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Abstract—MySpira is the world first augmented reality (AR) asthma inhal-
er training app; it enables children to learn asthma keywords, types of inhalers,
the preparation of the inhaler and spacer, asthma triggers, and develop skills on
how to use an asthma inhaler effectively. All of these are compiled into an en-
joyable 20-minute experience, introducing likable characters and tactile interac-
tions, which incentivise the child to progress all the way through the learning
experience. This study aimed to compare the efficacy of the MySpira applica-
tion to traditional educational material (e.g. leaflets and videos) to improve
asthma treatment compliance, technique and user engagement amongst 110
schoolchildren, aged 6 to 13. The findings indicate that MySpira surpasses the
traditional educational materials, specifically in terms of enjoyment rating, the
use of different inhalers’ techniques, particularly in the younger group (aged 6-9
years). Therefore, MySpira may enhance the level of available asthma care in
an attempt to resolve one of the major problems facing asthma suffers and their
carers, notably effective use of asthma inhalers.

Keywords—Augmented reality (AR), MySpira, Asthma, Care Education for
Children

1 Introduction
Asthma affects 5.4 million people in the UK, of which 1.1 million are children [1].

It remains one of the leading causes for paediatric hospital admissions and has a prev-
alence rate of approximately 10% in children leading to missed days from school and
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other societal costs. Asthma costs the NHS up to £1.1 billion yearly treating the con-
dition via emergency admissions, GP appointments, medicines and other resources
[2]. Inhaled drugs are the primary treatment for asthma, and incorrect handling of
inhalers and inappropriate inhaler technique result in low bronchial deposition of the
drug and can contribute to poor asthma management [3]. Various studies have shown
that many asthma sufferers use their inhalers incorrectly in one way or another, which
can result in less than 10% of the medicine reaching where it is needed in the lungs
[4]. This is concerning since Vestbo et al. reported in an observational study nested
within a randomised controlled trial that adherence to inhaled medication was associ-
ated with a significantly reduced risk of death and admission to hospital due to Chron-
ic Obstructive Pulmonary Disease (COPD) exacerbations [5]. Retrospective analyses
of COPD large patient and medication databases have also identified that increased
proportion of days covered with inhaler medications is associated with reduced hospi-
tal and emergency presentations for COPD patients [6], [7]. Where proper inhaler
training programmes have been put in place, emergency admissions have reduced by
50% and asthma associated deaths by 75% [8].

In an effort to reduce the impact of serious and fatal asthma attacks on children,
and with the recent advances in mobile Augmented Reality (AR) technology, the
popularity of applications such as Pokémon Go [9] and the growing recognition of
AR as an effective educational platform [10], [11], a novel mobile app, MySpira, was
developed for the purpose of educating children how to improve inhaler technique in
a unique and an engaging way [12]. MySpira was developed as an approach to sup-
plement existing asthma care educational materials and utilises AR and gamification
to improve engagement. MySpira, takes the user through seven learning experiences,
each designed to be engaging and fun to play through. In each of the stages it enables
children to learn asthma keywords, types of inhalers, the preparation of the inhaler
and spacer, asthma triggers, and develop skills on how to use an asthma inhaler effec-
tively [12]. All of these are compiled into an enjoyable 20-minute experience, intro-
ducing likable characters and tactile interactions, which incentivises the child to pro-
gress all the way through to the end of the learning experience.

This study is an information recall study to evaluate the effectiveness of the new
AR app MySpira in comparisons with the existing asthma education leaflets and vide-
os in the education of children aged between 6 and 13 on causes of asthma, which
inhalers to use and how to use them. The hypothesis is that gamification enhances
engagement in educational programmes and thus increase correct inhaler technique
and efficacy.

2 Materials and Methods

2.1  Development of MySpira

The concept of improving correct inhaler usage involves changing the asthmatic’s
behaviour. Game design is an integral part of this behavioural change. From the very
beginning of development, the team needed to understand the target audience and
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create ways to engage and motivate young players on a deeper emotional level com-
pared to watching a video or reading a leaflet. MySpira achieves this through novelty,
challenge and meaning to create an emergent experience. Games are a set of activity
loops which create emotion and it is that emotion or the anticipation of the emotion
which drives behaviour and behavioural change [13].

MySpira was designed with Nicole Lazzaro’s “4 Keys 2 Fun” which is a set of core
emotions and outcomes that captivate gameplay [14], [15]. MySpira implements easy
fun in the way of controlling the screen with AR functionality and with a fantasy
world from which the characters derive. Easy fun isn’t part of the main goal, but they
are a set of interactions that engages curiosity to hook the player into the moment. “It
entices the player to consider options and find out more” [14]. These types of experi-
ences keep the player engaged and immersed.

Hard fun is implemented in the use of clear goals such as placing letters in the cor-
rect place, preparing the virtual inhaler and inhaling the virtual medicine via MySpira.
Challenge is important to keep the player motivated. The player can become com-
pelled to move forward if the player is kept within the flow state between skill level
and challenge. Too much challenge will create anxiety and lack of challenge will
create boredom. “Games intentionally restrict and frustrate the player to develop the
skills” [13]. When this happens, it creates a sense of winning and encouragement to
invest time in what they are doing, vital for player motivation and willingness to in-
vest more time to progress further.

In MySpira, once the user has completed a learning module or been taught a sub-
ject, the game rewards them with badges and collectables with a strong visual stimula-
tion via colours and particle effects. This is a common way of implementing serious
fun and is a way of enhancing the win feeling. It is used in MySpira at crucial mo-
ments to provide a way of learning difficult asthma subjects and to improve infor-
mation recall.

The team were able to provide an experience that goes beyond the level of en-
gagement that videos and leaflets offer. “In a game, anytime you take an action, you
receive instant feedback. Positive feedback reinforces good behaviour, strategy and
tactics, while negative feedback enables you to learn quickly and adjust” [16].

2.2 Study participants

In this study, we recruited 110 children by working with local schools in Suffolk
and using their facilities to collect data (Figure 1). Written parental consent was ob-
tained from each child participated in the study after a full explanation of the purpose
and nature of all procedures used and ethical approval for the study was obtained from
the University of Suffolk Advisory Committee on Ethics.

The children were aged between 6 to 13 years old and were not suffering from
asthma during the time of the investigation. They were stratified into two age groups
(6-9 and 10-13 years old) based on the schooling level, and within each school, the
participants were randomized upon admittance into the three educational materials i.e.
leaflet, video and MySpira. The educational content of each learning material was
sourced from the NHS, Asthma UK and other asthma online resources (Table 1). The
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leaflets were easy to read, included imagery and were aimed at children. The video
was a combination of videos found on NHS sites and Asthma UK, available to all
ages. Both the videos and leaflets included the same information contained in MySpi-
ra.

Each participant completed a multiple-choice questionnaire (Appendix 1) before
receiving the asthma material (leaflet, video or MySpira). This assessed the child’s
knowledge of asthma, the triggers that induce asthma, the different types of asthma
inhalers and how best to use them. The children do not have asthma so their
knowledge was anticipated to be low. The children where then given 20 minutes to
read the leaflets, 25 minutes to watch the videao and 25 minutes to play the App. On
completion of the exercise the children where then asked to complete the question-
naire again.

The variables assessed based on the questionnaire were overall educational experi-
ence score (OVEAS), the inhaler procedure (based on response to questions 2, 9, 10,
11, 12,14,15,16,19,20 and 21), differentiating the inhaler type (based on response to
questions 2,4,6,22,23,26), differentiating the inhaler techniques (based on questions
17 and 21), and the enjoyment rate (based on response to questions 13 or 27).

Assessed for eligibility

(120)
Excluded (n=10)
- Asthma sufferers (n=4)
- No signed parental concent (n=6) | stratified by school levels
(n=110)

| 10-13 YEARS (n=54) |

| Randomized |
| Leaflets (n=20) |—

Fig. 1. The baseline characteristics of the participants and their stratification across
the various educational materials

6-9 YEARS (n=56)

Leaflets (n=17)

MySpira (n=17)
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Table 1. Resources provide to each group.

Randomised

Material provided
group

All about asthma. (2015). [pdf] London: Asthma UK. Available at:
https://www.asthma.org.uk/globalassets/health-advice/resources/easy-

read/easy read_all_about asthma_booklet.pdf [Accessed 1 Jun. 2018].

NHS Corby. (n.d.). [online] Available at: http://www.corbyccg.nhs.uk/inhaler-
techniques-leaflets/ [Accessed 1 Jun. 2018].

\What is Asthma. (n.d.). [pdf] Easy Health. Available at:
http://www.easyhealth.org.uk/sites/default/files/null/What%20is%20asthma%3F.pdf
[Accessed 1 Jun. 2018].

Asthma UK (2017). Asthma symptoms getting worse. [video] Available at:
https://www.asthma.org.uk/advice/manage-your-asthma/getting-worse/ [Accessed 1 Jun.
2018].

Asthma UK (2017). How to use a small volume spacer. [video] Available at:
https://www.youtube.com/watch?v=fZPS_w54rfY [Accessed 1 Jun. 2018].

Asthma UK (2017). What is asthma?. [video] Available at:
https://www.asthma.org.uk/advice/understanding-asthma/what-is-asthma/ [Accessed 1
Jun. 2019].

Asthma UK (n.d.). How to use a metered dose inhaler. [video] Available at:

Videos https://www.youtube.com/watch?v=FqztOZLgFhE [Accessed 1 Jun. 2018].

NHS (2019). Asthma inhaler techniques. [video] Available at:
https://www.nhs.uk/Video/Pages/Childrensasthmainhaler.aspx [Accessed 1 Jun. 2018].
NHS Leeds (2017). Using brown inhaler twice a day. [video] Available at:
https://www.youtube.com/watch?v=iOYh3AVI5VY [Accessed 1 Dec. 2019].

NHS, CLAHRC (2013). https://youtu.be/4YdydaDsRyw. [video] Available at:
https://youtu.be/4YdydaDsRyw [Accessed 1 Jun. 2018].

NHS (n.d.). How to use a metered dose inhaler with a large volume spacer device.
[video] Available at: https://www.neneccg.nhs.uk/document-library/inhaler-techniques-
leaflets.htm#metered [Accessed 1 Jun. 2018].

Apple AppStore - https://apps.apple.com/gb/app/myspira/id1316936001

MySpira App Google Play Store -
https://play.google.com/store/apps/details?id=com.OrbitalMedia.MySpira

Leaflets

2.3  Statistical analyses

The changes from the baseline (results from first questionnaire) were compared
among the educational material groups (MySpira, Leaflet, and Video) using the mul-
tivariate techniques within the General Linear Model in SPSS and employing Tukey
HSD as the multiple comparison test. The assumption of normality and the homoge-
neity of variances were verified with graphical analysis of the residual plots. All sta-
tistical analyses were performed using Statistical Package for the Social Sciences
(SPSS) version 20.0 (SPSS, Chicago, Illinois, USA).

3 Results

The finding indicates that the mean changes in the overall education experience
score (OVEAS) showed significant increase across the learning materials but no sig-
nificant interactions (Figure 2a). MySpira tends to have the largest change from the
baseline (3.48 vs 2.74 and 2.05 for the video and leaflet, respectively). On the other
hand, examining each age group (Figure 2 b,c), MySpira significantly outperformed
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the leaflet but not the video in the 6-9 years old group only (p=.0.032 and 0.538, re-
spectively).
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Fig. 2. The changes in the overall education experience score (OVEAS)
over the course of the study

Overall, the inhaler procedure increased significantly for MySpira and video group
but not for the leaflet group (Figure 3a). MySpira has the largest change from the
baseline and significantly outperformed the leaflet but not the video (p=0.037 and
p=0.957, respectively). Examining the age groups, MySpira outperformed the leaflet
but no the video (p=0.032 and p=0. 538, respectively) in the 6-9 years age group
(Figure 3b), while there is no significant change from the baseline in MySpira com-
pared to either the leaflet or the video in the 10-13 years age group (p=0.441 and
p=0.629, respectively) (Figure 3c).
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Fig. 3. The changes in the Inhaler Procedure over the course of the study

The overall changes in differentiating the inhaler types showed a significant in-
crease was shown in MySpira and video but not in the leaflet (Figure 4a); however,
the changes from the baseline for MySpira was not significantly higher in compared
to the leaflet or the video (p=.0119 and 0.968, respectively). For the 6-9 year age
group, MySpira outperformed the leaflet but not the video (p=0.014 and p=742, re-
spectively) (Figure 4b). For the 10-13 year age group, no significant changes were
observed within or between groups (Figure 4c). Meanwhile, the mean changes in
Differentiating the Inhalers’ Techniques over the course of the study for all partici-
pants at age group 10-13 outperformed the leaflet and video (p= 0.0001 and p=0.001,
respectively, Figure 5).
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Fig. 4. The changes in Differentiating the Inhalers’ types over the course of the study
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Fig. 5. The Differentiating the Inhalers” Techniques over the course of the study for all partici-
pants at age group 10-13 (n=54). Only MySpira group has seen changed from the base-
line and significantly outperformed the leaflet and video (p=0.0001 and p=0.001, re-
spectively).
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The Enjoyment Rates of the learning materials showed that MySpira significantly
outperformed the leaflet and video learning materials (p=0.017 and 0.038, respective-
ly) (Figure 6a). In the younger age group (6-9 years), MySpira showed significant
enjoyment rate compared to leaflet (0.003) but not compared to the video (p=0.128).
No significant differences were observed in the 10-13 year age group (Figure 6b).

i

Enjoyment Fiating
Erjoyment Raing

a) All participants (n=110) b) For age group 6-9 (n=56) and age
group 10-13 (n=54).

Fig. 6. The Enjoyment Rates of the Learning Materials.
The values represent mean (+SE).

4 Discussion

This study is an information recall study examining the knowledge about asthma in
110 non-asthmatic schoolchildren age range between 6 and 13 years old. The study
managed to explore whether augmented reality training games called ‘MySpira’ can
improve the knowledge on asthma compared to traditional asthma education methods
(e.g. leaflets and videos). We found that MySpira performs better than the other edu-
cational materials but outstandingly outperforms the other materials in enjoyment
rating and the use of the different inhalers’ techniques. This positive result for the
emerging technology suggests that this type of learning would have great benefits for
children with asthma. Using proper inhaler techniques give a better outcome for
asthma sufferers [17], showing that basic education may provide teachable moments
to address poor proficiency, especially for younger children. The Samady et al. study
found that nearly half of 113 hospitalised asthmatic children age 2-16 years demon-
strated improper inhaler use, meaning the patients were not taking in the full dose of
medication [17].

Previously, computer-based education that have been used to tackle asthma in chil-
dren has not shown promising results. For example, Homer et al. evaluated the effec-
tiveness of an interactive educational computer programme for children aged 3 to 12
years in a trial involving 137 subjects, and during the 12-month follow-up period, no
differences in health care use, symptoms, or functional status were observed beyond
some increase in asthma knowledge in the treatment group children [18] [19]. In a
trial with 438 children divided into traditional asthma education and computer assist-
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ed asthma education, Runge et al. found no differences in efficacy between the inter-
ventions [20]. In this study however, MySpira managed to take the children in a 20-
minute journey teaching them about; asthma keywords, types of inhalers, the prepara-
tion of the inhaler and spacer, asthma triggers, and how to use an asthma inhaler ef-
fectively [12]. This is evident by the fact that MySpira significantly overtook the other
learning materials in the enjoyment rates despite MySpira did not only show signifi-
cant changes in the knowledge rate gained by the children. Interestingly, the age
group 6- 9 years benefited most from the App compared to the older age group. An
association between learning and enjoyment is an everlasting philosophy, and recent
studies in both the US and England suggest that the lack of enjoyment is one of the
underpinning explanations for children and young adults failing to achieve their po-
tential [21], [22], [23] . Unfortunately, self-management asthma education is still
inadequately provided [24], [25]. This can be explained by many factors, including
patient-related barriers to participation in such programmes, physicians’ non-
integration of asthma education into current practice, and/or structural and organisa-
tional problems. Simpler educational interventions have previously been proposed but
many have failed to improve asthma control, although most could reduce exacerba-
tions [26], [27]. A study in 2015 was conducted by Plaza et al. suggests that “simpli-
fied” educational interventions can be effective if they offer the essential elements of
an effective educational intervention [28] such as key information on asthma man-
agement and inhaler technique training [29]. Consequently, MySpira was developed
and used in our study as an approach to supplement existing asthma care educational
materials and utilises augmented reality (AR) and gamification to improve user en-
gagement [12].

5 Conclusion

The findings indicate that gamification and augmented reality techniques outper-
form traditional educational methods such as leaflets or videos specifically in terms of
enjoyment, learning outcomes and the use of different inhalers’ techniques, particular-
ly in the children aged 6-9 years. However, there is a need to evaluate the efficacy of
MySpira in enhancing patient outcomes (Asthma suffers) as a consequence of im-
proved engagement and knowledge retention.
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9 Appendix 1

Asthma Quiz 6-9 A

LearningMaterial:

Age:

ID:

School:

(1.) What causes the symptoms of Asthma?

Mark only one oval.
Medicine
Triggers
Choking

Inhalers

(2.) What is the most common colour for the relieverinhaler?

Mark only one oval.
Green
Brown
Pink

Blue

(3.) How many seconds do you hold your breath for after inhaling the medicine?

Mark only one oval.
10
5
15
30

(4.) Which Inhaler is used for fast treatment?
Mark only one oval.
Combination
Reliever
Preventer

Dry-powdered
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(5.) When should you carry yourinhaler?

Mark only one oval.
At home
At school
Always

When playing

(6.) What is the most common colour for the preventerinhaler?
Mark only one oval.

Blue
Gold
Brown

Green

(7.) Which of these is NOT an asthma trigger?
Mark only one oval.

Pollution
Exercise
Pollen

Coughing

(8.) Which of these is NOT an Asthma symptom?
Mark only one oval.

Coughing
Pollution
Wheezing

Shortness of breath

(9.) How should you inhale the medicine?

Mark only one oval.
Through your nose
Sharply
Slowly and deeply
Quickly
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(10.) How should you position your head while inhaling?

Mark only one oval.
Upright and normal
With your head back
Downwards and normal

Forward and normal

(11.) What position is recommended when using yourinhaler?

Mark only one oval.
Lying on the back
Standing or sitting
Lying on thechest

Curled forward

(12.) How long should you wait in between ‘puffs’?

Mark only one oval.
30-60 seconds
5-10 seconds
1-3 seconds

1-2 minutes

(13.) How much did you enjoy the learning material?

62

Not very much 1 2 3 4 5

| really enjoyed it
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Asthma Quiz 10-13 A

Learning Material:
Age:
ID:
School:

(1.) What causes the symptoms of Asthma?
Mark only one oval.

Medicine
Triggers
Choking

Inhalers

(2.) What is the most common colour for the relieverinhaler?

Mark only one oval.

Green
Brown
Pink

Blue

(3.) How many seconds do you hold your breath for after inhaling the medicine?

Mark only one oval.

10
5

15
30

(4.) Which Inhaler is used for fast treatment?
Mark only one oval.

Combination
Reliever
Preventer

Dry-powdered
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(5.) When should you carry your inhaler?
Mark only one oval.

At home

At school
Always
When playing

(6.) What is the most common colour for the preventerinhaler?
Mark only one oval.

Blue
Gold
Brown

Green

(7.) Which of these is NOT an asthmatrigger?
Mark only one oval.

Pollution
Exercise
Pollen

Coughing

(8.) Which of these is NOT an Asthmasymptom?
Mark only one oval.

Coughing
Pollution
Wheezing

Shortness of breath

(9.) How should you inhale the medicine?
Mark only one oval.

Through your nose
Sharply
Slowly and deeply
Quickly
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(10.) How should you position your head whileinhaling?
Mark only one oval.

Upright and normal
With your head back
Downwards and normal

Forward and normal

(11.) What position is recommended when using yourinhaler?
Mark only one oval.

Lying on the back
Standing or sitting
Lying on thechest
Curled forward

12.) How long should you wait in between ‘puffs’?
Mark only one oval.

30-60 seconds
5-10 seconds
1-3 seconds

1-2 minutes

(13.) Tick all of the asthmatriggers
Check all that apply.

Pollen
Sleeping
Pollution
Wheezing
Coughing
Dust

Exercise

(14.) What should you do before inhaling the medicine?
Mark only one oval.

Hold your breath for 5 seconds
Shake the inhaler
Inhale 6 times

Put your name on the inhaler
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(15.) Should your teeth be between the mouth piece?
Mark only one oval.

Yes

No

(16.) How many puffs should someone take on their inhaler per dose?
Mark only one oval.

1
2
3

Depends on what their asthma nurse has prescribed

(17.) Tick all of the methods that can be used to inhale the medicine.
Check all that apply.

Multi-breathe method
Fast-breathe method
Single-breathe method

Slow-breathe method

(18.) Do you need to use aspacer for the multi-breathe method?
Mark only one oval.

Yes

No

(19.) Why do you need to breathe out fully before breathing in the medicine?

Mark only one oval.

So that the medicine is ready

To make room for the medicine to go
So that you get oxygen to your brain
Toclear any blockages

(20.) What part of the inhaler should you remove?
Mark only one oval.

The medicine
The colour
The plastic casing

The cap
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(21.) If using the multi-breathe method of inhaling. How many deep breaths should you
take?

Mark only one oval.

1
3
5
10

(22.) The preventer inhaler works best when used over a short period of time?
Mark only one oval.

True

False

(23.) What is a preventer inhaler good at?
Mark only one oval.

Reducing the inflammation around the area of the airways.
Loosening the muscle bands.
Tightening the muscle bands.

Increasing the inflammation around the area of the airways.

(24.) A spacer is used because...

Mark only one oval.

it's lightweight and easy to hold.

It makes it easier to get the right amount of medicine to the lungs and reduces the risks of
side effects.

it speeds up the time it takes to breathe in the medicine.

it can tell you how to inhale the medicine.

(25.) The tubes in a person's lungs who is suffering from asthma are narrow because...
Mark only one oval.

The muscle bands become tight and the area around the airways becomes inflamed.
The muscle bands become loose and breathing starts to get difficult.
There is not enough oxygen.

The muscle bands become swollen.
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(26.) What is one of the positive effects of using areliever inhaler?
Mark only one oval.

It reduces the inflammation around the area of the airways.
It loosens the muscle bands.
It tightens the muscle bands to make you stronger at breathing.

It increases the inflammation in the lungs.
(27.) How much did you enjoy the learning material?

Not very much 1 2 3 4 5 | really enjoyed it

68 http://www.i-jim.org



