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ABSTRACT

Continuous tracking young children’s development is important for parents because early detection of developmental delay
can lead to better treatment through early intervention. Screening tests, often based on questions answered by a parent, are
used to assess children’s development, but responses from
only one parent can be subjective and even inaccurate due
to limited memory and observations. In this work, we propose a collaborative child development tracking system, where
screening test responses are collected through collaboration
between parents or caregivers. We implement BebeCODE,
a mobile system that encourages parents to independently
answer all developmental questions for a given age and resolve disagreements through chatting, image/video sharing, or
asking a third person. A 4-week deployment study of BebeCODE with 12 families found that parents had approximately
22% disagreements about questions regarding their children’s
developmental and BebeCODE helped them reach a consensus. Parents also reported that their awareness of their child’s
development, increased with BebeCODE.
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INTRODUCTION

Screening tests based on parents’ reports are commonly used
to identify possible developmental delays of children. These
tests involve asking parents a series of questions about their
children’s development including language use, physical development, cognition, and so forth [20]. To answer developmental questions, parents need to recollect speciﬁc activities
of their children (e.g.,“child can differentiate between big and
small objects” or “child says hello to a familiar adult” [43]).
Properly identifying possible developmental delays is critical
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because early diagnosis and intervention can result in better
treatment of delays [6].
Manually tracking developmental milestones over an extended
period of time can be a difﬁcult task for parents. In addition, parents can fail to recollect new developmental achievements of their children or even not notice particular developments [24]. To overcome these limitations, prior studies [25,
39] have proposed systems that can help parents keep track
of their child’s developmental milestones over an extended
period of time. However, these studies assumed that a single
parent is responsible for tracking development.
Although screening tests answered by a single parent are commonly used in assessing children’s development [20], some inaccuracies due to parents’ limited observations or their subjectivity and misinterpretation of questions are known issues [35].
For example, a parent might exaggerate their child’s development or underestimate it due to poor recollection or limited
observation even if the child has achieved a particular development milestone. Another challenge can be vague questions
asked in the developmental questionnaire. For example, considering a question asking whether a ‘child can have a “simple”’ conversation [43], one parent might think that their child
can it well, while the other parent might think that their child
cannot do it. In addition, other adults or caregivers might have
a better awareness of the child’s development. For example, a
daycare teacher may have a better understanding of a child’s
social skills and their ability to interact with other children.
Grandparents or babysitters might also help observe a child’s
developmental activities. As a result, a third person might be
in a good position to provide accurate answers to developmentrelated questions [33]. Prior studies [10, 34] in the ﬁeld of
developmental psychology have found that having multiple
informants lead to more reliable results in assessing a child’s
development in comparison to having a single informant.
In this work, we propose a collaborative approach to monitoring children’s development through BebeCODE – a mobile
system for COllaborative Child DEvelopment tracking. BebeCODE encourages parents to assess children’s development.
The particular characteristics of BebeCODE include the following: (1) both parents are required to answer all questions
in a developmental area for a given age and need to reach
consensus upon disagreement to view the test results; (2) to resolve disagreements, parents can chat, share images/videos or
consult a third person to get their opinion, and (3) BebeCODE
sends push notiﬁcations to remind parents to re-evaluate their
child’s developmental status after a time-out period as the child
grows, and sends progress status notiﬁcations for successful
collaboration between parents.

To evaluate BebeCODE, we conducted a 4-week deployment
study with 12 families with children ranging in age from 10
to 50 months old. The study found that when both parents
actively participated in answering questions independently,
they had approximately 22% disagreements in their answers.
BebeCODE helped the parents reach consensus via three types
of features on the questions about which there was a disagreement, and it enabled them to continuously track their children’s
development via notiﬁcations during the study. Seventy-six
percent of the total disagreements were resolved, with chatting
and simple conversation being the most frequent channel for
resolution; 8% were resolved by sharing of images/videos,
and 10% by asking a third person for their opinion. The
parents also reported that use of BebeCODE increased their
awareness, understanding, and interest in child development.
Furthermore, some reported that the system led them to have
more conversations between parents about the status of their
child’s development. The results of the study also suggested
areas that could be improved for the design of collaborative
assessment applications.
RELATED WORK

This work builds upon previous research on child development
assessment, its technology support, and collaboration systems
for health.
Early Diagnosis/Intervention of Developmental Delays

Developmental delays signiﬁcantly affect various aspects of
children’s lives, including their subsequent academic performance [4]. Prior research found that early intervention had
a positive impact on improving children’s interaction skills
with their parents [14], social-emotional skills [2], and their
academic performance after school age [15] for autism spectrum disorders, cerebral palsy, and other developmental disorders [11].
In a clinical setting, experts directly assess children’s development with various testing tools such as the Bayley Scales
of Infant and Toddler Development [1] or the Denver developmental screening test [13]. However, children’s actual development age can be underestimated because of children’s
unfamiliarity with the clinical setting. To overcome the limitations of direct assessment, indirect assessment based on
parents’ reports are commonly used together with direct assessment [13, 20]. While assessment based on parents’ report
can be as reliable as a direct assessment by experts, some
parents’ reports can be subjective and even inaccurate, limited by their interpretation or observation [35, 18]. To get
more reliable assessments from parents, prior studies in the
ﬁeld of developmental psychology [10, 34] found that observations from multiple informants led to more reliable results
in assessing children’s development in comparison to a single informant. In this work, we pursued a similar approach
through collaborative assessment of children’s development
Technologies for Assessing Children Development

Child development tests commonly evaluate children’s motor,
recognition, and language skills as well as their socialiability [20]. Many researchers have proposed systems to assess
child development for a particular domain. Measuring grasping actions and force is an important motor skills for children,

and a sensor-embedded toy was proposed to analyze children’s grasping action [7, 42]. TalkLIME assesses children’s
language development by comparing the number of average
utterances of a child to that of others in the same age group,
and provides real-time feedback to improve the parent-child
interaction and reinforce the parent-training intervention [38,
19]. Monitoring the kicking patterns of infants can be used to
track general development. To estimate the pose of an infant’s
leg, a computer vision-based approach has been used [36]. To
detect autism spectrum disorder, robots are often employed
to evaluate children’s sociability [3]. These works have focused on automating assessment in a single domain of child
development, and the challenge in assessment is recognizing
children’s activity.
Screening tests based on parents’ reports are commonly used
to assess children’s overall development. Kientz et al. proposed Baby Steps for tracking the developmental progress of
young children by parents [24, 25]. BabySteps for Twitter was
proposed to actively involve social media in the tracking of
children’s development, in which parents respond to tweets
about developmental milestones [39]. BabyStep Text [40]
supports both parents’ participation in tracking children’s developmental, but it does not consider the possibility of differences in opinion between parents. Our approach is also
focused on assessing children’s development based on parents’
reports. However, we propose a mobile system to encourage
collaboration between parents or caregivers to overcome the
limitations of only one parent participating in the screening
tests.
Family-Centered Collaborative System

Prior research examined how to support health-related collaboration between caregivers and patients for better care by an
improved understanding of each other [8, 27, 32, 29]. Recently,
the HCI community has proposed systems for family-centered
collaboration between parents and children. Toscos et al. proposed health monitoring technology to share a child’s glucose
levels with their parents [41]. Hong et al. designed a system to
support teens in partnering with their parents for life-long treatments of a chronic disease [16]. Since the health of parents
and children is interconnected in the family, a family-centered
health monitoring system was proposed [31].
Although much of the related work has focused on sharing
users’ personal information to close the gap in their understanding through collaboration between caregivers and care
recipients, our design focuses on resolving differences of opinion in a collaborative system between parents when assessing
children’s development to reach a consensus.
PRELIMINARY STUDY

We conducted a preliminary study to ﬁnd opportunities for
collaboration between caregivers for better assessment of child
development. Mothers and fathers tend to have different roles
in raising their children, and this results in different levels of
understanding of the children [37]. When parents spend time
with preschool children, mothers tend to teach and engage
in empathic conversations, while fathers tend to behave like

Table 1. List of interviewees who participated in the preliminary study

ID

Group 1

S1
S2
S3

Group 2
Group 3

T1
T2
P1
P2
P3

Descriptions
Child developmental specialist &
Child psychologist
Child developmental specialist
Child developmental specialist &
Play therapist
Daycare teacher
Kindergarten teacher
Father
Father
Mother

Experience
(child’s age)
15y
2y
3y
6y
10y
18m
41m
37m

children by engaging in physical play [21]. In addition, daycare teachers closely observe children’s social interactions that
are hard to observe at home due to limited opportunities for
peer interaction. If the caregivers of a child can share their
unique observations, it could enable more accurate tracking
of the children’s development than reports based on a single
caregiver’s response [33].
Interviews with Developmental Specialist and Caregivers

We interviewed child developmental specialists, daycare teachers and parents of preschool children in a semi-structured interview to explore the possibility of caregivers’ collaboration in
assessing children’s development (Details of the participants
are summarized in Table 1). Each interview lasted approximately one hour. Topics covered by the interviews include the
following: (1) understanding child development assessments
conducted in public health clinics, (2) communication between
daycare teachers and parents, (3) differences between a mother
and father in the understanding of their child’s development.
The key topic areas of the questions we asked each group are
summarized as follows:
• Child developmental specialists (Group 1)
1. General methods for checking children’s development.
2. Advantages of parent-based child development screening tests when father and mother participate together
• Daycare center teachers (Group 2)
1. Overall method of child development management in
their daycare center
2. Frequency of communication with children’s parents
3. Burden of personal contact with children’s parents
• Parents of preschool children (Group 3)
1. Parents’ differences in style of childcare
2. Experience of differing perception of a child’s development between the father and the mother
All interviews were recorded and transcribed. We used open
coding and iterative clustering to investigate emerging themes.
We then identiﬁed core design factors to enable collaborative
assessment of children’s development from parents and/or
other caregivers.
Interview Results
Parent involvement in clinical assessment

In the clinical assessment of a toddler, the participation of both
parents is preferred in assessment as well as in treatment [9].

The child developmental specialists we met all preferred parents to come together when consulting child’s development.
When parents talk together, it helps to reduce the uncertainty
of one parent: “It is common that some parents subjectively
think that their child can or cannot do something, an opinion
with which I cannot agree, and some parents misunderstand
the developmental questions (S2). (...) I encourage parents
to visit together because parents’ opinions often differ. (...)
believe it is more accurate when parents talk together about
the child’s developmental activity that happened a while back
(e.g., when did your child start to walk?) (S1) Even though the
experts emphasized the importance of both parents’ involvement, because of the parents’ busy schedule, it was rare for
both parents to visit together: “I recommend both parents to
visit together but the mother usually brings the child alone
because the father has to work. There are some cases in which
a grandparent brings the child when both parents are working
(S3).”
Differences in children observations among parents

According to OECD’s (Organisation for Economic Cooperation and Development) 2015 report, childcare participation differed between mothers and fathers in most of the
OECD countries [30, 22]. In case of a single income family,
one parent works while the other parent is usually dedicated to
childcare: “Because my spouse works, I do most of the childcare (...) I periodically take a child development test and visit
the hospital alone with my child (P3).” Primary caregivers
spend most of the time with their child, so they know more
than their spouse. However, different style of participation in
childcare can result in different observation of a child, which
results in different opinion in assessment of children development: “My wife doesn’t give a dangerous item to the child
such a scissors or a pencil, but I do (P2),” “I usually play with
my child with physical activity unlike my wife (...) Because
I cannot participate in childcare during weekdays, I try to
participate more over weekends (P1)”.
Understanding differences of opinions between parents

Based on the interviews with experts and parents, we classiﬁed
reasons why differences of opinion occur between parents on
the child’s development questions. The differences can be
classiﬁed into one of the following three categories:
• Single-parent observation: The most obvious difference
occurs when only one parent has observed their child’s activity but their spouse has not. This difference in opinion
can be easily resolved if the parent who has made an observation lets the spouse know or has a photo or video that
captures the activity.
• Different recollection: Both parents might have seen their
child’s activity, but one parent might not remember it. This
difference can be easily resolved if the other parent reminds
the spouse (e.g., “he/she did it at home last weekend”).
• Different criteria for scoring or assessing: There are
some subjective questions on the children development test,
such as “child can run naturally,” but the deﬁnition of “naturally” can differ between parents. This difference in opinion
can be resolved through discussion, and in some cases, a
third person’s comments might help resolve the difference.

Opportunity from daycare teacher’s involvement

Parents and daycare teachers can actively communicate about
children’s daily activity through applications such as Kidsnote [23]. The daycare teachers who we interviewed also
write a daily diary to share with parents about their child’s
status, recording several details, such as moods, meals, naps,
condition, and bowel movements, and they write a weekly
diary summarizing how each child spent a week. Daycare
centers also provide a variety of play activities that naturally
exhibit children’s developmental progress. Because daycare
centers are places where many children stay together, social
activities of children that are difﬁcult to see at home can lead
to unique observations: (T1) “I spend more than 8 hours per
day with children. I would better know about children’s development than their parents in some parts (...) In periodical
interviews with parents, their most common question is about
their children’s sociability.”.
The daycare teachers agreed that they know better than parents
about some of the characteristics of their children. However,
the teachers felt uncomfortable having much personal contact
with parents to talk about their children because it is an extension of their work after the workday: (T2) “I never share
my personal phone number, because the parents would frequently contact me asking about their children even late at
night.” Also, although teachers know children’s problems well,
they were cautious about openly sharing this knowledge with
parents because some parents blame teachers for the problem:
(T2) “It is not easy to be honest with parents when a child has
a problem because if I tell them, the parents would frequently
contact me and would even blame me for the problem.”
Design Implications

Based on the preliminary study, design implications were
drawn to design a collaborative tracking system for a child
development test. First, both parents have to participate in assessing child development to overcome the limitations of only
one parent reporting. Second, the system should help parents
resolve their disagreements in their answers to developmental
questions. Third, a third-person’s information is useful but
the system should consider a less disruptive way to ask them
about child development. Finally, the system for tracking child
development should provide a long-term way to continuously
track child development [24].
BEBECODE SYSTEM DESIGN

In this section, we describe the features and implementation
of BebeCODE, which focuses on successful collaboration
of parents in assessing their child’s development. Our
main design concept is parents’ collaboration. They must
both participate in the assessment to complement each
other’s lack of knowledge about certain points regarding
their child’s development. BebeCODE supports parents
to resolve their disagreements to reach a consensus. In
addition, whereas parents are required to participate, a third
person’s participation is optional to reduce their burden. The
overall BebeCODE usage process is shown in Figure 1 and
summarized below.
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Figure 1. Overall usage process diagram. The timeout algorithm is only
applied to developmental questions for which a child could not achieve
and those development questions are repeated through the process.

(1) Both parents should answer all developmental questions
independently (Parents’ responses that their child cannot do
a certain activity or task disappeared after N days to ensure
validity.)
(2) The questions about which there is disagreement can be
shown.
(3) The disagreements should be resolved via chatting, sharing
of images/videos, or asking a third person for their opinion to
reach a consensus.
(4) When there are no incomplete or questions for which there
is disagreement, the assessment results are shown.
Questions for the Developmental Screening Test

We used the Korean Developmental Screening Test (K-DST)
for Infants and Children [43] on BebeCODE, which was developed in Korea by the Pediatrics Society for screening of
young children (4 months to 71 months) based on parents’
reports to detect early signs of delays. Parents can screen their
children’s development with K-DST, including gross motor
skills, ﬁne motor skills, cognition, language, sociability, and
responsibility. It requires parents to choose among the following in response to each question “absolutely can’t do”,
“can’t do well”, “can do”, or “can do well”. The questions
change every few months as the expected development of the
child changes. We deﬁne disagreement or different opinions of
parents on the questions when one parent chooses “absolutely
can’t do” or “can’t do well” and the other choose “can do” or
“can do well” because such conﬂicting responses cannot both
be accurate.
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Collaboration Between Caregivers

Figure 2 shows the overall interface to support the collaboration of parents and caregivers to assess a child’s development.
The procedure of using BebeCODE is summarized as follows.
(1) Answer all questions in a developmental area: Parents
have to answer all question to see others’ response for each
developmental section such as gross motor, language, and cognition. Because the others’ response can affect one’s answer,
we intentionally designed the interface so that parents would
think about their children’s development ﬁrst before checking
others’ responses. By sliding the screen, the questions can
be changed, and the progress bar on the upper side shows the
number of questions answered (Figure 2(a)).
(2) Compare to others’ answers: After parents answered all
questions in a section, they could see each other’s answer. If
the opinions of the parents are different, the color of the question changes to red, and a discussion icon blinks to indicate
that there is a disagreement between the their responses. In
addition, parents can input a third person’s answer on this
screen if a third person’s opinion is known, but the third person’s opinion does not affect the disagreement question; the
answer from a third person can be selected either “can’t do
well” or “can do” to minimize their weight in assessing the
child. (Figure 2(b)).
(3) Discuss disagreement questions to reach consensus:
When the discussion icon is selected (Figure 2(b)), the discussion interface is shown (Figure 2(c)). Parents can discuss
their differences and attempt to resolve their differences by
chatting or by sharing images/videos to persuade their spouse.
(4) Ask a third person (optional): When asking a third person about their child’s development, users can send a URL to
someone who may be able to answer the questions. On the

webpage, the respondent can answer either “can’t do well” or
“can do”, and the result is automatically saved in the database
server. This web-based approach does not require the third
person to install BebeCODE (Figure 2(d)).
Notiﬁcation for Periodic Re-evaluation

While conventional parent screening tests are often answered
all at once, BebeCODE enables parents to answer questions incrementally through the mobile system. This also provides the
opportunity to re-evaluate screening test questions for which
the parents responded “can’t do.” Since child development
changes continuously, responses from the previous week or
month might not be valid, as the child’s development could
have changed from “can’t do” to “can do.” As a result, BebeCODE implements a timeout algorithm where the system
pushes a new message to the parent to re-evaluate the child
development questions for each task that the child was not able
to achieve. Based on a discussion with child development specialists, we used a 7-day timeout algorithm to ensure that the
re-evaluation messages were not too frequent. This approach
enabled periodic re-evaluation of child development, which
is very difﬁcult to achieve with a conventional paper-based
parent screening tests.
Functionality for Successful Collaboration

For successful collaboration between parents, knowing how
their partner is doing is important [26]. BebeCODE provides
a progress status bar and notiﬁes parents by sending push
messages when their spouses have made meaningful progress,
such as when all questions in a section are answered, chat
messages or images/videos are uploaded, or disagreement
questions are resolved (Figure 3(a)). To check the ﬁnal test
results, parents have to answer all questions in a section, and
there have to be no questions for which there is disagreement
between the parents. The weekly developmental score change
is shown (Figure 3(c)) to express a child’s development, and
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Figure 3. (a) Notiﬁcation messages and answer progress, (b) uploaded images for each question, (c) the line graphs showing the child’s weekly development progress per area, and (d) the summary of developmental test results. The interface is translated from Korean.

1 The development screening test used focused on children of this
particular age [43]
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Public ofﬁcial
Ofﬁce worker
Carpenter
Public ofﬁcial
Public ofﬁcial
Student
Ofﬁce worker
Public ofﬁcial
Ofﬁce worker

Age (Mother)

Participants

To recruit parents of young children between 4 months and 71
months old 1 , we posted recruiting posters on childcare-related
online communities. We asked applicants to answer a prestudy survey that asked about their demographic information
and parenting environment. For each child, both parents had
to agree to participate in the study. Since BebeCODE was
implemented on the Android platform, one limitation of the
study was that all participants were required to use an Android
smartphone. A total of 15 families were initially recruited to
participate in the study,

F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12

Age (Father)

EVALUATION: FIELD DEPLOYMENT STUDY

To test the feasibility of BebeCODE for parents, we conducted
a ﬁeld deployment study with 12 families with young children. The study sought to determine whether BebeCODE can
help parents resolve disagreements and track their children’s
development.

Table 2. Participant families and demographics (The ages in months
of the children were based on their ages at the start of the experiment.
Daycare is described in terms of hours per day.)
(Father)

BebeCODE was implemented on the Android operating system. The server was developed in Java to save parents’ development answers, uploaded images/videos, and application
usage pattern records. It also automatically sends push notiﬁcations to participants when the proper progress is detected,
and it invalidates recorded answers that are checked as “can’t
do” after 7 days to ensure response validity. In addition, a web
server is run to create a page that is sent to a third person to
get their opinion.

Occupation

BebeCODE Implementation

We excluded 2 families from our analysis because they did
not use BebeCODE even from the beginning of the study. We
tried to contact them to obtain an understanding of their lack
of usage but we could not reach them. Another family did not
even start due to personal circumstances. Thus, 12 families
with children between the ages of 10 and 50 months participated in the study, and their information is summarized in
Table 2. Each participant was compensated approximately $10
per week for participating in the study. Institutional Review
Board (IRB) approval was obtained prior to the study from the
university.

Family ID

the screening test result is shown with detailed developmental
level (Figure 3(d)).

10m
16m
38m
13m
20m
50m
32m
23m
14m
35m
30m
39m

F
M
M
M
F
F
M
F
F
M
F
F

Study Procedure

We uploaded BebeCODE on Google Play Store as a beta test
version and sent the download URL to participants with a
unique ID to connect to the server for loading their child’s

information, which had been already registered in the system
based on the pre-survey. Before starting the experiment, we
published a manual explaining how to use BebeCODE and
provided a short orientation over a phone to introduce the goal
of the experiment and gave short instructions. Program usage
patterns were recorded on the server for analysis such as the
number of log-ins, the time of questions answered.
We conducted a 4-week BebeCODE deployment study with
12 sets of parents with children between 10 and 50 months of
age. Because child development questions differ for children
in different age groups, each set of parents answered the questions appropriate for their child’s age group. However, during
4-week study, some participants (F4, F8, F9) answered that
their child could do all the activities in the questions early in
the study and that there were no questions about which there
was disagreement. Since our primary goal was to observe the
collaboration and consensus building between caregivers, we
decided to give them an additional questionnaire after consulting with an expert (e.g., presenting questions for 36 to 41
months to the parents of a 34-month old child). After the 4week period, we administered a web-based post-study survey
included questions about the experience of using each feature
such as collaboration of parents, notiﬁcations, and disagreement resolution, in addition to receiving feedback on how to
improve the design of BebeCODE.
EXPERIMENTAL RESULTS

This section presents ﬁndings from the BebeCODE deployment study on how the participants used the system with their
spouses, resolved disagreement, and tracked their children’s
development. All quotes in this section are translated from
Korean.
7KHILUVWGD\ZKHQERWKSDUHQWVVROYHGDOOTXHVWLRQV
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Essential Participation of Both Parents

Both parents had to participate in the assessment by responding to developmental questions. The participants could not see
their spouses’ responses until after they had answered. Most
participants expressed that this design helped them not to be
swayed by their spouse’s response and to think about their
child in depth for a while.
“Since the mother spends a lot of time with my child, if I saw her
response, I might be easily swayed by her response.” (F2-F2 )
“When I did not know the other person’s opinion, I tried to think
carefully about the development of my child.” (F11-M)
Also, the ﬁnal results could not be checked if there were any
questions that had not been completed or about which there
was disagreement. By inducing parents to reach a consensus
on the disagreements, they had to communicate to answer the
questions. We found positive effects of both parents’ participation, which will be summarized below.

Overall Usage Pattern
,'

X-axis represents time or the duration of our study. Each mark
indicates that more than one question had been answered. The
dotted line shows the ﬁrst day when both parents had answered
all questions for the ﬁrst set of developmental questions. All
participant answered every question within 8 days (M=4.5,
SD=3.08), and there were approximately 9.75 questions for
which there was disagreement (SD=7.3) out of 45 per family.
By the last day, 9 of 12 sets of parents resolved all of their disagreement to reach a consensus, but the rest of the parents had
1.3 unresolved disagreements on average (SD=0.81) because
the parents could not test the questions that required speciﬁc
items: “Can the child ride a bicycle with a secondary wheel?”
or “Can the child stack blocks like a pyramid?” [43]. After
resolving disagreements for all questions, they continuously
accessed and ﬁxed the answers. According to the post-survey,
the parents reported that they ﬁxed the answers when they
resolved disagreement or when they received timeout notiﬁcations requiring them to re-check the questions regarding
activities that their child could not do.
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Objective assessment

The results of parent-report assessment depend on the respondent’s accuracy, but a single parent cannot observe all of a
child’s activity. Because both parents have to participate in
the assessment, they share their observations and experiences
of their children, which results in more objective and accurate
results.

)
)
)
)
)
)
)


“Even though I usually spend most of the time with my child,
there were some things that I could not observe but the child’s
father could.” (F2-M)
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Figure 4. Overall usage pattern during 4-week deployment study. Each
mark shows a day when a parent answered more than one question.
(∗ notes participants who received the next set of developmental questions early.)

We examined the usage pattern of BebeCODE shown in Figure 4 via log ﬁles from the server to determine how often the
parents accessed BebeCODE and answered the questions. The

“I was not able to see if my child could fasten a button, but when
I heard the story of my wife, I was able to better observe what
my child was doing and be more objective.” (F9-F)
Increased interest in children

BebeCODE encourages both parents to participate in development assessment, and it uses a timeout algorithm to notify
2 We refer to each participant using following notation: [Family ID][Father or Mother]

parents to reconsider questions about activities which they
answered that their child could not do. The participants were
able to ﬁnd out new things about their child that they were not
aware of through answering the developmental questions with
BebeCODE and address developmental questions with different answers. They reported that they started to observe their
children more carefully than before to catch various actions
and assess their development correctly.
“I did not consider my child’s development carefully, but I
started to observe my child more closely through the development questions” (F9-M)
“The father seemed to be more interested in watching the baby’s
behavior than before.” (F4-M)
The increased interest in the development of their child led
to parents being emotionally moved when they were able to
conﬁrm the growth and development of their child.
“I thought that the mother was exaggerating the child’s activity,
but a few days later, I saw the actual activity of the child. I
was almost crying because I realized how fast my child was
growing.” (F4-F)
Improving communication between parents

The parents had to communicate to reach a consensus on
questions that they disagreed on. They had to discuss their
children’s development and consider together how to help
their children improve areas where improvement was needed.
This improved the communication of parents to consider their
children together.
“Our child’s development is fast in most areas except the gross
motor skills, so we discussed how we can help develop the
child’s gross motor skills. We agreed to reschedule our weekend so we can take walks more frequently.” (F5-M)
“We had to share each other’s thoughts, experiences, and evidence to answer the questions that we disagreed on.” (F2-F)
Experience in Resolving Disagreements

Since there can be different opinions on developmental questions between parents, BebeCODE provides three features
to support the resolution of disagreements through chatting,
image/video sharing, and asking a third person. When the
differences in opinion were resolved, BebeCODE asked the
participants, through a pop-up message on the screen; “which
feature was helpful to resolve your disagreements.” The answers (N=115) selected were chatting/conversation (76%),
image/video sharing (8%), asking a third person (10%), etc.
(6%) (e.g., they had their children do or perform the speciﬁc
activity to re-assess.). Interestingly, the results showed that
simple chatting/conversation is helpful to reach a consensus
in most cases. In the following sections, we explore in detail
how the participants used each feature.
Chat

Chatting or instant messaging through the mobile system is the
simplest way to communicate with others who are not nearby.
Half of the participants used the chatting feature to resolve
the questions that they disagreed on, but the others preferred
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Figure 5. (a) Methods used to resolve the disagreements and (b) reasons
why during the deployment study parents changed their opinion through
chat or conversation

face-to-face conversation (i.e., they rarely used chatting) at
home.
“When I disagreed, I could start a chat session and address the
disagreement. If I send an instant message, my spouse checks
it right away. It was easy to use and helped narrow difference
of opinion.” (F10-F)
“Face-to-face talking/discussing was better since I was able to
communicate faster and received greater depth of feedback.”
(F8-M)
We asked each parent what made him/her change his/her opinion through chat/conversation since there was no physical evidence that their child could achieve the development question.
Fifty-nine percent of the respondents reported that they remembered what they had forgotten through chatting/conversation
with their spouses, and 23% of the answers simply followed
the opinions of their spouses. The others responded that they
reached a consensus on the questions for which there was not
an immediately clear answer through chatting/conversation
and discussion.
Picture/Video sharing

Through simple chatting/conversation, most of the disagreements were resolved. However, images and/or videos that
showed children’s speciﬁc activities further helped the parents
since they provided strong evidence of the children’s behavior.
In addition, for parents who tended to simply agree with their
spouses, the images and videos were helpful to solidify their
decision.
“I was able to better start remembering some aspects of my
child’s behavior through past photos and videos taken by my
spouse. One such example was seeing my child jump from the
stair with both feet.” (F9-M)
“There is no way to have better conﬁdence that my recollection
is accurate than to share pictures and videos.” (F5-F)
Although the uploaded images were mostly used by parents to
share with their spouses, as a side-effect, BebeCODE ended up
providing a development-progress photo album that matched
developmental questions with images. We asked the parents
what were the advantages of uploading pictures and videos
to BebeCODE. More than half the parents (64%) responded
that they uploaded them to share with their spouses to reach
a consensus, but some parents (32%) responded that it was
simply to record their children’s growth and create an “album.”

They reported that a developmental album that shows children’s progress has a different meaning compared to a normal
picture album.
“There would be signiﬁcant sentimental value to my child if we
can record the development progress that he achieves.” (F7M)
Asking a third person

A third person who spends time with children can also answer
some developmental questions [20]. Among the 12 families
who participated in the study, 7 families had children that
attended daycare center. Three of these families asked a third
person, such as a daycare teacher, an uncle, or a friend to
answer the questions. The main solution for one family was
asking a daycare teacher. The mother reported that she asked
a teacher questions when bringing her child to the daycare
center and taking her child home.
“When I brought my child to the daycare center, I asked the
teacher about what I was wondering (...) She was especially
helpful because she had the most objective opinion among
others.” (F5-M)
Notiﬁcations for Continuous Tracking and Collaboration

BebeCODE sends two type of push notiﬁcations for parents.
The ﬁrst type of notiﬁcation is to let parents know the responses, which is checked their child can’t do, were disappeared since 7-days has passed. This type of notiﬁcation was
helpful to periodically track their children’s development.
“When the message came, I wondered if my child could now
do that particular activity [something he was not able to do
earlier]. As the child succeeded, I was able to update my
response to the development questions” (F10-M)

using it if some aspects of the application interface could
be improved. In addition, several comments on improving
BebeCODE were provided that could be considered to help
enhance BebeCODE.
Most parents of children who were showing signs of developmental delay were curious to know how they could address
the developmental delay that their child might be facing. The
initial BebeCODE system focused on encouraging collaboration between parents to their assess children’s development,
but it remains to be seen how the system can be extended to
help provide treatment and/or intervention.
“I was wondering how to address the delayed physical development section. How do I support him? What is the solution?”
(F7-M)
The developmental questions change every few months (e.g.,
36-41 months, 42-47 months, 48-53 months ...). Even if a
48-month-old child is determined to be late in development,
he/she has about 5 months to grow more until 53 months. In
that case, the child is not actually considered to be experiencing delayed development, so the result message should refer
to trying later.
“It’s a developmental process for 21-23 months. I don’t want to
be frustrated by seeing the results in advance” (F8-M)
The developmental questions automatically change to next
level as a child gets older. There were some children whose
development was fast, such that the parents did not have questions that needed to be tracked because their children already
could achieve all of developmental questions. In our study,
we manually changed the developmental questions to the next
stage when a child had an almost perfect score, and we enabled
the parents to continuously track their child’s development.

During the 4-week period, one parent was able to identify
how the notiﬁcation messages helped to identify growth in one
particular area of their child.

“My child’s development was fast, so I had to wait until the
questions changed to the next stage.” (F2-F)

“My child had difﬁculty playing shape games at ﬁrst, but during
the last week of the study, he was able to identify shapes easily.
My husband and I were delighted!” (F4-M)

BebeCODE was improved so that the system would automatically change questions to the next stage based on a child’s
development.

The other notiﬁcation is sent when meaningful progress has
been made by a parent’s spouse, such as all questions in a
section have been answered, a chat message or an image/video
have been uploaded, or disagreement questions have been
answered. These notiﬁcations were helpful to know how one’s
spouse is progressing.
“I was relieved to be able to conﬁrm my husband’s progress and
was able to ask him to answer the question.” (F5-M)
Other Findings and Suggestions for Improvement

We believe that the deployment study showed that BebeCODE
can successfully encourage collaboration between parents to
assess their children’s development. All participants were able
to continuously track their children’s development through
timeout notiﬁcations and resolve most of their disagreement
to reach a consensus. During the survey conducted after the
deployment study, 22 out of the 24 participants reported that
they would be willing to continue to use BebeCODE, while
the remaining 2 participants were also willing to continue

DISCUSSION
Consensus Building as Primary Measure

In our evaluation, we chose not to directly compare parents’ consensus against expert opinion. Parental development
screening tests are intended for long-term, in-home observations, while experts mostly make observations during short
sessions in a clinical setting. Because of such differences,
simply comparing the two could be misleading since the two
sources can provide complementary perspectives. The Denver
Developmental Screening Test [13] includes parents’ report
of their child’s behavior along with professional direct assessment. A recent study indicated that parent’s opinions and
expert assessment are both needed to obtain more reliable
results [28]. Since both parents respond and their discussions
and supporting materials (e.g., photos) are captured by our
system, we see potential for experts to use this data in their
assessments as well. In addition, we found positive evidence
that shows better results of collaborative tracking based on the
participant’s reports.

Better recollection through communication: There were
many instances in which parents resolved their disagreements
with objective proof by sharing images/videos or by following
a parent who made a direct observation or by remembering
what they had forgotten through communication. Based on
these observations, we expect more reliable answers to developmental questions.
Collect other’s opinion: The parents discussed the developmental questions that they could not answer with certainty.
Some of them asked a daycare teacher, a cousin, or a friend
about their children’s development. In such cases, the accuracy
of others’ opinions might be better or worse. However, at least,
this could help parents reduce uncertainty in their assessments
and make a more informed decisions.
Timeout Algorithm for Periodic Re-evaluation

Since children grow at a fast rate, frequent tracking of their
development status is important. We applied a 7-day timeout
algorithm, that invalidated questions after 7 days when the
parents responded that the child “can’t do” since the child’s
development could have changed. For these questions, BebeCODE sends push messages to ask parents to whether answer
them to see if the child’s status has changed. This algorithm
can support not only response validity but also frequent tracking. We believe that the deployment study showed the timeout
algorithm worked well based on positive feedback from participants. However, the timeout parameter should change
depending on age as the development of children varies [20].
During our 4-week experiment, we set up the timeout interval
to be 7 days for all children, and on average, 9.3 (SD=8.01)
timeout notiﬁcations were sent to each participant. Weekly
notiﬁcation might be annoying to some parents, as one participant said: “There were many cases in which there was
not much change in the child’s development compared to the
previous week. For my child, one week was too short for the
timeout algorithm (F6-father).”
Diverse Family Considerations

Our current system design/evaluation did not address diverse
family structures as we limited the scope of our scope study to
families with a mother and a father sharing the same household.
We believe that BebeCODE can be extended to support diverse
families, including single parents, more than two caregivers,
etc. One extension would be to allow customization of caregiver settings, in terms of the number of primary caregivers
(e.g., 1 for single parents; more than 2 if other family members such as grandparents are involved) and their roles (e.g.,
primary group that would be required to answer the questions
and reach consensus; optional group who can be contacted for
opinions but input or consensus is not required).
Extension to Other Assessments

In this paper, we applied our system design for the assessment
of child development. However, the design can be extended to
other observation-based assessments that have the limitations
of depending on respondent’s observation or memories. There
are many kinds of assessment based on parent reports in a clinical context, such as Ages and Stages Questionnaires [5] and
Child Development Inventories [20] for screening children
development or Brief Infant-Toddler Social and Emotional

Assessment [17] and Behavioral Assessment of Baby’s Emotional and Social Style [12] for a social-emotional screening
test. Thus, we believe that our design will make a valuable
contribution that can be extended to other types of assessment
to encourage collaboration between parents and caregivers.
Limitations

Our 4-week deployment study with 12 families was likely too
short to conﬁrm whether participants could track children’s
long-term development. Fortunately, there were three children
who were approximately 12 months old, which is an age at
which a child’s development changes relatively quickly [43,
20]. From our post-interview, one parent was able to track their
child’s growth through BebeCODE, rather than just checking
the current child’s status, so we believe that our system can
help parents track children’s development if it is used for a
longer period of time. Even though BebeCODE supports
collaboration between parents and other caregivers, there were
only 7 participants who attended a daycare center, and only one
family frequently asked the daycare teacher about uncertain
aspects of the child’s development progress, which shows
that parents can get useful information from other caregivers.
It remains to be seen how BebeCODE can be extended to
encourage participation of other caregivers.
SUMMARY

In this paper, we presented the design and implementation
of BebeCODE, a collaborative mobile system to assess child
development. BebeCODE encourages parents to answer all
developmental questions independently and resolve disagreements to reach a consensus via chatting, image/video sharing,
and asking a third person. We conducted a 4-week deployment
study and found that BebeCODE successfully helped parents
participate in their children’s developmental assessment and
resolve their disagreement to reach a consensus.
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