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ABSTRACT 
For patients of all ages and various background, lacking 
requisite medical knowledge about their health condition and 
treatment contribute significantly to medication errors and 
undesirable consequences. Evidence shows that traditional 
text-based drug labels and leaflets hinder patients’ 
interpretation of the medical instructions, especially for those 
with limited literacy level. While former studies have tried 
to make adjustments to the labels, there exists the gap of 
exploring novel and engaging ways to deliver complex 
medical information. While some research has explored the 
potential of using augmented reality (AR) to assist diagnosis, 
surgery and medical education, however, very few have put 
focus onto the patients’ side. This research thus proposes a 
new design solution, aiming to investigate whether AR 
combined with interactive narrative can make medical 
instructions more comprehensible to paediatric patients 
compared with traditional text-based labels and leaflets. In 
this study, we devised a mobile AR application for children 
with Cystic Fibrosis to help them take their prescription. 
After conducting an online interview and cognitive 
walkthrough with dietitians from Great Ormond Street 
Hospital (GOSH), multiple design tools such as sketches, 
storyboards, personas, paper prototype and digital prototype 
were used to deliver the concept and iterate the design. 
Results of the evaluation showed that such design holds great 
potential in delivering educational contents, medical 
instructions to patients, and can reduce patients’ anxiety and 
undesirable medication errors, thus encouraging better 
compliance. Drawing from the insights, several design 
suggestions were concluded for future exploration to 
promote this form of information delivery to other 
medications. 
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1. INTRODUCTION 
Prescription drugs are essential for the treatment, of many 
illnesses whose instructions need to be strictly followed to 
achieve effective treatment. However, medication errors, 
especially those that occur at different stages of the process 
of ordering or delivering the medicine [5], tend to be a 
prevailing problem in both healthcare settings and home 
settings. Patients’ incorrect interpretation of the prescription 
labels has been identified as one of the most common causes 
of medication errors [2,22]. Currently, medical instructions 
are normally delivered through text-based leaflets, 
accompanied with some explanations from the clinicians 
when giving out the prescription. Among several studies that 
focused on the patients’ aspect, researchers suggest that 
improvements in product labelling and dosage instructions 
can be beneficial to all patients when taking the prescription. 
[10,20,40] However, previous studies have merely tried to 
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make adjustments to the contents on the labels. This has 
proven to be not enough for improving comprehension 
among those with low literacy level.  

As children change rapidly in terms of weight and have less 
physiological reserve to buffer errors relating to taking 
wrong doses, the likelihood of negative consequences caused 
by medication errors is three times higher than adults. [24] 
With limited literacy and potential rebellious mindsets, many 
children are not fully aware of their own condition and 
treatment. To make the treatment more effective, there exists 
the need to explore new forms of information delivery to 
engage children in interpreting medical information, thus 
reducing the possibility of undesirable medication errors. 
One possible solution is to take advantage of the boom in 
augmented reality (AR) technology. 

With years of development, AR has now been widely 
adopted in many areas, including the medical field, education, 
gaming, etc. With the ability to bridge the gap between the 
real and virtual world, AR can augment the sense of reality 
and enhance users’ perception [3,19]. In particular, it has 
been found to be a great tool for engaging and improving 
users’ learning ability [27]. In the medical area, AR has been 
mainly used as a real-time visualisation tool to help with 
diagnosis, surgery and medical education [3,30,35,38,45]. 
While most research and application of AR has been 
focusing on improving information for the clinicians, less 
focus has been put on how the technology can help patients 
themselves when taking medications or managing their 
health condition.  

The research proposed here is for a design solution that can 
harness the immersion and interactivity of AR in delivering 
complex medical instructions. By superimposing additional 
computer-generated information on to traditional drug labels, 
this research aims to investigate whether AR with interactive 
narrative can better convey medication instructions to 
paediatric patients, in the moment, compared with traditional 
text-based labels and leaflets. The AR solution could also be 
an alternative for delivering medical instructions remotely in 
the COVID-19 situation, as many are unable or are worried 
about returning to a healthcare setting. To address the 
problem more specifically, the design takes children with 
Cystic Fibrosis (CF), a genetic condition affecting more than 
10,500 people in the UK [50,51], as a typical example. The 
goal of this research was to design an AR narrative that could 
help CF patients understand more thoroughly why and how 
to take their medication by explaining more about their 
digestive condition and treatment. By providing more 
contextual information, the goal is to encourage better 
compliance when taking CREON (pancrelipase) delayed-
release capsules, a prescription medication used to treat their 
digestive problems.  

The design of the AR application progressed through an 
iterative user-centred process. User research and usability 
testing were conducted mainly with paediatric dietitians 
from the CF team at Great Ormond Street Hospital (GOSH), 

one of the world’s leading children’s hospitals in the UK. 
The primary user research session was carried out to identify 
authentic user needs and underlying problems of the initial 
design. Thematic analysis was then used to analyse the 
qualitative data, which led to several inspiring themes and 
design implications. Multiple design techniques were used in 
the design process, including sketches, storyboard, personas, 
scenarios, paper prototype and hi-fi digital prototype.  

The results of usability testing showed positive effects of 
using such interactive design to deliver medical instructions, 
where the design was claimed to be more engaging and 
accessible than traditional text-based labels and leaflets. It is 
reasonable to infer that this form of design can be promoted 
to many other similar prescription drugs, improving patients’ 
comprehension and the effectiveness of the treatment. 
2. BACKGROUND RESEARCH 
To better explain the rationale, this section provides an 
overview of previous studies focusing on two main aspects. 
A review of related medical issues is discussed first to 
understand the medical problem and current situation more 
thoroughly and exposing existing research gaps. Then 
relevant studies of augmented reality (AR) and narratives are 
expounded to probe the potential of using AR technologies 
and interactive narrative in addressing such problems. 
Medical Related Research 

Medication Error 
Prescription drugs are vital to patients in helping them live a 
healthier life and better manage their chronic conditions. 
However, it is not uncommon to take the prescription 
incorrectly. 

Medication errors are those occurring at any stage in the 
process of ordering or delivering the medicine, ranging in 
severity from trivial to life-threatening errors [5]. Medication 
errors are the most common type of errors in the health care 
setting and have led to a great number of serious 
consequences [22]. Any medication error that results in 
injuries of patients is defined as an adverse drug event (ADE) 
[5,16]. Numerous factors can attribute to medication errors, 
including mistakes by the healthcare providers as well as the 
patients themselves [2]. Many studies have looked into the 
errors arising from medication errors. For example, Kaushal 
et al. [24] conducted a study to investigate medication errors 
and ADEs in paediatric inpatients, and they found that 
medication errors with the potential to cause ADEs were 
three times more likely to happen with children than adults. 
Possible causations include the rapid change of weights of 
children, which requires frequent dosing recalculations, and 
the less physiological reserve they have to buffer errors 
relating to dose [16,24]. A followed-up study was carried out 
by Fortescue et al. [16], which proposed several strategies of 
preventing ADEs in paediatric inpatients, including 
harnessing information technology interventions and 
improving communication between different clinician roles.  
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However, this problem is not limited to just healthcare 
settings; patients failing to follow the instructions when 
taking medicine at home is also a prevailing problem. 
Hodges et al. [20] conducted a study specifically on non-
healthcare facility medication errors, demonstrating that 
exposures occurred at home affected individual of all ages 
relating to a multitude of medications. According to their 
study, one-third of the cases eventually result in admission 
to health care facilities.  

Common types of medication errors that occur in home 
settings, from the patients’ perspective, include taking 
medicine at the wrong time, taking an incorrect dose and 
inadvertently taking the medicine two times more than 
prescribed. In fact, many medication errors are preventable 
if patients follow the instructions strictly, thereby avoiding 
undesirable consequences.  

Remedial actions can be taken to help patients when taking 
medications to prevent errors from happening. As suggested 
by Hodges et al. [20], improvements in product labelling and 
dosing instructions can be beneficial to all patients taking 
medications, especially when designed with consideration of 
patients with limited health literacy and numeracy. This 
provides insights that the design of any new technology to 
help reduce medication errors should take a larger range of 
audience into account, using simple and easy to follow ways 
that can be comprehensive to everyone. Next, we discuss 
previous studies that tried to reduce medication errors by 
improving the labels. 
Existing Solutions for Reducing Medication Errors 
In order to reduce the possibility of medication errors and 
minimise the potential adverse effects, previous studies have 
proposed several countermeasures. As patient’s incorrect 
interpretation of the prescription labels has been identified as 
one of the most common causes of medication errors [2,22], 
Davis et al. [10] carried out a study aiming to improve 
patients’ understanding of prescription drug label 
instructions. Based on their previous research, they set out to 
evaluate whether the use of more explicit language to 
describe the dose and frequency of prescribed drugs could 
improve patients’ comprehension, especially among those 
with limited literacy. The results indicate that incorrect 
interpretation of label instructions is common across all 
literary levels, and that using more explicit words can 
improve patients’ comprehension. However, people with low 
literacy are still prone to misunderstand the instructions even 
with precise wording. This may result from the irrelevance 
of the drugs and subjects in the study, as the researchers 
didn’t select specific targeted patients who were using or had 
experience with the drugs they chose to devise, therefore, it 
was difficult for the subjects with limited literacy to 
comprehend the information and reiterate important facts. 
Former studies have stated that people with low literacy level 
are more likely to read and understand the material that is 
relevant to them as it is easier to get involved in [11,34]. 

Similarly, Wolf et al. [40] conducted a cross-sectional 
evaluation to investigate the efficacy of patient-centred drug 
label (PCL) instructions, which has simplified and 
emphasized information. Another type of PCL was devised 
to be accompanied with graphic aids depicting time periods 
(morning, noon, evening, bedtime). The results demonstrate 
that PCL instructions significantly improved patients’ 
understanding compared to typical instructions, especially 
for patients with low-literacy skills. Surprisingly, the 
inclusion of graphic aids was found to have no positive 
effects and may even impair patients’ comprehension. The 
researchers attributed the negative effects to the usage of 
redundant forms of the same information, which might cause 
confusion and impose extra cognitive burdens to patients 
with low literacy. They also referenced former studies which 
demonstrate the challenges of interpreting icons and table 
formats for those with limited literacy. However, the graphic 
aids used in their study were composed by words, numbers 
and coloured spaces (Figure 1), which were not intuitive 
enough for patients to understand and thus might increase the 
chance of confusion. Strictly speaking, they cannot be treated 
as rigorous visual cues. 

 
Figure 1. PCL with graphic aids used in the study [40] 

Both studies reveal that people with low literacy level are 
more inclined to interpret the prescription label instructions 
incorrectly [10,40]. This problem is most pronounced for 
children aged from 8 to 14 years old, who even though they 
can read, have limited instruction literacy. Previous studies 
have largely focused on investigating the effect of changes 
in wording and static graphics. With the advent of new 
interactive technologies in the last few years (e.g. AR, AI and 
VR), there now exists many new opportunities to harness it 
for delivering prescription instructions in new ways to 
patients with low literacy.  

According to Wicken’s Multiple Resource Theory [39], 
information can be delivered more effectively when using 
appropriate multiple modalities than just one. Compared to 
static graphics and texts which require a certain level of 
literacy to achieve full comprehension, visual cues with 
interactive attributes combined with oral explanation are able 
to bring important information to life in a more lucid and 
vivid way. With this in mind, it suggests much potential of 
improving patients understanding of prescription 
instructions, especially for patients with limited literacy.  
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In the next section, we consider a particular domain where 
understanding the instructions of prescription medication is 
critical, and where patients with limited literacy are the 
general targeted audience – that of treating paediatric 
patients with Cystic Fibrosis. 
Cystic Fibrosis and CREON 
Cystic fibrosis (CF) is a genetic condition affecting more 
than 10,500 people in the UK. People with CF may suffer 
from problems with lung, digestive system and other organs 
due to the extremely sticky mucus produced by the body 
[50,51]. Lungs and pancreas are two organs that are most 
affected, resulting in breathing and digestive problems [51]. 

In terms of the digestive problems, the pancreas is the organ 
that produces enzymes for breaking down foods, which plays 
an important role in the body’s digestive system. However, 
in the case of people with CF, the thick and sticky mucus 
would block the pathway. Therefore, people with CF have 
trouble absorbing necessary nutrients and vitamins, leading 
to undesirable maldigestion and malabsorption. In order to 
cope with this situation, patients in the UK are often 
prescribed with CREON (pancrelipase) delayed-release 
capsules (hereinafter called CREON). This is a prescription 
medicine used to treat people who are unable to digest food 
normally because their pancreas does not make enough 
enzymes [52], as the supplement enzymes for breaking down 
foods and gaining essential energy. However, unlike other 
medications that just need to be taken once or twice per day, 
CREON is required to be taken every time the patient eats 
with the prescribed dose. It also has other special 
requirements, for instance, patients have to drink enough 
water to swallow it completely, the capsules can neither be 
crushed nor be held in the mouth as it may cause irritation, 
and the dose needs to be calculated depending on one’s 
condition and the food they choose to eat, etc. All these 
requirements are complicated enough for adults to remember 
all the time, not to mention children.  

Fischer’s study [15] drew the conclusion that for paediatric 
patients with atopic eczema, a chronic condition that can be 
controlled rather than cured, poor comprehension of their 
condition and apprehension about the medication contributed 
greatly to the compliance problems with the medicine. This 
result can be deductive for CF as it is also a chronic condition 
that needs to be controlled. Therefore, it is important for CF 
patients to fully understand their condition and treatment to 
encourage better compliance with requisite medication. 

Aside from the typical leaflet instructions, the CREON 
official website also provides videos for a clearer 
introduction and guidance of taking the medication. The 
videos consist of four main aspects, explaining what is 
exocrine pancreatic insufficiency (EPI), showing the 
importance of always taking CREON with food, expatiating 
the working mechanism of CREON within the body, and 
emphasising the importance of understanding one’s CREON 
dose. However, the four episodic videos tend to have 
overlapped information. It has also been found to be difficult 

to trigger patients to seek information on the website when 
taking the medication and to really focus on it. 

As traditional instructions are usually labelled on the 
medication bottle, it is proposed that this could be the focus 
of designing new technology when it comes to taking 
medicine. Novel ways of delivering essential messages can 
be explored to take advantage of the bottle as a natural 
medium. 
Current situation of COVID-19 
As the situation of COVID-19 changes in many countries 
and regions, more governments are starting to ease the level 
of restrictions, and our lives are gradually getting back to 
normal. However, there still exists the need to stay alert and 
cautious as the virus hasn’t been eliminated and effectual 
vaccines are still under development. Inevitably, many 
people still feel worried and will adopt contingency plans to 
avoid risks, especially vulnerable people. As patients tend to 
be more susceptible to the virus, they may not be willing to 
come back to a hospital outpatient, due to fear of catching 
COVID-19. Therefore, it is important to seek for alternative 
ways of enabling people to have equal access to requisite 
medical guidance in their home settings that is safe and 
effective. 

In this case, one possibility is a medication bottle with 
interactive AR attributes serving as an alternative way to 
provide patients with essential medical guidance, thus 
reducing the likelihood of medication errors and adverse 
effects. Next, we consider how AR could be used in this way. 
Augmented Reality (AR) 

Definition & Benefits 
Augmented reality has been defined diversely across the 
field. Azuma [3], the pioneer of this area, defined augmented 
reality (AR) systems to have three requisite features. First, it 
combines real and virtual. Second, it is interactive in real 
time. And third, it is registered in three dimensions [3]. More 
recently, AR technology has become more widely leveraged 
in numerous areas. Klopfer suggested therefore, a broader 
definition of the term AR is needed, which includes all 
technologies that overlay context-sensitive information onto 
the real world in a meaningful way [25]. 

Augmented Reality is often compared with Virtual Reality 
(VR). While VR puts users in a completely virtual space, AR 
combines the real and virtual world to provide users with 
immersive experience whilst not neglecting their 
surroundings. AR technology augments the sense of reality 
by superimposing virtual objects and cues upon the real 
world in real time, and therefore enhances the user’s 
perception of and interaction with the real world, making the 
experience more realistic and perceivable [3,19].  

With the development of relevant technology, AR has 
become easier to develop and realise. Therefore, with its 
promising attributes, AR has been widely adopted in various 
areas such as gaming, education, medical, manufacturing, 
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etc., striving to improve user experience and enhance 
efficacy. 

As AR is considered to be an effective tool in bridging the 
gap between the real and virtual world, its potential to engage 
and enhance users’ learning ability has been affirmed in the 
education area [27]. Freitas and Campos [18], for example, 
conducted a series of studies to evaluate their devised AR 
educational system aimed at 2nd grade students. The findings 
were positive, demonstrating that it helped maintain students’ 
motivation and improved their learning experience [18]. 
Furthermore, it has been found that AR can also enhance 
students’ understanding of complex theories and abstract 
concepts. This is because AR can offer contextually enriched 
interactions with content to illustrate the concepts more 
intuitively and engagingly and provide unique discovery 
paths for individuals to conduct their own exploration. This 
can allow deeper investigation into complex theories and 
practice without causing any negative consequences in the 
real world [27,41]. Therefore, it is reasonable to infer that 
AR has the promise to deliver effective medical information 
to paediatric patients in a more attractive and engaging way. 
In the next section, we discuss how AR has been currently 
used in the medical area. 
Current Use of AR in the Medical Area 
Dating back to the survey produced by Azuma [3], the 
medical area has been a frequently mentioned application 
area of AR. Research has explored how real-time data and 
visualisations can help improve the efficacy of diagnosis and 
treatment, especially to assist surgery.  Using AR 
technology, surgeons are able to see 3D models of a specific 
part of the body that is normally invisible (e.g. x-rays of the 
lungs). It can also provide critical structures that are 
projected directly onto the patient’s body, providing a 
revolutionary method to free the surgeons from looking away 
at other visualisation displays and letting them concentrate 
on the operation they need to perform [38]. By providing 
internal 3D visualisations to doctors in real time, the trauma 
of minimally invasive operation can be reduced. [3,38,45] 
Specifically, in neurosurgery, where the organs have little 
movement, AR can serve as an interactive navigation system 
that superimposes a 3D image of the anatomic part of the 
body, like the brain onto the operational table, reducing the 
cognitive workload of the surgeons when they try to 
minimise the trauma while removing a tumour [35]. It has 
been found to improve the precision of the lesion and reduce 
operational time [30]. 

AR has also been used as a tool for medical education. 
According to the integrative review conducted by Zhu et al. 
[45], the majority of studies also focus on surgical education. 
Providing the chance for medical staff and students to 
practice by interacting with virtual objects, AR has been 
claimed as an effective tool to improve the skills and 
performance, shorten learning time, and also offer more 
enjoyable surgical training experience [38,45]. 

Much of the research on AR has focussed on improving 
information for clinicians. There has been less focus on how 
it could help patients, themselves, in taking their medication 
or managing their illness. It is proposed here that improving 
patients’ comprehension of relevant medical information 
could be great assistance in delivering satisfying and 
effective treatment.  

One area where AR has begun to be developed to bridge the 
gaps of the real and virtual world for patients is in physical 
rehabilitation [4,7,42]. Burke and Crosbie [7] developed 
several systems for upper limb stroke rehabilitation. 
Combining AR technology and meaningful video gameplay, 
the system can generate various scenarios for patients to play 
and perform required tasks, providing patients with more 
motivation and enjoyable experiences than traditional 
rehabilitation tasks. By enabling patients to handle virtual 
objects with different attributes, motor skills that are more 
transferable to daily activities can be developed [7]. 

In addition, to being used to improve physical rehabilitation, 
AR has been harnessed to support mental health problems. 
For example, in order to help patients with Attention Deficit 
Hyperactivity Disorder (ADHD), Alqithami et al. [1] 
modelled an AR gamification system that offers treatment 
sessions to help patients’ concentrate, improve their 
performance and accelerate their recovery process.  

To help patients understand their condition, patient-centred 
educational AR apps have started to be developed. One of 
the first is EyeDecide, which provides a visual 3D model to 
simulate the impact of certain conditions on one’s vision and 
eyes. By providing visual simulation using augmented reality, 
patients can better understand what the clinicians are talking 
about and perceive how certain diseases may affect them in 
natural surroundings [46]. Another pioneering example is the 
augmented reality asthma training app, MySpira. Targeted at 
children aged from 6 to 13 years old, MySpira includes 
modules with simple gameplay, using AR techniques to offer 
relevant education to children with asthma and their close 
ones. By performing a series of interactive tasks to help the 
character Spira, who is from another planet and also 
suffering from asthma, children are able to learn basic and 
requisite knowledge about asthma and how to use two 
different types of inhalers correctly. The application enables 
users to interact with virtual 3D objects to help them practice 
virtually in the real ambient, providing a creative and 
engaging way to deliver medical messages using 
multisensory information. A study evaluating the AR tool 
found it to be 70% more effective than traditional asthma 
leaflets and improves users’ recollection of critical asthma 
information [53]. 

These early studies of AR technology show promising results 
for supporting and improving patients’ medical experience. 
However, there is much more potential for harnessing its 
functionality. In particular, very few studies have tried to 
investigate the effectiveness of AR in preventing undesirable 
medical problems, and a handful of techniques have been 
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developed for helping patients to have a more thorough 
comprehension of treatment and their health condition. Next, 
we consider how AR can be used with mobile technology as 
a possible avenue for delivering medical information more 
effectively.  
Mobile Augmented Reality (MAR) 
Mobile phones are the most pervasive and accessible digital 
devices in today’s society, which have extended the 
application area of computerised technology and have 
broken the constraints of time and space, allowing users to 
access whatever they want anywhere, anytime. With its 
features of low-cost, wide-spread and high mobility, a 
number of AR applications have been developed using 
mobile phones as the medium, enabling a broader population 
to interact with the augmented world [19]. The use of 
augmented reality in mobile phones range from education, 
gameplay to social media. The ground-breaking Pokémon 
GO received huge applause worldwide by merging the 
virtual and real worlds to successfully prompt users to go 
outside and enjoy the combination of the outdoors. Studies 
have shown that participants who had never experienced AR 
before found themselves enjoying it immensely and became 
highly motivated when using a mobile AR (MAR) based 
system to learn. More generally, this suggests it can provide 
positive educational effects and improve users’ performance 
[33]. By taking advantage of both mobile devices and 
augmented reality, MAR can be particularly useful whenever 
people are in need of extra informational support for a task 
in-hand, without being distracted from real surroundings  
[21].  

Therefore, this project aims to provide medical information 
in a new way using MAR, capitalising on using the devices 
that families already have and are most familiar with, 
allowing them to access engaging information whenever and 
wherever they want without imposing extra burden on them. 

However, due to the constraints of mobile technology, 
developing MAR applications face several challenges. As 
people have to use one hand to hold the device, the 
interaction is limited to one hand only. How mobile 
information is understood in context and environmental 
considerations also need to be taken into account. Next we 
consider how to make mobile information be engaging, 
understandable and easy to follow – by considering 
narratives. 
Narratives and Augmented Reality 
Research has shown that narrative can help people make 
sense of their own experience [12], and are believed to be 
highly effective in terms of delivering persuasive and 
engaging information, especially with visual assistance [31]. 
A good story can make an audience feel immersed and 
reduce their resistance of key messages, therefore, helping 
establish personal connections, inspire actions and lead 
changes in relevant perceptions and beliefs [17,26,48]. When 
individuals try to process entertainment-education narratives, 
the persuasive contents can be more easily accepted as well 

designed narratives help eliminate cognitive resistance that 
recipients may already have [37]. And if the messages 
included in the narratives are congruous with the needs and 
goals of the recipients, the narratives can also provide a 
higher level of engagement with impressive results [17,36]. 

Recent studies have explored the use of narrative as a tool 
for health communication to deliver health messages and 
prompt behaviour change. Murnane et al. [31] devised a 
narrative-based system where the story unfolds depending on 
the users’ physical activities and goals. By allowing users to 
connect with the protagonist in the narrative, using coherent 
plots, the application was believed to provide an engaging 
experience that motivates users to stick with their goals, 
improve their health condition and thus induce successful 
behaviour change. 

Similarly, it is proposed that augmented reality has the ability 
to convey complex and difficult messages more explicitly by 
superimposing virtual objects onto the real environment, and 
it has been widely adopted to enhance education in the 
healthcare area, as discussed in the Current Use of AR in 
Medical Area section.  

With a mobile AR application that is easy to develop and is 
accessible by the general public, the strengths of both 
narrative and augmented reality can be combined to improve 
users’ engagement and interpretation of complex 
information. To date, AR has been largely adopted as a 
complementary tool with books to engage audiences with 
narratives that extend beyond merely static images. With the 
assistance of interactive AR-narration, readers are able to 
grasp abstract concepts in the traditional text-narration more 
easily and gain a stronger sense of immersion within the 
context [44]. For example, Between Worlds, an augmented 
reality fantasy novel targeted at young adults, offers a 
corresponding mobile application to provide an interactive 
narrative AR experience to the reader. Users can interact 
with characters and creatures in the book to pertain deeper 
engagement of the story [47,54]. 

AR has also been explored to assist language development 
and creativity for children by providing them with interactive 
storytelling activities. Yilmaz and Goktas [43] carried out a 
study to evaluate whether using interactive AR on stories 
could foster children’s narrative skills and imagination. Their 
result showed a statistically significant difference between 
the two groups, indicating that children found it more 
attractive and exciting when interacting with computer-based 
3D images to create their stories, and that both interactive 
storytelling and AR technology have positive contributions 
to children’s language development and creativity [43]. 

As Busselle and Bilandzic [8] argue, people need to shift 
from the real world to the fictional story world and position 
themselves within it to comprehend the narrative. The 
experience can also be enhanced by using augmented reality 
as it naturally combines the real and the digital worlds and 
provides a smoother transition for the audience. Interactive 
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stories can be developed by combining visual information, 
intriguing narratives and interactive AR, that provide users 
with a more engaging experience. In particular, they can 
prompt them to be more motivated to carry out related tasks 
[32]. Therefore, while it has been mainly used in the medical 
area by clinicians, it has the potential, as well to offer patients 
with more engaging and accessible information. 

A traditional narrative often consists of a normative structure 
driven mostly by its plots, with the raising and resolving of 
conflicts leading the story progress from its beginning, 
climax, to the end [28,31,49]. However, with the 
development of mixed reality technology, more emphasis 
has been put into designing for the user experience. Plot-
oriented structures make it hard to integrate user interactions 
with the story, providing less opportunity to fit users’ actions 
within the narrative and thus making the experience less 
engaging [28,29]. Hence, the concept of narrative has been 
expanded to better fit in with the UX driven agenda. In a 
wider context, the importance of characters has been lifted 
and narrative is considered as a logical sequence of actions 
with functions relative to the story, accompanied with key 
points delineating the basic outline of the story [23,28,29].  

The design of this project thus draws on this broader framing 
of narrative as it provides a wider space for adapting user 
interactions into the story and has the potential to convey 
more engaging and persuasive messages. The approach that 
will be used, is to consider how best to turn conventional 
instructions of medications (that are typically text-based 
paper leaflets) into more engaging and lively materials, using 
a narrative structure. The effectiveness of delivering 
complex messages using this kind of AR solution will be 
explored and evaluated. In the next chapter, we present the 
whole process of the design. 
3. DESIGN PROCESS 
Drawing on the discussion about medical issues, this project 
takes children with Cystic Fibrosis who need to take CREON 
prescription as a typical example, trying to harness AR 
technology to deliver the medical instructions with an 
interactive narrative. The goal of the design is to help patients 
with CF understand their health condition and medication 
more comprehensively, using an engaging and accessible 
way. 

To make the contents and storyline adequate for delivering 
such messages, the project progressed through an iterative 
user-centred design process using qualitative research 
methods. A number of methods were used during the design 
process. Authentic user requirements were gathered based on 
the initial interview with the dietitians from the CF team. 
Sketches, storyboards, paper prototype and hi-fi digital 
prototype were used to deliver the design concept across 
different stages (see Figure 2 for summary of steps taken). 
To evaluate the evolving prototype, pilot usability testing 
was carried out first, and an online evaluation session using 
the think-aloud method and interview was then conducted. 
After internal consideration at GOSH DRIVE centre was 

given to HRA ethical application, the study was considered 
not to be research. 

As direct contact with paediatric patients and their families 
was not allowed because of COVID-19 and ethics, user 
research and user testing were carried out with representative 
clinicians in GOSH who work closely with CF patients to 
gather authentic user needs and gain feedback and insights. 
Next, we present the keys phases during the design process.  

 
Figure 2. The iterative User-centred Design Process adopted 

for the AR project 

1st Phase: Initial Narrative and Storyboard 

Deciding the Content 
In order to determine which content to include in the 
narrative, initial research was done by reading up about the 
illness from the official websites of both Cystic Fibrosis 
(https://www.cysticfibrosis.org.uk/) and CREON 
(https://www.creon.com/), focussing on the most important 
information that patients should understand in terms of their 
digestive problems and corresponding treatment. 

The CREON website has four main informative sections, 
including the explanation of the health condition exocrine 
pancreatic insufficiency (EPI), description of CREON 
medicine, instructions for taking CREON and tips for 
keeping track of the treatment. Aside from text and image 
instructions, the website also provides a series of educational 
videos to help patients learn the basics about EPI and 
CREON, with slightly different contents. The series consists 
of four short videos, each with individual focus. The first one 
talks about the important role that the pancreas plays in 
human’s digestive process and the problems caused by EPI. 
The second part highlights the instructions of always taking 
CREON with enough liquid when eating by succinctly 
explaining the role of CREON. Then the instructions are 
emphasised again in the third video by explaining why 
CREON and food need to be taken at the same time and how 
CREON actually works in the body. Lastly, the dose of 
CREON is explained and the tips for keeping track of the 
treatment are brought up.  

The videos include most of the important information, 
however, they do not saw what to do for those who have 
difficulty in swallowing capsules, which is a common 
problem among CF patients. The series also have 
overlapping information within different parts. For example, 
same contents of the explanation and instructions of CREON 
appear in both the second and third videos, and cautions like 
storage are only briefly mentioned with little emphasis. 
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Though the digestive information provided by the Cystic 
Fibrosis website possess some similarities, it talks more 
about the relationship between the problems and CF and uses 
an interactive body as the medium for users to explore how 
CF affects different parts of the body. In terms of the 
digestive system, it explains the role and function of the 
pancreas, and the reason why people with CF would have 
problems in digestion and why they need to take 
supplementary enzymes. 

Having identified the strengths and weaknesses of the online 
materials (i.e. the CREON educational videos, medication 
guide and websites), an initial version of the narrative for the 
proposed AR app was developed. 
Initial Version of the Narrative 
The narrative consists of four main parts: (i) introduction of 
the digestive process, (ii) the effects and working mechanism 
of CREON, (iii) the instructions of taking CREON and (iv) 
extra precautions like dose and allergic information.  

The story was adapted from the informative videos on the 
CREON official website, combining key messages 
specifically about CF. Several adjustments were made in the 
delivering order and weighing of the information for the 
following four reasons: 

(i) Providing New Educational Content for Better 
Comprehension  As CREON is used to treat people who 
cannot digest food properly to absorb the essential nutrients, 
(a chronic condition called pancreatic insufficiency), the aim 
was to provide a way of explaining the digestive process and 
the resulting problems of CF, in order to convince them of 
the importance of taking CREON, thereby reducing internal 
resistance. The assumption was that by improving CF 
patients’ understanding of their health condition and the 
medication would have positive effects for them to interpret 
the medical instructions more comprehensively, thus 
encouraging adherence with CREON.  

(ii) Explaining the Mechanism of CREON Before 
Delivering Instructions for Deeper Understanding   
Different from the original videos, this storyline switches the 
order of explaining the instructions and the working 
mechanism of CREON. By describing the effects and how 
CREON works within the body before delivering the 
instructions of how to take the medication, it is proposed that 
helping patients interpret how CREON actually works in 
advance could help overcome the obstacles for them to 
understand why they always need to take CREON when they 
eat, and could potentially facilitate long-lasting memory.  

(iii) Including All Requisite Information for a Wider 
Audience The guidance for patients who have difficulty in 
swallowing capsules is added in the instruction part to offer 
a more universal design. Users can choose to access and 
practice virtually before carrying out actions in real life. Tips 
for extra cautions such as dose, allergic information and 
storage are also illustrated as they have considerable effects 
for the effectiveness of the medication. 

(iv) Using Characters for a Cohesive and Engaging 
Storyline Appropriate characters are essential to any story, 
they can help connect different plots and make the story more 
lively. Therefore, this narrative has two protagonists Dr.ACE 
and the CREON Hero who promote the development of the 
storyline. There are also other characters who assist with the 
interactivity and visual cues of the story to make it more 
engaging.  

The next stage involved constructing a storyboard (see 
Figure 3 for an example) to illustrate the storyline. In the next 
section, the process and results of the initial user research 
will be discussed. 

 
Figure 3. Samples of the Initial Storyboard: In the first 

storyboard, a slide was used for food and CREON to slide 
down. The colour coding shows the different stages of 

digestion. The second storyboard illustrates the digestive 
process with the food sliding down. In the third one, the 

CREON hero is releasing enzymes to help break down the 
food. In the fourth storyboard, the CF patient Leo shows up 
and users will be asked to help him take CREON. The fifth 
and sixth storyboards show the first two steps of opening up 

the capsule for those who can’t swallow. The seventh one 
shows the dosage explanation of CREON. And the last one 
shows an example quiz of the key information delivered. 

1st Phase: Initial User Research 
To gather authentic challenges that paediatric CF patients 
and their close ones may encounter in real life, and to identify 
user needs from the professional stance, an online user 
research session was carried out.  Zoom was used where 
dietitians who work in the Cystic Fibrosis team at GOSH 
took part. The session was divided into two parts, a semi-
structured interview and a concept walkthrough using the 
storyboard. After briefing about the project, the consent of 
audio recording was gained with the interviewees. Then 
several questions were asked to find out the common 
problems patients have when taking CREON. These 
included identifying the most appropriate age group for 
delivering such messages, interpreting the dose calculation 
of CREON and food, and verifying whether including 
educational contents about the digestive process would be 
helpful to patients. A concept walkthrough was then 
conducted by presenting the pre-made storyboard to explain 
the idea of the initial narrative and ask for feedback and 
suggestions.  

Unlike traditional interviews that are conducted with only 
one interviewee, this session had four clinicians present 
throughout the whole process. Two of them took the main 
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responsibility of answering questions. Though it wasn’t a 
formal semi-structured interview, this kind of group session 
offered a wider space for thoughts to collide and spark novel 
ideas. By having several clinicians involving at the same 
time, the credibility and universality of the answers and 
suggestions were strengthened, providing various insights 
for the development of the project. 

Thematic analysis [6] was then carried out to analyse the 
transcript using a bottom-up method, leading to several 
inspiring themes and corresponding design implications, 
which are reported below.  
Problems of Taking CREON 
Various problems can happen in terms of taking CREON, 
which were classified as two groups relating to ability and 
emotion/experience respectively. 

(i) Ability Oriented “Language and education level” were 
the main barriers of taking CREON stated by the 
interviewees. One dietitian mentioned her former experience 
with children whose parents have limited literacy and 
“couldn’t read or write properly”. As their children were still 
very young and they had to take care of all the treatment, it 
was a big challenge for them to understand all the text 
instructions and administer the medication correctly. She 
also confirmed that using verbal and visual information can 
serve as an effective prompt to help them understand the 
medical information and remind them of taking appropriate 
actions, which would be much more easily interpreted than 
those tedious text-based leaflets.  

As the dose of CREON depends on the patients’ condition 
and the food they choose to eat, it is required for them to 
calculate how many capsules they need to take in order to 
break down and absorb the fats sufficiently in the food. There 
also exists a certain extent of flexibility of the calculation. 
For example, considering Patient A’s condition, the 
clinicians ordered him/her to take 1 capsule of CREON when 
s/he eats 5 grams of fat. However, when facing the situation 
with the food containing 3 grams of fat, they tend to be 
indecisive of whether to administer the medication or not. 
From the dietitians’ perspective, they advise to take 1 capsule 
when taking 3 grams of fat, though wouldn’t recommend 
doing so when it’s only 2 grams of fat. This can be quite 
difficult for people who have limited numeracy and medical 
knowledge to calculate the dosage each time and make 
decisions when facing such fluctuations. Therefore, the 
assistance of calculating the dosage was then proposed to be 
added into the design.  

(ii) Emotion/Experience Oriented Aside from their 
abilities, patients’ experience and emotion can also affect 
their compliance with CREON. 

Some children, especially younger ones, may be resistant to 
take CREON because of former poor eating or swallowing 
experiences. For children around 8 to 14 years old, they 
sometimes miss taking the medication as they’ve just started 
to gain independence in managing their health condition. 

Older teenagers tend to get rebellious and don’t follow the 
instructions albeit they have enough knowledge about their 
treatment.  

For those patients who tend to miss taking the medication 
and belittle the consequences, this design can help them 
understand the problem more thoroughly and can serve as a 
reminder. The proposed design idea for those who can’t 
swallow capsules was praised by the interviewees to have a 
positive effect of assisting compliance with kids who have 
this problem. In addition, proper encouragement to propel 
patients to try taking the capsule as a whole every few 
months was brought up by the clinicians, as a prompt to 
guide patients to overcome their antipathy. 
Consequences of Not Taking Correctly 
Unlike other prescription medicines, nothing severe would 
actually happen if the patients take more CREON than 
prescribed. However, if they miss taking it or don’t take 
enough of the dose, they will face the consequences of 
malabsorption and maldigestion. As a result, they will suffer 
from tummy aches as an indicator, and get very oily, loose 
and foul-smelling poos as the nutrients cannot be properly 
absorbed by the intestines [12,14], leading to a long-term 
negative impact on their growth for lacking the requisite fat 
and vitamins. As some children with CF don’t fully 
recognise the adverse consequences and haven’t paid enough 
attention to it, the dietitians suggested adding a scene 
describing “the things you want & you don’t want” to 
emphasise the problem and make them aware of all the 
consequences. As every child wants to avoid embarrassing 
situations and grow up properly to adults, this would be a 
great assist to persuade them internally and impel better 
compliance. 
Age Range of the Primary User Group 
The interview helped shape a more specific age group as the 
primary user group to target at - children from 8 to 14 years 
old, ranging from those attending the upper primary to lower 
secondary school, for the following three main reasons: 

First, when children with CF grow up to this age range, their 
parents would gradually let go of looking after them and urge 
children themselves to start to gain independence for 
managing their own medications. As they are at the early 
stage of being independent, it is very important for them to 
understand their health condition and treatment and interpret 
why and how they should take CREON. 

Second, as they get to manage their own medications, the 
chance of missing taking the medicine increases. An 
engaging interactive tool could be helpful in strengthening 
their memory about the treatment. 

Third, most children at this age don’t fully recognize the 
problems thoroughly, and they tend to think tummy aches is 
the only bad consequence and missing taking the medication 
won’t do severe damage to their body. However, they should 
understand how the digestive system, the organs, and the 
nutrients interlock with each other and adversely affect their 
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growth. Therefore, the inclusion of educational contents of 
how the digestive system works, how CREON works, and 
the possible negative consequences of not taking CREON 
correctly would be especially beneficial for children from 
this age group, serving as a prompt and reminder to 
encourage adherence with the medication.  
Contexts of Using the Narrative AR 
Typical scenarios where users may access this narrative AR 
emerged from the discussion.  

l Personal Use 
For both paediatric patients who are transforming to 
manage their medications and parents who are taking 
care of their children with CF, they can access this 
interactive information to gain a deeper understanding of 
the health condition and the treatment. 
As mentioned by the interviewees, lots of children store 
their CREON in the Dossett boxes, which are special 
boxes to help patients organise their medication, and may 
put them in different places where they routinely visit 
(e.g. one in the backpack, one in the school locker, one in 
the bedroom, etc.), therefore, it is valuable to think about 
how to make the information suitable to retrieve across 
different settings. 

l Aiding Explanations to Others 
For children who are willing to talk about their conditions 
to their friends and other family members, it may appear 
to be difficult trying to get all the abstruse medical 
information across. Therefore, the first two parts of the 
narrative can serve as a tool for a better explanation by 
presenting the visual cues and interactions to those who 
don’t have a modicum of relevant knowledge or 
experience. 

l Aiding Consultation 
During the consultation, clinicians can take advantage of 
the visual and interactive information to engage children 
and their parents amid oral explanation, in order to better 
explain the situation more explicitly. 

After analysing the results, we then progressed to the second 
phase of the design process, where the narrative was iterated 
based on the insights, and personas and the paper prototype 
were developed.  
2nd Phase: Personas, Iteration and Paper Prototype 

Personas 
By analysing the information online and insights offered by 
dietitians from the CF group, two main target user groups 
were derived, and personas were created by extracting the 
typical characteristics of them.  

The primary user group is children from 8 to 14 years old, 
who are attending the upper primary or lower secondary 
school (Figure 4). Kyle is 11 years old and has just started to 
manage his own medication independently. He sometimes 
misses taking the prescription and is prone to avoid taking it 
when eating out with friends. He thinks it is not a big deal to 
not take CREON in some occasions. Therefore, his parents 

and healthcare providers want to help him understand his 
condition and treatment more thoroughly in order to 
encourage compliance.  

 
Figure 4. Persona for Primary User Group 

The secondary user group is CF patients’ parents who find it 
difficult to understand and follow the text-based instructions 
(Figure 5). As her daughter is still at an early age, Elise takes 
the responsibility of managing the little girl’s health 
condition. However, as someone who has no modicum of 
medical knowledge, Elise finds it hard to comprehend the 
instructions of CREON, and sometimes gets panic and 
indecisive with dose calculation. She has also been trying to 
explore interesting ways to persuade her child of taking the 
medication as the little girl sometimes tends to show 
resistance. But as a premise, she needs to understand the 
instructions by heart and master the dose calculation.   

 
Figure 5. Persona for Secondary User Group 

Iteration of the Narrative 
After conducting concept walkthrough using the initial 
storyboard, the educational contents about the digestive 
process and working mechanism of CREON were confirmed 
by the dietitians to have a positive impact in aiding better 
interpretation of the medical instructions. Therefore, the 
main structure of the narrative stayed as original, and several 
changes regarding the content and details were made for the 
first iteration. Detailed design adjustments and rationale can 
be found in the summary table of design decisions (Table 1). 

A low-fi paper prototype was developed to better illustrate 
the interactive process (Figure 6). Then a ten-minute video 
demonstrating the whole storyline and interactions were 
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recorded and sent to clinicians for another round of feedback, 
which will be discussed as follows. 

 
Figure 6. Samples of the Paper Prototype 

3rd Phase: Honing the Narrative 
Three dietitians at the CF team of GOSH provided positive 
feedback of the demo and offered insightful suggestions for 
improving the design further. 

In terms of the wording and phrasing of the narrative, they 
suggested simplifying the overall word choice and adding 
requisite explanations to make the information more 
accessible for the targeted children. For example, words like 
“duodenum” and “malabsorption” should be replaced using 
more everyday language in order to help patients fully 
comprehend. 

Regarding the content, they recommended adding all 
possible consequences of malabsorption in the educational 
section, as well as putting more emphasis on the need for 
different doses with different foods depending on the fat 
content in the dose section. For example, explaining that a 
burger contains more fat than a packet of crisps to help them 
understand more deeply about the dose calculation. Tips 
suggesting them to seek help from their dietitians when 
things are not clear should also be included in the content.  

The narrative was then iterated again based on all the 
feedback received, leading to the final design. 
Final Design 
In this section, we present the final design of the AR 
application. To make the design decisions more structural, a 
summary table explaining the corresponding requirements 
and design rationale is showed below (Table 1). 
Form of Realisation 
Based on the results of the user research, the final design was 
then realised as a cartoon-style, marker-based AR 
application with a narrative structure, which could be 
activated by various iconic stickies for different parts of the 
story. As children with CF tend to take their CREON 
medication in several places throughout the day, they often 
carry a special Dossett box containing the medicine around 
with them. Therefore, using different markers to activate the 
content can offer parents the flexibility to stick them onto 
proper places considering individual needs, whether on the 
medication bottle, the Dossett box or their lunch box. Using 

cartoon-style markers can also serve as an attraction for 
children to start their own exploration. The set of markers are 
book, CREON Hero, food and alert markers. (see Figure 7) 

 
Figure 7. The set of markers used in the AR app 

Characters 
The characters in the narrative are all personified to attune 
with the targeted audience, including the main narrator 
Dr.ACE, who will be there throughout the whole story, key 
organs in the digestive process, CREON Hero and a CF 
patient Leo.  
Synopsis of the Narrative 
The content of the narrative consists of four main parts. Once 
the app is opened, Dr.ACE will pop up and instruct the user 
to scan the markers to explore different sections. It is 
proposed that using verbal narration can deliver medical 
information and guidance in a more direct and accessible 
way. Besides, having a doctor presenting throughout the 
process can improve the credibility of the information whilst 
shorten the distance with the user by its adorable appearance. 

The Book Marker will bring up educational content - the 
explanation about the digestive process, problems caused by 
CF and the working mechanism of CREON, simulating by 
the journey down a child slide. The slide is divided into four 
parts with organs serving as joints. The user will be asked to 
drag their preferred food onto the top of the slide, and 
Dr.ACE will explain the digestive process and problems 
while the food sliding down. Here the pancreas is 
anthropomorphised as a king who calls out soldiers (the 
enzymes) for breaking down nutrients in the food. This 
metaphor was chosen to help illustrate the complex 
information to children. Then the doctor will continue to 
explain how CREON works inside of the body accompanied 
by the corresponding animation. This educational section 
aims to help the user understand their own health condition 
more thoroughly using both verbal and visual elements, and 
to try to convince them the important role CREON plays in 
their body. 

Then the instructions for taking CREON will be triggered by 
scanning the CREON Hero Marker. In this section, the user 
will be asked to help another character Leo, who is also a CF 
patient, with taking CREON. If access is made to the special 
instructions for people who have difficulty in swallowing 
capsules, the user will need to perform a four-step virtual task, 
instructing them how to take the granules inside of the 
capsule in the correct way. By doing so, the user is able to 
practice in the augmented reality world before handling it in 
the real world, which will not result in any negative 
consequences when errors are made and can help them learn 
from this interactive experience. Either completing helping 
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Leo or the special instructions will trigger the confetti scene, 
with an interactive flipping-cards session that describes 
“things you want and things you want to avoid”, aiming to 
inform the user of the positive impacts of taking CREON as 
prescribed, and all negative ones when failing to do so. 

The Food Marker will trigger the section specifically about 
dose. The importance of taking CREON with the correct 
dose will be emphasised and the user will be asked to enter 
their prescribed dose. Assistance for dose calculation is also 
provided for those who find it difficult to do by themselves.  

The last section of extra precautions activated by the Alert 
Marker offers tips regarding the storage and other crucial 
things to keep in mind. Quizzes about the key information 
delivered will be followed to strengthen the user’s memory 
of essential instructions.   

Lastly, the top tip “Remember to take CREON with every 
meal and snack” will be shown at the end to further highlight 
the information. 

After deciding on the content of the narrative, wireframes 
and the digital prototype of the AR application were then 
developed (Figure 8). In the next section, we describe the 
evaluation process and results using the digital prototype.  

 
Figure 8. Samples of wireframes and the hi-fi digital prototype 

(See Appendix 1 for more) 

 

 

Requirements Design Ideas Rationale 

Need to think of a natural way for 
children to fully understand the medical 
instructions rather than merely telling 
them what to do. 

The instructions of how to take 
CREON will be delivered using an 
interactive session, where the user will 
be asked to help another CF patient 
with taking CREON. 

By performing the tasks of helping 
someone who also has the same illness 
with the user, it can help children 
attune with the story more naturally 
and strengthen their memory of the 
instructions. 

Users may get distracted at some point 
during the process and certain key 
messages may get missed out. 

Include a quiz session at the end with 
questions about the key information 
delivered. 

A quiz session can help users correct 
potential misunderstanding about their 
condition and the instructions. Having 
the section at the end can emphasise 
key messages once again and prompt 
more long-lasting memory. 

Adjustments made based on initial user research 

Opening the capsules up cannot serve as 
a long-term solution for those who are 
resistant to swallow. Children need to be 
encouraged to try to swallow CREON as 
a whole. 

Adding encouraging tips after 
delivering the instructions of opening 
the capsule up to emphasise the 
importance of keeping the medicine 
intact and help children overcome the 
antipathy. 

Children need to be given flexible 
options as well as be encouraged to try 
things out. Providing flexibility before 
persuading them should help reduce 
their internal resistance of such 
messages. 

Some children with CF don’t fully 
recognise the adverse consequence and 
haven’t paid enough attention to it. 

Adding a scene describing “the things 
you want & you don’t want” to 
emphasise the problem and make them 
aware of all the consequences. 

Every child wants to avoid 
embarrassing situations and grow up 
properly to adults, thus it would be a 
great assist to persuade them internally 
and impel better compliance. 

Children have to take CREON several 
times a day in different contexts, so the 

Use different markers to activate 
different chunks of AR content that is 

l Markers are lightweight, portable 
and easy to produce. They can be 
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design needs to be flexible for them to 
discover what to do. 

specific to the artefact using e.g. 
medication bottle, lunch box, CREON 
capsule.  

designed to have playful and 
accessible content for children 
who can’t read.  

l Smaller chunks of information 
can provide flexibility for 
children to access in different 
contexts and can shorten the time 
of incessant concentration. 

Correct dose is essential in terms of 
taking CREON. The dose standard varies 
from different patients considering their 
condition and food they prefer to eat.  
The fluctuations of the dosage require 
adequate numeracy ability to calculate, 
which appears to be extra burdens to 
some patients and their close ones. 

l More emphasis was put to explain 
thoroughly about the dose and its 
calculation using common 
examples 

l Adding assistance of calculating 
the dosage. 

l Adding tips to prompt patients to 
refer to their dietitians if not sure. 

l Using concrete examples can help 
patients better understand 
complex medical information.  

l Assistance and tips of calculating 
the dosage can help alleviate 
potential indecision and worry. 

Rare patients show allergy to CREON, 
while how to store CREON is essential. 

Guidance about storage and 
precautions were added in the last 
scene of the informative parts. 

All contents included should be the 
most relevant and essential information 
to the target user group. 

Table 1. Summary table of design decisions made throughout the process 

 
4. USABILITY TESTING 
To evaluate the usability, legibility and educational value of 
the design, usability testing was then conducted. As formal 
face-to-face testing with the clinicians was not allowed under 
the current situation of COVID-19, the evaluation was then 
revised into two parts: Pilot testing was carried out using the 
original digital prototype with two friends of the researcher 
(master students, 1 male and 1 female); Then an online 
evaluation using the interactive walkthrough was then 
carried out with dietitians from the CF team. Think-aloud 
method [9] was used in both testing sessions, where 
participants were asked to verbalise their thoughts when 
interacting with either the prototype or the interactive 
walkthrough. As one of the most frequently used usability 
tools, think-aloud is convincing and easy to learn, which can 
help the researchers discover what the users actually think 
about the design in a flexible way [13]. Here we present the 
two testing sessions and the key results of the evaluation. 
Pilot testing 
Participants who took part in the pilot testing session had no 
previous knowledge about CF. Therefore, the main aim of 
the evaluation was to see to what extent they could 
understand and remember the unfamiliar information after 
using the app. After briefing about the aim of the design, 
participants were asked to use the digital prototype and voice 
out their thoughts while interacting. A short interview was 
then followed with questions about evaluation and also those 
arose during the testing process. 
Results 
Both participants offered positive feedback about the design, 
claiming that from their perspective, the graphics and style 
are suitable and attractive to children, and that explaining 
medical information using AR can obviously improve 

patients’ understanding of the medical instructions 
comparing with traditional text-based leaflets. Though they 
had never heard about CF or CREON at all, after using the 
app, they were able to recall some key information such as 
the medication needs to be stored in cool and dry places, and 
that patients need to take CREON whenever they eat and 
should never hold the medication in their mouth. One 
noticeable thing is that when taking the quiz question of 
whether CREON can be held in the mouth or not, participant 
#1 answered wrongly. However, he was able to recall the 
correct answer when being asked about what kind of 
information he could remember in the following interview. 
It is reasonable to infer that the quiz session achieved its goal 
of emphasising essential information at the end to help 
strengthen users’ memory and correct wrong perceptions. 
More specifically, the interactive section for those who have 
difficulty swallowing capsules was highly credited by both 
participants, as it includes novel interactions that simulate 
the experience in the real world, such as tilting the phone to 
make the capsule appear upright and shaking the phone to 
drop the granules inside onto the acidic food (Figure 9). 
Participants hold positive attitudes towards the 
generalization of such novel form, stating that it could help 
patients understand more easily and thoroughly about their 
condition and the medical instructions. 

 
Figure 9. Samples of interactions that simulate real-world 

experience 
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Online Evaluation 
Two dietitians working at the CF team in GOSH took part in 
the online evaluation session. A pre-recorded demo of the 
digital prototype was presented first as an alternative to show 
them the complete form of design. Participants were asked 
to think-aloud while watching and were allowed to pause the 
video at any point to verbalise their thoughts. Then the 
simplified version of the prototype made by Adobe XD was 
sent to the participants. This was a trade-off made because 
they were not able to interact with the actual digital prototype 
under the circumstances. The simplified version served as an 
interactive walkthrough tool that emulated how the interface 
and navigation would feel like from the users’ perspective. 
Participants were also asked to think aloud while interacting 
with it. Lastly, an interview was followed to evaluate the 
design furthermore.  
Results 
The design received very positive and encouraging feedback. 
Compared to traditional text-based drug labels and leaflets, 
the effectiveness of using mobile augmented reality to 
deliver medical information was credited by the dietitians in 
several aspects: 

• Legibility and Educational value  

They claimed it to be “very informative” and “educationally 
incorporative”, as the content has a fair amount of requisite 
educational information that needs to be understood, but it is 
spread out reasonably into different sections and has 
interactions in-between to make it engaging and appealing to 
children. The contents and structure of the app were praised 
by the dietitians, stating that “it explains the when, where, 
what, why and how very clearly and engagingly”. They also 
confirmed that it was good to educate children early with the 
requisite knowledge to help them understand their condition 
and the treatment more thoroughly. 

The design offered a shift in pedagogy for children to absorb 
and impart knowledge. Compared to traditional written or 
audio-only sources, it can enhance children’s learning 
experience by superimposing virtual objects onto the real 
world, prompting more interactions between children and the 
content. As GOSH has been exploring different techniques 
to improve treatment and patients’ experience, this form of 
information delivery “lends itself very well to how we want 
to educate children in the future”. 

• Usability (Accessibility and Portability) 

The use of portable digital devices as the medium is a wise 
choice. As “most children and young parents are already 
familiar with the device and are used to doing things on it”, 
this form of information delivery adapts well to their existing 
preferences with no extra learning burdens. It is hard to have 
patients remember to bring the leaflets with them all the time, 
thus the design can have more adaptability for patients to 
have easy and instant access regardless of time and places. 
And because children with CF tend to forget taking CREON 
when they’re outside, it is valuable to have this kind of 

“portable and accessible information” on their everyday 
devices. One unexpected finding brought up by the dietitians 
is that deploying such information onto patients’ everyday 
device can also be more environmental-friendly than 
traditional leaflets. 

The idea of using various markers for retrieving different 
sections in short lengths was praised by the dietitians. As 
children’s attention span is quite short, smaller chunks of 
information are definitely more accessible for them 
compared to a lengthy text document. This form of design 
could be able to engage children fairly well as each section 
only lasts for 2 to 4 minutes and the information is explained 
simply enough for them to understand. The analogies of the 
slide resembling the digestive process and the magic cope 
resembling the coating of CREON were also stated to be 
intuitive and suitable for the target user group. 

• Utility 

The design was credited as forward-thinking in terms of 
exploring novel ways of educating patients. Using mobile 
augmented reality that includes multiple senses to deliver 
complex medical information is like “hitting the nail on the 
head with the target user group”, stated by one of the 
dietitians. With their tight schedules, clinicians do not always 
have the time and opportunity to get messages across to 
every family. Thus, they believed this form of design can 
serve as a great tool for patients to access requisite 
educational information at home, as “an adjunct to what the 
dietitians do”. It can also serve “as an incentive to distract 
children’s resistance, refusal and stubborn behaviours”, as 
children would treat it as “additional fun screen time” to 
enjoy and play with.  

Overall, the online evaluation session provided encouraging 
and promising feedback, claiming it to be very timely in the 
current situation and has got great potential in this area. 
Potential Scenarios of Using the APP 
Aside from the evaluation insights, the dietitians also 
envisioned several potential using scenarios of the app: 

As a storybook in the clinic room For children who are 
more unruly and may not focus on what the clinicians are 
saying, this interactive app can be used to distract them with 
valuable educational contents.  

Provide information before coming to clinics Depending 
on various needs, the flexibility of the markers can be used. 
For example, the first marker can be attached to the 
appointment letter so that children can access the information 
before they come to the clinic. As stated by the dietitians, 
offering patients certain flexibility and adaptability on how 
and when to learn, respond and engage with medical 
information as well as the clinicians can be a good way of 
reducing their anxiety, especially during this post-lockdown 
period. It can also be accessed on their way to the clinic as it 
is mobile and portable. This can provide engaging 
information for children to start to listen to.  
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Children staying outside alone When children go outside 
alone that they tend to miss taking the medication the most. 
This portable information on their digital devices can serve 
as a reminder to help them take CREON consistently. 
Implications for future improvements 
Based on both pilot testing and online evaluation, 
implications for future improvements were derived from the 
observation process and participants’ feedback. These 
include subtle adjustments in terms of both interactions and 
contents, which will be implemented in the following stage. 
Please see Appendix 3 for more details. 
5. DISCUSSION 
For this research, we reviewed the existing problems of 
medication errors and proposed a novel and creative way to 
help patients better interpret medical instructions. Focusing 
on the patients’ side, we devised an AR application with a 
narrative structure for children with CF to understand their 
condition and the prescription drug CREON. The study 
investigated about whether this form of design can make 
complex medical information more accessible and engaging 
for patients compared with traditional text-based drug labels 
and leaflets. The initial user research brought up a multitude 
of findings about authentic problems and user needs. Results 
of the usability testing revealed the potential of such design 
in helping patients with understanding medical information, 
demonstrating it does not only have educational value but 
also encourages better adherence. Next, we present the 
highlighted findings and design implications derived during 
the process. 
The Potential of Interactive AR Technology for Delivering 
Medical Information 
AR technology has been explored in the medical area for 
quite a long time, however, most studies and applications 
tend to focus on how it can improve treatment and surgery 
from the clinicians’ side. Though the clinicians may 
influence the treatment dominantly, the process of delivering 
any treatment is bidirectional, hence it is also necessary to 
consider the experience of the recipients. Previous research 
has shown that many patients fail to follow the medical 
instructions at home, which then leads to various negative 
consequences [20]. Though adjustments made on the 
wording of drug labels were able to improve understanding 
to some extent, patients with low literacy level still tend to 
misinterpret essential information [10,40]. In order to 
empower patients with appropriate autonomy and improve 
the efficacy of the treatment, patients need to be equipped 
with requisite knowledge about their health condition and the 
treatment they receive.  

The results of the initial user research also confirmed this 
problem. For paediatric patients with CF, language and 
educational level consist of the main barriers of taking 
CREON correctly. While these children are still being 
educated in their early age, some of their parents who need 
to take care of them may also have limited literacy and 
reading ability. Thus, it is difficult for them to interpret the 

complex medical instructions delivered by pure texts and 
make proper decisions. There exists the need of exploring 
novel ways of conveying such messages that are more 
accessible for patients, particularly those with limited 
literacy to comprehend.  

With the development of technology and the popularisation 
of smartphones and tablets, mobile augmented reality has 
enabled a broader population to interact with the AR world 
[19]. As stated by the dietitians during the online evaluation 
session, even younger children (3 to 4 years old) have already 
brought their own iPads when coming to the clinics. The 
research thus proposed that interactive AR technology can be 
explored to solve this problem in a wider context and provide 
a more universal design for all. By enabling patients to listen 
to auditory explanation with visual aids and interact with 
virtual artefacts, complex medical information can be 
delivered in a more vivid and engaging way. As this form of 
information delivery requires very little reading ability, it can 
lower the cognitive threshold and thus can serve patients 
even with low literacy level. Results of the evaluation 
showed positive effects that users are able to interpret more 
thoroughly about the information compared to tradition text-
based labels and leaflets. Having various interactive 
attributes, different elements and sections can have 
compensated effects, providing deeper understandings and 
more long-lasting memories. 
Using Empathy to Deliver Educational Content and 
Encourage Better Compliance 
The results of the user research showed that many children 
with CF don’t fully recognise their condition and the 
consequences of not taking CREON correctly. Thus, they 
have poor adherence with the medication and do not treat it 
as a serious problem when missing taking it. Previous studies 
showed that people with low literacy level are more likely to 
read and understand the material that is relevant to them as it 
is easier to get involved in [11,34]. Therefore, we proposed 
that taking advantage of empathy and providing users with 
familiar situations and experience can have positive effects 
in delivering educational content and encouraging 
compliance.  

In this design, we simulated the digestive process by showing 
the food travels down a child’s slide, with several checking 
points resembling key organs. This metaphor proved to be 
easy to understand and a powerful analogy by which children 
can more easily understand the digestive processes. By using 
this common experience that almost every child has, it is 
believed that users can attune with the story more easily. This 
natural way of delivering medical information can get the 
key messages across in a more interesting way and should be 
able to reduce patients’ internal resistance of taking the 
medication.  

In the instructional section, users are asked to help a CF 
patient with taking CREON. By performing tasks that are 
relevant to themselves to help someone with similar 
conditions, users can be able to bring themselves into the 
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situation and thus providing a more profound grasp of the 
instructions. 

The analogies used in the design were confirmed by the 
clinicians to be intuitive, engaging and easy for children to 
understand. Compared with text-based labels and online 
videos, the AR app offers real-time interaction that better 
integrates the action of taking medication with the real-world 
setting, thus providing a more intriguing and realistic 
experience. This was further brought to life with virtual 
characters that appeared to speak directly to the children. 
This fun way of delivering requisite medical information can 
help distract children’s resistance and refusal, thus 
improving their understanding the adherence. 
Design Suggestions 
Drawing on the results of both user research and usability 
testing, we identified some best practices to develop mobile 
AR applications with a narrative structure in aiding patients 
with their treatment. 

First, the storyline should be cohesive and relevant to the 
target user group, and adequate control should be given for 
users to explore. This can make the users attune with the 
content more easily and thus improve the efficacy of 
conveying medical information. It is very important to 
investigate authentic user needs and preferences to make the 
design more accessible and serviceable.  

Second, the design should include multiple forms of different 
interaction that simulates experience in the real world. By 
providing users with the opportunity to practice essential 
actions in the augmented reality world before carrying them 
out in real life, potential mistakes and risks can be avoided 
to some extent. In the meanwhile, it can provide users with 
more engaging and intuitive ways of interaction to make the 
design more amusing.  

Third, to make the application accessible for patients even 
with limited technology experience and literacy, proper 
guidance of how to use the app should be provided in a 
straightforward way. A short instructional video or tips 
illustrating the interactive flow can be included at the very 
beginning to help users understand how to use the app. More 
hints should be also included during the whole process to 
prompt corresponding interactions. For example, the 
elements that need to be pressed or dragged can be 
highlighted to reduce users’ cognitive workload.  

Lastly, important messages should be emphasised and 
reinforced multiple times to help form long-lasting memory. 
The results of the pilot testing showed that the quizzes in the 
last scene had positive effects of correcting potential 
misunderstandings and further strengthen users’ memory 
about the information. Therefore, it is valuable to have some 
extra consideration to make sure all essential information is 
correctly understood. 

Overall, the ideal design should follow the rules of user-
centred interaction design and make full use of both the real 

and virtual world, thereby turning abstruse text-based 
medical information into a vivid and engaging form for 
better comprehension. 
Study Limitation 
As direct contact with CF paediatric patients and their 
families was not allowed due to ethical considerations, the 
research could only conduct user research and testing with 
dietitians from the CF team at GOSH. Therefore, the design 
was crafted based on the perception of the clinicians rather 
than the patients themselves. Though they work closely with 
CF patients and have provided very professional feedback 
and suggestions throughout the whole design process, their 
opinions may not fully resemble the actual thoughts of the 
target user group. More problems and insights may be 
elicited when conducting evaluation with children.  

The research was carried out during the Covid-19 pandemic; 
hence many trade-offs have been made during the process. 
All user research and testing were conducted remotely as 
face-to-face communication was not allowed under the 
situation. While online sessions went quite well and received 
fruitful feedback, the research lacks on-site observation and 
investigation which could probably provide serendipitous 
findings that would improve the design and enhance the 
credibility of the results to a higher extent. As it was not 
possible under the current situation to let the dietitians 
interact with the actual prototype, the methods used in the 
online evaluation with the dietitians were not as ideal as 
formal usability testing sessions. Though the demo and 
simplified version of interactive walkthrough provided the 
sense of navigation, real-time interactions from the user’s 
perspective could probably elicit more unexpected insights 
and potential loopholes. 
Future Work 
Depend on all the feedback and suggestions received, the 
design would be further iterated and polished to fully make 
use of the interactive technology and provide an even more 
engaging experience. Future plans include proper usability 
testing with the dietitians and will also engage with CF 
patients and their family. The AR app will be deployed for 
the clinicians to use during the consultation with CF patients, 
in order to evaluate the effectiveness of the design in a more 
realistic environment with real target user groups. This could 
be very helpful to investigate whether the information and 
design are actually suitable for children to fully understand, 
as the current study was only able to conduct research from 
the perspectives of clinicians, which may include certain 
stereotypes and deviation. 

To make the design more accessible and inclusive for 
children with different education levels, progressive learning 
chapters and extra functionalities could be devised later on. 
Besides, as CREON is only one typical type of pancreatic 
enzyme replacement therapy (PERT) that we use in the UK, 
it might be worthwhile to make the design more 
generalisable in the future for all medications that have 
similar functions.  
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As initial evaluation showed positive results, there also exists 
an opportunity to promote this form of design into other 
diseases and medication. More in-depth research can be 
carried out to explore the generalisability of such design. 
6. CONCLUSION 
This study proposed a novel way of using augmented reality 
with an interactive narrative structure to deliver complex 
medical instructions to paediatric patients. To investigate the 
feasibility and effectiveness of this method more specifically, 
the design takes children with Cystic Fibrosis who need to 
take CREON for treating their digestive problems as a 
typical example. Grounded in practice, the design tried to 
offer empathic experiences to patients and was mainly 
iterated and improved by insights elicited from user research. 
The results of the usability testing showed that this form of 
information delivery is more engaging and accessible 
compared to traditional text-based drug labels and leaflets. It 
can improve patients’ interpretation of their health condition 
and medical information. By taking advantage of visual, 
auditory, and interactive elements, even participants with no 
previous knowledge about neither the disease nor the 
medication were able to recall key messages conveyed by the 
app. This form of design can be promoted to other 
prescription medication and help patients, especially those 
with limited literacy, take their medicine and encourage 
better compliance.  

While formal usability testing with real target users should 
be carried out in the future, it is believed that mobile AR 
technology has great potential in delivering medical 
information to patients, thus reducing undesirable 
medication errors and promoting more effective treatment. 
Based on our experience, several insights and suggestions for 
developing such MAR application were identified. We hope 
this research could serve as a basis for more in-depth future 
exploration in this area, letting AR technology bring more 
benefits to patients.  
HIGHLIGHTS FOR GOSH CLINICIANS DEALING WITH CF 
• Using mobile AR with interactive narrative adapts well 

with patients’ existing preferences and habits of using 
portable digital devices, which can provide them with an 
engaging experience and help them overcome resistance 
and stubborn behaviours; 

• This novel form of delivering medical information 
provides a shift in pedagogy, improving patients’ 
comprehension about their condition and treatment; 

• Educating paediatric patients with requisite knowledge 
not only has great educational value but also can 
encourage better compliance; 

• Providing more flexibility to patients, for example, 
letting them access educational information about their 
condition in advance, can have positive effects in 
reducing their anxiety and resistance, especially under 
the current COVID situation; 

• The design has several potential use cases: (i) For 
patients to access before coming or on their way to 

clinics; (ii) Serve as a storybook during the consultation 
to engage patients; (iii) For children to access when 
staying outside alone as a reminder, etc.; 

• The design can be contextualised and progressed with 
different chapters in the future to be more inclusive for 
patients with various education levels. 
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APPENDIX 1: EXAMPLES OF DESIGN TECHNIQUES USED DURING THE PROCESS 
 
1. Initial Storyboards 
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2. Paper Prototype 
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3. Wireframes 
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4. Example codes used for creating the digital prototype 
Example script for activating animation when collision detected 

using System.Collections; 
using System.Collections.Generic; 
using UnityEngine; 
using UnityEngine.EventSystems; 
 
public class CollideWithSlide : MonoBehaviour 
{ 
    public Animator anim; 
    public GameObject[] _ObjectsToActivate; 
    public bool _ActivateObjects = false; 
 
    public GameObject[] _ObjectsToDeactivate; 
    public bool _DeactivateObjects = true; 
 
    void Start() 
    { 
        anim = GetComponent<Animator>(); 
        Debug.Log("anim activated"); 
         
    } 
 
    void OnTriggerEnter(Collider other){ 
        Debug.Log("hit detected*********"); 
         
        for(int i = 0; i < _ObjectsToActivate.Length; ++i) 
        { 
            _ObjectsToActivate[i].SetActive(true); 
        } 
 
        for(int i = 0; i < _ObjectsToDeactivate.Length; ++i) 
        { 
            _ObjectsToDeactivate[i].SetActive(false); 
        } 
   
    } 
 
    void OnTriggerExit(Collider other){ 
        Debug.Log("exit!!!!!!!!!!!!!!"); 
    } 
     
} 
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APPENDIX 2: EXAMPLE TRANSCRIPTS OF USER RESEARCH AND ONLINE EVALUATION 
 
1. User Research – Examples from the Interview 
 

From your experience with children with cystic fibrosis, what are the common problems they usually encounter? 

So I think common problems are probably taking their medication within the required time of eating the fat containing foods. 
So that would be they sometimes they take it before or during or after, but it needs to be within kind of 15 to 20 minutes is 
what we generally recommend of, of the food. So, younger children will sometimes take it at the end because then they kind 
of they have such variable intakes, all children tend to just do it at the beginning because they know that they'll eat it. Does 
that make sense? Yeah, and probably the other one is so timing of taking it, taking the right amount. So we work on a ratio 
of the amount of fat to the amount of capsules. So I can I can, I don't you like, obviously whatever point in the project you 
are I can send you like the specifics as to how that would work so that you could have it to build in that kind of thing. But it is 
kind of like however many grams of fat you take you take this number of capsules. Does that make sense? Yeah, every capsule 
it's this much grams of fat. For different children that quantity can vary. So it's probably worth having some kind of flexibility 
built in that would allow them to maybe enter their ratio at the beginning. So that then what it instructs them to do they can 
always kind of have it tuned to them. Does that make sense?  um, children will take one capsule to like five grams of fat. 
Other children might need one to three grams of fat. Some children are one to seven grams of fat. So the amount of capsules 
you're going to take for your medicine is going to be different for different children, even if they eating the same food. Does 
that 

I searched on the internet that it depends on their weight, their symptoms and their diet. Right? 

Yeah it does. But it's, it's also to do with just that the how well they've got is absorbing. So some children have a bit of a better 
level of functionality than other children. And that's just to do with multiple factors. 

So I guess the amount of tablets is so we've said the amount of tablets, the timing of the capsules and then just remembering 
to take them full stop. So the main focus for that would probably be more with children who are kind of maybe in their 
teenage years, and we're beginning to get them to be more independent with their medication. So the parents aren't 
reminding them as much, and it's more about them starting to do it for themselves. 

What kind of age group is it? Is it like 10? 

So our age group is zero to 18. Oh, for the age group where they would be being more into dependent, probably from sort of 
upper primary school lower secondary school, because in primary school, the medications are obviously often more 
controlled by like a school nurse or something. Whereas in secondary school, they tend to be dosing themselves, so probably 
call it 12. 

So they are dosing themselves. They kind of have this kind of independence  

Yeah, more children in secondary schools of managing their own CREON 

If they keep eating the same thing, do they need to change the dose? 

No, like, so if they always ate one egg one toast for breakfast every morning, that was they had they would always take the 
same CREON. If they ate two eggs one toast for breakfast, the CREON would increase. I'm trying to keep it like simple. Yeah. 
And also generally most children for example, if they had like a packed lunch, even if maybe the filling changed, or the snacks 
slightly different, let's say they had either no cookies instead of crisps or something, the CREON will probably equate similarly, 
it probably wouldn't be massively different, like a lighter lunch and then a meal and then meals tend to be similar as well. 
Your meals you're going to get different are like a Full Sunday roast versus eggs something smaller.  But yeah, so if the child 
you know if a child eats the same thing for breakfast, the same thing for lunch the CREON wouldn’t change. For specific that 
child, no. 

How often do they have to like revisit you or to contact you for consultation? 

It depends on the age of the child, earlier on they see more often. So a few weeks old, you'll be touching with them every like 
week or two weeks when you see a child you probably talk to them weekly to two weekly, but generally our clinics like our 
regular clinics, I think that every, I want to say 12 weeks, yeah. But we may if we had a concern, we would maybe check in 
with them in between via phone. 
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Is there any communication or understanding problem of taking CREON, so how do you kind of explain it to them when 
you consult them? 

So we would probably be quite practical in our demonstration. I guess we, from experience, we ingrain it in them from when 
they're young. So we're showing parents when their children are babies, and we're going from there. So it becomes habit, it's 
kind of as part of their meal time. It's just what you do. Um, I guess the barriers are probably one is language. And also, I have 
had patients in the past whose parents can't like read and write. So something that speaks is amazing because that's like is a 
prompt, if we gave them like a sheet that's more complicated than something that's just verbal to remind them that they 
here because then they get it. And then maybe like, just sometimes the maths side of things. So just kind of like, oh, every 
time the child has this much fat, they have this many tablets, if they can't work that out it or if it's, they panic like if it's a bit 
under or a bit over, like which way do I go? So let's say you had five grams of fat was one tablet, but you give the child only 
three grams of fat the parent is going like "Do I give them one or not?". And we would say yes, but if it was like two probably 
wouldn't. So I guess, yeah language, education level and kind of the numeracy side of it. 

What will happen if the CREON is not taking correctly? Like maybe a bit overdose or they forget to take it 

If the patient takes too much Korean there isn't actually really anything that happens, on the type of medicine that exists 
now, there aren't too many concerns. So if they took a few too many capsules, we don't worry. If they don't take enough, 
they mal-absorb. So that means that the fact that their bodies should absorb comes out in their poos. So the negative 
consequences of not taking CREON are that you get very oily, foul smelling poops. That would be an indicator and often belly 
very, like sometimes bad tummy aches. Okay. So I guess those are good cues for children to like, it kind of prompts them to 
take it because you don't want to deal with that.  And the other thing is it impacts your growth, like at the end of the day, 
the reason they have to take it is because otherwise they're not absorbing the fact that they need to grow. Yeah. So, and with 
that they cannot absorb vitamins as well.  

Do you think it's necessary for them to kind of understand how CREON works within their body to gain a deeper 
understanding of this instruction? 

Massively. Yeah, I think it's, I think something we see or I have seen is that, that when you're teaching children at different 
ages and stages of life, so a toddler that goes through a fussy eating phase and doesn't want to take their CREON is different 
to a, a 9 or 10 year old that's well with their cystic fibrosis, because at the end of the day, this is a condition that if they keep 
on top of treatment, it doesn't always rear its head and they don't understand why they take a lot of medicines. If they're not 
experiencing anything. So it's kind of pitching education levels are different. And you know, you get a 12 year old where you 
ask them, what happens if you don't take your CREON, and all they say is I just get a tummy ache. They are missing the point, 
because they're at an age where they can understand a bit more of their growth. You know, their growth is linked to their 
lungs being well, they're all linked. So I think, yeah, you could have something like educational within it, that would be a good 
prompt. Is that what you're thinking? Like a little thing that they can bring up and it would just remind them and prompt 
them, to encourage compliance.  

Which age group would you say is more efficient for this? Is it what you mentioned that the upper primary school students? 

Yeah I think, from my thinking your experience would be a upper primary school into secondary school. So sort of 8,9 upwards. 
Would be your focus for something educational. But you could even have two options. One that was a bit younger and one 
that was a bit older. But yeah, like probably pitch it sort of 10 to 12 years old. Maybe I don't know. Upper teenagers by the 
time they're sort of 15 16, they know it. They've heard it all. And they've probably had the education a million times. They're 
just choosing to be unique individuals. 
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2. User testing – Examples from the Online Evaluation 
Think-aloud session 

< Instruction Part > 

P1: While the boy is there with a tablet and a sandwich, like you’ve got right now just on the screen with a CREON pill, is kind 
of as explaining what the cloak is. If the CREON pill kind of pits, so they understand that the coating is the “cloak”. Like I know 
we will talk about how we can make it when they can empty it out. But I think it’s probably that bit of talking just like more 
visually interactive, you know what I mean. The next part it goes into instructing them empty it out onto puree. When you 
see it, it makes sense. But just when you’re describing the idea, the coating is important, that you don’t have anything ruining 
the coating before it arrives at where it needs to work. We’re saying about the magic cloak, completely make sense. It does 
work as an analogy. It’s just good to have it pop up, maybe. 

P2: Yeah I think so. And I think typically children with CREON capsules will be swallowing them, so I think it’s just a minority 
that would open it up and giving them puree. Many of the children at this age won’t be opening them up, so we want to 
encourage them not to swallow it. This should be on the first half, on the swallowing. 

P1: But I think this part of the video which she’s gonna show about opening up the stuff, it’s good cuz it does lend itself to 
education in-between. You know like when we start to give them 10,000, and they’re still opening them up, maybe they 
practise just swallowing the shell of the capsule when they’re kind of. Do you know what I mean? Like it’s got potential for 
use. 

P2: Definitely. But it might be better to have separate headings or something to just kind of distinguish. We want to avoid 
children like older than 13 having the option to open them. 

P1: That’s a good point, you might just want to say like, “Once you’ve started school, that kind of thing”. I mean they do it 
when younger, but we say sort of three or four, they’ll probably swallowing them. You might better say, “but if you’re little, 
this is how it works” 

Just labelling a section just like to differentiate it 

P2: I think so, just to distinguish 

Researcher: Can we just make it like an option at the bottom? 

P1: That’s true, you could do that actually. You could say that the bit that we’ve just watched, is like a general thing we do, 
that’s the age group we’re targeting this at. And this bit of opening you can just have it like little, “if you’re still opening up 
your CREON” section, direction 

P2: And this may be for the younger kids 3 or 4 years old, who are moving on to trying to swallow 

P1: It’s not bad, it’s good to have a video teaching, that’s great. Just to make them know that opening up is not the ideal 
choice. But it’s still really great, cuz it’s more, than anything 

After Watching the demo 
P1: Wow. That's amazing. 
P2: Yeah, I would say that it's really, really amazing. It's really good. 
Researcher: Do you have anything else to say in terms of this prototype? 
P2: Nothing, it’s brilliant. I mean, it hugely is! it looks very effective. I have saved from seeing in the sort of drawing stage to 
seeing it being mature. Yeah. looks fantastic. I think you did a great. Yes. Very creative. Yes. Fantastic. 
P1: Yeah. I think it's simplistic enough that kids would, it would appeal to children. Do think about the age group, it's not 
really complicated. We you've definitely simplified the language down a lot, which is great. And when we do need to teach 
him the correct name of certain things, you've done that. So I think that's, and that's something that, you know, you're, 
you're designing it and doing all that, but you don't work with the kids that we work with. So taking that on board is really 
good. And I know I gave you a lot of information. I think it's really good. Like, it's simplified. And it's got, I think it's got good 
opportunity for education, like education within it as you do it, and you haven't. The one thing I would say that I think 
you've done cleverly, is there are some bits where there's, you know, the slide does have quite a bit of education on it, 
which is great. But you have some of it, you've taken the opportunity to spread it out through the whole thing. So it's not 
something dried, a child's just looking at the slide and going, “Well it was really entertaining at the beginning but like you've 
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just been talking at me for ages and I haven't been able to interact”. So you've introduced the interactive bit soon enough, I 
think a child would engage fairly well, which is good like that. 
P2: Yeah, I think you've got it spot on. I mean, good to hear what a child would think about actually, I think it's very 
important to test out on children. And which ages as well. And but yeah, amazing. And yeah, nothing. It's really good. 
CREON is like a brand name. So I just wondered whether, is that how you're wanting to use CREON or enzymes, or I just 
wondered. I just wanted to check that because CREON 10,000 is a brand. That is the most popular one that's used in the UK, 
but it's a form of enzyme. So I just wanted to check that that's the right thing. The terminology is the right thing to use. 
… … 
P2: Yeah, I think they'll really engage with that. Yeah, I think it's good. It's not too long either. I think that's important thing. 
I think is not too you know, there's quite a bit of information but it's not too long I think, yeah, it's very important is 
important it is kept simple. There's a few, some of the content is fair amount that's to be understood. So I guess it's good to 
keep it really clear, and not too long. So maybe having sections might be helpful. I think, 
Researcher: Right now, we're like thinking about like, dividing this into four sections. We have these markers as the symbols 
for each sections and they can scan it to access information whenever they need, like, if they want to know about the dose, 
they can just scan the dose.  
P2: Do plug the dieticians actually. Because I think a lot of this is an educational tool, but I think it really it does go probably 
in line with the dietetic support and conversations. Just again, I mean, and they mentioned it, but I think it should be not 
using in isolation or separate from the dietetic advices we give. So I think we should be there to sort of maybe support 
some of the questions that arise from a child looking at that, whether it's about dosage, whether it's about what how they 
were at the beginning bit, or whether it's about the food side of things, I don't know, or swallowing. So I think it would, it 
would be good to sort of tap into the fact - any questions do ask a dietitian or whatever, you know, just so that it brings it 
back to us the clinical team, to be able to support them to follow on from things that might arise. Yeah. 
Researcher2: It might also be a good way of introducing these markers. The markers are literally stickers that get scanned 
by a mobile phone with this app on it. And actually having those in the clinic room for kids who perhaps want to participate 
less, or who are a little bit more kind of unruly, to distract them but distract them with educational materials, as much as it 
could be storybook. [P2: that’s lovely] as much as you can actually scan them off with a computer screen. There are 
different ways and maybe that's part of the next journey to think on how to have dietetics interact with the CF population. 
P1: And I do think as you get slightly more mature children potentially who were picking up the independence a bit later, 
you do start to think, you know, there's a lot more emphasis in education now on how children learn, and even from a 
young age, how they learn. And I agree with P2, like, it's, it is always in conjunction with your dietitian, which, like, you 
know, we've, like P2 said, You've said it. But I think also sometimes children need the idea of introducing to them. So you 
might agree with parents, you know, I'll show them the app at home the week before they come to clinic, and get your kids 
think about their questions. Because some children work like that. I know I was a kid who never even in higher education. I 
never had questions until I've gone away and moved over the material. I'm not someone who can ask questions in the 
instance. I'm just not wired that way. And I think some kids are. And the opposite, like some of them will look at it, get 
excited about it, be overwhelmed, not have questions, and they might have to call us a week later. So, yeah, our practice 
might vary in the sense that we have to agree. You know, you can start using a tool like this, but you say, actually, you 
know, we can call you in a week, if you've got any questions or parents can email us and let us know. It’s those kinds of 
things that does give us flexibility in practice, and also, you know, in light of COVID, with maybe having, like, we're not now 
but even when it was bad, we were kind of invisual, potentially, we would have ended up on video conferences, calls and 
stuff naturally. This does give you some flexibility and adaptability and like how they learn and when they learn it, and when 
they respond and engage with it as well with us professionals. So I think it's important to highlight like down the line for 
them. 
… … 
 
Thinking-aloud while Interacting with the simplified version of the prototype 
P1: And then if we click the CREON soldiers, so they fly in like this, and we can. So if we start again, so she's got little nice 
captions at the top right hand corner, like how CREON works, which I think is great. And so let's start. And then yeah, so the, 
that's the CREON sliding down the slide. Then he meets the pancreas. So then what do I need to click. Do I need to click the 
arrow that goes to the next bit. Okay, so that's when we give the CREON to our little boy to take with the summit. So this 
was what I just meant by when we start talking about the cloak, you might want to have the enzyme be initially bigger in 
the screen and then go to the boy, kind of like zooming back.  
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P1: Yeah, things you want and don't want. Yep, great. Okay, so you want and we got the fat so we click on all the different 
parts or different questions, vitamins. 
P1: Yeah. Brilliant. That's great. And then we need to click on the green one. And Tummy aches. Now I understand. She's 
like, come on, use it properly. Good. And then we have the meal that they wanted to take, so you could change your doses. 
So what she did this was the titration. So they can change the globules of flat and like preset the child's app to themselves. 
So 1-2 1-4 1-7 1-3 and then even if their pancreatic sufficiency changed, sorry, this is just a like, Listen, I would be saying 
that you know like, Some of them are starting medications that might change this. So it's great that they could change it 
and then they can enter how much fat is in the food on the dose calculator and it would work out how many CREON. Quite 
clever, essential. 
P2: That will do that this, this program will do that? It’s got a calculator incorporated into it. 
P1: Yes, yes. [P2: Ah nice!] The idea is she's saying that she's, you've got the CREON and the globules of fat which sets their 
ratio. They need to know that from us, but then if they go on the dose calculator, they can put in how much is in the meal 
they are having, and then it would tell them how many CREONs to take. 
P2: Really. So how we were we load, so you're going to load or preload loads information in for different foods. Is that 
right? 
P1: No, because it's not there. It's because you're not, it's not about the food. You do have to look up the fat content in the 
food, type it in and then all it's dividing it by is the globules of fat. So it's a divisional sum They haven't quite got to the point 
of scanning thousands of products of food, 
P1: So it’s gonna know how much fat, Okay, and then how much CREON. It’s clever, that's clever. 
Researcher: Yeah, it should definitely be done in the final finished prototype 
P1: And then we've got storage options, the cautions options. Yeah. Perfect. 
… … 
 
Followed-up Interview 
 
Do you think this kind of design this using this augmented reality can be effective in delivering such messages like 
compared to traditional text-based labels and leaflets? Do you think it's gonna effective and helpful for children? 
P1: Yes. I think the main thing about that is to tie it in the development of apps and iPads for kids, knowing how to use 
smartphones and stuff. And actually we’re providing stuff that's on a level with stuff that they already engaged with, rather 
than going back to pick up. [P2: Hmm!] And also actually a lot of people are, well, a little of. Because I was doing it 
yesterday with my iPad and my iPad, but like, like, you know, people are aware of how much paper they're using and 
everything like that. And some people do want it like, you know, in an easy, in an instant access places, all in one place. For 
some people that is important. [P2: Yeah yeah] So maybe for some of our younger parents who are kind of, you know, 
maybe in their 20s 30s. They’ re used to doing things on their tablets, on their phones, on their laptops, this also is good 
because yeah. And also P2 I don't know what you think but also like, remembering to put a leaflet in your bag for your child 
to sit on a train to clinic on, whereas you know they could get this app on their way to clinic and start to listen to something 
on the train, [P2: Oh this is it] you know, that kind of thing 
 
P2: Yeah, absolutely. So loads of kids. Even the younger kids of four and five have got iPads. So yesterday, they've got an 
iPad when they come for their appointment. So the kid sits in the corner with the iPad. The mom's got the phone. Older 
kids, you know, 10 11 plus, have got their phone anyway. So I agree, I think having it on their portable personal device when 
they're out. Because it's when they're out that the kids forget to take the CREON anyway. So actually you want it mobile 
and portable. So yes, I’d so agree it needs to be on their electronic devices, iPads, phones, as an app. An app is a brilliant 
idea. Very, very good idea. 
 
P1: And the information presented in sections is important for children's attention span. It's better than a big document 
that they've got to find a section of, like that switches them off straight away. It's all in their faces, it’s too much. 
 
P2: Yeah, definitely. So I agree with your sections, having one on instructions how to take, why is it needed, how to dose, 
storage. Yeah, I think it's thought through. Yeah, you're right. The five different sections are good. Yeah, that's enough. Isn't 
it? Really? I think, what why how and yeah. Yeah. When? Where? How? What? Why? Yeah, that's what you need, really. 
And you could just always have it like that. Yeah. But yeah, that's good. 
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P1: And <Researcher’s name> I think the other thing that's interesting, I'm just thinking about other stuff that I've seen is 
my old trusted a project in, you know, AI, like the goggle, like, kind of like Google Goggles, type things. Yeah. So they would 
give them to children that were coming for their, like cancer treatment, for example. And they would they would sit with 
those on, but they would have an app on an iPad, and then they would open the iPad app, but it would make it like so the 
child would be like on a roller coaster at Disneyland. They had a bunch of. Yeah, and while they were like maybe you know, 
getting a needle in their arm or something, they would be distracted, because they'd be going oh my gosh I’m on it. And 
that was amazing to watch because it is distraction as well. So I think if you're, you know, your kids being fussy about taking 
CREON or that they're being naughty, they're refusing you know, getting this out for them to play with but at the same time 
they’re realizing why they need it. That's quite great. Like, might work. And you know what I mean? Like as an incentive, 
like, pull them back round 
 
Researcher: Distract them from the painful process right 
 
P1: Yeah, all the refusal like stubborn behaviour, and subtly remind them why and educate but in an in a fun way that they 
just think they've been given fun screen time whereas lots of parents do try and limit that so [P2: Yeah exactly]  
 
P2: Oh, I think it’s so much, it's a lot of work. But it's got such potential I think this has, you know, it's very good. Very 
timely. Actually it is very, very timely. I think that would be quite important as well and just add enhance it as well. Just 
Yeah. As it moves on. Yeah, with the refining a bit early. Yeah. 
 
P1: It’s very interesting, it’s a learning for us, too, I'm really intrigued about how the process works it is really interesting. 
 
P2: Yeah it is. I think it’s just so good because it's quite forward thinking. And it's just important that we do think about 
these novel ways of educating. Because there are many families who, I have to say, we don't always get the message 
through to, even when they transition to adults, I think, you know. We've had we thought sometime repeating ourselves on 
many an occasion, but actually, we don't always have that opportunity to spend time in a clinic with a child who really 
needs to be taught this and actually, they can go home and maybe follow up with this type of tool, then that is just an 
adjunct to what we're doing. So yeah, it's got a lot of, I think, so much scope for us to use it in the right way. Yeah, for sure. 
But yeah, and it's very, very informative. I think it's a really, yeah, it really, what’s the word, hitting the nail on the head with 
the target group and, and how you designed it and what you've done, what the huge amount of work obviously you've put 
into this. I would never be able to actually to create that I don't think. 
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APPENDIX 3: IMPLICATIONS DERIVED FROM USABILITY TESTING FOR IMPROVEMENTS IN THE NEXT STAGE 
 

 

FUTURE IMPROVEMENTS 

Overall Design 

- Repeat important things a couple of times to make it really clear 
- Providing the option of approaching dietitians throughout the whole process to support 

children in case they have questions arise or need further communication 
- Add headings to each section to make it clear for patients what they are looking at 
- Provide hints to prompt users to interact with the specific elements 

Educational Part 
- For the slide in the first educational part, make it clear that’s the condition in “a 

healthy body”. 
- Add small arrows highlighting King Pancreas to make it clear to children 

Instruction Part 

- Make the label of the duodenum bolder and clearer 
- When helping Leo with taking CREON, add animations like pop-up and zooming in 

and out to explain what the magic, making it more visually interactive 
- Use separate headings and explanations to differentiate the opening up section as a 

choice for younger kids with the general solution of swallowing the capsule. Make sure 
it won’t encourage children who shouldn’t be opening the capsule up to do it 

Dose Part - Add emphasis to snacks and drinks that contain fat, as children normally forget to take 
CREON in such situation 

Extra Cautions Part 
- For storage, tell children to avoid direct sunlight, radiators and warm rooms 
- Change the icon for extra cautions to a simplified version using the CREON capsule 

and an exclamation mark 

 

 


