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ABSTRACT 
Finding a missing child is an important problem concerning 
not only parents but also our society. It is essential and 
natural to use serendipitous clues from neighbors for 
finding a missing child. In this paper, we explore a new 
architecture of crowd collaboration to expedite this mission-
critical process and propose a crowd-sourced collaborative 
mobile application, CoSMiC. It helps parents find their 
missing child quickly on the spot before he or she 
completely disappears. A key idea lies in constructing the 
location history of a child via crowd participation, thereby 
leading parents to their child easily and quickly. We 
implement a prototype application and conduct extensive 
user studies to assess the design of the application and 
investigate its potential for practical use. 
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INTRODUCTION 
Missing children inflict huge emotional, physical and 
financial impacts on family and community members [10]. 
As mentioned by [9], the experience of having a missing 
child is traumatic and grievous. Also, locating missing 
persons and providing them with appropriate treatment has 
a significant cost impact upon society [10] and is, therefore, 
a daunting task. To minimize such impacts, it is crucial to 
find missing children as soon as possible; e.g., within 
several minutes. In most cases, however, it is very difficult 
for parents to find missing children immediately. 

We note that finding a missing child is inherently a 
collaborative search task. When a child is out of the sight of 
a parent or guardian who accompanies the child, the parent 

or guardian usually asks for help from nearby people first. 
However, this approach is not always effective; despite the 
urgency of the situation, it is hard to find someone who has 
actually seen and recognized the child and knows his/her 
whereabouts. Also, it may be a burden for most strangers 
who do not know the child to help search actively. Ideally, 
the parent repeats this process of approaching and asking a 
number of strangers until she finds her child, but such 
efforts are often futile. The parent loses critical time and, 
hence, the possibility of finding the child; in the end, she 
reports her child missing to the police to get cooperation 
from the authorities. 

This paper explores a new architecture of crowd 
collaboration and proposes a crowd-sourced collaborative 
mobile application, CoSMiC, to expedite the mission-
critical process of finding a missing child. CoSMiC helps 
parents find a child who has gone out of sight quickly and 
in situ before his/her complete disappearance. Studies have 
shown that the possibility of finding a missing child 
diminishes as time passes [9] and efforts to find someone 
after his/her complete disappearance are not very effective 
[16]. It is critical to find the child as soon as possible right 
after the parents recognize that the child is out of their sight. 
In this situation, CoSMiC enables parents to get help from a 
number of strangers effectively even without physically 
approaching and asking them. While seeking neighbors’ 
help to find a missing child may involve psychological and 
social issues, we focus on technical aspects in this paper. 

While the recent advance in mobile computing technologies 
provides opportunity to build such an application, it is still 
challenging to realize an effective approach for CoSMiC. 
Quickly locating a child is a primary technical problem in 
developing the application. In outdoor places, adopting a 
GPS technology can be an easy solution. However, it is 
almost impossible to locate a child in indoor places with 
GPS. In urban areas, there are a number of large indoor 
places, such as shopping malls, which parents often visit 
with their child to eat out or spend their leisure time. Since 
those places are generally large, crowded, and packed with 
restaurants and stores, it is easy to get separated from a 
child and (once separated) hard to find her quickly. To deal 
with indoor spaces, alternative solutions can utilize existing 
indoor positioning techniques [3, 4, 18, 21, 25]. However, 
the cost of deploying related infrastructures or building 
databases for indoor localization can be huge, and thus 
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applicable coverage might be highly limited; it is difficult to 
develop a rapid solution. 

CoSMiC aims to gather collective in-situ intelligence from 
nearby people and deliver it to parents in an urgent situation. 
A key idea lies in constructing the location history of a 
missing child via crowd participation. Such a history, a 
series of landmarks, can be effective to lead parents to their 
child more easily [9]. To collect enough observations to 
find the child within a short time, the application gathers 
information and observations on the situation, related or 
seemingly unrelated, from a large number of people. The 
information and observation from each person may not be 
useful within its own context. However, it can be identified 
as a meaningful piece of information in the context of a 
large collection of related observations, which can be turned 
into valuable location history for parents. To this end, we 
propose the concept of virtual encounter to fully harness 
potential participants who are willing to help parents but do 
not encounter their child physically.  

To ensure the motivation behind our application design as 
well as its feasibility and usability, we conducted a set of 
user studies. Table 1 summaries our studies. First, a semi-
structured interview with 12 parents allows us to understand 
parents’ experiences of losing their child in detail and 
identify design implications for the application. Second, we 
design and develop a prototype application for proof of 
concept based on the implications. Third, through a user 
survey with 135 participants and a human-subject test with 
38 participants, we investigate the potential of CoSMiC in 
terms of crowd’s willingness to help parents and perception 
of design choices. Fourth, from a case study in a real place, 
we assess the effect of application and its implication for 
the behavior of finding missing children.  

The contributions of this paper are as follows. First, we 
propose a novel crowd-sourced collaborative application to 
help parents find a missing child quickly. Second, we 
provide design implications for such an application that are 
distilled from user interviews and surveys. Third, we 
implement and demonstrate the proposed application and 
evaluate its effectiveness through a case study in a real place. 

BACKGROUND AND RELATED WORK 

Approaches to Prevent and Find a Missing Child 
Approaches to prevent and find a missing child can be 
viewed from two different points; i.e., before and after a 

child goes missing (the left and right side of Figure 1, 
respectively). Firstly, it cannot be emphasized enough that 
the prevention of missing children is important. 
Government authorities or organizations, such as National 
Center for Missing and Exploited Children (NCMEC) in the 
U.S. [20], provide guides and resources for child safety and 
prevention of missing; e.g., “Know the rules for child safety 
in amusement or theme parks” [15]. Such guides help 
parents teach their children how to stay safe or prepare a 
description of their child to prevent them from going 
missing. In addition to following the guides, parents can use 
off-the-shelf products such as proximity alarms and baby 
safety harnesses [5] when they go out with their children. 
However, these guides or products themselves cannot be a 
complete solution to prevent a child from being lost. Also, 
once a child goes missing, other proper solutions would be 
necessary to find him or her. 

Secondly, efforts to find a missing child can be viewed at 
two points—in terms of elapsed time and search range—as 
shown in Figure 1; i.e., initial searches by parents or 
guardians mainly in the vicinity area and searches with the 
help of authorities, such as the police, after a missing 
person report is filed. Usually, when parents recognize that 
their child is out of their sight, they first check areas where 
the child was last seen and ask nearby people about their 
child’s whereabouts. The parents repeatedly carry out the 
process of approaching and asking a number of people if 
they have seen their child. 

When they fail to find their child on their own and consider 
their child missing, the parents contact their local law 
enforcement agency to report their child missing. In this 
stage, a guide; e.g., one provided by NCMEC [24] can help 
parents get firsthand advice about what to do, whom to 
contact, and how to assist law enforcement. Missing child 
flyers may be made and distributed to the public. In case of 
child abduction (if applicable), a child abduction alert 
system, such as AMBER Alert [2], can be activated and 
descriptions of the abduction can be distributed via a variety 
of channels, such as radio and television stations and SMS. 

This paper explores the possibility of a meaningful solution 
to helping parents recover their child quickly in situ when 
their child goes out of sight and, thereby, prevent his or her 

Phase Methods Participants 
Motivational 

Study 
Semi-structured 

Interview 
12 adults with lost-and-

found children 
Application Design and Development 

Feasibility 
Study 

Questionnaire survey  
and online interview 

135 adults (as crowd) 

2-week human-subject 
test for response rate 

38 adults (as crowd) 

Case Study 
App usage test  

in an amusement park 
5 adults as children, 

 5 as parents 
Table 1. Overview of studies 

Figure 1. Approaches to prevent/find a missing child. 
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complete disappearance. It is critical to figure out 
whereabouts of a missing child as soon as possible. It will 
be thus very helpful to support parents at the stage of initial 
search, when they are doing mainly by themselves (see 
Figure 1). CoSMiC is an attempt towards a solution in this 
stage. Note that a child can be lost in diverse situations, 
such as simple disappearance and abduction. In this paper, 
we focus on the former case. 

Solution Design Space 
To provide such a solution, we note that it is a basic and 
core technical problem to quickly locate a child when she is 
separated from her guardians. For this purpose, we can 
consider two alternative approaches. 

The first approach is to utilize indoor positioning 
technologies to precisely locate a child. Indoor place 
sensing and learning systems can identify places with 
meter-level accuracy. The main idea is that two places are 
considered an identical place if they have relatively similar 
place signatures obtained from radio beacons (e.g., cell 
towers, Wi-Fi, and Bluetooth) [4] and surrounding factors 
(e.g., light, color, texture, and ambient noise) [3, 18]. 
Geometric localization systems using radio technology, 
such as UWB and RFID, can also be employed to pinpoint 
the location of objects [21, 25]. With these approaches, a 
child carries a tiny device that obtains place signatures, and 
accordingly a parent can query the location of the child in 
case of an emergency based on the signatures captured by 
the child’s device. For this purpose, databases storing 
associated place signatures or corresponding infrastructure 
should be built in advance. The service coverage is 
significantly limited to selective space as the construction 
of the database. The limited coverage and its management 
cost can be a barrier to realizing an effective solution.  

The second approach is to harness the help of the nearby 
crowd to avoid the cost of deploying infrastructures and 
databases; i.e., in-situ crowdsourcing in a localized area. 
With this approach, a parent provides a description of child 
to voluntary participants in the vicinity and asks them about 
his/her whereabouts. This can reduce the time and effort 
required by parents. However, different from most existing 
crowdsourcing frameworks [1, 27], which harness human 
intelligence to accomplish tasks that can be carried out 
remotely online, the problem addressed in this paper 
involves a strict spatiotemporal constraint on participation. 
Moreover, the search task and participation should be 
complete within a short period of time. Only people who 
physically encounter and recognize the child can respond to 
the query. Thus, the number of qualified people can be 
highly limited. Also, it is often ineffective to just rely on 
people’s memory to find the child [31, 32]. It might be 
difficult to obtain sufficient information to locate the child 
quickly. A recent work studied a theoretical solution to the 
problem of crowd-powered package delivery which 
requires people to collaborate in a synchronized fashion in 
time and physical space [30]. However, it was not shown 
whether the solution can be applied to the problem of 

finding a missing child; even if it is possible, it would be 
still quite limited since it has no choice but to rely on 
people’s physical encounter and recognition. 

To address the problem, CoSMiC adopts a hybrid approach 
that harnesses crowdsourcing based on indoor position 
sensing through the use of an existing widely deployed 
infrastructure; i.e., Wi-Fi. As such, it avoids the cost of 
building and maintaining place databases while overcoming 
the limitation of crowd participation based on physical 
encounters by introducing the concept of virtual encounter. 

MOTIVATIONAL STUDY 
We conducted semi-structured interviews to understand 
parents’ experiences with losing a child in detail and 
identify design implications for the proposed application. 
The interviews were conducted with 12 parents who had 
experiences with losing and finding their children. Since 
these experiences are not enjoyable, we recruited the 
participants personally and checked whether they were 
ready to share their experiences. Prior to the interview, we 
explained the objective of this research to the participants. 
All interviews were recorded, transcribed, and coded. We 
then iteratively clustered the codes into higher-level 
categories. As a result, we extracted important findings that 
support the motivation and provide design implications. 

Children of the interviewed parents included boys and girls 
who were 2 to 6 years old (3 years old on average). The 
majority of them could walk and were immature in their 
communication skills. Ten of fifteen children had been lost 
in indoor spaces, such as department stores, or arcaded 
indoor places, such as markets.  

Overlooking the possibility of missing their child. The 
interviews pointed out one important lesson: children could 
get lost in spite of many guardians. When a child went 
missing, she had usually 2–3 guardians to watch her; in one 
case, 6 adults were with the child. The parents overlooked 
the possibility of their child going missing because they 
thought that their child was under observation of another 
guardian, while in fact the child had gone missing. One 
interesting thought1 was: “Even when there were many 
people in the party, we lost her anyway. Everyone thought 
that she may be with others” (Parent of a 4-year old girl). 
There is always the possibility of losing a child. We, 
therefore, aim to design a meaningful solution that enables 
in-situ local search in such a situation. 

High mobility of children. The parents admitted that they 
did not imagine their child could disappear within a short 
time. It took about seven minutes on average (from two to 
ten) for them to notice that their child was lost. Moreover, 
children’s walking speed was faster than expected by the 
parents. Many of the lost children were found at a distance 
of several hundred meters from the places where they 
became separated; one of the parents said: “He moved about 
500 meters along the road for more than 30 minutes” 
(Parent of a 4-year old boy). It took around 16 minutes on 
average (from 10 to 60) for parents to find their child.  

1 All the quotations were directly translated from Korean.
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Importance of others’ help. When parents lost their child, 
they were usually in a panic and, therefore, were unable to 
think and behave rationally. In such situations, even small 
amounts of assistance from people nearby could be very 
helpful in finding the lost child. Some were lucky to find 
their child with guidance of other people. Also, they said 
that they felt relief and recovered from their panic to some 
extent when someone helped them. 

Difficulty of getting others’ help in practice. However, 
some parents complained that many people around them 
were of not much help, especially in crowded shopping 
malls. One said, “People were strangers. They didn’t seem 
interested in the situation because of their own business” 
(Parent of a 4-year old girl). Even when they got some help, 
they usually got only rough description regarding their child, 
which was not much helpful.  

APPLICATION USAGE SCENARIO 
John is a 2-year-old toddler and he can speak some words, 
but is not a fluent speaker. John has a special nametag that 
periodically scans Wi-Fi radio channels every 5 seconds 
and stores the result in a log. In an emergency, the tag is 
able to report the log to his parents via a cellular network. 

One day, the family visits a shopping mall. When they step 
on an elevator in the lobby to go up to children’s 
department, John suddenly walks out of the elevator as the 
door closes. The parents come back to the first floor in a 
hurry, but John has disappeared. They quickly search the 
surrounding area but cannot find him. The parents run the 
CoSMiC application and connect to John’s nametag. They 
receive the radio log and send it to a CoSMiC server. The 
server sends help requests to a number of CoSMiC 
application users in the area. As the users have been in the 
area, many (or some) of their smartphones find out that 
their current or recent radio observations are very similar to 
parts of the child’s log. The applications prompt the users to 
input the names of the matching locations. As he is about to 
enter KFC, one inputs his location, “KFC”, with an 
encouraging message. Others also respond to the parents’ 
request quickly. The server collects the reported location 
information and creates an estimated location history of the 
child. The location history consists of names of places 
where John was highly likely to have passed them by and 
his estimated time of passing (Figure 2). The server 
provides this information to the parents promptly. The 

parents reach KFC via Outback and Nike as quickly as they 
can. Finally, they find John wandering around.  

APPLICATION DESIGN AND DEVELOPMENT 
In this section, we present two key approaches in 
application design: landmark-based location history and 
virtual encounter-based crowd participation. By combining 
the two approaches, we aim to maximize the crowd’s 
opportunities to participate as well as provide parents with 
rich information that enables them to find their child. In 
addition, we briefly describe the implementation of a 
prototype application for the proof of concept. 

Virtual Encounter and Location History Construction 

Landmark-based Location History of a Child 
CoSMiC provides a parent with a landmark-based location 
history of a child. As shown in Figure 3(a), the history is 
presented as a series of place names (i.e., landmarks) and 
time stamps indicating that the child has probably passed 
the places at the specified times. By referring to the places, 
the parent can easily reach the last place in the history and 
thereby find the child. When compared to a way that 
provides only the child’s current location, this strategy 
offers several advantages. First, it is intuitive and natural to 
reach a specific location by passing through landmarks on 
the way [8]. Second, it is still effective when searching for 
the child even in an unfamiliar place. Third, the history can 
help parents better estimate the distance and the direction of 
the child’s movements. We describe the effectiveness of the 
history information later in the Case Study section. 

Virtual Encounter-based Crowd’s Participation 
A location history of a child is instantly generated through 
participation of the crowd in the vicinity. To quickly and 
successfully construct the location history with the help of 
the surrounding crowd, we concentrate on two issues: (1) 
maximizing opportunity and (2) reducing burdens on 
crowds in participation. To cope with this, we propose a 
concept of virtual encounter and a scheme to detect it. 

The notion of the virtual encounter extends that of the 
physical encounter, through relaxing the temporal as well as 
perceptual (i.e., recognition of the child) constraints of a 
physical encounter. A passerby is considered to have 
virtually encountered a lost child if she/he has visited the 
same place that the child had already visited or would visit 
later. In the example of Figure 4, a man denoted as A at 

Figure 3. CoSMiC Usage Scenario.  
(a) Parent app           (b) Crowd app 

Figure 2. Screenshots of the app for (a) parent and (b) crowd.
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Nike encountered a child but did not recognize her. Our 
application detects this event, and later asks the user the 
name (or meaning) of the place. The second witness (B) at 
Outback arrived at 5:00, after the child had passed that 
location. In this case, B has virtually encountered the child. 
The last one (C), who had been at KFC, leaves that location 
at 4:50, before the child was missing. Our application also 
regards this situation as a virtual encounter, and can ask him 
where he was just before 4:50.  

The relaxation of the temporal dimension in virtual 
encounters vastly increases the number of potential 
contributors who can provide virtual observations of the 
child. The potential contributors include not only those who 
were at the location at the same time as the child, but all 
people who were there at any time. Accordingly, it 
expedites the collection of useful location information that 
leads parents to their child. As for the crowd’s point of view, 
we ask the crowd where they are now or have been recently, 
instead of asking them if they have physically encountered 
the lost child. Asking indirect questions is highly likely to 
increase the number of participants who can answer the 
question. Upon receiving the request, people can easily 
report a location annotation—i.e., the name of the place—
instead of an explanation of the child’s whereabouts. 

To detect the virtual encounter between a child and 
passersby, we employ Wi-Fi fingerprint-based location 
matching techniques [4], harnessing wireless access points 
(APs) widely deployed in large indoor spaces. The Wi-Fi 
fingerprint is a virtual landmark, which is a set of received 
radio signal strengths of visible APs. If a passerby’s 
smartphone detects a Wi-Fi fingerprint highly similar to the 
one reported by the child, then she can contribute to 
constructing the location history by just reporting her 
location. The similarity between two sets of fingerprints is 
evaluated based on signal strengths of Wi-Fi APs. A 
collection of such encounter information from the crowd, 
i.e., partial and virtual observations of traces of a child, is 
effectively applied to construct a location history. 

Other Design Considerations 
In addition to maximizing the crowd’s opportunity to 
participate, it is also important to encourage the crowd to 
participate. Even though it is reasonable to assume that 
many people have an altruistic nature to help others, the 
participation process should be thoughtfully designed to 

help people engaged [11, 13]. We discuss design choices to 
promote crowd participation, e.g., preferences in choosing 
notification and reporting methods, appropriate feedback to 
participants, and the issue of emotional support for parents. 

Multiple Methods of Help Request and Location Report 
Studies on the acceptability of notifications have shown that 
individuals have different acceptability regarding the 
urgency and intrusiveness of notifications [23]. That is, 
urgent messages are accepted even if the messages are 
presented intrusively. In addition, a recent study on mobile 
notification [12] argues that mobile notifications should 
consider “social acceptability,” including the relationship 
between notification modalities and surrounding contexts of 
an individual. Referring to the studies, we designed the 
application to provide multiple notification methods. To 
help participants intuitively understand the methods, we 
chose three frequently used notification methods in daily 
smartphone usage: (1) a short (SMS-like) notification, (2) a 
long (ringing-like) notification, and (3) the long and most 
obtrusive (alarm-like) notification. Participants could freely 
choose and change their notification methods based on their 
situations or preferences. 

To reflect personal preferences in reporting location 
information, the application also offers three alternative 
methods for annotation and report of location information: 
(1) text typing, (2) picture taking, and (3) voice recording. 
This is inspired by studies on ergonomics, e.g., it is known 
that elders prefer handwriting or voice input to an on-screen, 
keyboard-based text entry method [26]. 

Feedback and Incentives 
In general, designing feedback for a crowdsourcing 
application is a delicate task that requires in-depth 
understanding of participants’ motivation for and 
expectation from a given task [13]. In the case of voluntary 
tasks, such as finding a missing child, it becomes much 
more sensitive because the task is closely related to the 
crowd’s intrinsic motivations, including altruism [22]. 

We consider three types of feedback: (1) thank-you notes 
from parents, (2) financial rewards, and (3) social rewards. 
It is expected that the crowd would accept thank-you 
messages well; however, it is difficult to predict their 
responses for the other two. A study reported that financial 
rewards are not very effective in motivating people to 
volunteer, and, at times, even diminish their motivation [11]. 
Fershtman and Weiss [7] showed that social rewards, such 
as esteem by members of a society, are effective and 
feasible incentive mechanisms to govern individuals’ 
behavior. In the following section, we examine the crowd’s 
perception of the above three methods using user surveys. 

Emotional Touch 
From our motivational study, many parents panicked and 
felt easily frustrated with the feeling of isolation, especially 
when they could not get help from others. It is thus 
important to give parents the sense of being together with 
others helping them find the child. The application provides 

B: Came after
the child had passed 

by Outback

C: Had left before
the child passed by KFC

A: Physically collocated 
with the child at NIKE,

but did not notice the child

4:58

4:564:54
4:52

5:004:56

5:00

4:50~5:00

4:50

4:56

NIKE Outback

KFC
Child

 
Figure 4. Virtual encounter examples. 
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a communication channel between parents and participants. 
The participants can send text messages to the parents for 
solace or provide additional information. The information 
in the location history can also help relieve the parents’ 
concerns about their child’s present safety, so they can keep 
searching for the child without being in a panic. For 
example, messages such as “Your child was seen at a 
nearby place a minute ago” imply that the child was safe at 
least a minute ago and is within one-minute walking 
distance from the reported location. 

Prototype Development 
The CoSMiC architecture consists of four parts: a smart-tag 
worn by children, an application for parents, an application 
for crowd, and a server. A smart-tag is a rechargeable tiny 
mobile device that continuously monitors ambient features, 
such as Wi-Fi fingerprints, on a daily basis. The tag is able 
to send the captured log to parents and continue to report 
upcoming observations. For the proof of concept, we 
implemented the Smart-tag as an Android application. The 
default setting for the period of a radio scan is fixed as 5 
seconds. Note that it is impossible to track a child when the 
tag is detached from the child. Form-factor design and 
hardware development of a smart-tag, as well as 
optimization of radio sensing, is beyond the scope of this 
paper, requiring further study. The parent application 
provides a location history of a missing child, which is 
constructed by location annotations from participants. It 
also provides features to request the crowd’s participation, 
send a thank-you note to participants, participate in online 
chatting. The crowd application provides two main features: 
observation of the ambient features, i.e., Wi-Fi fingerprints, 
and a report of location annotations (see Parent app            
(b) Crowd app 

Figure  2(b)). It receives a help request with Wi-Fi 
fingerprints from a child’s tag and performs location 
matching for virtual encounter detection. Upon the 
detection, it notifies users. The CoSMiC server collects 
location annotations from the crowd and manages them in a 
place database that can be used later to generate a location 
history of missing child. We have implemented prototype 
applications of CoSMiC on the Android OS, Froyo 2.2 and 
ICS 4.0. The server is a standalone daemon written in Java.  

FEASIBILITY STUDIES 
We conducted two user studies. The first questionnaire 
survey explored potential crowds’ perceptions of the design 
choices presented in the previous section. The second user 
study was a human-subject test on response time to requests 
for help to analyze temporal trends of instant responses. 

Questionnaire Survey on Crowds’ Perceptions 

Methods 
The first questionnaire explored potential crowds’ 
willingness to participate, as well as their preferences for 
reporting and notification methods and feedback. Detailed 
questions are illustrated in Figure 5. For the questions 

asking willingness and admittance, we adopt the 4-point 
Likert scale to eliminate ambiguous responses. The 
responses were considered as ordinal ones. To better 
describe users’ perceptions and to get constructive ideas, we 
allowed participants to write comments for each question. 
The survey was conducted on- and off-line with 135 Korean 
participants (77 females and 58 males) between 22 and 61 
years old (mean age: 34.2, SD: 8.47). Ninety-nine people 
responded using the online survey. Eighty-six were married. 
Each participant was compensated with a $5 voucher after 
participation. A week after the survey, we conducted a 
quick test on the installation rate to measure the 
participants’ willingness. We sent short messages, including 
a mobile link to the application, and counted how many 
participants installed the application. 

Results 
Willingness to participate. Regarding questions Q1 to Q3, 
participants showed their (strong) willingness to participate 
in finding a missing child. The willingness to inform their 
location and look around was about the same (130 agreed to 
the two questions; all mean and SD values of the responses 
are shown in Table 2). However, the willingness to wander 
around to find the child was relatively weak, as only 89 
(66%) participants agreed to Q3. Interestingly, the numbers 
of participants with strong willingness were different: 98 
(73%), 87 (64%), and 33 (24%) participants strongly agreed 
with Q1, Q2, and Q3, respectively. We conjecture that this 
result confirms our expectation that location reporting 
would be relatively less burdensome and promote more 

 Willingness to participate (4-point Likert scale) 
Q1. I will participate in finding a missing child by informing his 

(her) parent of my current location and surrounding Wi-Fi 
information. 

Q2-3. I will participate in finding a missing child by 
looking/wandering around to find him(her) if I have his/her 
picture. 

 Location reporting methods (4-point Likert scale) 
Q4-6. I want to use typical text entry method (e.g., on-screen 

keyboard)/picture-taking method/voice-recording method to 
give my location information. 

 Notification methods (4-point Likert scale) 
Q7-9. I will allow notifications of help requests using the same 

way for receiving short text messages (SMSs)/incoming 
calls/alarms. 

 Feedbacks and incentives (5-point Likert scale) 
Q10-12. I think that it is essential to receive words of thanks from 

the parents/financial rewards/social rewards after 
participation.  

 Willingness to install (4-point Likert scale) 
Q13. Given a link to the application, I will install the application 

to help when a child is missing. 
Figure 5. Questions for crowds’ perception on participation. 

 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10* Q11* Q12* Q13

Mean 3.66 3.59 2.83 3.23 3.15 2.63 3.32 2.90  2.81 3 .61 2.46 3.07 1.91

SD . 6 2 . 6 1 . 8 8 . 8 8 . 9 4 1.07 . 7 9 . 9 9 1.03 1 .21 1.18 1.24 . 8 1

Table 2. Mean and standard deviations of the survey responses
* responses from 5-point Likert scale questions.
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participation than active search. For Q1, we further checked 
whether there are differences in the willingness across 
gender, marital status, and the number of children (Figure 
6). Kruskal-Wallis test showed that there is no significant 
difference regarding these factors. However, we could see 
little differences in the detailed ratings. 

Preferences for location reporting methods. As 
mentioned earlier, our design strategy is to provide the 
crowd with multiple ways to report their location. 
Participants mostly liked the text entry and the picture-
taking method; 107 (79%), 105 (78%), and 73 (54%) 
participants agreed with Q4, Q5, and Q6, respectively. We 
also found that the strategy may help the broader population, 
including different age groups, to participate. As shown in 
Figure 7, there are differences in preferences across 
different age groups; the Friedman test showed a higher 
preference of the oldest group for voice recording method 
than participants in their 30s (H3=7.90, p<0.05). Also, the 
oldest group’s preferences did not show statistically 
significant differences, whereas other groups showed higher 
preferences for the text entry than the voice recording. 

Preferences for notification methods. Overall, most of the 
participants preferred less annoying notification; 85%, 66%, 
and 61% of participants allowed SMS-like, ringing-like, 
and alarm-like notification method, respectively. From their 
comments, we discerned that most of the participants were 
afraid that the application might cause sudden disturbances 
in quiet places, such as a theater or workplace. 

Feedback and incentives. About feedback, 57% of the 
participants (strongly) agreed with Q10, indicating that they 
would be much more encouraged to help if the parents 
respond with a “thanks” message. In terms of incentives, 
interestingly, only 15% of participants agreed with Q11 
regarding a financial reward. This result is consistent with 
studies on volunteerism, which argued that a financial 
reward may hurt motivation of voluntary participants [11]. 
Some participants showed strong aversion to the financial 
reward, saying, for example: 

“It sounds bad since it sounds like measuring the 
value of a kid. I do not want money.” (22-year old 
woman) 
“We should not profit from another’s sadness.” (53-
year old man) 

Regarding Q12, more than one third of participants (36%) 
reported that honoring the people who helped would be 
positive. The participants suggested many specific ways of 
honoring, e.g., appreciating on SNS or awarding a plaque. 

Application installation rate. We asked participants 
whether they would like to install the application when they 
have a link to the application. The result was promising, as 
107 agreed that they would install it. However, the actual 
installation rate was lower than the answers. Twenty-five 
participants (18.5%) installed the application within two 
weeks. From this result, we could see that people may be 
passive in installing the application in advance for uncertain 

future cases, whereas people in general showed willingness 
to help. It would be important and desirable to design 
incentives to encourage people to install the application, in 
addition to incentives to participants who give help in situ. 

User Test on Response Time 

Method 
The second user study was a human-subject test on 
response time to help requests. The response time denotes 
the total time taken by a user to respond to a help request 
notification, which asks about the users’ whereabouts. 
Thirty-eight participants (12 female, 26 male) were 
recruited from the age group of 18 to 36 years (mean age: 
25.3, SD: 4.6). They were all Android users, and we 
installed an application to collect response times. The test 
was conducted for two weeks. The participants were 
compensated with a $30 voucher. Note that in this test the 
participants agreed to respond to application’s requests as 
best as they can, and we assumed that they had good 
amount of willingness. Thus, the experiment aims to see the 
effect of situational factors such as notification methods and 
participants’ location rather than willingness to answer.  

The application is designed to give participants two virtual 
help requests per day at a random time (See Figure 8(a)). It 
gives notifications using a method randomly picked from 
the three notification methods as stated earlier: SMS-like, 
ringing-like, and alarm-like ones. When a participant clicks 
the notification window on her smartphone, the application 
shows a user interface asking her current location. After the 
participant submits her location, the application records the 
total time taken from the notification to the response. To 
better analyze the responding context, we tagged the 
response with a type of their current location. This is 
enabled by using the LifeMap app [6], which extracts users’ 
location type, such as home, office, restaurants, shopping. 

To avoid annoying the participants, notifications are 
allowed only during the daytime. We let the participants set 
places where they do not want to receive notifications, and 

0% 50% 100%

Total

Male

Female

Married

Unmarried

1 or more children

No children

Strongly disagree

Disagree

Agree
Strongly agree

 
Figure 6. Willingness to participate by gender/marital status. 
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Figure 7. Preferences for input methods by age groups. 
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suppress the requests at those places. Also, whenever the 
participants do not want to receive notifications for a while, 
they could shut down the application for 30, 60, or 120 
minutes, or the rest of the day. If a participant does not want 
to participate in the test anymore, we allowed him/her to 
stop participating; one female participant left the study after 
one week. To minimize the novelty effect, we only 
analyzed data obtained from the second week. Note that this 
treatment is not for ruling out the potential effect of request 
frequency; the actual frequency of help requests may be less 
than that used in this test. We analyzed the distribution of 
response times for notification methods and place types.  

Results 
A total of 438 records were issued. Among the records, 37%, 
33%, and 30% of the records were from SMS-like, ringing-
like, and alarm-like methods, respectively. Regarding place 
types, 18%, 17%, 22%, 7%, and 25% of replies were from 
residence, workplace, food, shop, and education, respectively. 
The remaining records were reported as unknown place types. 

A distribution of response time is illustrated in Figure 8(b). 
We empirically set a time limit of meaningful responses as 3 
minutes. This is because a person can move to another place 
from the place where the application received a request. To 
address this issue, the application always asks the current 
location of a person and checks against the current Wi-Fi 
fingerprint. If the fingerprint is not similar to that of help 
request, the location report can be dropped. The rates of 
responses within 3 minutes were 49%, 71% and 81% for 
SMS-like, ringing-like, and alarm-like methods, respectively. 
We could see a relatively low response rate for an SMS-like 
method, which was more preferred and perceived to be less 
intrusive. We conjecture that users pay attention more 
quickly to a notification by a more intrusive method and send 
a response.  

Regarding the intrusiveness of the method, one participant 
commented, “The sound sometimes embarrassed me when I 
was surrounded by many people. I turned off my phone 
immediately. If the notification had come more gently, I 
would have responded”. It would be necessary to consider 
situations of participants as well as individual preferences in 
acceptability of notifications. 

Response rates were slightly different across place types as 
shown in Figure 8(c). However, the differences were not very 
significant. Overall, the rate of meaningful responses was 
more than 60% for all place types, including restaurants and 

shopping malls at which people are most likely to receive 
help requests.  

Regarding the place annotation delivered through the 
responses, we could find that a number of reports contained 
fairly useful information for guessing a location. Among 438 
records, 53% of them were useful enough to identify the 
places in a store or room level, and 14% contained the 
information of building and floor. The remaining 33% 
contained information on the building level or beyond. From 
this observation, we devised the request asking the current 
location to explicitly describe the desirable level of 
information (e.g., “What is in front of you? What can you see 
from your current location? Which store are you in?”). Such 
detailed questions may help users give meaningful location 
information to construct a location history. 

CASE STUDY 
We conducted a case study to investigate the potential 
effectiveness of the application in finding a child. The study 
was carefully designed to show that the application could 
help parents well in realistic settings. Specifically, we 
intended to observe the behavior of parents finding their child 
in a real crowded place.  

Settings 
While designing the study, we noticed that it is very difficult 
to apply and test the application in a completely real situation 
in terms of a place, parents, children, and crowd. We thus 
simulated the event of a missing child in a real place by 
recruiting participants and requesting them to play the roles 
of parents and children. As the main goal was to investigate 
behaviors of parents finding a child, we focused on the parent 
and child roles rather than crowd roles. The study was 
conducted in a highly crowded indoor space, Lotte World, 
which is the largest indoor amusement park in Korea. Its area 
is about 86,000 m2. Based on the observations from the 
previous study on the crowd’s response to help requests and 
real population distribution in Lotte World, we carefully 
simulated crowd participation.  

Ten undergraduate students, five acting as parents and five as 
children, were recruited on campus. The participants were 
given a smartphone with the CoSMiC application. The 
“children” moved following a designated path; two sample 
paths are shown in Figure 9. We let the children walk at 
around 0.8 meters per second. “Parents” began to find their 
children after 150 seconds of the departure of the children. 
The time was selected based on the observation from our 
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motivational study; parents mostly thought that it took more 
than two minutes to notice that their child disappeared. To 
see a realistic use of the application in practice, we told the 
parents to freely use other assistive material and services, e.g., 
a map booklet, information desks, and staff. 

To generate realistic participation of the crowd, we first 
investigated the population density of the park before the 
study. The average number of people in the park on 
weekdays was about 4,000. We assumed that the ratio of the 
crowd with the application installed is around 5%. Note that 
18.5% of the participants had actually installed the test 
application in the previous survey, and we set the ratio in a 
conservative manner. We then collected 195 crowd reports 
with radio fingerprints and location annotation. The way of 
collection was intuitive; we collected one report at every 
place where we saw around 20 people within a radius of 10 
meters. We made the report, including information such as a 
name of nearby store or ride, and additional spatial 
relationship, e.g., “in front of,” “inside,” and “outside.” 
During trials to find children, the collected crowd reports 
were sent from the server to the parents’ applications by 
following the response time distribution derived from the 
preference on the notification modality and the response 
times of each modality presented in the previous section. 
During the experiment, our staff followed the parents and 
observed their behavior, careful not to disturb the finding 
process. Exit interviews were conducted as well. 

Findings 
Changes in finding behavior. One intriguing finding was 
changes in a way to find children. Given the path of 
children’s movements, the parents directly moved to the 
locations in the path. In most cases, we could observe that the 
parents ran to the next location with full confidence. After 
reaching the final location in the path, they tried to carefully 
look around to find their child. Parent 3 reported: “This app 
changed the difficult man-finding into easy route-finding with 
a guidebook”. We expect that these changes in finding 
behavior could reduce a burden to find missing children. 
On/offline combined helps. Interestingly, the application 
could be better used with offline help from others. For 
example, parents 1, 2, and 3 tried to ask nearby people about 
the locations presented in the application and reduce time to 
move to the locations. Parent 2 asked a staff member at an 
information desk about the direction to the place in the path. 
The staff helped her figure out a shortcut to the destination. 
She did not follow the remaining path of the child, but rather 
took a shortcut to catch up with him (Route 1 in Figure 9). 
There was another interesting case in which participants 
made the best use of our application. Parent 3 (Route 2 in 
Figure 9) noticed that she was on the right track (0:35) and 
moved quickly, following the path (2:20). However, she went 
too far and suddenly lost her way (2:40). She got help from a 
nearby clerk and finally found her child (3:52). After the 
experiment, she commented that getting help from nearby 
people was very easy. Although they had not seen the child, 
they could tell her the locations of shops and rides.  

However, parents 4 and 5 tried to find their children only 
using the application and map booklets. They frequently 
stopped to check where the location in the path is (e.g., 
“Where is the Steff Hot Dog?”). We conjecture that these 
behaviors resulted in relatively longer search times. Refer to 
Table 3 for detailed results of times taken to find children. 

DISCUSSION 
Privacy concerns. While 130 out of 135 participants were 
willing to provide their location data from our user study, it is 
important to address privacy concerns carefully in practice. 
Privacy concerns regarding the use of CoSMiC largely 
depend on users’ subjective perception and how their 
location data are to be used [14]. It is necessary to obtain 
users’ consent to provide their locations selectively for the 
purpose of finding a missing child in some public places. 
Further in-depth studies are still necessary.  

Quality of crowd information. Quality control of 
information provided by the crowd can be difficult in 
crowdsourcing-based systems. Even with good intent, the 
diverse and potentially noisy inputs might compromise the 
accuracy of generated location history. For example, the 
granularity of information for the same location could be 
different, e.g., Starbucks as Starbucks, cafe, and building’s 
name. Further investigation is desirable for the automatic 
extraction of correct information from crowd inputs. A 
potential solution is to choose dominant cases that have 
consistent information annotated by people. The hypothesis 
is that the crowds of users can reliably generate more 
accurate and complete information than that of a single user 
[17]. The assistant approaches, e.g., presenting examples [17] 
or estimating the quality of contributed information [19], 
would help the crowd contributors improve the quality. 

Geo-database service. Strapping a device to a child that 
automatically performs check-ins could be a simple solution. 
Geolocation services such as Foursquare, one of the largest 
geo-tagging services, have enormously large datasets from 
both geolocation and place/location mapping. Despite their 
scalability, these datasets have a coverage bias and include 

  
Figure 9. Sample routes on an indoor amusement park 

Parent 1 2 3 4 5
Time 4:09 4:40 3:52 4:52 6:06

Table 3. Search time of amusement park case study 
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mostly public spaces as people post their check-ins for 
potential sharing purposes. Our preliminary study shows 
these datasets barely cover few locations in private areas.  

Preinstalling the application. Our study found that people 
are willing to provide information to help parents, but 
encouraging people to install the application can be 
challenging. To enable the CoSMiC scenario in practice, the 
first step is to deploy the application to a large number of 
people. A good way to do so is to cooperate with widely 
deployed applications and mobile OS venders, just as on 
AMBER alerts. Facebook hit 945 million monthly, active 
mobile users in December 2013 [28], and users of activated 
Android devices surpassed 1 billion in September 2013 [29]. 
Such integration would provide a large number of potential 
users. In addition, prior planning by parents is necessary to 
get help from the CoSMiC application. Assuming pre-
installed CoSMiC functionality on mobile OS, parents will 
need to have the child’s smart tag installed and do some 
configurations such as authentication and device pairing. 

Abduction. The current proposal might not be suitable for 
finding an abducted child as the first step in any abduction 
would be removal of the tracker. Instead, it appears better 
designed for cases of temporary disappearance. The 
significance of children’s disappearance seems 
underestimated since such experiences often are not reported. 
We were astonished by things that many parents had suffered 
from the disappearance and recruiting interviewees was not 
difficult. We believe that preventing such traumatic 
experiences is also a meaningful social issue.  

CONCLUSION 
We present a crowd-sourced collaborative mobile application, 
CoSMiC, which instantly galvanizes the crowd to assist 
parents in the search for a missing child. It explores a new 
possibility of a crowdsourcing approach to expedite a 
missing-critical mission. We conducted extensive user 
studies and carefully designed the application to expand 
opportunities for crowd participation and thereby help the 
parents quickly find the child. We demonstrated the proof of 
concept of the application under a practical scenario.  
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