


ORIGINAL PAPER

Supporting parents for in-home capture of problem behaviors

of children with developmental disabilities

N. Nazneen • Agata Rozga • Mario Romero •

Addie J. Findley • Nathan A. Call •

Gregory D. Abowd • Rosa I. Arriaga

Received: 16 August 2010 / Accepted: 4 April 2011 / Published online: 1 May 2011

� Springer-Verlag London Limited 2011

Abstract Ubiquitous computing has shown promise in

applications for health care in the home. In this paper, we

focus on a study of how a particular ubicomp capability,

selective archiving, can be used to support behavioral

health research and practice. Selective archiving technol-

ogy, which allows the capture of a window of data prior to

and after an event, can enable parents of children with

autism and related disabilities to record video clips of

events leading up to and following an instance of problem

behavior. Behavior analysts later view these video clips to

perform a functional assessment. In contrast to the current

practice of direct observation, a powerful method to gather

data about child problem behaviors but costly in terms of

human resources and liable to alter behavior in the sub-

jects, selective archiving is cost effective and has the

potential to provide rich data with minimal instructions to

the natural environment. To assess the effectiveness of

parent data collection through selective archiving in the

home, we developed a research tool, CRAFT (Continuous

Recording And Flagging Technology) and conducted a

study by installing CRAFT in eight households of children

with developmental disabilities and severe behavior con-

cerns. The results of this study show the promise and

remaining challenges for this technology. We have also

shown that careful attention to the design of a ubicomp

system for use by other domain specialists or non-technical

users is key to moving ubicomp research forward.
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1 Introduction and background

Epidemiological studies by Emerson and McDougal &

Hiralall suggest that 13–30% of young children engage in

problem behaviors that require intervention [1–3]. Problem

behaviors are common in children with developmental

disabilities, including autism, which alarmingly affects 1%

of children in the United States of America [4–6]. Problem

behaviors, such as physical aggression, self-injury, stereo-

typy, disruption, and tantrums, have a severe effect on

educational and social development and could become a

regular occurrence in a child’s daily life without early

intervention [7–9]. Ignoring this pervasive problem in the

hopes that it will improve with age may only worsen the

situation [10, 11]. Thus, many early intervention programs

N. Nazneen (&) � A. Rozga � M. Romero �

G. D. Abowd � R. I. Arriaga

School of Interactive Computing,

Georgia Institute of Technology, Atlanta, GA, USA

e-mail: Nazneen@gatech.edu

A. Rozga

e-mail: agata@gatech.edu

M. Romero

e-mail: mario@gatech.edu

G. D. Abowd

e-mail: abowd@gatech.edu

R. I. Arriaga

e-mail: arriaga@gatech.edu

A. J. Findley � N. A. Call

Marcus Autism Center, Atlanta, GA, USA

e-mail: Addie.Findley@choa.org

N. A. Call

e-mail: Nathan.Call@choa.org

N. A. Call

Emory University School of Medicine, Atlanta, GA, USA

123

Pers Ubiquit Comput (2012) 16:193–207

DOI 10.1007/s00779-011-0385-1



include procedures for behavioral assessment and inter-

vention for problem behaviors [12, 13].

1.1 Direct observation of problem behavior

for assessment

Behavioral intervention requires the understanding of

topography (characteristics) as well as the function (the

antecedent variables that evoke and/or the consequences

that maintain) of problem behavior [14–21]. Direct obser-

vation of the subject is considered the gold standard in

effective assessment of problem behaviors [22, 23]. How-

ever, direct observation introduces a number of challenges.

Based on our literature review and discussions with

behavior analysts, we have identified some of the major

challenges as context, validity, sparsity, safety, and

resourcing [24–26].

• Context Stimuli that evoke the problem behavior (i.e.,

antecedents) as well as consequences (events that

follow the problem behavior) that maintain it in the

natural environment may not exist in an artificial setting

such as a clinic.

• Validity The presence of an unfamiliar observer in a

home, school, or clinic setting may cause children to

alter their behavior due to their awareness of being

observed. Such reactivity effects pose a threat to the

validity of collected data.

• Sparsity If the problem behavior occurs infrequently,

the chances of collecting sufficient samples during

limited observation periods are diminished.

• Safety Direct observation of aggressive behaviors

presents a safety risk to the observer.

• Resourcing The number of children in need of intake

assessments for severe behaviors far outnumbers the

staff available to provide the needed services. At the

Marcus Autism Center, a state-of-the-art local severe

behavior clinic, it is common for parents to be put on a

waiting list for several months before their child

receives services.

1.2 Video observation of problem behavior

for assessment

Video observation represents one avenue for tackling the

challenges of direct observation. Typical video recording

methods use either continuous recording or discrete

recording. In continuous recording, the video is recorded

uninterrupted and the goal is to capture instances of the

target behavior by collecting video across several hours or

days. Unfortunately, this approach generates vast volumes

of data that are prohibitively labor intensive to analyze

manually, especially if the occurrence of the target

behavior is sparse. The second approach is to record dis-

crete instances of problem behaviors as they occur. The

setback with traditional discrete recording is that the tem-

poral context of the target behavior is inadequately cap-

tured. When the observer triggers the system, the annotated

recording typically misses the moments before the trigger

that are crucial to determining the cause of a target

behavior. Selective archiving is an advanced discrete

recording method that continuously captures a temporal

buffer but only stores it when the user explicitly triggers

the system to record [27, 28]. When the observer triggers

the system, the moments prior to the trigger are also cap-

tured, thus preserving the temporal context. We argue that

video recording through selective archiving is an alterna-

tive to address many of the challenges of direct observation

and traditional continuous and discrete video recording.

1.3 Parents as collectors of evidence of problem

behaviors

We posit that giving parents access to video recording tools

like selective archiving will enable them to collect video

samples of child problem behaviors for later analysis by

behavior experts. We further posit that there are incentives

for parents and professionals to adopt such a technology

approach if it demonstrates to be more effective than cur-

rent practices. For instance, the biggest motivation for the

behavioral clinic to participate in the evaluation of the

technology was the possibility that ultimately they could

ship a recording system for parents to collect samples of a

child’s problem behaviors, in lieu of bringing the child in

for an observation at the clinic or sending a trained

observer to the child’s home. This would be a cost-effec-

tive solution, streamline the intake process, and potentially

help the clinic reach a larger population, including those

located far from the clinic (e.g., rural areas). Moreover,

because the assessment and treatment course would now be

based on evidence of problem behaviors captured in a

natural setting, the clinic would be getting a more eco-

logically valid picture of the antecedents and consequences

of the child’s problem behavior. For parents, the potential

for the system to reduce the length of time spent on the

waiting list for an intake assessment means that they would

be able to get early and timely intervention for their child.

However, before such technology is widely adopted, it is

necessary to examine the kind of data that parents are able

to collect and determine whether this data is sufficient for a

behavior analyst to make their assessment.

1.4 Contributions of this paper

In collaboration with the severe behavior clinic at the

Marcus Autism Center in Atlanta, we designed an
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exploratory study to begin to understand the utility of an

in-home, video-based, problem behavior capture system.

There are two main contributions of this paper, one relating

to the specific application domain of behavioral health and

one relating to the adoption of ubicomp technologies in the

real world.

• From the perspective of the domain of behavioral

health, we present a novel exploratory study of eight

households with children with autism and related

disabilities. We describe the data collected by parents

when asked to flag ‘‘problem behaviors’’ of their

children. We also compare the parent’s annotations

against a standard coding scheme used by professionals

(i.e., behavior analysts) to ascertain where the overlap

and differences lie between what is considered ‘‘prob-

lem behavior’’ by parents and professionals. We present

lessons learned concerning the potential role that

technology can play in improving data collection in

the natural environment. We explore whether the

results of this initial study can be improved upon, both

by better training as well as by increased use of

technology.

• Of general interest to the ubicomp research community,

we present a case study of a system in the home that is

to be deployed and operated exclusively by individuals

who do not have a technical background and discuss the

constraints that this imposed on the design of the

system.

2 Related work

There is a growing interest in research toward the design of

technologies to capture data in the natural environment for

behavior assessment and intervention of children with

developmental disabilities. Here, we will discuss some

relevant work in this area, namely video capture of child

behavior in natural settings for subsequent analysis.

The Walden Monitor (WM) was an experimental system

designed to collect observation data of children with autism

in a specific inclusive educational setting [29]. It included a

wearable camera and a tablet PC as an alternative to paper-

based data collection methods. CareLog was also an effort

in the same direction where the goal was to facilitate record

keeping of children with autism by teachers and introduced

the idea of selective archiving as an interesting subset of

automated capture in ubicomp [27]. Hayes et al. define

selective archiving as a capture and access model that

constantly buffers data but permanently stores it only when

explicitly triggered by some external event, either by a

human in the scene or some automatically determined

criteria. Selective archiving supports the potential for

deeper reflection on the context of a recorded event, in this

case behavioral problems. A pre- and post-trigger window

of data is stored, effectively supporting retroactive

recording of what occurs in a live setting around the trig-

gered event. This approach has several benefits. First, when

triggering occurs by manual input, it puts the user in

complete control of when the data are stored, simulta-

neously addressing privacy and storage management con-

cerns that arise from continuous data capture, especially

with video recording. Second, with the human in the loop,

irrelevant data is implicitly filtered, saving resources both

in the present (disk space) and in the future (time spent

analyzing the data).

A commercial implementation of selective archiving,

Behavior CaptureTM by Behavior Imaging Solutions [30] is

now making that service available for use in a variety of

clinical and educational settings with trained personnel.

The opportunity for using Behavior CaptureTM in a home

setting is what inspired our current work. The central

unanswered question for Behavior CaptureTM is whether

parents can effectively flag target behaviors. This is the

main research question of this paper. Another limitation of

Behavior CaptureTM is that there is only one camera that

limits the data collection area. The orginal CareLog study

showed that multiple, overlapping camera views were

beneficial to understanding the complexity of a child’s

behavior in the classroom. For home use, we hypothesize

that a selective archiving system should also support

multiple cameras. This should preferably be wireless to

avoid wire clutter. Parents should also have the freedom to

trigger the recording from any part of the home.

In the CareLog study, significant effort went into

training teachers to identify and define the behaviors that

were the target of subsequent data collection. Since this is

the first study in a home environment, we opted against

training parents for an exploratory design. Instead, we

simply asked parents to flag problematic behaviors. In this

manner, we were able to get at their intuitive sense of what

constitutes a problem behavior. In addition, the CareLog

system was designed for capturing behavior data in a

confined classroom. The home is a more dynamic space

where the child has the freedom to move from room to

room. This poses technical challenges to ensure camera

coverage of the child’s movements. Moreover, in a class-

room setting, the teacher is dedicated to watching over the

children, whereas parents may be busy with other house-

hold routines.

In this paper, we describe the use of selective archiving

technology in the home. The goal of this study is to explore

the role that selective archiving can play between parents

of children with problem behaviors and the professionals

that are ultimately entrusted with designing a treatment for

these behaviors. We investigate the data parents collect
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with the goal of understanding what behaviors are deemed

‘‘problematic’’ by parents and to ascertain which of the

behaviors the parents flagged meet the clinical criteria for

problem behaviors by professionals.

With this background motivation for the study, we now

describe the experimental system and research protocol

developed to explore parent data collection in the home.

3 CRAFT research system

To carry out this exploratory study, we developed a capture

and access system, CRAFT (Continuous Recording And

Flagging Technology). The purpose of CRAFT is twofold:

1. To simulate user experience of selective archiving.

CRAFT does not explicitly implement selective

archiving. Parents are asked to flag incidents of

problem behavior but, unlike select archiving, these

flags do not trigger the recording of video.

2. To continuously record in order to facilitate compar-

isons between parent annotations and coding con-

ducted by a behavior analyst using specific coding

criteria used by the severe behavior clinic. Continuous

recording allows the behavior analyst to review and

determine all instances of problem behavior that meet

the clinic’s criteria for problem behavior. The behavior

analyst coding is then compared to parent flags to note

agreements and disagreements.

A functional requirement for CRAFT, therefore, is to

support robust and continuous capture from multiple syn-

chronized cameras as well as time-stamped events trig-

gered by the human via a small wireless device. Parents

used the wireless device to flag the onset of their child’s

problem behavior. A second functional requirement of

CRAFT is an access interface that allows behavior analysts

to review the recorded video and compare their coding of

the child’s problem behaviors against instances of these

behaviors flagged by parents. In the following section, we

separately describe these two features.

3.1 CRAFT capture system

The capture system is designed so that it can be deployed in

a typical home. The physical installation (see Fig. 1) sup-

ports up to four network cameras to capture video, a

wireless remote to facilitate parent annotations, a receiver

for the wireless remote, and a portable computer (UMPC)

with wireless network capability that hosts a fault-tolerant

video capturing system. We limited the number of cameras

to four to ensure that the video quality did not suffer due to

the increased load on the portable PC both in terms of

network bandwidth and processing power.

The capture system supports up to four Axis 207 W

wireless network cameras synchronized using a NTP ser-

ver. The system records video continuously until the user

stops it or the recording reaches a predefined auto-stop time

limit. The cameras stream video at 30 frames per second

(fps) with VGA resolution (640 by 480 pixels). Three

cameras connect wirelessly while the fourth is wired. The

wired camera ensures high quality video from at least one

source. We used wide angled lenses on the cameras to have

better coverage with fewer cameras.

Figure 2 shows a screenshot of the user interface seen

in the home during operation. The colored circles next to

the cameras represent the status of each camera. Green

indicates that the camera is online and the video is being

recorded, whereas red indicates that the camera is offline.

A large, central button starts and stops the video record-

ing. The system anonymizes the data by using a unique

code for each participant and stores it in a secured

repository to which only authorized study personnel have

access.

To flag the occurrence of problem behaviors, parents

use a lightweight Honeywell RF remote control (see

Fig. 3) with a range of 150 ft, sufficient to cover an

average-sized home. This remote is an off-the-shelf

Fig. 1 A typical CRAFT home installation. The camera closest to the

portable PC uses a wired ethernet connection. All other cameras

communicate via a local wireless network directly to the UMPC

Fig. 2 The CRAFT capture system interface
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product designed for remote input to a laptop. It has three

buttons, a ‘‘forward’’ event, a ‘‘backward’’ event, and a

button to engage a laser pointer. The laser pointer button

was covered to prevent its use, while the other buttons

served the same purpose, to flag the occurrence of a

problem behavior. A host process on the portable PC

receives button-click events, tags them with a time stamp,

and stores them as parent annotations. The output files

from each recording session include the video from each

camera and a log of the parent-initiated button clicks from

the remote. The system also keeps track of each camera’s

disconnection time to support synchronized playback in

the access system, described next.

3.2 CRAFT access system

We created a basic interface (Fig. 4) for the behavior

analyst to view the synchronized video feeds from multiple

cameras using Microsoft’s Media Player, the AviSynth

frame server scripting program [31], and the logs generated

from the CRAFT capture system.

3.3 Design and deployment considerations

Through a series of pilot deployments in homes of neuro-

typical children and children with autism, we identified a

number of additional issues that needed to be addressed to

make CRAFT a robust, autonomous, and unobtrusive

recording system.

3.3.1 Design for minimal user effort

There are three user populations for CRAFT: the research

assistants (not ubicomp researchers) that will deploy the

system, the parents as annotators, and the behavior ana-

lysts as coders that analyze the collected data. A key

design feature is ease of deployment since the research

assistants do not have a technical background. Thus, the

placement of cameras and system setup needed to be

straightforward. Likewise, ease of use was important for

the parent, such that the interface would not interrupt

their daily routine (for example, by requiring special

attention). We needed to ensure that when a child is

exhibiting a problem behavior, relatively little time is lost

annotating the event, as the parent’s time is better spent

attending to their child. Moreover, any response that

requires the parent to allocate significant time away from

their child is likely to decrease their willingness to use the

system. Similarly, it is crucial that the startup process

proceeds smoothly since the users are not computer

technicians and may not be able to easily debug instal-

lation failures. Furthermore, it is paramount that once the

recording process is underway, the system operates

without any further interaction on the part of the user,

until recording is finished.

We adopted the following strategies to minimize the

need for user input and effort

3.3.1.1 Single-click approach For parents, in order to

keep the mental and physical demand low, the interaction

with the system is limited to a single button click on the

remote control. Deployment involved positioning and

powering up cameras and then pressing the ‘‘Start

Recording’’ button in the interface. In this study, the clin-

ic’s staff carried out the deployment, but eventually we

envision that the behavior clinic will ship the system to

parents who will mount the cameras themselves and start

the recording.

3.3.1.2 Location independence The long-range remote

ensures that parents can use it confidently from any place

within the home.

3.3.1.3 Visual interface Our user interface design uses

visual color coding to reflect each camera’s status. This

Fig. 3 Honeywell RF remote

Fig. 4 Parallel view of multiple cameras in the CRAFT access

system
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makes it intuitive for the users to determine when the

cameras are offline (red) or online (green).

3.3.1.4 Contingency management There are many rea-

sons for a camera to become disconnected from the

recording service (e.g., being unplugged, wireless con-

nection issues). In order to avoid having the user trouble-

shoot connection problems, a watchdog service that

monitors and restarts connections to the cameras upon

discovery was built into the CRAFT system.

3.3.1.5 Single synchronized data view A single syn-

chronized view from multiple cameras is provided to

facilitate ground truth coding by the behavior analyst.

3.3.2 Addressing privacy concerns through user control

and transparency

Privacy is a serious concern when it comes to video

recording in homes, perhaps more so than in educational or

therapy settings, and can be addressed by providing the

participants who are being recorded with complete control

over the system and data collection [32]. We took the fol-

lowing steps to address privacy concerns of the participants.

3.3.2.1 Control over capture We include the option for

parents to terminate the recording at any time by simulta-

neously clicking two buttons on the remote that stops the

recording process and deletes all collected data. To avoid

accidental deletion, the PC flashes a warning message

requiring further confirmation from the parents. Addition-

ally, the CRAFT system provides the flexibility to use any

number of cameras (up to a maximum of four) depending

on the user’s privacy needs.

3.3.2.2 Transparent capture Participants being recorded

also need to know what is being recorded and where. For

this purpose, the system provides a live view option, where

the video feed from the multiple cameras is shown in a

single window. It is also important to make the field of view

of the cameras explicit in the recording environment. We

placed tape on the ground marking the boundaries of the

field of view for each camera. The physical marking of the

boundary of the fields of view was intended to make clear

the area of capture, allowing participants to simply exit or

take the child out of the area when they did not want to be

recorded. The physical marking was also intended to help

the parents maintain the action in the field of view when

they were seeking to collect samples of a target behavior.

3.3.2.3 Data protection Privacy protection is central to

any ubiquitous computing system deployed in such a sen-

sitive environment. In addition to password protection, the

privacy of participants is safeguarded by configuring the

cameras such that only a limited number of clients can

access the transmitted video on the local wireless network,

which is secured by a WEP (wired equivalent privacy) key.

The overall system does not connect to any external

network.

3.3.2.4 Final say over data usage When the system was

deployed, parents were taught how to delete data they had

collected. One method that has already been mentioned is

simultaneously clicking both remote buttons during data

capture. The other method is by accessing the folder where

the video and output files are stored using the ‘‘Open Video

Output Folder’’ link on the interface (see Fig. 2) and

deleting all the files in that folder. After the deployment,

when the clinic’s staff came to pick up the system, parents

were once again reminded that they could choose to delete

all the data they had recorded.

4 Study design

4.1 Participant recruitment

Through our collaboration with the severe behavior clinic

at the Marcus Autism center, we recruited eight families,

each with a child diagnosed with a developmental dis-

ability. The children were all male and ranged in age from

4 to 19 years (Mean = 9.8 years, SD = 4.7). Two of the

families were participating in a clinic-based intervention

program, and the remaining families were participating in a

home-based treatment program, with both programs

administered by the severe behavior clinic. The clinic’s

staff recruited the participant families during one of the

families’ regularly scheduled visits to the clinic. The

recruitment was verbal, and we did not provide monetary

incentives or any other form of compensation (Table 1).

4.2 Deployment protocol

Staff from the clinic visited participating homes to set up

the CRAFT capture system. Parents were asked to choose

the number of cameras they felt comfortable with and to

determine the locations in their home where they consid-

ered problem behaviors most likely to occur. It was

important to let parents decide on the number of cameras

and not enforce the use of all four cameras since this helped

alleviate their privacy concerns and may have lowered the

chances of them opting out of the study at the time of

deployment. Once the cameras were set up, the researcher

instructed the parents to click a button on the remote every

time they observed the onset of a behavior that they con-

sidered a problem behavior. They were told that if the child
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engaged in the same behavior repeatedly over a short span

of time, they only needed to click once.

4.3 Data coding

After a 1-day deployment, the clinic’s staff went back to

collect the system. Owing to the large volume of data

collected (average of 12 h across the eight families), the

task of coding the videos was divided among ten behavior

analysts from the severe behavior clinic. The behavior

analysts viewed the videos captured via continuous

recording and applied a coding scheme based on standard

definitions of problem behaviors used by the clinic in their

daily practice (see Table 2). To increase confidence in the

validity of each analyst’s coding, a second behavior analyst

coded an average 20% of the data that was randomly

selected across all participants. Inter-observer agreement

was greater than 90% across all participants. During

deployment, for ease of use, parents were asked to click

once for similar instances of a problem behavior that

occurred within 15 min. In line with the instructions given

to the parents, while coding the data, instances of similar

problem behavior that occurred within a 15-min span were

counted as a single instance of that behavior. Upon com-

pletion of the coding, the behavior analysts compared their

codes to the behaviors flagged by the parents.

5 Study results

5.1 System deployment

Clinic’s staff was trained to deploy the system in two

pilot homes and in one home in this study. After that

initial training, they were able to deploy and collect the

CRAFT system in the other seven homes without any

problems (i.e., they did not have to call for technical

support).

Of the eight parents in the study, only one reported a

complication with the system. They had to hand off the

remote to the other parent because they were in the middle

of something and could not click it themselves.

5.2 Data description

In this section, we present the data collected by parents as

well as that coded by the behavior analysts. The specific

categories of problem behavior identified by the behavior

analysts while coding the continuously recorded video

obtained from each family are listed in Table 3. The sec-

ond column lists the problem behavior category from

Table 2 that each participant engaged in during the

observation period. The third column lists the exact

topography of each behavior under that category.

Table 1 Participant

demographics
Child Age Gender Ethnicity Diagnosis Intervention

program

C1 10 M Caucasian Autism Home

C2 9 M Caucasian Disturbance of conduct-not

otherwise specified

Clinic

C3 6 M Unspecified Autism Home

C4 6 M Caucasian Autism Home

C5 19 M Egyptian Pervasive developmental delays Clinic

C6 4 M Caucasian Autism Home

C7 9 M Unspecified Asperger Home

C8 15 M Caucasian Autism Home

Table 2 Standard operational definitions of problem behaviors used by behavior analysts to code the home deployment data

Category Operational definition

Aggression Any instance of hitting another individual with an open or closed fist from a distance of 6 inches or greater, kicking others

from a distance of 6 inches or greater, scratching, pinching, pulling hair, grabbing, biting, shouting

Disruption Any instance of throwing objects (other than during appropriate toy play), ripping, crumbling and tearing objects, banging

walls and/or any hard surface with an open or close fist from a distance of 6 inches or greater

Self-injury Any instance where the head comes in contact with any object in a forceful manner from a distance of three inches or

greater, or any time the child slaps their face or head from a distance of three inches or greater, bites himself, digs their

chin into another body part, or pokes his or her own eyes

Flop Any instance in which the child drops to his or her knees or lower without the consent of the caregiver

Elope Any instance of moving or attempting to move 3 feet or more from the caregiver, any instance in which the child grasps or

turns the door handle in the attempt to exit the room
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A summary of the data showing the number of parent

clicks and the coded episodes of problem behavior by the

behavior analysts is presented in Table 4. Across the eight

participant families, parents flagged 46 episodes of prob-

lem behavior, whereas behavior analysts identified 33

episodes.

To perform a more in-depth analysis and determine the

type of data collected by parents, we further classified this

raw data into five categories. The definitions of these cat-

egories are provided in Table 5.

Based on the categories from Tables 5, 6 provides a

detailed split of the data shown in Table 4. The total number

of parent clicks in the study can be obtained by summing the

Match, Flag Mismatch, and Out of Scene columns. To

obtain the total number of behaviors coded by the analysts,

sum the Match, Coding Mismatch, and Alone columns.

Across the eight families, the analysts identified 20

episodes of problem behavior that met the criteria listed in

Table 5. These were instances in which the parent was

present and thus should have flagged the behavior via a

remote click. Out of these 20, parents flagged the behavior

(by clicking the remote) for 11 (55%) of the episodes

(Match) and did not flag 9 (45%) instances (Coding Mis-

match). Moreover, parents identified an additional 19

events that did not fit the standard operational definitions of

problem behaviors used by behavior analysts (Flag

Mismatch).

Thirty-nine percent of the problem behaviors coded by

the behavior analyst occurred while the child was Alone. In

addition, 34% of all parent clicks fell into the Out of Scene

category and thus could not be coded by the behavior

analyst. The unique issues associated with these two cat-

egories will be discussed in the next section.

6 Discussion

Selective archiving can be used to collect observations in

the natural environment and will not only address limita-

tions of direct observation but will also allow parents to

play a role in the assessment of problem behaviors and

intervention for their child. However, this study shows that

parents and behavior analysts diverge in what they consider

problem behavior. In this study, parents were asked to

annotate their child’s problem behavior via a click. Our

goal was to describe the data that parents collected (without

training) and then to compare it to the coding scheme that

trained professionals use to define problem behavior. In

this section, we (1) describe what behaviors are deemed

‘‘problematic’’ by parents; (2) ascertain which of the

behaviors the parents flagged meet the operational criteria

for problem behavior utilized by the behavior analysts and

describe instances that lead to discrepancies between par-

ents and behavior analysts; (3) reflect on whether the data

collected by parents (without training) can be used to

assess the functional aspects of the severe behavior; and (4)

reflect on how selective archiving addresses some of the

challenges of direct observation of problem behavior that

we identified in the introduction.

6.1 Behaviors annotated by parents

In this study, we set out to describe the behaviors that

parents considered to be problem behaviors. Our goal

Table 3 Child’s problem behavior(s) based on coding scheme established by the behavior analysts

Family Problem behavior(s) category Exact behaviors

F1 Flop and elope Flopped to the ground, ran away (eloped)

F2 Disruption and elope Throws objects such as toys, shirts, blankets, spills water on floor, elope

F3 Aggression Kicking people

F4 Aggression and disruption Throws objects such as doll, cat, dustpan. Hit brother with dustpan. Flipping cat

F5 Self-injury and disruption Hit his chest and throws objects

F6 Disruption, flopping, and aggression Tearing objects, flop, hitting, kicking, slaps, hits brother

F7 Self-injury and aggression Bites, shouting, kicking people

F8 None observed None observed

Table 4 Total number of target problem behaviors per participant

family identified through parent annotations and behavior analyst

coding

Family Parent flags

(clicks)

Behavior analyst

coding

F1 8 1

F2 11 9

F3 0 1

F4 0 8

F5 14 7

F6 11 6

F7 2 1

F8 0 0

Total 46 33
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was to use their intuitive understanding of these behav-

iors rather than train them to flag a particular behavior.

We took this approach because this is the first study of

its type, and we wanted to avoid inserting procedures

into the protocol that would make it more expensive and

cumbersome, such as training the parents on specific

types of problem behaviors. We also wanted to observe

what types of behaviors would cause parents sufficient

concern to bring their child to a severe behavior treat-

ment clinic in the first place. We found that there were

five types of behaviors that were deemed to be prob-

lematic by parents: flopping, eloping, disruptions,

aggression, and self-injury (see Table 2 for the opera-

tional definitions of these behaviors). Aggression and

disruption were the most commonly reported problem

behaviors, with four of the seven parents flagging

instances of these behaviors. We also found that six of

the seven parents reported more than one problem

behaviors.

6.2 Comparing parent’s intuitive annotations

to behavior analysts’ criteria-based assessments

Another goal of this study was to ascertain which of the

behaviors the parents flagged meet the clinical criteria for

problem behavior by professionals. A comparison of par-

ent-annotated data and data coded by the behavior analysts

resulted in five categories of data: Match, Flag Mismatch,

Coding Mismatch, Alone, and Out of Scene. Matches are

episodes of problem behavior that were identified by both

the parents and the behavior analysts. In the present study,

parents and behavior analysts agreed 55% of the time. Flag

Mismatch and Coding Mismatch represent instances where

parents and analysts did not agree on whether a behavior

was problematic, respectively. Each of these instances

present distinct challenges to how the behavior analyst can

use the footage provided by the parent. If we consider that

ultimately a system like CRAFT would be deployed in

households with only the selective archiving feature,

Table 5 Criteria used in comparing parent annotations against the behavior analysts’ coding

Variables Description

Match Parents and behavior analysts concur on the identification of problem behavior

Criteria: Parent clicked the button within 15 min of a behavior that was coded as a problem behavior by

the analyst, and the child was within the camera’s view

Flag mismatch Parent identifies a problem behavior but behavior analyst does not concur with the parent’s assessment

Criteria: Child was within the camera’s view but no target event was coded by the behavior analyst

within 15 min of the parent click

Coding mismatch Behavior analyst codes problem behavior but parent does not flag that behavior

Criteria: Parent and child were within the camera’s view. Target event was coded by the behavior analyst

but there was no parent click

Alone Behavior analyst codes a problem behavior but the child is alone within the view of the camera

Criteria: Child was within the camera’s view and engaged in a problem behavior, but the parent was out

of the camera’s view and therefore did not click

Child out of scene Parent click detected but the child is out of the camera’s view

Criteria: A parent click was detected but no problem behavior was observed in the 15 min prior to the

parent’s click, and the child was not within the camera’s view for more than 15 consecutive seconds

Table 6 Comparison of parent-

identified problem behaviors

against the behavior analyst’s

coding scheme

a Sum of these indicates total

number of parent clicks
b Sum of these indicates total

number of behaviors coded by

analysts

Family Matcha,b Flag mismatcha Coding mismatchb Aloneb Out of scenea

F1 1 3 0 0 4

F2 3 7 2 4 1

F3 0 0 0 1 0

F4 0 0 1 7 0

F5 2 7 4 1 5

F6 4 1 2 0 6

F7 1 1 0 0 0

F8 0 0 0 0 0

Total 11 19 9 13 16
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without the additional continuous recording mode, the

consequence of a Flag Mismatch will be that the behavior

analyst will spend some time reviewing footage that ulti-

mately will not meet the clinic’s criteria for severe problem

behavior. However, this may also present an opportunity

for the analyst to understand what the parent views as

problematic and may facilitate dialogue between the two

parties so that parents better understand why a professional

may choose to intervene for one behavior and not the other.

In contrast, the consequence of a Coding Mismatch is more

serious, as important clinical information (i.e., an occur-

rence of problem behavior and the associated environ-

mental events) is lost because the parent does not flag the

behavior in the first place. A domain-specific (as opposed

to technical) research question that stems from this finding

is whether interviews with parents and/or parent training

prior to deployment would decrease instances of Coding

Mismatch. Also, are parents more easily trained to flag

some behaviors than others? Another related question is

whether training parents is a cost-effective option. It may

be that simply increasing the length of time the system is

deployed in a family’s home leads to an increased number

of instances that behavior analysts can use to make their

assessment.

We identified two additional challenges to the use of

selective archiving to collect evidence of severe problem

behaviors in the home. The first of these, Alone, relates to

instances when the parents are not present when the child

engages in a target behavior. Since parents cannot be

expected to be near their child at all times, a selective

archiving system that only stores video when explicitly

triggered by parents will likely miss such events. We

propose that a possible solution to this issue is to com-

plement explicit parent triggers with an implicit triggering

mechanism via the automatic detection of problem

behaviors. To give one example, the system could be

designed to detect shouting and automatically trigger video

recording when this target behavior occurs. An additional

technical consideration would be that the video should

clearly indicate that this was automatically flagged since

behavior analysts would need this information to under-

stand the context in which the behavior occurred. Further

proposals for implicit triggering are discussed below in the

‘‘What Lies Ahead’’ section.

A second challenge, Out Of Scene, is presented by cir-

cumstances where parents have triggered the recording

system but the child is not in the camera’s view, and thus

the behavior analyst reviewing the flagged annotations

cannot determine whether he agrees or disagrees with the

parent. Improving the coverage of the cameras can mini-

mize this issue but cannot completely eliminate it as we

cannot reasonably expect to place cameras everywhere in

the house. For example, if the problem behavior occurs

while the child is hiding under the table then it becomes

extremely difficult to capture video of this behavior with

complete context. Another possibility is for the system to

provide feedback to inform the parent that no child

behavior was captured, assuming we could reliably deter-

mine that the child was not within camera field of view.

6.3 Can data collected by parents be utilized

by professionals to make clinical assessments?

While there are a number of technological solutions that we

envision could reduce the impact of the challenges noted

above, it is important to step back and consider one goal of

the data collection described in this paper, namely its use

by a behavior analyst to assess the functional aspect of the

severe behavior. The clinicians at the severe behavior

clinic need to see the child engaging in target problem

behaviors so that they can assess the nature and severity of

the problem and determine the right course of treatment. In

our discussions with the clinicians, it became clear that in

fact it might not be necessary for them to observe every

instance of problem behaviors. Rather, they need sufficient

samples of each problem behavior in question to be able to

reach the same conclusions about the antecedents and

consequences of the behavior as they would based on a

brief observation at the clinic or in the child’s home, as is

standard practice. The question of how many examples

are sufficient is an empirical one. Analysis of the Matches

in the current data revealed that five parents flagged at

least one instance of each problem behavior identified by

the behavior analyst. In the behavior analysts’ opinion, if

the CRAFT system was deployed for a longer period of

time, for example 1 week rather than just a day, it would

increase the likelihood that a sufficient number of

examples of problem behavior were collected across all

families.

6.4 Does selective archiving ameliorate the challenges

of direct observation?

Direct observation is considered the gold standard for the

effective assessment of problem behaviors [22, 23]. How-

ever, it introduces a number of challenges we identified in

our introduction, including context, validity, sparsity,

safety, and resourcing [24–26]. Below, we discuss what our

study suggests are the implications of using selective

archiving instead of direct observations.

• Context we proposed that selective archiving might

facilitate the observation of naturally occurring ante-

cedents and consequences of problem behaviors in the

course of the child’s day-to-day activities. Our study

suggests that video footage collected via selective
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archiving can be coded by the behavior analyst using

existing criteria for severe behavior problems.

• Validity we noted that the presence of an unfamiliar

observer, even in a home, school, or clinic setting, may

cause children to alter their behavior due to their

awareness of being observed. Such reactivity effects

pose a threat to the validity of any collected data. In the

current study, only one child (a 19-year-old male, the

oldest in our sample) demonstrated an awareness of the

cameras. Specifically, he initially unplugged all of the

cameras, requiring the clinic staff conducting the

deployment to take extra care in hiding them. Thus,

largely, we did not see evidence that the children were

aware of the cameras, suggesting that selective archiv-

ing may alleviate the issue of reactivity in this

population. However, we note that selective archiving

may lead to reactivity in the parent. Parents know that

their decisions about the child’s behavior are being

scrutinized and this may lead them to behave differ-

ently, which may in turn affect the child’s behavior.

Future research could address this concern by inter-

viewing the parent regarding how they felt about

having the cameras on. One can even imagine a

controlled experiment where ‘‘awareness of being

recorded’’ is manipulated (via a signal on the camera)

and researcher’s measure change in behavior of the

parent or the child.

• Sparsity we noted that for problem behaviors that occur

infrequently, the chances of collecting sufficient sam-

ples during limited observation periods are slim.

Selective archiving may ameliorate this problem

because the deployment can be of a longer duration

than what is usually scheduled for a direct observation.

In our study, the average deployment was 12 h

compared to the 2 h that a live observer would spend

in the home. However, this study also suggests that

12 h may not be sufficient time to capture some

instances of severe behavior using selective archiving.

For example, three of the eight families indicated no

instances of the severe behavior and a fourth family

indicated only two instances. This suggests that the

selective archiving system should be deployed for

longer time periods.

• Safety we noted that direct observation of aggressive

behaviors presents a safety risk to the observer. We

propose that selective archiving can alleviate the safety

concern inherent in direct observations of aggressive

behaviors by replacing the observer with cameras and

parent annotations via a remote control.

• Resourcing The number of children needing intake

assessments and services for severe behaviors far

outnumbers the staff available to provide these services.

We propose selective archiving can address this

challenge by facilitating the collection of relevant data

without the expense of sending trained staff to conduct

the observations required for intake. In the current

study, non-technical researchers who were trained to

deploy the system were able to do so for all the

participant families without a problem. This indicates

that support staff could be sent to homes to deploy the

system rather than relying on expensive clinical staff

either do the direct observation or deploy the select

archiving system. A question that remains is whether

the system can be installed and deployed by lay people

without any specific training (for example, parents who

receive the system in the mail). Another factor to be

considered is that although these researchers who

deployed the system did not have technical degrees

they may be more technically savvy or motivated to

learn how to deploy the system than the average person.

One consideration is that ‘‘out of the box’’ selective

archiving systems could be less effective in cases where

a child’s parents have limited technical know-how.

7 What lies ahead?

This exploratory study shows there are two main contri-

butions of this paper, one relating to the specific applica-

tion domain of behavioral health and one relating to the

adoption of Ubicomp technologies in the real world. In this

section, we reflect on how our findings suggest the next

steps for research in these two areas.

7.1 Applying capture and access technology

to the domain of behavioral health

In this study, we set out to determine what behavior parents

found problematic and how this compared to a coding

scheme used by behavior analysts. The potential advanta-

ges for selective archiving are clear. Families on the

waiting list can use the system to collect initial data on

their child’s problem behaviors to facilitate the intake

process, and families can avoid traveling to the behavior

clinic for observation, where the behavior may not be

observed. The clinic does not have to send a behavior

analyst (an expensive and rare resource) to observe the

behavior at the home, where their presence may impact the

child’s behavior and where the pressure to create behav-

ioral samples are so strong that the parents are asked to

recreate a situation in which the child is likely to exhibit

the problem behaviors of concern. Our results show that

without training, and over a period of just 1 day, most

parents were able to flag at least one sample of each

problem behavior of their child.
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7.2 Facilitating and improving capture of severe

behavior episodes

Based on analysis of videos recorded at home using

CRAFT and our discussion with behavior analysts, we

draw several conclusions regarding the reasons behind the

discrepancies between parents and behavior analysts’

identification of problem behaviors. We believe that these

examples reveal ways in which technology and research

practices can be improved to better serve this population of

users.

7.2.1 Increased deployment length

A thorough analysis of problem behavior by the severe

behavior clinic requires more examples of the behavior

than we typically saw in this study. That simply means that

in practice, the selective archiving in the home would have

to extend for multiple days, perhaps even weeks. Instances

where parents flagged a behavior as problematic but

behavior analysts did not agree are less critical in practice,

a behavior analyst can easily dismiss them as unnecessary

data collected by the parent. Instances where the parents

failed to flag behavior that the analyst deemed as problem

behavior, on the other hand, may be of concern because

they indicate missed opportunities to record and share

relevant samples. There are two ways we could improve

the flagging of problem behavior by parents, better train-

ing, or improved technology.

7.2.2 To train or not to train

In previous research using selective archiving, the users

and researchers agreed a priori on what behaviors would be

annotated [27]. In the current study, we opted to have

parents use their intuitive sense of what constitutes

‘‘problem behavior.’’ We did this because we wanted to

describe the behaviors that parents considered to be prob-

lem behaviors and would cause them sufficient concern to

bring their child to a severe behavior treatment clinic in the

first place. By comparing the parent-annotated data against

the behavior analysts’ coding, we found numerous instan-

ces of mismatches. This raises the question of whether

parent training may have been beneficial.

Our study shows that there were a number of reasons

why discrepancies between a parent’s annotation of prob-

lem behavior and the behavior analysts’ assessment can

occur. Parents may well recognize a problem behavior as

such, but may be too busy dealing with the behavior in the

moment to click the remote. For instance, in one video, the

mother was washing dishes while the father was busy

talking on the phone. The child started shouting, which in

two other instances the parent had flagged. However, this

time, likely due to the distractions from other tasks, the

parents verbally warned the child but did not flag the

shouting. In another instance, a child was trying to undress

at an inappropriate time (which was flagged as a problem

behavior by the behavior analyst). The parent failed to flag

this behavior although she may have recognized that it was

problematic since she tried to stop the child from

undressing.

While there may be multiple reasons for the mismatch

between parents and behavior analysts, the examples above

show that it is not clear that parent training would have

solved all discrepancies between parents and behavior

analysts. Training can be used to help parents understand

what the clinical definition of a given severe behavior is

and under what circumstances a behavior does not meet

criteria. However, it is not clear that training would alle-

viate mismatches that are a result of overwhelmed or busy

parents. Moreover, even when parents and analysts do not

agree on what constitutes a problem behavior, it may be

important for the analyst to learn what behaviors parents

are struggling with and what they term misbehavior.

Researchers must also bear in mind that training bears

an additional cost. In our study, the trained behavior ana-

lyst went to the family’s home to install the system and

show parents how to use it. In practice, less costly, support

staff could be sent to the homes to deploy the system or the

system could be shipped directly to the parents with

instructions for how to install and operate it. Also, as

mentioned earlier, longer deployments may lead to more

Matches, which in turn could compensate for Mismatches.

If studies of longer deployment indicate that training is

indeed necessary to improve parent-collected video data,

then our study suggests a number of training experiences

that seem likely to improve data collection. These include

providing parents with clear definitions and sample videos

of the target behaviors, as well as training videos that

clarify how the system should be operated, including the

cameras’ field of view, to underscore the importance of

selecting appropriate locations in the home for maximum

coverage. In the future, we plan to conduct both studies of

extended deployments and of the impact of various parent

training methods. The latter will include inexpensive

methods of training such as printed material (using the

definitions from Table 5) and multimedia versions that

show still pictures and video examples of problem

behavior.

7.3 Automating recognition of behavioral episodes

A second approach to improving the capture of problem

behaviors is to automate the recognition of the behaviors.

The standard operational definitions of problem behaviors

(Table 2) can give us a priori information as to what forms
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of problem behaviors can be automatically detected (e.g.,

shouting can be detected using audio analysis). Our own

observation of the video recording reveals that there might

be detectable samples, in the form of gross movement (e.g.,

repeated banging of the head), exaggerated noises, or

parental utterances (e.g., ‘‘Don’t bite mommy!’’) that signal

behavior episodes of interest. Given that parents do identify

some episodes correctly, we can adopt a supervised

learning approach to help identify situations that appear

similar. There are also opportunities to use sensors on the

body of the child to help identify certain behavior patterns

associated with physical movement, as demonstrated by

Albinali et al. [33]. However, care should be taken to

design on-body sensors that are safe for the child and that

the child will tolerate wearing. In a previous study, we

examined whether two particular types of on-body sensors,

namely wrist-mounted accelerometers (to detect atypical

hand movements) and a chest-mounted heart rate monitor

(to detect deviations from the baseline heart rate) caused

any reactivity from the child when worn [34]. The children

in our study grew accustomed to the on-body sensors after

a short period of time and showed no signs of discomfort.

Additionally, parents, teachers, and therapists showed high

interest in using the on-body sensors as implicit triggers in

a selective archiving system to collect behavior data.

Automated activity recognition could also prove to be an

invaluable tool in addressing two categories of behavior

that were particularly troublesome: Out of Scene and

Alone. In reviewing the raw data of Table 5, there are two

other cases that present opportunities for improving data

collection. In situations in which a parent clicked the

remote but the child was not visible in any camera view

(Out of Scene), there is a question of whether the click was

accidental or intentional. If intentional, then the camera

placement was not ideal to capture the behavior. Recall that

camera placement was determined by the parent, to allow

them control over what they would feel comfortable having

recorded. Feedback from the selective archiving could

inform a parent that no child behavior was captured,

assuming we could reliably determine that the child was

not within camera field of view. Then the parents could

decide to move the cameras to catch the behavior in the

future.

Table 5 also shows instances in which a problem

behavior was identified by the behavior analyst, but the

parent was not in the view of the camera when the child

was exhibiting problem behaviors (Alone). This was a

prevalent occurrence for family F4, where no behaviors

were identified by the parent, but seven episodes were

identified by the analyst from the continuous recording but

the parent was not around to witness it. The suggestions

noted above for automated means of triggering recordings

might well address such circumstances.

In conclusion, it is fitting to end this section by noting

that the use of automated recognition to improve capture

technology may be considered futuristic and implausible in

real world settings (such as the home). In fact, such a real

world deployment might be challenging given the limita-

tions of this immature technology and other practical

limitations such as the fact that using high-quality sensors

might be cost prohibitive. However, we believe that this is

one area where laboratory deployment will lead to

important findings that can later be transferred and incor-

porated into real world deployments. In fact, our research

group has started to investigate the role of automated

recognition of social behavior in typically developing

infants [35, 36].

8 Is ubicomp technology ready for real use?

We explicitly intended to design CRAFT for use by non-

technical people. For Ubicomp technology to have its

greatest impact, it needs to transition into the hands of

people who can creatively use it. In our case, we wanted

researchers from another discipline, behavioral psychol-

ogy, to be comfortable with selective archiving and to have

hands-on experience with a working research system to ask

and answer research questions of interest to them. Our

findings suggest that researchers were able to deploy

CRAFT with minimal training and required no technical

support during the deployments, and that parents were able

to use the system to collect evidence of their child’s

problem behaviors. Results of this initial exploratory study

show that the domain experts do understand the technol-

ogy, are comfortable with it, and are able to define new and

better hypothesis-driven studies for the future.

In designing CRAFT, we have strived to provide

seamless integration and use of technology. In our view,

technology should allow parents to collect samples of

problem behaviors in the course of their everyday

activities and when their child is exhibiting problem

behavior. Interestingly, we found that the video footage

shed more light on how our system could be improved

than parental or clinical report. For instance, in one case,

we saw a mother throwing the remote toward the father

while she was busy restraining the child from engaging

in the problem behavior. In another case, the mother was

busy cleaning when the child engaged in the problem

behavior. Instead of stopping her activity to press the

remote, she threw it to the father so that he could click

it. This suggests that during certain situations carrying

and making a single click on the lightweight and com-

pact remote can be inconvenient for the parent, and that

we should consider allowing multiple individuals to

make annotations.
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9 Conclusions

We conducted an exploratory study to determine whether

selective archiving, a form of automated capture and access

that supports retroactive recording of significant events,

was a feasible solution to enable parents to provide

examples of problem behavior in the home to clinical

professionals. While there are plenty of incentives to rely

on parents to do this form of in-home data collection, and

commercial products to support it, it is not known how well

parents perform the data collection task.

The results of this preliminary study, while not con-

clusive, do demonstrate the promise of selective archiving

in the home. Our results show that without training, and

over a period of just 1 day, most parents were able to flag

at least one sample of each problem behavior of their child.

Future work should focus on (1) developing systems that

use timers or other sensing such that the duration of the

deployment can be extended, (2) the development of precise

experimental protocols that test the effectiveness of afford-

able training methods, (3) parent installation of selective

archiving solutions, and (4) computational techniques that

complement a parent’s ability to detect some relevant

behavioral episodes to produce better recall of all relevant

episodes. The automated techniques will likely require a

combination of wearable and environmental sensing that

determine relative location of peoplewith respect to cameras

in the environment as well as discovering pertinent behav-

ioral patterns.While the latter may prove to be impractical in

real world deployments, we consider that innovation as an

important aspect of Ubicomp research.

Finally, we have also shown that careful attention to the

design of a Ubicomp system for use by other domain

specialists or non-technical users is key to moving Ubi-

comp research forward. We not only need to move our

technologies from the lab to the real world, we need to

move them out from under our protective control and into

the hands and creative minds of other researchers and

practitioners.
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