
phenomena extracted from the axia coding. The goal of this
stepistointegrate all concepts by building relationships across
phenomena.

Results

Early Phase of the Study: Positive Initial Interaction
With inAirKids

Overdll, we received positive feedback about the design of
inAirKids after their initial interactions with it, as it was easy
to understand the current 1AQ status from its display. Except
for those who withdrew, most participants engaged swiftly with
inAirKids immediately after instalation. Without much
instruction, they quickly figured out how to interpret various
visualization components on inAirKids and became aware of
how different indoor activities affected |AQ differently:

It's very easy to use. | think any kid can easily
understand it. The colors are easy to understand. It's
like you are good to cross the road when the traffic
light turns green. [P1]

The color coding is nice. The instructions are very
clear, so you don’t really need to you know fully
understand English or even science to kind of utilize
it, so that’s good. That’s the best part about it. [P5]

https://formative.jmir.org/2022/1/€32404
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| check it every time | come by it, like when | wake
up in the morning or when | go to sleep at night. |
basically do it every day. After school, before | eat
breakfast, before | eat lunch, before | eat dinner. It's
important to know how good or bad the air quality is
so that | open the windows when it's bad. [P2]

When we asked the participants to describe their experiences
of using inAirKids during the early phase of the study, many
dialogues were made from or reflected from the perspective of
the animated cat on inAirKids. We implemented several visual
components to illustrate the different levels of 1AQ within
inAirKids, including an animated cat, a silhouetted house, and
AQI-indexed colors. Among these components, the animated
cat that responds to different 1AQ levels was found to be
effective in drawing the participants' attention to and helping
them engage in monitoring IAQ. We found that the cat served
as a proxy for the participants to experience and respond to
different IAQ levels indirectly, making their interaction with
inAirKids as personified experiences, which echoes a previous
work [19]:

Thefirst thing | notice is a cat walking to the side of
the house. Every time | walk by, | seethe cat. The cat
has Xs on his eyes because he is sick when the air
quality is not good. | like the cat because it tells us
what to do and like it shows the emations. [P3]

The cat ishappy when theair isgood. If theair wasn't
as good, the cat would be sad. When it [the tablet] is
red, he[the cat] walks very slow. Then when it starts
to turn purple, histail starts sticking out, his hair is
down, and then his tail’s wiggly, and his hair goes
likethat [ spikey] . He gets scared when the air quality
isworse. Then, we opened some windows, so the cat
is not sick. Make it fresh air in the house. Then the
cat doesn't feel sick anymore. [P4]

The cat is mad when we are cooking. He wants the
air quality to be good every day. Mad kitty, he hasto
understand that theair quality can be bad sometimes,
like when we are cooking bacon. [P7]

Within thefirst few weeks, the participants swiftly noticed that
cooking and opening windows are the 2 activities that
significantly influence IAQ negatively and positively,
respectively [20]. When these activities occurred, they fully
engaged with inAirKids and monitored 1AQ until the color of
the display changed back to green—good |AQ:

It [inAirKids] is green now. It was yellow probably
an hour ago when the Airwick is on. It changed to
green now because | opened the window. [P2]

When my momwas cooking, it becomesyellow. | was
surprised because it stayed in the yellow for like five
hours. We opened some windows so it can't get bad.
[P3]

It[inAirKids] does not like the bacon smoke. | would
probably say it hatesit. It turned to red when my mom
was frying. So, most of thetime, | look at it when my
mom is cooking. And | keep the kitchen door open
until she's done cooking. [P6]
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Getting Used to Using inAirKids: Prolonged
Engagement in |AQ

As the study proceeded for a few weeks, we found that the
participants started to develop their ways for prolonged
engagement with IAQ. It was implemented primarily in two
ways: soliciting the involvement of parentsin improving IAQ
and converting IAQ monitoring practices to art and craft
activities.

Saliciting I nvolvement of Parentsfor 1AQ
Improvement

One of our assumptions of this study was that, if properly
informed and educated about 1AQ, children can positively
influence their family members to become involved in
improving IAQ. Our findings confirmed this assumption.
Regardless of the location of inAirKids, we observed that the
participants were the primary users of the device and other
household members, especialy parents, were prompted to be
involved in 1AQ monitoring by the child participant.

Our findings show that the increased awareness of |AQ among
children promoted their parents’ inclusion and engagement in
improving I1AQ. When they noticed IAQ worsening, the
participants actively sought the involvement of their parentsin
improving |AQ by telling them the | AQ status and asking them
to take proper actions to reduce air pollutants. Most parents
shared their experiences of their child asking, and sometimes
even pestering, they took prompt action when their IAQ was
not green. In fact, the involvement of parents was essential for
| AQ improvement, asachild cannot execute | AQ interventions,
such as unlocking a window to open or controlling heating,
ventilation, and air conditioning appliances:

It gives me a good sense of protection. | can tell my
family when to open the windows, when to close the
windows...The other day, | saw that mommy had a
candlelit, so | told mommy to blow it out. It has dirt
and dust in the smoke and makesit bad. | tell her that
candles are bad for the air because the smoke from
the candles makes the air bad. [P2]

Hewould always notice what the air quality waslike
and then comeand tell me. Then, | would havetoturn
on the vent or the window. Especially when we were
having construction for a couple of weeks, it was
constantly turning yellow and orange. So, hewasvery
much wanting to make sure that we were doing
something about that. [Mother of P4]

He was trying to open the window when he saw the
tablet was orange. He asked me to help him open the
windows because they have the two special locks on
them, so it's hard for him to open the windows.
[Mother of Pg]

IAQ Monitoring as Art and Craft Activities

Although we asked the participants nothing but to interact with
inAirKids for the study, many participants expanded their

https://formative.jmir.org/2022/1/€32404
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interaction with inAirKids to various hands-on art and craft
activitiesas part of their |AQ monitoring practices. For instance,
1 participant created ajournal of 1AQ after using inAirKids for
about a month. She then kept a daily record of 1AQ in which
she drew color-coded bugs and icons to mark different 1AQ
levels (Figure 6). This journaling activity had quickly become
part of her daily routine, and she continued doing it for the rest
of the study. This gave her extra motivation to monitor 1AQ
regularly, not as a passive recipient but as an active author,
cocreator, and inquirer of information, which a previous work
referred to as active learning [21]:

| keep the journal to keep track of air quality every
day. It's fine when it's green or orange, and | mark
acircle. But when the tablet isred or purple, it's not
good, and | draw a red spider or a purple spider. [P2]

In addition, the participants created various drawings and crafts
throughout the study period as part of their IAQ monitoring
practices. It included a crafted bonfire to illustrate a source of
air pollution or adrawing of air pollutants at different densities
to depict different IAQ levels (Figure 7). Some of these activities
wereinitially suggested by parents. However, most participants
mentioned that they engaged in and had funin the art and craft
activities as part of IAQ monitoring.

In addition, many parents expressed satisfaction with their
child’slearning and engaging with 1AQ, which wasthe primary
purpose of participating in this study, the desire of a parent for
their child to learn about 1AQ from an educational standpoint.
Furthermore, these activities led to conversations and
discussions about air quality between parents and children,
which positively influenced and further promoted inquiries by
children about air quality in general:

We talk about stuff like air quality in the house a lot.
S0, it'sgiven usanother topic to talk about. Shelearns
about stuff in school with the environment and being
environmentally conscious. And this[inAirKids] adds
ancther layer to that for her. We were having
discussions that we would not have had otherwise,
likewhat would make air quality good or bad. It gave
me an opportunity to have a teachable moment with
her for her to learn more about air quality and
environment. [Mother of P2]

He asks about air quality when he goes to different
places, like hisgrandma’ s house. He al so asked what
air quality would be like when he farts or poops. And
the other day, he moved the air quality sensor to the
bathroom. [Mother of P5]

| think it's made her aware of the terms. At six years
old, it'snot something that we would really be having
conversations about. Now she'sfamiliar with theterm
air quality, and it's been something that’s ingrained
in her head. [Mother of P3]
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Figure 6. Journaling adaily indoor air quality status (left) and ajournal (right).
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Figure 7. Artand craft activities for monitoring indoor air quality, including crafting a bonfire to depict a source of air pollution (left) and drawing air
pollutant particlesin different densitiesto illustrate different indoor air quality levels (right).

Attenuated Interest ininAirKids: Disengagement From
I1AQ

As the study proceeded for several weeks, the participants
exhibited a strong novelty effect on inAirKids. Unlike the first
few weeks when the participants fully engaged with inAirKids
for IAQ monitoring, we noticed a significant decrease in their
engagement after several weeks of the study. Two key factors
attributed to this phenomenon include participants’ learning of
IAQ change patterns over time and our focus on designing
inAirKidsto deliver IAQ changes.

L earning the Patterns of |AQ Changes

The participants gradually learned the patterns of |AQ changes
as the study proceeded. inAirKids enabled the participants to
quickly determine two indoor activities that act as the primary
source of indoor air pollution: cooking and burning candles.
Once they recognized this, the onset of these activities, not
inAirKids, triggered participants’ interest in and attention to
IAQ. The positive aspect isthat it demonstrates the effectiveness
of inAirKids in teaching children about primary sources of
indoor air pollution. Meanwhile, it echoes a previous study
about the rapid loss of interest of achild in atoy [22], showing
that inAirKids was not successful in addressing it:

Before shewaslike checking it in the morning, before
breakfast, go to school, come home, get off the bus,
go look at it after dinner and before bed. Now she

https://formative.jmir.org/2022/1/€32404
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knows that if there’'s no cooking or candles or
anything, the air quality is probably fine, and there's
no reason to check. [Mother of P3]

He was attentive to the air quality and asked like
opening the window, turning on the fan, and telling
me to do that stuff like the first three or four weeks.
Then, it'stapered off since then. He knows what kind
of things we would be doing that would make the air
quality bad. So, if there are no candles or if I'm not
cooking something weird, he assumes that it’'s going
to be green which has kind of been the case. [Mother
of P5]

In addition, the participants gradually got used to having
moderate levels of IAQ. During the first few weeks, inAirKids
displaying any color other than green prompted the parti cipants
to take immediate actions to make the color green. However,
as the study continued, they became accustomed to and
concerned less about the dlight worsening of IAQ, such as
inAirKids' color being yellow or orange. It is known that IAQ
changes constantly and that people get used to recurrent
upheavals. Thus, it is not surprising that the participants
developed relaxing attitudes toward moderate levels of IAQ as
the study proceeded. Meanwhile, it demonstratesthat inAirKids
was not successful in retaining the attention of the participants
to the recurrent worsening of 1AQ, which is crucial to enhance
the overall IAQ [5]. As they learned that IAQ could worsen
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somehow, the color change in inAirKids from green to yellow
or orange was not an event to pay attention to anymore:

It just didn't have as much of a focus. It's always
either green or yellow. | think she's in a way found
comfort as she's never seen it get worse either.
Originally, shewaslike pretty hung up thefirst couple
of times when she saw it yellow. And as she realized
that sometimes it is yellow and it's not terrible, but
it's okay, she didn’'t seem as concerned about it
because | think it just became more normal to her.
[Mother of Pg]

In the beginning when it first would change, hewould
notice that it was yellow or orange, and he would be
concerned, liked to cover his face, and asked
questionslikewhat's happened and why it islike that.
And | explained to himwhy it’s yellow and stuff. Now
he'sallittle bit easy about it unless it would go up to
red or something. Today, he might still be concerned,
but if | just light a candle and it's yellow for ten
minutes, it's not a big deal. [Mother of P7]

inAirKids Designed to Deliver |AQ Changes

In designing inAirKids, we focused on displaying the current
state of IAQ in waysinwhich achild can easily understand and
act on different |1AQ statuses appropriately. To that end, we
created inAirKidswith background color changes corresponding
to the current |AQ status. Then, it turned out that the IAQ of
most participants houses was mostly good. Thus, the
background color of inAirKids remained green most of thetime
for most participants, except when indoor activities such as
cooking or burning candles occurred. Consequently, one of the
most preval ent comments we received during the later phase of
the study was inAirKids being boring:

I checked the tablet every day right after 1’'m done
with my work, I come in and check on it. Now | have
not looked at the tablet at all because | get bored of
it. It's boring because it never changes color. The
color isgreen all thetime. [P2]

When the color goes up, it's interesting to see it
because you can see the different colors. But it isn't
asinteresting because the colors never go up or down.
| want to see if the tablet can get to different colors.
But it never turns any color but green. When it goes
to different colors, | get more excited because when
it's about the same color for like a long time, it gets
kind of boring. [P4]

We intended to encourage the engagement of children in
monitoring 1AQ for its improvement, which took place during
the early phase of the study. However, the attention of the
participants moved to capturing the moment of color changein
inAirKids, asthe study proceeded. They perceived the moment
of changing colorsin inAirKids as an exciting event to capture,
whether it was improving or worsening |AQ. When explaining
their experience with inAirKids in the interviews, they were
excited to share the moments they noticed color changes in
inAirKids regardless of whether IAQ improved or worsened.
In contrast, they disappointedly shared their experiences when
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they did not see any color changes, even though their 1AQ
remained good all thetime. Asit wasdesigned to highlight IAQ
changes, our participants, young children, felt bored when IAQ
stayed good, as the color of inAirKids did not change. Some
participants even tried to make the color change by relocating
its IAQ sensor:

| wanted to see what the air quality in the bathroom
was like because we' ve never put it in the bathroom,
and | was happy to seethe color change. Becauseit's
not so exciting when it just keeps one color for a lot
of thetime, and it’s cool to seethe color changeto a
different color than green. | want to make sure that
everyone's healthy in my house, but also, it’s exciting
to see the color change. [P4]

My grandma was frying, and | moved the sensor
closer to the kitchen to see if the air quality would
turn a different color because it would be interesting
to seeit turn to a different color. [P7]

Suggestions for App I mprovement

Inthefinal interview, the participants were asked to share their
thoughts on improving inAirKids to better meet their needs.
Some participants had already explored their versions of
inAirKids as part of their hands-on arts and craft activities
(Figure 8). The most prevalent response to our interview
question, “What changes would you make to inAirKids if you
would remake it?’ was to add more diversity and interactivity.
This aligns with the most prevalent complaint of inAirKids
being boring.

The participants suggested adding more features to the
background for diversity. We thought that an animating cat on
vivid background colors would be simple yet effective in
delivering IAQ information to children. However, as their
interaction with inAirKids continued, our participants found it
too simple and sought more variety in the interface. Probably
because inAirKids illustrated aloitering cat inside a house, the
participants suggested adding various other animals in various
circumstances, such as a panda in the wild or a penguin and a
bear in Antarctica

| would love to add more animations and different
characters. I'd add the National Geographic
background with random animals, like pandas,
Ilamas, bears, lions, jellyfish. Or, it would be fun if
there would be a way to change your background to
a different setup in order to be on the moon, which
you have to unlock it. [P5]

| want more changes in the background. | would add
a flying penguin to the Antarctica background. Or, |
would add a happy polar bear and an arctic hare
which will follow the kid everywhere he goes in the
background. [P6]

In addition, the participants suggested implementing more
interactivity to the app, especially when | AQ changes occurred.
Many such suggestions were much more drastic than asimple
background color change that we implemented in inAirKids,
from wearing a mask to erupting a volcano:
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I think adding more characterslike dogsor dinosaurs
would make it interesting. The dog would go sniffing
around and bark when the air quality gets bad. Or
the dinosaur would be wearing a gas mask when the
air quality would be bad so that it can help you
understand it more. [P1]

Kim & Sohanchyk

| really want there to be like something strange or
rare happens depending on how bad the air quality
is. Like, the first is when the air quality is good, the
cat gets elected president. And when the air quality
isbad, a volcano erupts. [P5]

Figure 8. Drawings of Earth with different levels of air qualities in different regions (left) and various Minecraft characters that respond to varying

levels of air qualities differently (right).

Discussion

On the basis of our findings, we discuss the considerations and
lessons learned to design digital tools that would help children
monitor and improve 1AQ. Although our discussion centered
on a mobile app for IAQ monitoring by children, we believe
these considerations can be applicable to creating digital tools
for educational or scientific inquiriesfor childrenin general.

Difference Between Resultsin a Participatory Design
and a Field Deployment

We designed the inAirKids interface through a robust and
iterative participatory design process. The participatory design
approach isadesign processin which potential users, partnering
with designers, are actively and directly involved in designing
end user products [23]. In general, the participatory process
involves brainstorming and | ow-tech prototyping toolsto capture
and demonstrate the ideas of the participants [23]. In this
approach, the participants provide user-centered insight into the
design, explain their difficulties with existing materials, and
evaluate the interactivity [24]. Children aged between 7 and 10
years are considered ideal for participatory design because of
their emerging capacity for reflection and abstraction, and their
lack of preconceptions about the design domain [25]. Thus, the
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participatory design approach has been extensively used to
design technology for children [26-28] and has become one of
the most prevalent usability methods in the fields of
human-computer interaction for children.

All design decisions for inAirKids were made based on careful
consideration of the child participants feedback and comments
from the participatory design. When we tested the working
prototype of inAirKids with children, most of the feedback was
positive and promising. In addition, we sought to address all
issues in the interface design and usability brought up during
participatory designinits devel opment. However, we evidenced
a clear sign of a novel effect as our longitudinal deployment
study proceeded. Although initial feedback during the early
phase of the deployment was positive, similar to those from a
participatory design, responses of the participants vastly changed
as their use continued. What participants praised as
advantageous in participatory design disappeared quickly.
Instead, many participants pointed out the shortcomings of the
inAirKids interface as they had become used to it. Most
complaintswererelated to the lack of interactivity and diversity
of the app, which can only be captured through the extended
use of adevice vialongitudinal field deployment.
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Thisresult provides empirical evidenceregarding thereal-world
effects of different methodological approaches—participatory
design and field deployment—in designing a digital tool.
Although the consequences of the participatory design approach
are invaluable to ensure the usability of a system from a
user-centered perspective [25], some aspects such as a novelty
effect cannot be captured from short-term user interaction. Thus,
researchers and practitioners should not solely rely on study
results but should aso critically evaluate how the outcomes of
different methodological procedures might unfold as a
technology is used in the real world.

I ncorporating Hands-on Activitiesin |AQ Monitoring
for Experiential Learning

Research has shown that playful and investigative activities
support the engagement of children [29], which our findings
echo. Although we did not ask, most participants voluntarily
engaged in various hands-on art and craft activities as part of
their interaction with inAirKids, making their practice of IAQ
monitoring more fun and enjoyable. We deem this practice of
experiential learning, in which children expand their
engagement with inAirKidsfrom passively receiving information
to actively interpreting information through concrete hands-on
experiences.

Experiential learning isaspecific type of learning that connects
the experiences of children to learning objects [30], thus
enhancing the adaptation of new skills and knowledge [31].
Experiential learning has been shown to help studentsimprove
their understanding of scientific concepts and promote their
learning interest by abstracting conceptualization from concrete
actions[32,33]. Thus, children can enhancetheir comprehension
based on their embodied experiences to construct conceptions
and relationships actively while engaging in hands-on activities
[34].

When creating inAirKids, we did not consider incorporating
any hands-on activities into its use. Most existing 1AQ
monitoring devices have auser interface that displaysair quaity
information using numeric figures, text, and graphs [6]. Thus,
we focused on creating a child-friendly user interface with
versatile graphical components and animated characters. This
left behind exploring the opportunity to facilitate hands-on
activities, a practice that children can engage in for a better
learning experience and embodied cognition [35]. We
overlooked this aspect, perhaps because we are accustomed to
creating adigital tool for adults primarily to provideinformation.
User experience with inAirKids might have been more positive
and engaging if relevant hands-on activitieswere systematically
implemented as part of theinAirKids system. Examples of such
activitiesinclude providing suggestionsfor various art and craft
activities relating to current 1AQ levels, applying drawings of
childrento theinterface to personalize an animated cat, printing
out a coloring book for different IAQ levels, offering an
electronic drawing board feature as part of an interface, and
many more.

As toys are increasingly digitized and screen-based, it is
worthwhilefor researchers and practitionersto explore waysto

enable children to interact simultaneously with both digital
information and the physical world. Studies have demonstrated
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the suitability of digital technologies, particularly mobile
technologies, in facilitating experiential learning opportunities
for children [33,34,36]. Our findings emphasize theimportance
of considering thisapproach for better engagement and learning
by children in designing a digital tool for children’s scientific
and environmental inquires and beyond.

Designing I nteractivity for Engagement in Continuity

In generdl, theinterface design of apersonal monitoring device
focuses on capturing and delivering the event of something
special happening. For instance, the Fithit vibrates if the user
reachesthe daily personal goal, a smoke detector beepsto alert
gas leakage, and a home security system notifies when a door
or window is opened unexpectedly. It is appropriate to design
these devices to capture and deliver the changes, as they need
to draw the attention of the users when something special
happens. When designing inAirKids, we followed this practice
by focusing on attracting the attention of a user when IAQ
changes occur. To that end, we made the background color of
inAirKids change when the IAQ level changed as its primary
interactivity component.

Our findings showed that the background color change effect
was played as intended. It effectively drew the attention of a
user to inAirKids and helped children quickly apprehend their
current 1AQ status. However, the issue was with the frequency
of its occurrence. Fortunately, the IAQ levels of most
participants’ houses were good most of the time, except when
certain indoor activities, such as cooking, were happening.
Consequently, background color changes seldom occurred. A
good IAQ means that | AQ poses little or no potential to affect
health, and thus, it should be perceived asfavorable. In contrast,
some participants felt disappointing and bored to maintain good
IAQ, as they perceived the color change effect, which rarely
occurs, as fun, entertaining, and exciting.

We received many requests to add more visualy stimulating
and animated effects to the inAirKids interface during the third
phase of the interviews. Although these are al invaluable
feedback, how to apply these requests needs to be criticaly
reviewed. Although this can be implemented by simply adding
more features when delivering something happening (eg, |IAQ
changing), an equally, if not more, effective approach would
beto make the stable condition (eg, |AQ being good for awhile)
engaging and fun. We believe that the experiences of the
participantswith inAirKidswere not asrich aswe hoped, asour
focus was on designing interactivity only for changes, which
prompted the participants to engage in | AQ changes. Although
it is worth further discussing whether children need to be
attentiveto IAQ when it isalwaysgood, it iscrucial to deliberate
how a different design focus can shape the user experience
differently. Depending on the context of use, target users, and
the purpose of adigital tool, different design foci for interactivity
must be explored, including delivering changes, rendering
continuity, or both.

Limitations

Our findings must be evaluated in the context of several
limitations. First, our sample size was small, and the attrition
rate was high among younger children. Thus, our participant
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pool may not be representative of the general population of
children. Second, the study duration was different among
different participants, which runs the risk of compromising
validity. As a novelty effect is strongly related to the duration
of use [37], we might have captured fewer incidences of the
findings relating to a novelty effect from those who completed
the study earlier. We then collected strong evidence of anovelty
effect even from those who completed the study earlier,
demonstrating that the novelty effect persisted earlier in the
study. Third, the overal IAQ was good mostly in all
participants’ houses, which must have influenced how they
interacted with inAirKids and perceived IAQ in general. If
children living in more polluted areas were recruited, the results
might have been different. Although we believe our findings
provide valuableinsightsinto understanding how childrenliving
in healthy indoor environments would interact with inAirKids,
a further study is needed to investigate how children in a
different sociotechnical status (eg, low-income families) or
living in air-polluted regions (eg, near factories, high-traffic
areas, and low-income countries) would interact with inAirKids
and how their experience would influence engagement in IAQ
differently.
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Conclusions

As time spent indoors increases in modern society, the impact
of indoor environmental quality on comfort, heath, and
productivity of occupantsalso increases. With the advancement
of personal computing and sensing technologies, there has been
an increased interest in using sensors and smart devices to
promote the engagement of occupants in monitoring and
improving IAQ. However, most existing IAQ monitoring
devices are optimized for interaction with adult users, leaving
behind important household memberswho can highly influence
and be influenced by IAQ, the children. We investigated how
inAirKids affects the children's understanding of and
engagement with 1AQ through alongitudinal deployment study.
Our findings shed light on the potentia to promote the
engagement of children in IAQ as well as considerations for
designing a child-friendly digital device. To our knowledge,
thisisthefirst longitudinal deployment study to investigate how
children engage in AQ monitoring. We hope that our findings
will encourage future studies on the engagement of children
with indoor environmental quality.
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