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Abstract 
Breathing exercises have been shown to have multiple 
benefits for children with Attention Deficit Hyperactivity 
Disorder (ADHD). However, these children can have 
issues retaining attention to such an exercise. In this 
paper we present a study of ChillFish, a respiration 
game for children with ADHD. Our findings show 
tendencies that the game works in terms of having a 
calming effect. However, the study also highlighted 
issues of evaluating biofeedback games with children 
with ADHD that are not present when evaluating with 
adults. This work presents an iteration in the ChillFish 
development cycle that will hopefully result in a stable 
system that can assist children with ADHD in their 
everyday life.     
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Introduction 
Recently HCI researchers have slowly begun to explore 
the potential of designing assistive technologies for 
children with Attention Deficit Hyperactivity Disorder 
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(ADHD) e.g. [6,10,11,13]. ADHD is a mental disorder 
that affects approximately 5% of all school age children 
[5], and the consequences of the disorder include 
challenges in sustaining attention, increased 
hyperactivity, academic underachievement, disruptive 
behaviors, bedtime resistance and poor self-regulation 
of emotions [1,8]. 

The limited existing research on assistive technologies 
for children with ADHD has mostly focused on providing 
structure for the child during morning [10,13] and 
bedtime routines [10]. However, the challenges 
associated with poor self-regulation of emotions have 
currently not been investigated, though more than 
every third child with ADHD is reported to have a high 
level of emotional challenges and problems coping with 
frustration [12]. Traditional strategies for coping with 
frustration and assisting the child to calm down often 
involve distraction and breathing exercises, as slow 
paced respiration techniques are well-documented 
techniques for calming down [3]. 

In this work, we present findings from our early studies 
of ChillFish, a respiration game for children with ADHD, 
highlighting the challenges we experienced during our 
evaluation of ChillFish with children with ADHD.  

Related Work 
The existing work on assistive technologies for children 
with ADHD is limited to TangiPlan [13], MOBERO [10], 
BlurtLine [6] and CASTT[11]. 

TangiPlan [13] and MOBERO [10] both provide assistance 
in daily activities by structuring the children’s activities. 
Tangiplan does so through a tangible interface that assist 
the children during their morning routines. MOBERO, 

based on a smartphone application, focuses on both 
morning and bedtime routines, and further includes family 
dynamics of families of children with ADHD by also 
providing assistance to the parents. BlurtLine [6] and 
CASTT [11] are both example of assistive technologies 
that utilize sensor data in order to provide in-situ support 
for the child; BlurtLine uses a worn chest strap to detect 
and prevent forthcoming blurts (impulsive speaking 
behaviors)[6], and CASTT uses worn accelerometers and 
a smartphone to assist a child to regain attention in critical 
school situations [11]. 

In contrast to research on assistive technologies for the 
ADHD domain, research on biofeedback games and 
applications has received widespread attention from the 
HCI community. Examples of calming biofeedback games 
include Chill-Out [4] and Sonic Respiration [2]. Both Chill-
Out and Sonic Respiration utilizes a chest strap to capture 
the (adult) user’s respiration; in Chill-Out the user’s 
respiration alters the difficulty level of a mobile game, 
thus, a slow respiration rate makes the game easier to 
play. Sonic Respiration uses the respiration rate to 
manipulate an audio signal be adding white noise 
corresponding to the difference in respiration rate from a 
target respiration rate.  

Our work builds upon the work by Sonne and Jensen 
[9], who recently described a calming respiration game 
designed to facilitate a breathing exercise for children 
with ADHD. However, as children with ADHD is a 
vulnerable target group they decided to evaluate the 
effect of their respiration game on adults before they 
recruited and evaluated it with children with ADHD.  

The main limitation of the existing work on calming 
biofeedback application is that it is designed for (expect 

 

 

 

 

Figure 1: The ChillFish LEGO 
controller is used to control 
the player character in the 
ChillFish video game. 

 

 

 

Figure 2: Inside a thermistor 
connected to an RFDuino 
detects the child’s breathing 
pattern. 
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[9]) and evaluated with adults. We expand the existing 
work by evaluating such a calming biofeedback game, 
namely ChillFish, with children with ADHD. 

The ChillFish Biofeedback Game 
ChillFish is a calming breathing exercise disguised as a 
biofeedback game. The gameplay is based on an 
underwater 2D world, where the player character (a 
puffer fish) has to collect as many star fish a possible. 
The vertical positon of the puffer fish is controlled by 
the child’s inhalation and exhalation through a physical 
LEGO fish controller, as seen on Figure 1. When the 
child breaths into the LEGO fish, the virtual puffer fish 
moves towards the top of the screen and at the same 
time the puffer fish expands in size. The star fish are 
positioned so that in order to collect them all, the child 
has to apply a relaxed breathing pattern (see Figure 4). 

Already in our early design process we learned that using 
a chest strap was not a plausible solution. Both teachers 
and ADHD professionals involved in the design process [9] 
were skeptic about putting a chest strap on the child in 
order to play the game, as they believed that it should be 
as easy as possible to play ChillFish – especially if the child 
had just had an emotional outburst. Thus, we ended up 
using LEGO to develop a stand-alone breath-input 
controller, allowing the child to easily pick up the 
controller and start playing ChillFish without the need to 
wear any types of additional sensors.  

ChillFish is implemented in the Unity Game Engine and 
the physical game controller (see Figure 1 and 2) is 
built in LEGO and designed as a fish to resemble the 
player character. The breathing pattern is detected by a 
thermistor (a resistor that changes resistance based on 

temperature) connected to an RFDuino placed inside 
the LEGO fish as seen on Figure 2. The RFDuino (see 
Figure 3) transmits the sensor values from the 
thermistor via a Bluetooth 4.0 connection to the 
computer, where further smoothing and analysis are 
made before the data is sent to the ChillFish game.  

User Study 
In order to evaluate ChillFish with potential users, we 
recruited 12 children with ADHD between 8 and 13 
years old for a within-subject user study. All the 
children participated in an ADHD summer camp and 
consent was given by their parents. The study 
consisted of six activities: 1) Introduction, 2) Playing 
Pacman, 3) Breathing Exercise or Playing ChillFish, 4) 
Playing Pacman, 5) Breathing Exercise or Playing 
ChillFish, and 6) A brief interview. The study was 
designed to investigate whether playing ChillFish could 
have the same calming effect on the children as a 
breathing exercise (using heart rate variability as a 
metric), and therefore activity 3 and 5 was changed 
from participant to participant to counterbalance 
possible carry-over effects. Playing PacMan was used as 
a simulation of a stressful situation, inspired by the 
user study done in [9].  

Data Collection 
The children were equipped with a chest-strapped heart 
rate monitor that enabled us to calculate their heart 
rate variability (HRV) during the different activities, 
using the same calculations and processing as 
described in [9]. HRV can be used as an indicator of 
stress [9], however, it has also been questioned for 
being susceptible for other factors.  

 

 

Figure 3: The RFDuino placed 
inside the ChillFish LEGO 
controller uses a thermistor to 
gather breath data, which is then 
transmitted via a wireless 
Bluetooth 4.0 connection to the 
ChillFish game. 

 

 

 

Figure 4: The ChillFish gameplay. 
The sea stars are positioned in a 
curve corresponding to a calming 
breathing pattern, thus in order 
to collect as many star fish as 
possible the child has to sustain a 
calm breath during the game. 
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Hence, we decided to use electro dermal activity (EDA) 
sensors to supplement the HRV data, as EDA 
measurements indicate sweat in the skin, and as sweat 
is controlled by the sympathetic nervous system, it is 
also a way to measure stress. It is important to 
emphasize that the heart rate monitor and EDA sensors 
were only used to study the biometric effects of 
ChillFish, and they are not part of the actual game or 
system.  

Results     
Our initial goal was to evaluate the calming effect of 
ChillFish on children with ADHD. However, the findings 
from our study ended up highlighting challenges of 
evaluating physical prototypes with children, instead of 
providing statistical evidence for the effect of ChillFish. 
We will elaborate the findings and challenges in the 
following:  

First, we ended up only evaluating ChillFish with three 
children before the electronics inside the LEGO fish 
controller stopped working. This was due to the fact 
that the children, in contrast to the adults, seemed to 
exhale an extended amount of saliva into the LEGO fish 
during play causing the electronics to short. 

Second, by evaluating the recorded EDA sensor data 
and comparing it with video recordings and our own 
observations, it became clear that the data from the 
user study was unreliable. This was due to the fact that 
the children found it hard not to fiddle with the EDA 
electrodes, and whenever the children touched them 
(see Figure 5 and Figure 6) the EDA sensor values 
changed substantially, making the data invalid. 

On the positive side however, plotting the HRV data 
from the three children, who completed the study (see 
Figure 7), indicates a positive tendency that playing 
ChillFish and performing a traditional respiration 
exercise provides a similar calming experience for the 
children. A similar effect was previously documented in 
adults playing ChillFish [9]. 

Discussion 
Though we expected that our analysis of the HRV and 
EDA values would be the main findings from our study, 
we unfortunately experienced issues in evaluating 
ChillFish with children that we did not encounter when 
evaluating ChillFish with adults. As a result of the 
issues described in the previous section, we only ended 
up evaluating ChillFish with three children, making a 
valid statistical analysis impossible. However, based on 
the HRV data from the children that did complete the 

 

 

Figure 5: A child playing ChillFish 
at the summer camp for children 
with ADHD.  

 

 

 

Figure 6: A close up of the pre-
gelled and self-adhesive 
disposable EDA sensors used as 
also seen worn by a child in 
Figure 5. 
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Figure 7: The mean normalized HRV values for each of the 
activities in our study design. A higher HRV value indicates a 
more relaxed body state and vice versa. 
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study, we see a similar tendency as in previous work 
with adults, namely that playing ChillFish seems to 
provide a calming experience similar to a regular 
breathing exercise. It is not surprising that ChillFish 
potentially provides a calming experience for both 
adults and children, as the gameplay in ChillFish 
encourages and supports the player in performing a 
breathing exercise due to the strategic placement of 
the star fish. We know from the literature that 
performing a breathing exercise does affect the 
autonomic nervous system through increased activation 
of the parasympathetic nervous system, which provides 
a calming effect, e.g., [3,7]. Therefore, it is just as 
important to investigate if children can intuitively 
control the virtual puffer fish (by breathing through the 
physical LEGO fish) and find the gameplay easy to 
understand and engaging, because if children can 
successfully play ChillFish, they will automatically 
perform a breathing exercise per se.  

Conclusion and Future Work 
In this paper, we have described our first iteration of 
evaluating ChillFish with children with ADHD. ChillFish 
is a calming biofeedback game, which the child plays by 
breathing through a physical LEGO fish controller. At a 
summer camp for children with ADHD, we recruited 12 
children with ADHD to evaluate the calming effect of 
ChillFish in a user study. However, due to unexpected 
issued and challenges related to evaluating the game 
with children instead of adults, we only ended up 
evaluating ChillFish with three children. The captured 
HRV sensor data are in line with data from a previous 
study, suggesting that ChillFish did provide a calming 
experience for the children.  

For future work we will improve the ChillFish prototype 
in order to eliminate the technical issues we 
experienced in this study, e.g. by designing and 3D 
printing a casing for the electronics, protecting them 
from the saliva. Furthermore, we plan to ship boxes 
with ChillFish (LEGO bricks, electronics and buildings 
instructions – see Figure 8) to families of children with 
ADHD in order for them to use ChillFish in situations 
where they might find it useful for their child to calm 
down e.g., after an emotional outburst or prior to 
bedtime.  
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