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ABSTRACT

Managing behaviors in classroom settings requires clear communi-
cation of expectations, and consistent feedback to students about
whether expectations are being met. These strategies promote men-
tal health and support students with emotional or behavioral dis-
abilities. Yet behavioral psychology literature indicates a significant
gap between evidence-based strategies for behavior management,
and implementation of these strategies in real classroom settings.
We engaged school practitioners in examining and designing for the
implementation challenges they face. This work focused on one of
the most common classroom behavior management strategies, the
token economy, and how it is utilized across special education and
regular education settings. Using the approaches of action research
and human-centered design, we explored the integration of perva-
sive computing technologies in classroom practices to address key
implementation challenges. We present a resulting classroom dis-
play prototype, which we developed and deployed. We describe its
integration into classroom flow, and discuss the role pervasive com-
puting can play in promoting behavioral awareness and emotional
well-being throughout the school day.
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1 INTRODUCTION

Behavior management in classrooms is one of the earliest mental
health interventions children may be exposed to. Early intervention
in schools is key to addressing emotional and behavioral disorders
[6]. Problem behavior that is left untreated can affect other stu-
dents, and can lead to long-term outcomes such as substance abuse,
interactions with the criminal justice system, and mental health is-
sues [35]. Classroom behavior management involves defining clear
expectations and rules, providing specific feedback, and continu-
ously adapting responses to behaviors of individual students [42].
These strategies are important for students with diagnoses such as
attention-deficit/hyperactivity disorder, obsessive-compulsive dis-
order, or trauma. In addition, effective behavior management serves
as a preventative measure for mental health of all students. Behav-
ior management from an early age reduces problem behaviors, in-
creases desired on-task and social behavior, and improves outcomes
for young adults [23, 40, 42]. School practitioners across special edu-
cation and regular education settings therefore draw from the same
behavior management strategies informed by decades of evidence
from behavioral psychology research [42].

However, there are challenges to effectively implementing be-
havior management strategies in the classroom. We investigate
the role pervasive computing can play in helping classroom staff
to implement behavior management strategies with high enough
fidelity that they achieve efficacy. Fidelity is a measure of the de-
gree to which implementation is comprehensive and consistent
[5]. Some estimates indicate that at least 80% fidelity is required to
produce intended results of a behavior management program [21].
Implementation fidelity can be increased through training [4] and
consultation from school psychologists [34], but these approaches
are resource intensive. Once achieved, high implementation fidelity
is also difficult to sustain [40]. To examine challenges with imple-
mentation, we focus on the token economy, because it is one of the
most common and well-known strategies for behavior management
across special education and regular education classrooms.

1.1 The Token Economy

The token economy is one of the oldest, most widely applied, and
most extensively studied methods of behavior management in in-
stitutional settings [1, 22]. A token refers to a tangible or symbolic
item (e.g., sticker, point) that is given to reinforce desired behavior.
Tokens are collected over a period of time and then exchanged for
a reward—a secondary reinforcer chosen by the individual, which
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holds a designated value so that it motivates sustained behavior
(e.g., toy, activity). The efficacy of this approach is derived from a
combination of the immediate reinforcer of the token given for an
instance of a predetermined behavior, and the secondary reinforcer
from the sustained effort of working toward a meaningful reward.
For example, at the end of the school day, a student exchanges the
32 tokens she has earned for her target behavior of working quietly,
to play her favorite computer game for 5 minutes.

In use since the 1960s, token economies have undergone exten-
sive investigation within special and regular education. In a re-
view of evidence-based practices for classroom management, token
economies were found to have broad effects, including increased
positive and decreased negative verbal interactions, decreased tran-
sition time between activities, peer social acceptance, decreased
talk-outs and out-of-seat behavior, and increased student prepared-
ness for class and assignment completion [39]. In special education,
token economies have demonstrated effectiveness in improving
behaviors of students with behavioral disorders [37], autism spec-
trum disorders [27, 41], and intellectual disability [32]. Examples
of efficacy studies in regular education include reducing disrup-
tive behavior in a preschool classroom [15], improving student
conduct in a fifth-grade classroom [2], and maintaining decreased
inappropriate behavior in a ninth-grade classroom [26].

Despite the widespread use of token economies in classrooms,
behavior problems persist, and the prevalence of serious emotional
and behavioral disorders is estimated at 5% to 26% of children in
the U.S. [6]. This disconnect suggests challenges in achieving and
maintaining high implementation fidelity—for example, systematic
reviews continue to highlight how difficult it is to maintain consis-
tency [25]. School practitioners also do not have enough tools and
support for implementing token economies [30]. More research
has been recommended to identify supports that can help school
practitioners ensure high fidelity of implementation with token
economies [11].

1.2 Real-World Implementation Challenges

Effective implementation of token economies and other behavior
management strategies requires monitoring behaviors in a way
that helps students and the practitioners around them to commu-
nicate clearly about desired and undesired behaviors. Quantifying
behaviors and recording instances enables students and practition-
ers to be mutually aware of behavioral expectations, goals, and
progress. For example, a student might be awarded a point for qui-
etly focusing on her work, sitting in her seat, raising her hand, or
helping another student. The more children are aware of points
they are earning, and for which behaviors, the more they learn
about appropriate classroom behavior and become motivated to
exhibit it. However, classroom settings require managing a range
of behaviors at the same time, making it challenging to provide
consistent feedback to every instance of a behavior.

Metzler and colleagues [33] found five features that are most
important for behavior management to be effective, all of which
require practitioners to help students with awareness of their be-
havior: (1) increasing positive reinforcers for appropriate social
behavior, (2) active teaching of appropriate social behavior, (3) clear
communication of a small number of rules, (4) consistent provision
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of corrective consequences for rule violation, and (5) ongoing mon-
itoring of behavior to provide feedback on progress. We studied
these features to understand the challenges of implementing them
in the classroom, and identify the role that pervasive computing
could play in supporting mutual awareness between students and
practitioners. Our work draws from both school psychology lit-
erature indicating the need for tools and supports that can help
improve implementation fidelity, and applications of pervasive com-
puting in classroom and therapeutic settings.

2 RELATED WORK

By addressing the challenges of classroom-based behavior man-
agement, this paper complements research that has focused on
behavior management at home [28], in individual behavioral ther-
apy sessions [24], and other non-classroom contexts. Studies of
pervasive computing integrated in classrooms to support behav-
ior management have shown feasibility, acceptability, and efficacy
across special education [20, 31] and regular education [9].

One gap we identified in the literature is that the majority of
these tools are not designed for the needs of students, instead help-
ing practitioners and caregivers as they monitor and manage be-
haviors. For example, studies have supported the decision-making
processes of educators, clinicians, paraprofessionals, and parents
around behavior management [17, 29]. We build on these studies
by examining classroom dynamics with a focus on how students
form an awareness of behavior expectations, and their individual
feedback and progress. For example, Marcu et al.’s study of behavior
monitoring practices in special education [30] found that practi-
tioners were innovative in visually representing a token economy
for their students—for example with a display of pipe cleaners rep-
resenting the number of tokens each student in the class had earned
that day. These practices suggest an opportunity to enhance visual
representations of token economies with pervasive computing, en-
gaging students in understanding their behaviors and supporting
practitioners to provide more consistent feedback.

vSked is a pervasive computing system designed in part to sup-
port a token economy [20]. Combining a classroom touchscreen
display for the teacher’s use with a mobile touchscreen device for
each student, vSked was designed for facilitation and monitoring of
task performance while providing students with a visual reference
of the reward they were working toward. Similarly, Matic et al. [31]
developed a digital classroom display to enhance a school’s use of a
token economy system. At the end of each school day, the display
uncovered a cooperative puzzle, with each piece corresponding to
a student. Each student’s behaviors affected the degree to which
their puzzle piece was revealed. Their study showed that visual re-
inforcers of behavior were a useful supplement to standard practice.
Along with other studies [9], they also showed the importance of
integrating the display into classroom structure, flow, and practices.

Building on these studies, we contribute an investigation of
designing and integrating pervasive computing applications for
children to monitor their behaviors throughout the school day. Per-
vasive computing has been used effectively for interactive visual
supports that are easier for practitioners to manage and update, and
more informative for students, than traditional paper-based tools
[18]. Pervasive computing technologies designed for children with
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behavioral needs have largely been educational games and stan-
dalone therapeutic interventions [3, 7, 36, 38]. Despite the myriad
applications for adults classified as self-assessment, self-tracking,
quantified self, and personal informatics tools, there has been less
design work focused on increasing self-awareness of children in
daily life. Our work complements efforts to apply gamification
in promoting healthy behavior by focusing on the integration of
these strategies in classroom flow. Within Hervas et al’s taxonomy
of gamification mechanics for behavioral change, we specifically
investigate the use of status through social sharing, and scoring
through points earned for behaviors [19]. We also consider how
student and teacher behaviors are intertwined [14], which requires
an understanding of classroom dynamics.

Our design work in classrooms draws from school psychology
literature at the intersection of special education and regular edu-
cation settings—with a particular focus on the token economy, as
previously outlined. Students with behavioral needs can be placed
in self-contained special education classrooms, or inclusive class-
rooms where they are integrated in a regular education setting with
support [10]. The additional support can be provided by practition-
ers in their school’s resource room, school psychologists, or other
specialists that serve their school district. More inclusive placement
is generally viewed as beneficial for promoting a student’s mental
health and independence [10]. Research has indicated that students
with behavioral needs "in inclusive classrooms may not receive the
immediate feedback from a teacher who is trying to provide feedback
for all students in a class" but "assistive technology can provide im-
mediate and continual feedback students desire” [12]. To address this
need across a variety of classroom settings, we focus on concep-
tualizing an appropriate design that would fit existing classroom
flows and meet the needs of students as well as practitioners.

3 METHODS

Our research was conducted using two overlapping processes, il-
lustrated in Figure 1. First, we engaged practitioners from special
education and regular education classrooms in action research over
the course of about two years. As design opportunities emerged
during this process, we began human-centered design, performing
iterative prototyping together with the same practitioners. This
design process enabled us to explore concrete design concepts and
resulted in a prototype display application, which we implemented
and evaluated in one classroom.

3.1 Field Sites

Table 1 outlines the classroom contexts in which we studied be-
havior management. This study took place in a suburban area in
the eastern United States, with a population across lower to mid-
dle socioeconomic status. All classrooms were located in the same
school district, enabling us to understand how various stakeholders
influenced implementation of behavior management strategies. In
addition to classroom staff (teachers and paraprofessionals), we
engaged with building-level and district-level stakeholders such as
school psychologists and behavior analysts. They would provide
consultation on individual cases as needed, visiting by request of
classroom staff for direct observation of a student’s behavior, and
to advise on implementation of behavior management strategies.
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Table 1: Summary of field sites, participants, and data col-
lection methods. Classrooms represented both special (sped)
and regular (reg) education. Practitioner roles with a * indi-
cate they work across the school district.

Classroom Students Practitioners Methods
n=12 Observation
A (sped =14
(sped) Grades K-3 n . 250 hrs
(teachers, paraprofessionals, .
e Interviews
n=12 school psychologist*,
B (sped) n=12
Grades 3-5 social worker®, consulting
. R Focus Groups
behavior analysts*)
n=20
4 Observation
n=
=12 5 hrs
C (sped teacher,
(sped) Grades 6-8 (teac e.r Interviews
paraprofessionals, ne3
Progran: Focus groups
director®) )
n=
Observation
n=19 n=z 10 hrs
D (re B teacher,
(reg) Grade 1 (teac §r Interviews
consulting 5
n=
behavior analyst*)
Focus groups
n=3
Observation
Total n =55 n=20 265 h
rs
Grades K-8
Interviews
n =20
Focus groups
n=25

Three of the classrooms (A, B, and C) were self-contained special
education classrooms. A and B were next door to one another in an
elementary school comprised of children in grades K-5. Together
with a supervising social worker across the hall, these two class-
rooms comprised the school’s behavior disorder program. Class-
room C was the local middle school’s behavior disorder program,
grades 6-8, which was overseen by its own program director. These
classrooms each had 12 students. One teacher was responsible for
designating daily schedules and preparing activities, and two para-
professionals provided daily support with academic work, behavior
management, and behavioral data collection.

Children are recommended for placement in a behavior disor-
der program like the one we studied if they are too disruptive or
unfocused to participate in a regular classroom. Often, children
will reach a certain level of disciplinary action for aggressive or
inappropriate behavior before this placement is recommended. For
example, children with oppositional defiant disorder or conduct
disorder may refuse to sit down and do the work that is assigned to
them; children with attention deficit disorder or attention-deficit
hyperactivity disorder may get out of their seat and distract other
students instead of completing their own work; and children with
anxiety disorders or psychological trauma may rip up their work
or have trouble positively interacting with others.
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Classroom D was a first grade regular education class, comprised
of 19 students and one teacher, Mr. Newman!. Mr. Newman had
shown an aptitude for working with children who exhibited disrup-
tive behaviors. As a result, children tended to be put in his class if
they were close to placement in the behavior disorder program. Mr.
Newman managed a full classroom of 19 students, some of whom
had behavioral needs, without the support of any paraprofessionals.
This classroom was an informative context for our study, represent-
ing a bridge between special and regular education settings.

3.2 Action Research

Action research is an interdisciplinary process of inquiry conducted
by and for those taking the action. The primary reason for engaging
in action research is to assist the “actor” in improving and refin-
ing his or her actions. Action research has been used in human-
computer interaction to address human issues through computing
solutions [16]. The actors we engaged in this study are the 20 prac-
titioners shown in Table 1, who worked across four classrooms in a
range of roles. With these practitioners, we explored the challenges
they face in implementing behavior management strategies, during
30 months of fieldwork, over 265 hours of naturalistic observation,
20 interviews, and 25 focus groups. The following activities were
performed as part of the three iterative stages of action research,
which are illustrated on the left side of Figure 1.

3.2.1 Planning. We conducted a preliminary diagnosis (e.g., con-
textual inquiry), data gathering (e.g., observation and semi-structured
interviews), and joint action planning to understand existing prac-
tices and challenges with implementing the token economy. During
the deployment, we identified how we could iterate on the design
to improve its fit into classroom flow.

3.22 Acting. As actionable design opportunities arose, we began
ideation and prototyping in response to needs we discussed to-
gether. Over time, these design activities culminated in a classroom
display application, which we deployed and iterated on within one
classroom (D).

3.2.3  Reflecting. During iterative prototyping, we elicited input
from multiple stakeholders by discussing to what extent the pro-
totype would meet the needs of both practitioners and students.
We paid particular attention to how the prototype might affect
practitioner workflow, student behaviors, and overall classroom
dynamics. Together we then examined adoption of the prototype,
and how it fit into classroom flow.

3.3 Human-Centered Design

A key theme that emerged from action research was the challenge
of representing behavioral goals and progress, to be able to com-
municate feedback clearly to children. This challenge became the
focus of our human-centered design activities, which enabled us to
explore design opportunities in depth. Needs and constraints we
found throughout the action research process informed our design
work. This iterative process is illustrated on the right side of Figure
1. By continuing discussions of the challenges we identified during
classroom observations and preliminary diagnosis, we engaged

1 All names are pseudonyms.
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practitioners in ideations of potential solutions. We prototyped
these ideas, from low fidelity gradually to high fidelity, informally
testing various concepts with other practitioners to obtain input
from a range of perspectives.

We eventually narrowed down a variety of ideas to one concept
that was most promising and feasible to practitioners, a classroom
display. Together with the practitioners, we determined that class-
room D was the best fit for a deployment of our functional prototype,
based on the classroom dynamics and the teacher’s past experiences
using similar technology. The rest of our human-centered design
process focused on the needs and constraints of classroom D.

4 FINDINGS

During action research, we identified challenges to implementing a
token economy in the classroom. Two design opportunities then
emerged, based on the potential for pervasive computing technolo-
gies to support individualized feedback and reinforcement for each
student’s unique behaviors.

4.1 Classroom Challenges

As we investigated interactions between practitioners and students,
we identified challenges related to each of Metzler er al’s [33] five
features of an effective token economy.

4.1.1 Increasing positive reinforcers for appropriate social behavior.
Inappropriate behaviors tended to occupy practitioners’ time be-
cause they needed immediate correction, so appropriate behavior
frequently went unacknowledged.

4.1.2  Active teaching of appropriate social behavior. Interactions
with practitioners and peers were most important for students to
learn appropriate social behavior. Opportunities for these inter-
actions were reduced after a serious behavioral incident due to
required paperwork and coordination.

4.1.3 Clear communication of a small number of rules. Students
generally understood the rules, but were not always able to connect
them to an awareness of their own behaviors. Practitioners strug-
gled to provide enough individual feedback for students to connect
a token to the behavior for which it was earned. They would also
hear from parents that their child did not understand why they had
earned or lost points.

4.1.4 Consistent provision of corrective consequences for rule viola-
tion. A low student-practitioner ratio helped with responding to
behaviors, but required additional coordination to maintain con-
sistency. Corrective consequences were not used consistently, for
example the same rule was violated by two students who were
teasing in difference instances—one was sent to the office, while
the other was put in an isolated area called the ‘cool-down room’.

4.1.5 Ongoing monitoring of data on student behavior to provide
feedback on progress. Practitioners monitored behaviors for their
own awareness, while students frequently requested updates about
their tokens earned. Feedback was primarily given verbally, which
was demanding on practitioners’ time and focus, and therefore
inconsistent.
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Action Research

RQ1: How can a classroom

Human-Centered Design

Process ; Process
display help teachers ob t Ideati
Planning ) provide a wider range of sen/ ation eation
RQ: What are the Acting behavioral reinforcers for Prototvbe:
challenges of Classrooms their students? \assroom Cil.Zszrgg:n-
i i — — — —>
implementing a A B CD RQ2: How can a classroom display
token economy in ) A ) e
the classroom? display deliver immediate application
' and behavior-specific
Reflecting Vior-spectl Testing
feedback to students? Prorotypmg

Figure 1: Methods

4.2 Limitations of Existing Technologies

As we began to ideate and searched for the most actionable design
opportunities, we learned that classroom D’s teacher, Mr. Newman,
had incorporated ClassDojo (a popular educational technology
product?) to display his classroom’s token economy during the
previous school year. He appreciated that it gave him a way to
display students’ behavioral data, however his use of ClassDojo did
not enable him to provide behavior-specific feedback to individual
students throughout the day. Mr. Newman wanted students to have
this information continuously available throughout the day, but
with ClassDojo he had only been able to do this periodically because
he did not have a dedicated display for it. He was also not able to
customize ClassDojo to each student’s behavior management plan,
because its functionality provided a limited set of options.

A behavior analyst consulting in Mr. Newman’s school district
also suggested the need for a customizable pervasive technology
to aid with improving student’s behavioral awareness. In her ex-
perience watching Mr. Newman use ClassDojo in the past, she
did not notice any effects on the students. She suggested there
could be positive effects if such a tool fit alongside existing prac-
tices by promoting structure within the classroom, so that students
could receive more frequent behavioral feedback from the practi-
tioner or the technology. In classroom D, she explained that half
of the students were engaging in behaviors that were primarily
attention seeking, for example not sitting in their chairs and not
listening to activities or instructions. Her assessment suggested that
in this classroom, implementing technology for supporting student
awareness could potentially add structure, but also risk unintended
consequences of further destabilizing classroom dynamics.

The other practitioners in our study agreed that a classroom
display could be used for supporting student awareness of their
behaviors, by providing easily accessible feedback to all students
simultaneously. We leveraged practitioners’ experiences implement-
ing other tools, such as ClassDojo, to understand their limitations
and elicit requirements for our display prototype. Below we de-
scribe how our findings of challenges led to two research questions
we could address through design.

4.3 Design Opportunities

We found that one of the biggest challenges of implementing a token
economy was providing rewards that were coveted and motivating

Zhttps://www.classdojo.com/

for all students, but inexpensive and easy to keep in constant supply.
Candy, toys, and privileges were commonly offered as rewards, but
were not always effective. For example, in classroom D, the teacher
would give out candy at the end of each day, if time permitted.
Each student was awarded one piece of candy for every token they
earned that day, and this was the most consistent form of reinforcers
provided. However, the students did not always want the candy,
and some students were not able to eat it due to allergies. These
observations led us to RQ1: How can a classroom display help
teachers provide a wider range of behavioral reinforcers for
their students?

Providing immediate and specific feedback is a common barrier
to achieving an effective token economy [33]. As we observed prac-
titioners logging tokens to monitor progress toward rewards, we
found that little to none of this process was designed to actively
help student awareness of their tokens. Students in all of the class-
rooms were continually inquiring about the number of tokens they
had earned. For example, a teacher would call on a student with a
raised hand, only to find that the question was not about the lesson
but rather an attempt to check on their token status. Students in
classroom A were provided with paper charts on their desks, on
which to track progress to a reward on their own. Mr Newman
reported that he was unable to deliver feedback that was immediate
and specific enough for a student to connect a token to the behavior
for which it was earned. These needs led us to RQ2: How can a
classroom display deliver immediate and behavior-specific
feedback to students?

Driven by these research questions, we performed an iterative
human-centered design process informed by what we learned about
behavior management across a range of classrooms during action
research (Figure 1). We co-designed, deployed, and iterated on
a classroom display application, with a focus on its integration
into existing classroom practices, and reducing the likelihood of
unintended effects such as causing distractions or burdening practi-
tioners with additional work. In the following section, we describe
the design of the prototype.

5 CLASSROOM DISPLAY PROTOTYPE

Our resulting prototype was a wall-mounted classroom display
(Figure 2) that enables all students in the classroom to continuously
check their tokens and behaviors throughout the school day. A
practitioner uses a tablet interface to log tokens in a format that
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Reward Tokens
Homework Pass 25
Simon Says Leader 20
Show + Tell/Computers 15
Reading/Drawing 10
Candy 7

Spiller, et al.

Figure 2: The classroom display was mounted at the front of the classroom, along with a rewards menu next to it, printed
on paper. The display contained each students’ lily pad showing the tokens, reminders (blue circle), and warnings (red circle)
they had received that day. A pop-up message appears in the foreground with behavioral feedback for Janis.

helps them monitor behaviors, while the display pulls that data in
real-time to generate a visualization tailored to the needs of students.
Every time a student receives a token, two types of immediate
reinforcers are delivered: a pleasant splash sound, and a pop-up
graphic naming the student and the behavioral category in which
they earned the token. The design of the prototype aims to help
students connect a reinforcer to the behavior it is meant to reinforce,
through automated feedback. Next, we describe the characteristics
of the prototype and how each design decision was made to address
the opportunities we identified during the action research phase.

5.1 Helping Teachers Provide a Range of
Behavioral Reinforcers

Teachers needed support in providing behavioral reinforcers to
students, which would be simple to keep in stock and distribute
throughout the day, while still serving to motivate students in
following behavioral rules.

5.1.1 Token Economy. The prototype was designed to mimic how
token economies were implemented in the classrooms we observed,
while digitizing the distribution of tokens. The practitioner uses a
tablet-based interface to record students’ tokens. Students can earn
tokens for desired behavior in four behavioral categories: be help-
ful, be responsible, be respectful, and be safe. Students can receive
tokens at any time throughout the day, and after each period, each
student’s behavior is evaluated for that block of time, and they are
given an additional token for no rule violations. The prototype also
enables the practitioner to give students warnings and reminders.
Reminders were used for minor behavior corrections, while warn-
ings were reserved for more serious offenses and usually given out
after a reminder if the behavior persisted.

5.1.2  Rewards Menu. A rewards menu was printed on paper and
hung on the wall next to the display as shown in Figure 2, help-
ing practitioners communicate the availability of a wider range of
rewards, and serving as a visual reminder students of how many
tokens were needed for each. The prominent placement of the re-
wards menu next to the display, which showed real-time status of
tokens earned, served to motivate students by reminding them the
value of their tokens, and that their efforts to manage their behavior
would be rewarded. At the end of each school day, the students
exchange their tokens for their chosen reward(s), and the display
automatically resets to track the next day’s tokens.

5.1.3 Customization. One of the novel features of the prototype,
in contrast to available systems such as ClassDojo, is the ability
to customize behavior monitoring for each student. Through a
customization module, practitioners can enter any behavior to be
monitored for each student. Instead of applying classroom-wide
behavioral rules as is typically done with token economies, moni-
toring unique behaviors for each student allows tokens to provide
reinforcement that is more specific and helpful for students. In
addition, as students make progress, monitoring can be updated to
reflect new goals. For example, a student working on social interac-
tions can be provided with different types of interactions to work
on more concretely over time, such as turn-taking and sharing.

5.2 Providing Students with Immediate and
Specific Feedback
Due to the demands of managing behaviors in a classroom, we found

that teachers struggled to provide immediate and specific feedback
on behaviors using the common verbal approach. Our prototype
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Hannah, this is your
second warning. You are
now in time out from
getting points

L —— . —— . )

Figure 3: The first iteration of the classroom display prototype.

was designed to supplement verbal feedback from practitioners,
through automated delivery of feedback directly to students.

5.2.1 Visual Feedback. The prototype is designed as a glanceable
display [8], making it easy for students to quickly look up at the
classroom wall to check on their tokens without having to decode
a chart or graph. Each student in the class is represented by a frog
sitting on a lily pad, as illustrated in Figure 2. A student’s lily pad
shows three numbers: number of tokens they have earned (above
their name), reminders (in blue), and warnings (in red). Initially,
we tried to facilitate only positive reinforcers in the design, which
significant evidence suggests is most effective for behavior man-
agement, but practitioners did not find this approach feasible for
use in their classrooms. In reality, we found that all four class-
rooms we studied used some form of punishment-based reinforcers,
such as the reminders and warnings. With the consulting behav-
ior analyst, we devised a system whereby persistent disruptive or
undesired behavior would result in a warning, which placed stu-
dents on ‘time-out’, making them temporarily ineligible to earn
tokens. This compromise in the design enabled practitioners to still
enforce consequences without using punishment-based reinforcers
or removing previously earned tokens.

5.2.2 Auditory Feedback. Auditory feedback had been a feature
of ClassDojo that Mr. Newman found particularly useful, and he
found was well-liked by his students. We therefore incorporated
audio feedback to alert students each time the practitioner awarded
a token using his tablet interface. A sound is played immediately
when students receive a token for desired behavior and when they
receive a warning or reminder for demonstrating violations of
behavioral rules. A token for desired behavior is associated with
a splash noise. A reminder or warning is associated with a bell

or thunderclap, respectively. The sound is intended to help the
students connect their behaviors with either a reward or correction.

This feature addresses the challenges of practitioners needing
to provide verbal feedback to each student. Typically, practitioners
juggle data collection and verbal feedback to students as separate
activities, and we found that the burden of providing feedback each
time a behavior occurred led to significant inconsistency. Inconsis-
tent feedback from practitioners consequently confused students.
By automating feedback via the display prototype, our aim was to
enable more reliable and immediate feedback to students.

6 DESIGN VALIDATION

The display prototype went through multiple iterations, all of which
were discussed and validated among our research team, the regular
education teacher we were designing for (Mr. Newman), and the
behavior analyst providing consultation for his classroom. Validat-
ing the design involved mediating evidence-based implementation
of behavioral strategies with real-world classroom constraints. In
addition, iterations of the design were focused on mediating the
needs of the teacher (low burden and effort) and his students (high
quality feedback).

The first iteration of the prototype is shown in Figure 3. In this
version, each student’s lily pad included additional detail about
their behavioral data, using four distinctly colored bubbles that
corresponded to the categories in which tokens could be earned.
We found that this amount of detail made the visual too crowded
and difficult to read, while students were primarily interested in
their total number of points, displayed at the top of their lily pad.
We therefore simplified lily pads to only display total number of
tokens earned, so this information could be easier to check at a
glance. In order to still provide specific feedback to students about
their behavior, the category their token was earned in was included
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in the pop-up message. For example, the final design in Figure 2
contains a pop-up alert that Janis has earned a point in the "Be
Respectful” category. The text of this pop-up was also simplified
from a lengthier version visible in Figure 3, due to the behavior
analyst’s concerns about varying reading levels in the classroom,
and her wanting to ensure students would be able to read the entire
message quickly enough while glancing up at the display.

Lastly, the initial version in Figure 3 contained signifiers that
the behavior analyst deemed potentially problematic. When a stu-
dent received a warning, their lily pad turned grey, and their frog
changed color and emotion. These elements were intended to sig-
nify that the student was now in ‘timeout’ from being able to earn
any tokens. Both the tokens awarded and corrective behavior mes-
sages were designed to mimic what practitioners would verbally
announce to students when these instances occurred. However, the
behavior analyst expressed concerns about how their visual rep-
resentation would affect the students. We therefore simplified the
design and removed signifiers that could be interpreted with nega-
tive affect. We found ways to still clearly communicate to students
their status, while maintaining a more neutral tone.

7 DEPLOYMENT

We iterated on the design until we determined together with prac-
titioners that it was ready for use, then deployed the classroom
display prototype in Mr. Newman’s first-grade classroom. His class-
room contained 19 students, under the consultation of a behavior
analyst. The deployment lasted for ten months of the school year,
during which we continued our fieldwork, including naturalistic
observation and interviews twice a week. At the end of each week,
we interviewed Mr. Newman about his experiences and attitudes to-
ward the display. These interviews focused on the display’s impact
on his implemention of the token economy, as well as its effects
on his students. The consulting behavior analyst was interviewed
approximately every week when scheduling permitted. She was
also interviewed at the end of the deployment, to gather her overall
impressions and expert opinion on the use of the classroom display.
Observation and interview data were compared and the findings in
this section were derived using inductive thematic analysis.

7.1 Collective Awareness of Behavior

After the first week of the display being in the classroom, students
were visibly responding to the sound effects. We observed students
looking up at the display every time they heard a splash, bell, or
thunderclap sound, intrigued to see who had received it. On average,
Mr. Newman would give out two tokens per student per period,
and one to two reminders per class period, depending on individual
student behavior.

A key focus of our deployment was to see how students re-
sponded to the classroom display and if any potentially negative
consequences came from publicly displaying each student’s tokens.
There had been some initial concerns about the impact the display
might have on student behavior and the classroom as a whole. How-
ever, the behavior analyst and Mr. Newman both agreed that the
display had a positive impact on student’s individual behaviors and
the classroom dynamic, and also provided students with immediate
feedback on their behaviors.
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We considered the potential for a classroom display to have
adverse effects such as competition or a sense of public shaming
among the students. The behavior analyst explained that such ef-
fects would be largely dependent on the general classroom environ-
ment the teacher has created. In the case of Mr. Newman’s class, she
said "the kids were absolutely bought in to the fact that they were a
team together. If that didn’t exist then I think you would potentially see
more [negative competition due to the display]". We recommend fur-
ther investigation of potential unintended consequences, especially
since they are dependent on other factors within the classroom
environment.

Students were observed continuously monitoring their tokens
via the classroom display. With the sound feature, students were
constantly aware when they were receiving a token or behavior
correction. Every time a sound went off on the display, students
were alert and eager to see which name it was associated with. In
her observations of the display in Mr. Newman’s classroom, the
behavior analyst noticed:

"The students were visibly responding to the display. It
was objectively observable that a noise associated with
or affiliated with the [token economy] system had an
immediate impact on the [student’s] behavior".

On multiple occasions, if the student who received a token was
not paying attention, their classmates would get their attention
and either congratulate them on earning a reward, or let them
know their behavior needed correcting. Since the students were
observed visibly responding to the display every time it made a
sound, concerns were raised about its potentially disruptive nature.
However, the sounds were found to be less disruptive than the
practitioner calling out the same information.

The fact that the display was able to fit in with a sense of com-
munity in the classroom added another layer of motivation for the
students. Students were observed making sure Mr. Newman was
awarding tokens to peers who deserved them. Students would raise
their hands to tell Mr. Newman if someone’s token count seemed
low based on their actual behavior that day. In one instance, Mr.
Newman had just given out some tokens to students who were
quietly waiting for the math lesson to start. One student who had
received a token raised his hand to say, "Mr. Newman, Lisa was also
sitting quietly but she didn’t get a point”. This is one example of how
the display encouraged peer support and encouragement.

7.2 Motivating the Token Economy

Combining a real-time indicator of a student’s number of earned
tokens, with a rewards menu showing what they could exchange
their tokens for, proved to be motivating for students. Before the
display prototype was deployed, Mr. Newman relied solely on ver-
bal praise to give his students feedback on their behaviors. Other
reinforcers such as candy were utilized occasionally. The behavior
analyst described these prior behavior management strategies as
inconsistent and sometimes ineffective. The rewards offered were
not always motivating for his students. The behavior analyst no-
ticed a significant change when the rewards menu was introduced:
"offering the kids choice in and of itself was very very motivating for
these kids. Especially when they recognized that more points offered
more choice".
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Mr. Newman referenced the rewards menu to remind students
whose behavior was starting to decline that if they wanted to earn
a certain reward, they needed to show appropriate behavior. This
became a significant motivator for students because they were able
to individually pick their preferred reward to work toward each
day. For example, one student was very talkative in class. Before
the deployment he was not motivated to curb his verbal behavior
because Mr. Newman only provided candy rewards, which he did
not find desirable. Once the rewards menu was introduced alongside
the display, it showcased a range of rewards available. This student
was particularly interested in "Show + Tell", which allowed him the
opportunity to sing for the class at the end of the day. As a result,
he announced to the class that he would be working toward this
reward, and it served as an effective motivator for him to remain
more quiet during class time. Notably, this change in behavior was
accomplished without the need to stock a supply of tangible items
or edibles such as candy. Instead, the display at the front of the room
served to showcase high-value rewards that did not add burden for
the teacher to provide.

Students also reported going home and sharing information
with their parents about the display, such as how many tokens they
earned that day and which rewards they were working toward.
This kind of communication shows that students had sustained
awareness of their behaviors. In addition to the communication
and encouragement we observed in the classroom among peers,
the ability to bridge students’ home and school environments is
important for effective behavior management. One morning, a
student walked into the classroom proclaiming which item on the
rewards menu he was determined to earn: "[Mr. Newman]!, I told my
mom that I'm going to get that homework pass today!". Instances like
this continued to occur during the deployment, highlighting the
display’s social role within and beyond the classroom. This finding
suggests that pervasive computing has the potential to connect
students’ home and school lives for more consistent and motivating
behavior management.

8 DISCUSSION

Our methodology builds on human-centered design concepts of
involving stakeholders and expert input in the design process, by us-
ing principles of action research. We have described a collaborative
research process with school practitioners motivated to improve
their behavior management programs by helping students to be
more aware of their behavioral data. Findings from a deployment
of our prototype show that integrating pervasive computing into
the daily flow of a classroom can help to support implementation
of an effective token economy, as defined by Metzler et al’s five
features:

(1) Increasing positive reinforcers for appropriate social behavior
and (2) Active teaching of appropriate social behavior: Our display
prototype has the potential to encourage practitioners to record de-
sired behaviors and teach appropriate behavior, since they provide
the input that is publicly displayed in real-time for the classroom
to engage with collectively.

(3) Clear communication of a small number of rules: Students were
being asked to follow a small number of rules, however these were
not always clearly communicated. With our display prototype, the
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visibility and access to a real-time status of their behaviors against
the rules aided in clear communication of the behaviors that were
expected of them.

(4) Consistent provision of corrective consequences for rule violation:
Corrective consequences were difficult for practitioners to provide
consistently. With the classroom display, students were provided
corrective feedback more consistently and immediately through
the use of visual and audio alerts.

(5) Ongoing monitoring of behavior to provide feedback on progress:
Our display prototype provided ongoing monitoring and feedback
on the students’ progress throughout the day. Practitioners did not
previously have any tools to support this process on an ongoing
basis, and to our knowledge ours is the first pervasive computing
system in the literature to enable this process. Students no longer
needed to ask for updates on how many tokens they had earned,
or clarification on why they had earned them.

This study describes a positive role pervasive computing can
play in the classroom to support behavior management strategies.
Classroom displays can help improve the consistency, reliability,
and clarity with which behavioral feedback is provided to students.
Practitioners are monitoring behaviors and often recording them
for their own use, and we leveraged these existing tasks to design
automated audiovisual feedback to students about their individual
behavior. The public nature of a classroom display has risks for
causing embarrassment or competition. However, by designing
more neutral signifiers and integrating the display into a collab-
orative classroom culture, we found that the display encouraged
prosocial behavior and peer support toward behavioral goals.

Our research and prototype have several limitations. An initial
deployment was conduced in one classroom, and more studies are
needed to understand how the display will fit in various classrooms,
for example with different teaching styles, learning culture, and
student group dynamics. We chose to not involve children in the
design process, in spite of our focus on them as end users. This deci-
sion enabled us to focus on formative exploration of concepts that
would fit into classroom management practices, and engage with
practitioners on improving their implementation fidelity. We also
worked with behavior analysts to design around evidence-based
strategies for managing individual behavior in the classroom. Our
evaluation of the display prototype found that even though the
students were not involved in the design process, they accepted
and engaged with the prototype. Based on these promising results,
future work should use cooperative inquiry [13] to refine the ap-
plication we present here into interventions best suited for and
preferred by students themselves.

9 CONCLUSION

We identified design opportunities for supporting behavior man-
agement in the classroom setting. We have discussed in-depth field-
work with extensive ideation that our partnership with practitioners
generated. Our design work together focused on improving the
implementation of behavior management strategies and their suit-
ability to pervasive computing tools. This exploration culminated
in the design and deployment of a classroom display that helped a
teacher to provide a broader range of behavioral reinforcers, and
more immediate feedback on behaviors.
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