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ABSTRACT
About 18% of children in industrialized countries suffer from
anxiety. We designed a mobile neurofeedback app, called
Mind-Full, based on existing design guidelines. Our goal was
for young children in lower socio-economic status schools
to improve their ability to self-regulate anxiety by using
Mind-Full. In this paper we report on quantitative outcomes
from a sixteen-week field evaluation with 20 young chil-
dren (aged 5 to 8). Our methodological contribution includes
using a control group, validated measures of anxiety and
stress, and assessing transfer and maintenance. Results from
teacher and parent behavioral surveys indicated gains in
children’s ability to self-regulate anxiety at school and home;
a decrease in anxious behaviors at home; and cortisol tests
showed variable improvement in physiological stress levels.
We contribute to HCI for mental health with evidence that it
is viable to use a mobile app in lower socio-economic status
schools to improve children’s mental health.

CCS CONCEPTS
•Human-centered computing→ Empirical studies in
ubiquitous and mobile computing.
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1 INTRODUCTION
Anxiety disorders are among themost commonmental health
issues in childhood and the first to emerge — affecting about
18% of children; often lasting into adulthood with devas-
tating social-emotional, health, and economic costs [5, 24].
Children living in lower socio-economic-status (SES) areas
are more likely to have severe anxiety, challenges regulating
it, and are less likely to be diagnosed or treated [8, 15, 31].
Ongoing, frequent neurobiological stress responses are cor-
related with increasing risk of both physical and mental
health problems [14]. When these responses occur in peri-
ods of rapid brain development, such as when young children
first enter schooling, they can be particularly harmful. In
addition, anxiety negatively affects children’s education and
career outcomes, feelings of self-esteem and self-efficacy,
social competence, and their physical and mental well-being
[33, 35]. However, it is often difficult to get help with mental
health issues. In a Canadian survey on mental health, 38%
of respondents indicated that the time between initial help-
seeking and diagnosis exceeded a period of 12 months and
only 1 in 5 children who required mental health services
received them [29]. Learning to self-regulate anxiety early in
life is beneficial and may reduce the negative impact of this
mental health challenge on educational, social-emotional,
and economic outcomes for children [34, 38].
Clinical research has shown that neurofeedback (NF), a

type of brain-computer interface (BCI), can provide lasting
results in treating many neurological conditions, including
challenges with anxiety and attention [7, 25]. A common
form of NF BCI measures, records and provides visual and/or
auditory feedback about brain states sensed using an elec-
troencephalography (EEG) headset. However, most systems
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involve complex and expensive EEG systems only available
through clinics. As such this approach is not available to
many children, in particular those from lower SES families.
Recently, consumer-grade headsets have been introduced to
the market. This creates opportunities to design and deploy
NF apps that help people learn to self-regulate outside of
clinical settings. Despite a recent spike in availability of NF
apps for adults and children on smart devices, little is known
about viability and effectiveness of these systems in field set-
tings [3]. Yet if beneficial, there may be significant potential
for these systems to address disparities of access associated
with clinical interventions [38].

Our research addresses the following overarching ques-
tion: What is the impact on young children’s ability to self-
regulate anxiety in schools and homes after using a mobile
neurofeedback intervention? To address this question, we con-
ducted a field investigation of the viability and effectiveness
of an intervention using Mind-Full, a NF BCI application,
designed based on previous guidelines [2]. Mind-Full is com-
posed of a simple and inexpensive commercial EEG headset
and Android tablet. In this paper we describe the methodol-
ogy for a field study with 20 young children attending two
lower SES schools in Canada who were of mixed ethnicities
including aboriginal and refugee children. We report on our
mixed but encouraging quantitative results of the impact of
our intervention on children’s ability to self-regulate anxi-
ety, their anxious behaviors and their physiological stress
levels both at school and home. We contribute to the fields
of HCI for mental health and positive computing (e.g. [6])
in two main ways. Our field methodology utilizes a control
group and validated behavioral and physiological measures,
addressing prior concerns with rigour. Our results show the
viability and effectiveness of the Mind-Full app, serving as
a proof of concept for a mobile, low cost approach that can
be used in schools to improve the mental health of young
children who are often marginalized.

2 BACKGROUND
In clinical settings there has been a growing body of work
studying EEG-NF games as a therapeutic treatment to help
children with anxiety and/or attentional challenges learn to
self-regulate (see [12] for a review). Self-regulation involves
learning ways to stay calmly focused and alert, and practic-
ing those techniques until they become automated. EEG-NF
training has been suggested as a beneficial technique for
teaching children to self-regulate because it makes invisible
brain processes visible [2], and may lead to behavioral and
neural changes [38, 40]. Training via games provides moti-
vation and has been linked to high training compliance and
reduced attrition in clinical studies with children with atten-
tional challenges [10]. While using EEG-NF games to teach
children self-regulation seems compelling, it is important to

take this work out of clinics and into children’s everyday
lives if we are to reach some of the children who may benefit
the most.

Field-based NF Studies of Children and Anxiety
Very little research exists focusing on non-clinical approaches
to teaching children self-regulation of anxiety using NF. In
one randomized controlled experiment with an active control
group with 136 participants (aged 8-13), children and youth
played either MindLight or an alternative video game [33].
Participant and parent ratings of anxiety showed a decrease
from pre-test to post-test, and no change at follow-up test
points. This methodological design has a large sample size
and standardized, reliable and multi-informant behavioral
measures. However, the authors suggest that the play con-
text may have impacted results since the children all played
in shared rooms (contamination effect). The authors also sug-
gest that positive results might be due to non-specific factors
such as being primed to expect an improvement in anxiety.
Lastly, they acknowledge that without a control group it
was difficult to determine if improvements were greater than
without any intervention.

In a randomized controlled experiment with a waitlist
control group with 21 girls (aged 5-11), children completed
24 NF sessions over six weeks with their counselor at a school
for girls living in poverty in Nepal [3]. Counselor and teacher
ratings of behavioral indications of self-regulation of anxiety
showed a significant improvement in a variety of contexts
for the intervention from pre-test to post-test; the gains were
maintained at a follow-up test point. The waitlist group later
completed the intervention and pre-post ratings showed a
similar pattern. There are no other known field studies of
NF-based interventions for children and anxiety challenges.

Field-Based Methodological Challenges
For further methodological guidance we can look to other
field-based biofeedback (e.g. heart rate variability) and neuro-
feedback studies targeting children and self-regulation of
other brain processes (e.g. attention, depression) [11, 13,
18, 21, 39]. For example, computer games were turned into
biofeedback games for 16 children and youth (aged 8 to 17)
with fetal alcohol syndrome [23]. Children showed a signifi-
cant improvement in pre-post test ability to regulate brain
processes associated with inattention. However, the authors
state that they could not make claims about efficacy due
to study limitations (e.g., no control group, small sample
size, large age range of children, un-validated measures). In
a similar study, 26 children and youth (aged 9-17) learned
relaxation techniques using a biofeedback PC platform [20].
Between group results showed improvement in behavioral
measures of anxiety and depression. However, claims were
limited by non-random assignment to groups. Analysis of
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other studies shows similarly that claims are often limited
because study designs have involved small sample sizes, non-
randomized designs, and inadequate control conditions [11].
However, we note that when working in lower SES contexts,
an active (placebo) control group design may be ethically
unacceptable [1]. Another issue noted is that some studies
do not assess a child’s ability to transfer regulation skills
into their everyday lives or assess maintenance over time
[3, 12, 37]. Lastly, it remains unknown if NF interventions
that show behavioral improvements also help children im-
prove regulation of neurological or physiological processes
(e.g. stress response) [40]. We suggest that what is needed
is a field study design in line with the positive practices
noted above but with a randomly assigned control group
and measures of transfer and maintenance of self-regulation
behaviors and physiological stress response.

3 MIND-FULL SYSTEM AND GAMES
We developed a new version of our EEG-based NF game
system, called Mind-Full, using established BCI for children
design principles as described in [2]. We created six games.
Two of the games closely resemble games used in our Nepal
study, described in [3], which was conducted in a school
for children living in poverty. The Nepali children share
some characteristics with our new population (e.g. lower
SES, similar age range). The four other games are new but
follow guidelines cited in [2], and require similar interactions
as the previous games. For example, a child must breath
calmly or relax their body to cause an effect in the game.
Sincewe are replicating and building on previously published
research on game designs but evaluating our games with a
new population in a new context, we provide only a summary
of the games here.

Figure 1: Pinwheel game. Blowing softly on pinwheel
calms the brain causing pinwheel to spin counterclockwise
A to B.

Our Mind-Full system uses a BrainLink Pro1 EEG headset
to wirelessly transmit brainwave data into a Unity 3D game
engine running on an Android tablet. BrainLink is a com-
mercially available EEG headset that uses the Neurosky chip
and only one dry electrode to record electrical activity in
the left pre-frontal cortex. Compared to most EEG units, it is
robust, non-invasive, adjustable, and easy to wear due to the
single dry electrode. It is inexpensive ($99 USD) compared
to clinical EEG headsets. A predecessor of the system was
validated in terms of its ability to reliably measure atten-
tional states using a proprietary algorithm [30]. Our own
tests have shown that the headset can differentiate between
anxiety and attention in young adults. The headset sends
processed and raw brainwave data via Bluetooth to the Unity
application, where it is analyzed and used to control game
mechanics, and interface and output elements.

Figure 2: Salmon game. Blowing softly on the ember (A)
creates a flame and smokes the salmon, which is then
stolen by the raven (B).

There were two types of games to help children learn how
to self-regulate anxiety by calming their body and brain. One
type of game helps children learn to relax a little by breathing.
We refer to the three variations of this breathing-relaxation
game as Pinwheel, Salmon, and Squirrel. In the Pinwheel
game, we represent relaxation using a familiar metaphor —
a pinwheel (Figure 1). The child user sees an animation of a
girl softly blowing on a pinwheel, which spins. Next, it is the
child’s turn. Like the animated girl, the child softly blows on
pinwheel image, which relaxes her body, thus shifting her
brain state toward a relaxed state (lower alpha brainwave
frequency). The EEG sensor uses a proprietary algorithm to
determine a "relax" index. When the index passes a threshold,
the game triggers an animation of the pinwheel spinning.
If the threshold is maintained for a set amount of time, the
child earns a token. In the Salmon game, the child must blow
1http://store.neurosky.com/collections/brainlink-pro
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on an ember to start a fire to smoke a salmon, which a pesky
raven steals (Figure 2). The child must enact the same slow
breathing but in a different context.

Figure 3: Paraglider game. Relaxing whole body as if lying
in the field calms the brain, landing paraglider from A to B.

The other type of game teaches children how to use their
body to sustain a relaxed brain state by becoming and then
remaining relaxed in their body. We refer to the three varia-
tions of this sustained relaxation game as Paraglider, Bear,
and Sasquatch. In the Paraglider game the child must relax
their body and stay calm to land the paraglider (Figure 3).
In the Bear game, the child must stay relaxed and calm to
stay hidden so they can take a photograph of a bear who
cautiously approaches, drawn by the scent of the salmon
carried by the raven (Figure 4). All together our system con-
tains six games (three of each type) that help children learn
self-regulation of anxiety by learning to calm themselves.
We created six games to address concerns of reduced engage-
ment and enjoyment cited in [19].

Figure 4: Bear game. Staying calm hides the user so bear
advances from A to B where it is captured on phone.

The key characteristics of each game follow design prin-
ciples from [2]. For example, each game uses a form of em-
bodied metaphor that relates body and brain states (source
domain) to a familiar activity for this population (target do-
main). In this way children can learn how to use their body
to regulate their mind and receive positive or corrective
feedback through the simple animated game responses (e.g.
pinwheel spins or stops, ember turns to flame or goes out,
bear advances or recedes).

4 METHODOLOGY
We conducted a 2x3 randomized controlled experiment with
20 young (aged 5 to 8 years) children, split into two groups,
to determine the impact of the Mind-Full intervention on
young children’s anxiety and stress levels. The children were
recruited from two lower SES schools that served diverse
and multi-ethnic populations, including aboriginal children,
recent immigrant and refugee children. Many of the chil-
dren had suffered from trauma due to family dysfunction,
refugee status, marital break-ups and/or other factors related
to living in lower SES situations. Children were drawn from
Kindergarten, grade one or two classrooms, representing the
span of the target age for our system. Half the children par-
ticipated in 18 individual, facilitated sessions with Mind-Full
over seven weeks during school hours.

There are two independent variables: group (intervention,
control) and assessment time (pre-test, post-test, follow-up
test). Assessment time is named relative to the intervention
group, however all the children were assessed at pre and
post-test points. We also report data for the intervention
group (only) at nine week follow-up. For ethical reasons (for
example, see [1]), the control group was later able to do the
intervention but we do not report that data here. The control
group provided a comparative group to account for chil-
dren’s social-emotional learning in the classroom and/or at
home and other maturation or developmental effects. Ethics
approval to conduct this research was obtained from Simon
Fraser University (Burnaby, Canada) and the Burnaby School
District.

ResearchQuestions and Hypotheses
We investigated two constructs: viability, which we defined
as the ability to self-regulate during gameplay, and to complete
the intervention at school; and effectiveness, which was
the impact of the intervention on anxiety (see Table 1). We
operationalized effectiveness in three ways: 1) behaviors
related to the use of self-regulation skills related to anxiety in
situations at school and home; 2) levels of anxious behaviors
at school and home; and 3) physiological measures of stress
at school only. We provide details of measurement below
under data collection and analysis.
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We measured viability to ensure children in the interven-
tion group could use our system to learn to self-regulate
during gameplay and complete the intervention. We also ob-
served early sessions, and analyzed facilitator’s observation
notes to look for any usability or usage issues. We measured
effectiveness to understand the impact of the intervention,
which addresses our overarching research question. Effec-
tiveness was measured to determine how well children could
use self-regulation skills during stressful events at school
and home. An assumption here is that if children in the inter-
vention group are better at using self-regulating skills after
the intervention (i.e. at post-test) compared to the control
group, then they learned that from the intervention and were
able to transfer this learning into other situations. Any other
self-regulation learning that occurred would have randomly
occurred in classrooms or homes; and groups were chosen
to have equal numbers of children from different classrooms.

We alsomeasured all children’s anxious behaviors at school
and home and stress levels at school because for children
who have suffered trauma or live in lower SES situations, it
was possible that children in the intervention group might
get better at self-regulating during stressful events but that
their overall levels of anxiety and stress would not change.
We did not measure stress level at home because we use sali-
vary cortisol tests (details below), which we were not able to
administer in a home setting. Our specific research questions
and directional hypotheses, where appropriate, follow:

RQ1. Is our system a viable neurofeedback intervention that can
help children learn to self-regulate anxiety during gameplay?

H1.1 Children in the intervention group will be able to suc-
cessfully self-regulate anxiety to play the games over the
course of their intervention.

H1.2 Children in the intervention group will be able to com-
plete the intervention (i.e. receive five tokens per each game
in 18 sessions over seven weeks).

RQ2. Can children effectively transfer their ability to self-
regulate anxiety learned during the intervention to other con-
texts where they are anxious (school, home)?

H2.1 There is no significant difference between the inter-
vention and control groups on behavioral measures of their
ability to self-regulate anxiety at pre-test (i.e. groups are
equivalent before the intervention starts).

H2.2 There is a significant difference between the interven-
tion and control groups on behavioral measures of their
ability to self-regulate anxiety at post-test.

H2.3 There is a significant improvement within the interven-
tion group on behavioral measures of ability to self-regulate
anxiety from pre-test to post-test.

H2.4 Any improvement within the intervention group on
behavioral measures of ability to self-regulate anxiety from
pre-test to post-test will be maintained at follow-up test.

RQ3. Are children’s anxious behaviors reduced after the inter-
vention (school, home) compared to the control group? We
expect that children in the intervention group will improve
their ability to self-regulate anxiety at school and at home
(H2.2-2.3). However, we cannot necessarily expect that they
will experience fewer episodes of anxiety. There are many
events in each child’s life that contribute to their experiences
of anxiety. The intervention does not impact the causes of
anxiety, nor do we have control over these events. For RQ3,
our expectation is that children’s behaviors that indicate they
are experiencing anxiety, in both groups, will fluctuate over
the course of the intervention. It is possible that a child’s
improved ability to self-regulate will mean that a parent or
teacher may not notice behaviors related to anxiety as often.
That is, the anxiety is still present, but the child can deal
with it more effectively and as a result show less behavioral
evidence of anxiety.

RQ4. Are children’s physiological levels of stress reduced after
the intervention at school compared to the control group? As a
result of being better able to self-regulate anxiety, we might
expect that children’s overall stress levels would decrease.
However, they may still have events in their lives that cause
elevated stress levels. As a result, we have no directional
hypotheses for this research question.

Participants
Thirty-two children were identified by school principals,
counselors and teachers at two elementary schools in a lower
SES urban area of Canada. The primary criterion for initial
selection was qualitative identification of severe challenges
with anxiety and/or attention, since these are often corre-
lated. Of the 32 children identified, 30 children and their
parents provided assent/consent to participate. We screened
the children in two ways. At pre-test, the teachers were inter-
viewed about the nature of each child’s learning and anxiety
challanges, other challenges, and personal characteristics.
We also administered the teacher Self-Regulation of Anxi-
ety survey (described below). Of the 32 children, 20 met the
criteria for severe challenges with anxiety and age appro-
priate cognitive functioning, resulting in a sample size of 20
children with severe anxiety.
Children’s teachers and parents also had to provide con-

sent as they participated in classroom coaching activities
(teachers) and assessment (teachers and parents) as described
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below. Based on the results of pre-test teacher interviews,
we formed 10 matched pairs of children based on school,
grade, gender, anxiety challenges, and personal character-
istics. One child from each pair was randomly assigned to
the intervention group and one to the control group. The
end result was 14 males, 6 females split evenly across the
two schools and groups. Six children were in kindergarten,
four children were in grade one and eight children were in
grade two. The children’s ages ranged from 5 to 8 years old
and changed over the study duration. All children had good
verbal mastery of the English language.

Procedure
TheMind-Full intervention was delivered to the intervention
group in 15-20 minute pull-out sessions in a quiet counsel-
ing room at each school (Figure 5). They were facilitated
by a recently graduated social worker. Sessions were deliv-
ered over seven weeks with a frequency of three times per
week, and a final week for make-up sessions. The length,
frequency and number of sessions was based on other suc-
cessful NF studies with children (e.g. [10, 13, 19, 33]) and
determined based on the constraints of each school’s class-
room schedules. Children played one relaxation and one
sustained relaxation game in each session, switching to new
games every 6 sessions, for a total of 18 sessions. All children
played the same games in the same order. Make-up sessions
(e.g. due to illness) were facilitated by the social worker or
an educational assistant (EA) trainee who had a relationship
with all the children. Both the social worker and EA trainee
were trained by the PI (Antle) on the project.

Each child was introduced to the Mind-Full system using
a scripted protocol. In each session, children were instructed
on how to use breathing or body relaxation to change their
brain state and cause game effects (e.g. pinwheel spin, bear
approach) and earn tokens in the games. Session coaching in-
volved helping children understand the relationship between
their body and brain (e.g. breathing calms the brain, relaxing
the body from feet all the way up to head helps body stay
relaxed). Note that all children in the study had previously
been exposed to these practices in other classroom inter-
ventions. Each session was also facilitated with a scripted
protocol designed to build rapport, identify daily stresses,
and encourage the children to focus on practicing rather
than succeeding at playing the games. Sessions began and
ended by asking/reminding children to use self-regulating
strategies outside of the intervention.
The PI monitored early and intermittent sessions and re-

viewed detailed facilitator observation notes to ensure proto-
col compliance. Teachers were also trained to use small lam-
inated posters, containing simple images and phrases taken
from the intervention, to support children to transfer self-
regulation from the games into the classroom. For example,

Figure 5: Child using the Mind-Full system in study setting.

one poster was an image from the Pinwheel game showing
an illustration of a girl blowing on a pinwheel and included
text for the teacher to read, "Calming down. . . imagine blow-
ing on a pinwheel — slow deep breaths." All classrooms in
both schools with students in the study were given posters.
Teachers were asked to explain these materials to all the
students in their classes, relating them to other mindfulness
practices they used. This ensured that both intervention and
control students were exposed to the classroom materials.

Data Collection
We addressed RQ1 (viable) with structured observational
notes taken by the facilitator for every session, which enabled
us to determine the number and duration of sessions for each
child in the intervention group. We also determined if each
child, in each session could successfully complete each of
the two games by receiving five tokens (i.e. play successfully
five times).
In order to address RQ2 (effective), we assessed each

child’s ability to self-regulate anxiety (SRAnx), that is to
calm down in a variety of situations at school and home.
We used a teacher version of a short survey that was used
in a previous study [3]. In previous work, the survey was
shown to be reliable (Cronbach’s α > 0.70) and sensitive to
change over time. The construct SRAnx was measured with
five statements, each related to the child’s ability to calm
themselves down in different situations at school (teacher)
or home (parent), and a five point rating scale ranging from
"Can do this mostly by themselves" (5) to "Cannot do this
at all even with support" (1). The main difference in the
survey we used in this study compared to [3] is that we
removed one question that was not found to be sensitive to
change and replaced it with a question that was contextually
relevant for the current study. Sample questions include:
Child can calm down when they are having difficulty with
some schoolwork and Child can calm down after a stressful
event in the playground. We also adapted the teacher version
to create a parent version that assessed the same behaviors
but in a home setting. Sample questions include: Child can
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calm down when they are having difficulty with a task at home
and Child can calm down after a stressful event at home.

We assessed all the children at pre-test, post-test and the
intervention group at follow-up test with the SRAnx surveys.
Translators were assigned to parents who were not fluent in
English. Teachers were given dedicated time to administer
the surveys while substitute teachers taught their classes.
There was likely bias in the teacher and parent survey assess-
ments since they were not blind to condition. However, in
line with other studies and recommendations [12], children’s
teachers and parents are best suited to assess children’s abil-
ity to self-regulate anxiety at school and at home. We in-
terpret results with caution and used multiple measures to
improve validity.
In order to address RQ3, children’s levels of anxious be-

haviors, we used the Behavior Assessment System for Chil-
dren (BASC-3) Survey, subscale: anxiety for teachers and for
parents [32] at the same test points as SRAnx. The BASC-3
teacher rating scales are a comprehensive measure of prob-
lem behaviors in school settings. We used the survey for ages
6 through 11. The survey contains statements with descrip-
tors of 16 behaviors relaxed to anxiety and a 4 point rating
scale related to frequency of observed behavior, ranging
from never (1); sometimes (2); often (3); and almost always
(4). Sample statements include: Has panic attacks; Appears
tense; and Overreacts to stressful situations. The BASC-3 has
excellent test score reliability (i.e., mid-.80s or higher) [32].
Parents also filled out the BASC-3 anxiety subscale, which
was comprised of 21 questions and the same 4 point scale.
In cases where a parent or primary caregiver was not fluent
in English we assigned a translator to work with the parent
and translate the survey.

We addressed RQ4, stress level, by measuring salivary cor-
tisol levels, which provide an objective, biological indicator
of stress and have been validated with young children (e.g.
[22, 26]). Salivary cortisol is increasingly being used as an
indicator of children’s stress related experience in the class-
room. For example research with preschoolers found that
higher levels of teacher-child conflict were associated with
increased levels ofchildren’s cortisol during interactions with
teachers [22]. Higher cortisol levels in 5th grade students may
be linked to mental health issues [28].
A normal pattern for cortisol in typical children is that

levels rise within 20 to 45 minutes after waking and then
gradually decline throughout the day. Abnormally high, low,
or flat levels of cortisol throughout the day may indicate
dysregulation associated with high stress levels. We took
salivary cortisol swabs at pre-test and post-test following
standard procedures for testing with children (e.g. [16, 17]).
For example, we collected samples at set times of day (9:15

am, 11:30 am, 2:30 pm) and had children avoid vigorous exer-
cise or food intake prior to sampling. The session facilitators
and researchers worked with the children in small groups to
take the swabs at the set times at the two schools over two
adjacent days. We created a 60 second song about delicious
foods to help the children salivate (an issue reported in [17])
and also so they would keep the swabs in their mouth for
the full 60 seconds. We also encourage children to remain
calm during the testing. Samples were kept cold and picked
up at the end of each day by courier. They were shipped to
the Clemens Kirschbaum laboratory at the Dresden Univer-
sity of Technology in Germany for analysis. The lab uses a
standard procedure as reported in [28]. Based on the data
received from the lab, we calculated three cortisol measures
per child: morning level, and average and decline (slope) dur-
ing the school day. We also determined if the daily pattern
was irregular.

Table 1: Constructs, dependent variables and measures.

Construct Operational
Definition

Variable
Name

Measurement
Instrument

1 Viable
(intervention

SR in games SRGame Structured obs
(facilitator)

group only) completion of
sessions

Completion Structured obs
(facilitator)

2 Effective
(both groups
at pre & post,

Use/Transfer of
anxiety SR be-
haviors to

SRAnx-S
(school)

Calm survey
(teacher)

intervention
only at f-up)

non-gameplay
contexts

SRAnx-H
(home)

Calm survey
(parent)

3 Effective
(both groups

Anxious behav-
ior levels

Anxiety-
S (school)

BASC-3 survey
(teacher)

at pre & post,
intervention
only at f-up)

Anxiety-
H (home)

BASC-3 survey
(parent)

4 Effective
(both groups
at pre & post)

Physiological
stress levels

Cortisol
(school)

Salivary cor-
tisol tests
(researchers)

Data Analysis
RQ1: We used facilitator’s detailed session notes to calculate
the number and duration of sessions for each child in the
intervention group. We also determined if each child, in each
session could successfully collect five tokens in each game,
and made notes of usability or learning challenges.

RQ2: Since the survey for the RQ2 construct self-regulation
of anxiety (SRAnx) was a variation of a previously published
instrument, we assessed its reliability using Cronbach’s al-
pha, which is a measure of the internal consistency or the
extent to which all the items in a survey measure the same
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construct. There is different advice about the satisfactory
level of reliability, ranging from 0.7 to 0.9 [9]. We used SPSS
to run reliability analysis. For Cronbach’s alpha values of 0.8
and above, we included all questions. When values were less
than 0.8, if deleting any items could increase the overall reli-
ability above 0.8 we removed them to improve the reliability
of the construct measure as is standard practice in survey
development [9]. The RQ3 BASC-3 Anxiety measure has al-
ready been shown to be valid and reliable so we included all
questions for the Anxiety construct [32].
For all survey data we used SPSS to check for assump-

tions of normality (Shapiro-Wilks’ test) and equal variance
(Levene’s test) and examined frequency distributions to ex-
plore deviations. We generated descriptive statistics (mean,
standard deviation) and ran mixed 2x2 (repeated measures)
ANOVAs for each dependent variable to determine the im-
pact of group and test point (pre and post). We ran repeated
measures t-tests on intervention group data from post to
follow-up. We used an alpha level of .05 for all statistical
tests. ANOVAs are robust to violations of normality. Where
there were violations in assumptions we state results with
caution.

RQ4: Results from cortisol tests indicated that there were
missing values (either no test or empty vial), significant
events that impacted results (e.g. crying, sick), and cases
where the test protocol had not been followed (e.g. child had
just exercised, consumed orange juice, taken asthma or cold
medication). These values were excluded. Exploration of re-
maining values for morning, average and slope of cortisol
levels showed high individual variability, which has been
found to be the case for children in other studies [36]. In
addition, the covariate of school was found to affect cortisol
measures. Due to high variability and low sample size, we
chose to conduct a frequency analysis of individual cases.
Previous research has established norms for cortisol levels
for 5 to 10 year olds throughout the day in the 5th, 50th and
95th percentiles [27]. Interpolation between the 50th and 95th
percentiles is nonlinear and would require complex model-
ing, so we chose the 50th percentile norms. Using this data we
calculated thresholds for morning, average daily and daily
decline based on our sample times. For each child and test
point we determined if their cortisol variables were above
the 50th percentile and noted irregular patterns. We then
compared all counts across groups and test points.

5 RESULTS
RQ1. Viability of Intervention
All children were able to learn to use their bodies to change
their brain states enough to play the games and receive to-
kens. With coaching and patience, children were able to
complete 18 sessions, receiving five tokens in each of the

two games per session. Each session included, on average,
about 10 minutes of gameplay. A technical challenge was
that the headset occasionally disconnected from the tablet,
requiring restarting.

RQ2. Self-Regulation of Anxiety
The SRAnx surveymeasures children’s ability to self-regulate
their anxiety, as rated by either their teacher or parent. The
Cronbach’s alpha at each test point then ranged from α =
0.81 to 0.89, which is within an acceptable range [9]. Distribu-
tions were not normal for the intervention group at post and
follow-up test points (positive skew, which is typical of Likert
data). All datasets had equal variances. Descriptive statistics
comparing teachers’ ratings for SRAnx for each group at each
test point are shown in Table 2. We ran a two-way mixed
ANOVA on a sample of 19 participants (one child moved be-
fore post-test survey) to examine the effect of group and test
point on average SRAnx score. Results indicated a significant
interaction between the effects of group and test points on
SRAnx score, F (2,18) = 4.868, p =.041 with a small effect size
(η2p = .222). As hypothesized (H2.1) simple main effects anal-
ysis showed no significant difference (p = .525) at pre-test
between the intervention and control groups. Contrary to
our hypothesis (H2.2) there was no significant difference (p =
.390) at post-test between the groups. In alignment with our
hypothesis (H2.3) the within group analysis results indicated
that the intervention group improved significantly (p = .010),
from pre-test to post-test. As hypothesized (H2.4), a t-test
showed that this improvement was maintained (p = 1.00) at
the follow-up test.

Table 2: Teacher rating (5-1) ability to self-regulate anxiety.

Measure Group Mean Std. Dev. N p
Teacher Interv’n 2.88 .945 10 n.s
SRAnx @
Pre-test

Control 3.11 .574 9

Teacher Interv’n 3.43† .834 10 n.s
SRAnx @
Post-test

Control 3.06 .990 9

Teacher Interv’n 3.43†† .858 10 N/A
SRAnx @
Follow-up

Control N/A N/A 0

†within intervention group difference p =.10;
††gain maintained p = 1.00.

For the parent ratings on SRAnx we assessed the internal-
consistency reliability of our five items using Cronbach’s
alpha at each test point. The reliability was improved by
removing Q4 (Child can calm down after a transition). The
resulting Cronbach’s alpha at each test point then ranged
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from α = 0.80 to 0.93. All datasets had equal variances and
normal distribution. Descriptive statistics comparing par-
ents’ ratings for SRAnx for each group at each test point are
shown in Table 3. We ran a two-way mixed ANOVA on a
sample of 16 participants (4 parents did not return surveys)
to examine the effect of group and assessment period on
average SRAnx score. Main effects analysis showed that test
period was approaching significance (p = .058) and group had
a significant impact, F (1,15) = 4.761, p = .047) on SRAnx with
small to medium effect size (η2p = .254). Post-hoc analysis
showed that contrary to our hypothesis (H2.1) there was a
significant difference at pre-test (p = .014) between the two
groups. Also contrary to our hypothesis (H2.2) there was
no significant difference (p = .277) at post-test between the
groups, largely because the intervention group improved to
the level of the control group. In alignment with our hypoth-
esis (H2.3) the within group analysis results indicated that
the intervention group showed significant improvement (p
= .014) from pre-test to post-test. As hypothesized (H2.4), a
t-test showed that this improvement was maintained (p =
.395) at the follow-up test.

In summary, we have evidence that teachers rated groups
equivalent at pre-test but not parents (H2.1); no evidence for
between group effects at post-test at school or home (H2.2);
positive evidence for within group gains in the intervention
group at both school and home (H2.3), which were main-
tained at follow-up at school and home (H2.4). We interpret
these results with caution due to the small sample size and
since some of the data was not normally distributed.

Table 3: Parent rating (5-1) ability to self-regulate anxiety.

Measure Group Mean Std. Dev. N p

Parent Interv’n 2.91 .667 8 p=.014∗

SRAnx @
Pre-test

Control 4.02 .898 8

Parent Interv’n 3.59† .865 8 n.s
SRAnx @
Post-test

Control 4.05 .732 8

Parent Interv’n 4.02†† .694 7 N/A
SRAnx @
Follow-up

Control N/A N/A 0

∗between group significant difference at pre-test at p < .05 level
†within intervention group pre to post difference p = .014.
††gain maintained p = .395.

RQ3. Anxious Behavior
The BASC-3 Anxiety subscale survey measures children’s be-
haviors that indicate anxiety, as rated by either their teacher
or parent. For the teacher survey, Cronbach’s alpha at each

test point then ranged from α = 0.70 to 0.89. Distributions
were normal and all datasets had equal variances. Descrip-
tive statistics comparing teacher ratings of Anxiety for each
group at each test point are shown Table 4. We ran a two-way
mixed ANOVA on a sample of 19 participants to examine
the effect of group and test point on average Anxiety score.
Results showed no significant effect of group onAnxiety at ei-
ther pre-test or post-test. There was no significant difference
within the intervention group between post-test and follow-
up. The groups were equivalent at pre-test as expected, but
teachers did not see a change in the numbers or kinds of
anxious behaviors over the course of the study between or
within groups.

Table 4: Teacher BASC-3 rating (1-4) anxious behaviors.

Measure Group Mean Std. Dev. N p
Teacher Interv’n 2.05 .272 10 n.s.
Anxiety @
Pre-test

Control 2.00 .601 9

Teacher Interv’n 1.99 .301 10 n.s
Anxiety @
Post-test

Control 2.06 .571 9

Teacher Interv’n 2.05 .319 10 N/A
Anxiety @
Follow-up

Control N/A N/A 0

For the parent Anxiety survey Cronbach’s alpha at each
test point then ranged from α = 0.80 to 0.91. Distributions
were normal and all datasets had equal variances. Descrip-
tive statistics comparing parents’ ratings for Anxiety for each
group at each test point are shown in Table 5. We ran a two-
waymixed ANOVA on a sample of 16 participants. Results in-
dicated a significant interaction between the effects of group
and test points on Anxiety scores, F (2,15) = 6.988, p =.019
with a medium effect size (η2p = .333). Simple main effects
analysis showed a significant difference (p < .001) at pre-test
between the intervention and control groups, that is parent’s
rating indicated that the groups were non-equivalent at pre-
test. There was no significant difference at post-test between
the groups, largely because the intervention group improved
and the control group’s behavior deteriorated. The within
group analysis results indicated that the intervention group
improved significantly (p = .012), from pre-test to post-test
and a t-test showed that this improvement was maintained
(p = .742) at the follow-up test.

RQ4. Stress Levels (Salivary Cortisol)
Our viability analysis of samples showed that in the inter-
vention group of the 60 samples (ten children x three daily
samples x two test points) there were 15 protocol issues,
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Table 5: Parent BASC-3 rating (1-4) anxious behaviors.

Measure Group Mean Std. Dev. N p

Parent Interv’n 2.66 .476 8 p<.001∗

Anxiety @
Pre-test

Control 1.76 .274 8

Parent Interv’n 2.17† .471 8 n.s
Anxiety @
Post-test

Control 1.91 .402 8

Parent Interv’n 2.12†† .274 7 N/A
Anxiety @
Follow-up

Control N/A N/A 0

∗between group significant difference at pre-test at p < .001 level
†within intervention group pre to post difference p = .012.
††gain maintained p = .742.

Table 6: Count of cortisol variables above 50th percentile.

Group Morning Daily Ave No Decline Irregular
pre post pre post pre post pre post

Interv’n 6/9 4/10 7/8 4/4 7/8 3/7 9/9 4/8
Control 5/7 8/10 8/8 8/8 8/8 8/9 6/7 5/9

one empty sample and one major event resulting in 43 viable
samples. In the control group there were nine protocol issues,
one empty and six missing samples, resulting in 45 viable
samples. At pre-test morning cortisol levels were above the
50th percentile for over half the children in both groups (Ta-
ble 6). At post-test this count dropped for the intervention
group and increased for the control group. Almost all the
children had average daily cortisol above the 50th percentile,
and this did not change over the course of the study. At
pre-test the expected decline in cortisol level over the day
was seen for only one child. However, at post-test just over
half the children in the intervention group had the expected
decline and only one in the control group. Most children had
an irregular cortisol pattern at pre-test and this dropped for
both groups at post-test.

Methodological Limitations
Despite the strengths of our random assignment, control
group and mixed measures experimental design, there are
many limitations working in the field with children with
behavioral problems. The small number of children in our
sample and small effect sizes of some of our results reduce
the strength of claims that we can make about effectiveness.
However, working with a larger sample was not possible
without introducing more facilitators, which would intro-
duce another variable. The ability of a facilitator to build
rapport with a child and coach them successfully is required

for any successful intervention. Mind-Full is simply a tool,
which must be used in competent hands. Our study design
does not disambiguate the impact of facilitator from tool in
causing positive outcomes.
Our assessors for survey measures and interviews were

not blind to condition, since teachers had to coordinate ses-
sion schedules and we assumed that these young children
spoke about doing the intervention with their teachers and
parents. Both self-regulation and anxiety are internal states,
and any behavioral measures are proxies at best. Self-reports
might address this and are often used in studies with older
children. We did collect this data but realized quickly that it
was completely unreliable (e.g. children not wanting to admit
anxiety, children wanting to please facilitator, children over
dramatizing etc.). Only 16/20 parents returned the surveys,
despite our many efforts to administer and collect them. It
is possible that this introduces a bias to our parent results.
Parents that did not return surveys might have been higher
on measures of adverse child-rearing practices, which may
further heighten behavioral and neurophysiological impacts
of stress. However, for this demographic, 80% return rate is
substantial, perhaps indicating parents who were committed
to their child’s well-being. It is difficult to know. We could
explore the correlation between missing parental surveys
and a child’s cortisol levels, however, there are likely many
factors at play.
While testing cortisol levels adds an objective measure,

we were not clear if our intervention would significantly
impact irregular patterns, which are manifestations of dys-
regulation associated with high stress levels over time. In
addition, testing cortisol levels has challenges due to the
nature of pulling children from class, taking them to a sam-
pling room, and conducting tests with peers nearby. All of
these factors may have contributed to variable or heightened
cortisol, although it takes roughly 20 minutes for raises in
cortisol levels (e.g. from running down the hall) to impact
salivary levels. There were numerous protocol issues and
adverse effects that impacted results, which could have been
avoided if it was possible to test cortisol across several days.

6 DISCUSSION
In this research we investigated if a mobile, low-cost EEG-NF
app, designed using existing guidelines and readily available
technology, was viable when used in one-on-one pull-out
sessions with highly anxious young children in lower SES
schools. Our proof of concept suggests that this approach
warrants attention as a way to address the growing gap
between mental health challenges and support services for
children, especially those who have behavioral issues and
are difficult to access.

This is the first study to show that it is viable for a novice
but trained facilitator to use an EEG-NF app in a school

CHI 2019 Paper  CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

Paper 36 Page 10



Evaluating the Impact of a Mobile Neurofeedback App CHI 2019, May 4–9, 2019, Glasgow, Scotland UK

setting with young highly anxious children. After 18 sessions
teachers and parents saw a noticeable within intervention
group difference in most children’s ability to self-regulate
their anxiety in the classroom and at home. We tentatively
suggest that this was a result of their ability to transfer, with
teacher supports, self-regulation learning from the games
into other contexts. We also assessed maintenance and saw
that self-regulation gains were maintained over nine weeks.
Parents but not teachers of the intervention group also saw
a decrease in anxious behaviors at home, an effect also seen
in [19]. This warrants further investigation. Between group
effects at post-test were not significant and may have been
impacted by high individual differences (between and within
children) leading to variable data, as well as small sample
sizes and having non-equivalent groups at pre-test for some
measures (except the measure we used to create the groups).
In summary, our findings are in line with studies that show
improvement on behavioral measures of anxiety (e.g. [4, 19,
32]). However, we did not see between group effects cited in
these papers.
Our methodological contribution included the use of a

randomized (waitlist) control design, addressing concerns
cited in [3, 11, 38]. However we were still limited to small
sample sizes due to scheduling three sessions per week per
child with a single facilitator (to control for facilitator-based
differences). Another key contribution of our methodology
was the development and reliability assessment of the SRAnx
survey for teachers and parents, which measured children’s
ability to self-regulate anxiety rather than only looking at
levels of anxious behaviors. We know of no other studies
that have included a similar measure. Our measure enabled
us to provide an indicator of transfer of learning from self-
regulation in the intervention games to everyday life in the
school and home, an issue raised in previous research (e.g.
[4, 12, 36]) as well as maintenance of self-regulation ability.

Another challenge with existing studies is the reliance on
non-blind assessments of behavior [12]. We think that par-
ents and teachers are well suited to assess behaviors related
to children’s anxiety. However, to improve rigor we added an
objective measure of stress; salivary cortisol tests. The test
was difficult to administer in a school setting, but provided
some evidence of the baseline stress level of our sample, and
showed some positive change for the intervention group.
Overall, we have contributed a detailed description and sug-
gestions for improvement of our methodology, which can
support other researchers working in mental health app
development to understand the ways in which they can rig-
orously evaluate effectiveness in the field.
In future work, we will analyze data from this study for

children who had attentional challenges, focusing on self-
regulation of attention, and including the waitlist control

group’s post-intervention data to improve sample size. Re-
sults will reveal if the gains seen for self-regulation of anxiety
reported in this paper are also found for self-regulation of
attention, as was seen in previous work [3]. We are also inter-
ested in determining if our approach and design guidelines
result in effective EEG-NF apps for other emotion regulation
areas such as pain, fear, sadness and anger. We have begun
work on conceptual designs for these areas.

In addition, we are currently seeking funding to conduct a
larger research project in which we will investigate if we can
more directly impact clinical practice and/or mental health
services. For example, we are planning to work with an anx-
iety clinic at a local children’s hospital, which would enable
us to have a greater sample size, a longer study duration and
to understand how to adapt our intervention to a clinical set-
ting. In addition, we need to determine how to better support
and assess transfer and if additional coaching or sessions
are needed, and at what frequency, to extend maintenance
gains. To address individual differences seen in this study, we
may adopt a mixed methods case-by-case analysis approach.
This approach may also reveal socio-technological factors
of importance (in addition to those reported in [4]), which
would contribute to understanding how to deploy such inter-
ventions more broadly. In this case, we might include data
collection and analysis investigating mediating factors such
facilitator, family dynamics (as suggested in [38]), teacher
and school; the impact of teacher stress levels and practices
(as discussed in [28]); individual characteristics such as self-
efficacy and perceived competence; and contextual factors at
schools including children’s feelings and opinions of safety
and belonging (as suggested in [28]). Lastly, we would like to
see future studies in which investigators measure the impact
of long term NF interventions on brain structure and activity
directly, which would address concerns that NF may only
impact behavior (e.g. [40]).

7 CONCLUSION
Our research contributes to HCI for mental health by show-
ing the viability of an anxiety intervention using a low-cost,
mobile EEG-NF system with a marginalized, hard to reach
population of young children. We hope our work contributes
to the uptake of a research agenda in Positive Computing
focusing on emotion regulation and socio-emotional learn-
ing for young children. We see NF apps like ours as a tool —
one of many — needed through children’s lives to help them
overcome the negative impacts of poverty and trauma on
brain development, and subsequent education and personal
development. Our results are promising and we urge other
researchers to explore how digital mental health applications
can be used to support children and their caregivers from
marginalized populations.
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