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Abstract— The Kitten Scanner is an educational scanner that
can be used to playfully prepare children for an MRI or CT scan.
The current paper describes a re-design of the Kitten Scanner to
increase its educational value and prepare a diverse group of
patients for a diverse range of scan types. Learning goals were
created that are applicable to both MRI and CT. Based on these
learning goals, storylines were developed for 3 different
characters, with each character showcasing a different scan and
emotional response.
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I. INTRODUCTION

Undergoing an MRI or CT scan can be an anxiety-
provoking experience for children. Magnetic Resonance
Imaging (MRI) and Computed Axial Tomography (CAT, or
CT for short) require that a young child lies down on a table
that moves into a large, donut-shaped machine. During the
scan, children hear odd, jarring noises, and have to lie very
still, as even minor motion can reduce the diagnostic quality
of the scan. The current paper describes the background and
design journey for a small-scale educational scanner that can
be used to prepare children for their scan. The goal of this
educational tool (the Kitten Scanner) is to create a positive
scan experience for children and their families, while enabling
healthcare providers to get the high-quality images they need
for their diagnosis.

A. Approaches to scanning pediatric patients

Many hospitals scan young children using anesthesia or
sedation, as this facilitates an efficient, predictable workflow
with high-quality diagnostic images. However, compared to
scanning children awake, a scan with anesthesia carries higher
costs, is associated with more time spent in the hospital [1]
and can lead to post-scan irritability in children [2]. Moreover,
there is an ongoing scientific debate about the safety of using
anesthetic drugs in young children, with some studies
suggesting that repeated, prolonged anesthesia exposure may
negatively affect long-term neuro-developmental outcomes in
children (for reviews, see [3][4][5]). As such, radiology
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departments increasingly attempt to scan children awake,
using various approaches to prepare children and create a
child-friendly atmosphere. Approaches that can be used to
prepare children include using gamified apps [6][7], Virtual
Reality (VR; [8][9][10]), educational videos ([11][12][13]
[14]), therapy dogs [15] and play therapy/preparation by
healthcare providers or Child Life specialists [16] [17]; for an
overview of different approaches, see [18][19][20]). Several
preparation programs that reduce the need for
sedation/anesthesia have shown to be cost-effective
[9][21][22]. Many of these approaches use gamification
approaches such as using virtual companions. Storytelling,
and rewards.

B. Preparing patients with an educational scanner

Studies suggest that preparing children for their MRI
using a mock scanner or small-scale educational scanner may
enable awake scanning of pediatric patients [21][23][24]
[25]. In the early 2000s, Philips introduced the Kitten
Scanner, an educational small-scale scanner that can be used
in the hospital to playfully prepare children for an MRI or CT
scan. The user flow is depicted in Fig. 1. A child chooses a
character doll from the character board, puts it on the table of
the Kitten Scanner, and inserts the character into the Kitten
Scanner by pushing the table into the scanner. The mock
scanning is triggered when the character doll (embedding an
RFID tag) is placed in the mock scanner and an animated
story is initiated on the screen that is specific to the character.
A study in which children (aged 4 to 14) were prepared for
their MRI using the Kitten Scanner showed a 30% reduction

Fig. 1. User flow of Kitten Scanner
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in need for anesthesia [24]. In another study, the Kitten
Scanner was part of an extensive, multi-faceted Children-
Centered Care (CCC) program for children aged 4 to 6, that
included an app, a trained pediatric team, a child-friendly
imaging room and children’s lounge with the Kitten Scanner.
In this study, the anesthesia rate was significantly lower in the
CCC-group (5%) compared to the control group (57%), while
image quality was identical for both groups [21]. Taken
together, these studies suggest that educational scanners may
effectively support anesthesia-free MRI in young children,
especially when supplemented with additional preparation
and guidance (such as an app, child friendly imaging room,
and hospital staff trained to support pediatric patients).

C. Embodied Learning

A distinct strength of educational small-scale scanners is

that they enable active learning, in which children learn
through activities instead of by passively listening to what
they need to know. Active learning has been shown to be
more effective than traditional lecturing [26]. One of the core
reasons Serious Games are so effective as educational tools
is because of this activating, engaging component.
Next to the digital stories, the Kitten Scanner also has
important hardware components: the Kitten Scanner itself,
and the physical character dolls. These are tangible objects
providing opportunities for tactile play and tangible
interaction, which constitutes a form of embodied learning.
This learning approach capitalizes on the physicality of the
educational  scanners, which enable sensory-motor
exploration. The child can see, smell, touch, and manipulate
the Kitten Scanner and character dolls. Learning occurs
because sensory processes stimulate cognitive processes:
touch, vision, and sounds stimulate and facilitate thought
[271[28][29]. Through their senses, people (i.e., children)
create multisensory representations of the context and
environment as they interact with it and can mentally access
these representations when they imagine the same context or
object [30]. Recruitment of the motor system (walking
around the Kitten Scanner, holding and manipulating the
character dolls) supports cognitive processes when learning
something new [31][32]. Thus, pushing a character doll into
the Kitten Scanner can help children understand that the
scanner table can move in and out of the bore, that the scanner
will not touch them, that there are no monsters behind the
bore and that the character doll comes out the same as it went
into the scanner.

II.  RE-DESIGN OF THE KITTEN SCANNER

A. Rationale behind re-designing the Kitten Scanner

Although educational scanners enable active, embodied
learning, the educational value of the digital content of the
old Kitten Scanner was limited. The primary reason to re-
design the Kitten Scanner was thus to improve its educational
value by further capitalizing on the strength of educational
scanners (enabling active and embodied learning) by creating
more educational, engaging digital content. This digital
content can help children grasp concepts that are important
for an upcoming scan but are not captured in the old Kitten
Scanner. An example is familiarizing children with the sound
of a scan, which can be odd, jarring, and in the case of an MRI
scan, very loud (ranging 82—138 dB [33]).

A second goal of the re-design was to embed the Kitten
Scanner in a broader solution to prepare and guide Pediatric
Patients (the Pediatric Coaching solution; see Fig. 2),
including a gamified app to prepare children at home (called
Scan Buddy), and a child-friendly imaging room with
positive distraction and guidance during the scan. The Kitten
Scanner can be used as a stand-alone preparation tool, or as
part of a multi-faceted solution, depending on the needs of a
hospital.
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Fig. 2. Scan Buddy app (left) - extensive preparation at home playing with
the app, days prior to the scan. Kitten Scanner (middle) - preparation on-
site, moments before the scan. In-bore coaching (right) - child-friendly
scanning room and guidance during the scan.

A third goal was to adapt the physical design of the Kitten
Scanner to better support children who need to undergo an
MRI scan. While the old Kitten Scanner was modelled after
a CAT scanner (see Fig. 3), an attempt was made to redesign
the Kitten Scanner to ensure similarity to both CT and MRI
scanners.
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Fig. 3. Original Kitten Scanner (left) and the full-size CAT scanner to
which it was modelled (right).

B. Team composition

As recommended by [34], we deployed a
multidisciplinary team for re-designing the scanner as a
health education tool containing serious gaming-elements.
This team to re-design the Kitten Scanner included
psychologists, designers, serious gaming experts, as well as
content and domain specialists.

C. Design challenge

Many hospitals have a radiology preparation room or
waiting room that can be used to prepare patients for either an
MRI or a CT scan. There are large differences between
pediatric patients in terms of age, gender, emotional response
to the scan, previous scan experience, and the type of scan they
need (MRI vs CT; different anatomies; with and without
contrast, etc.). If a Kitten Scanner is placed in a waiting room
or children’s lounge, it is likely that multiple children interact
with it simultaneously. For example, an 8-year-old waiting for
his knee CT may be using the Kitten Scanner together with a
4-year-old waiting for her abdominal MRI, while a 6-year-old
waiting for her head MRI watches them play.
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We attempted to maximize the Kitten Scanner’s
educational value, while ensuring that it teaches the right
things in an engaging and motivating way to a diverse group
of patients who come to the hospital for a diverse range of
potential scan types. There is friction between these two goals:
maximizing educational value for a single patient may come
at the expense of the number of patients that can benefit from
interacting with the Kitten Scanner. We tried to resolve this
apparent contradiction by primarily focusing on those
elements of the scan experience that apply to all patients and
scans and emphasizing those in the storylines of all animated
stories. However, to show diversity in scan procedures and
patient’s emotional responses, we introduced three different
characters, with their own storylines and experience.

D. Physical design

With the physical design of the Kitten Scanner, we
highlighted those elements that all scanners have in common
(such as the scanning tunnel, called the bore, and a moving
patient table). Many MRI scanners have a circular shape with
a relatively long bore (typically 1.5m to 2m), while CT
scanners can be circular or rectangular in shape and have a
much shorter bore length (typically 0.8m to 1m). The shape
of the Kitten Scanner is an intermediate between a square and
a circle (called a squircle, see Fig. 4) with an intermediate
bore length. As such, the Kitten Scanner is created to be
similar to an MRI scanner and a CT scanner.
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Fig. 4. A CT scanner (square), an MRI scanner (round), and a Kitten
Scanner (squircle).

E. Framework and learning goals

We used the FIT-for-MRI framework [7] as a foundation
for the learning modes that are used in the Kitten Scanner. FIT
stands for Familiarize, Inform and Train, and is built on the
premise that learning can take on different modes: it can be
explicit (Inform: children can learn through explicit
instruction), implicit (Familiarize: children can learn through
observation or exposure and habituation/desensitization) or
procedural (7rain: children can learn through training and
practicing, especially for the acquisition of a new skill).

While the FIT-framework describes different modes of
learning (how children can learn), the content of learning
(what they should learn) is captured in learning goals. Many
existing approaches (such as educational videos or brochures)
use only one learning mode: explicit instruction (Inform).
However, for many learning goals, it can be effective to
convey learning through multiple learning modes. For
example, telling children about sound (“the scanner makes
odd sounds”) can be helpful, but it will become even more
effective if children are familiarized and habituated to the
sound by letting children hear the sound in a fun, engaging

animation. Thus, it is important to consider what children need
to learn for a scan (learning goals), while considering sow to
best convey every learning goal (learning modes).

F. Development of learning goals for the Kitten Scanner

Since the Kitten Scanner should prepare patients that need
either an MRI or a CT scan, we needed a set of learning goals
that apply to both MRI and CT. To arrive at this set of learning
goals, we started with the learning goals for MRI. For a
description of how these learning goals were constructed,
please consult [22]. Next, we defined an initial list of potential
learning goals for pediatric patients for an awake CT scan by
consulting scientific literature, videos of young patients
undergoing a CT scan, patient preparation videos, hospital
brochures and other available material. Next, we asked two
CT experts and two Child Life Specialists to provide feedback
to the list of learning goals, and to indicate which learning
goals were most important. Based on these discussions, one
new learning goal was identified that we did not previously
have for MRI or CT: coping techniques, which refers to
teaching children strategies to manage their emotional state
(such as anxiety or boredom). It is a goal that is especially
relevant for the context of the Kitten Scanner, given that
children interact with the Kitten Scanner in the hospital,
typically just before they have their scan. Finally, the resulting
list of learning goals for CT was compared to the learning
goals for MRI, and we selected only those learning goals that
applied to both modalities. Despite the differences between
MRI and CT, there was a lot of overlap between learning goals
for both modalities, and the most important learning goals
were things that both modalities had in common. The result is
the list of 6 learning goals that are relevant for both MRI and
CT (TABLE 1).

TABLE 1. LEARNING GOALS FOR KITTEN SCANNER

Learning Goals Kitten Scanner
1. Understanding the procedure
2. Exposure to scan (MRI and CT) sounds
3. Deducing the size of the scanner
4. Deducing that the scan takes time
5. Importance of (practicing) lying still
6. Coping techniques

G. Stories and characters

Given that some children will have limited time to interact
with the Kitten Scanner before being called in for their scan
appointment, the educational stories needed to be short.
Storylines were designed to take 1 to 2 minutes to maintain
patients’ attention and ensure that patients can finish the story
before they are called in for their scan. The stories are centered
around relatable characters (Fig. 5). The three characters have
different personalities, backstories, and represent different
‘patients’ with different strengths and concerns. All three
stories focused on the Kitten Scanner learning goals and used
multiple modes of learning.
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Fig. 5. Ollie (elephant), Doris (chick) and Chris (crocodile)

H. Stories and characters

Given that some children will have limited time to interact
with the Kitten Scanner before being called in for their scan
appointment, the educational stories needed to be short.
Storylines were designed to take 1 to 2 minutes to maintain
patients’ attention and ensure that patients can finish the story
before they are called in for their scan. The stories are centered
around relatable characters (Fig. 5). The three characters have
different personalities, backstories, and represent different
‘patients’ with different strengths and concerns. All three
stories focused on the Kitten Scanner learning goals and used
multiple modes of learning.

Given the inherent complexity of MRI versus CT (longer scan
time, louder noises) two stories are slightly more focused on
preparing patients for an MRI scan (exemplified by presence
of MRI sounds and MRI appropriate back stories) and one on
CT (CT sounds, and CT appropriate backstory). However, all
stories are written and designed such that they could support
either scan modality.

The stories are all set up in the same way. A character is
introduced by name and the part of the body that needs to be
scanned. Next, you see the character go into the scanner and a
backstory starts of why the character needs a scan, i.c.,
explaining what happened to the character. The backstories
are designed to appeal to a pediatric population with the core
motivational driver of gamification being empowering the
patient and instilling confidence. After the backstory, we see
the character having the scan, a progress bar, and a scan which
is slowly exposed in line with the progress bar. Then, the scan-
related struggle is presented, and the main learning goal
addressed, taking into account the learning framework and
pediatric population.

The story ends when the scan is completed successfully
and the character hops off the table. Emphasis is placed on the
scan and a summary of the learning goal is presented
concurrently to link success with observed behavior, to
display a sense of accomplishment. Finally, the character is
praised for doing a good job, and rewarded a certificate of
MRI completion.

a) Ollie the Elephant - Backstory

Ollie was playing in her room. She had the music on and
was having a great time dancing. But she went a little too far
when she started dancing on a chair: she fell off and hurt her
head. Now she needs to have a picture taken of the inside of
her head, so the doctor can take a good look (Fig. 6). Head
scans are very common in pediatric patients and are required

for a variety of different reasons, including a head injury from
a fall.

3. Flashback:
Ollie was daneing and fell,

1. Introduction of Ollie.
"This is Ollie”.

2. Scan starts. Ollie lies down on the bed
and slides into the scanner.

6. Scan resumes,

4. Scan continues. “Ollie is doing a
great job lying stilll It looks like she
practiced!™

4 Flashback:
Ollie is practicing lying still

Certificate

9. Ollie gets her certificate.

7. The scan job is done. “Ollie did a
great job lying stilll"

8. Oflie is happy.

Fig. 6. Ollie's story

Main learning goals: lying still and coping
techniques. Ollie is a little goofy, and she is not very good at
lying still. In fact, most children are not very good at lying
still, even if there is no stressful situation like undergoing a
scan. The story emphasizes that it is important to lie still
while having your picture taken. Ollie found a really good
way to calm herself and keep still (coping strategy): she
pretends that she is an astronaut floating gently through
space.

b) Chris the Crocodile - Backstory

Chris is out in the streets, riding his skateboard and doing
tricks. He is very good at this. But accidents happen, even to
the most skilled rider. We see Chris doing a trick and falling
off his board (Fig. 7). He needs to have a picture taken of his
knee. Orthopedic scans are also quite common in children, due
to accidents such as Chris’, as well as developmental issues.

3. Flashback: Chris was riding his
skateboard and fell,

1. Introduction of Chris.
“This is Chris”.

2. Scan starls. Chris lies down on the bed
and slides into the scanner,

4. Scan continues. “Chris’ picture is 6. Scan resumes
coming along. You know, Chris was a

little nervous at first”

5 Flashback: "So, some of the other

kids that were waiting with him, gave
him some tips.”

Certificate

Chris

]

8. Chris is happy.

7. The scan is done. "Chris did a great
job. All the tips from other kids were
super helpfull™

9. Chris gets his certificate.

Fig. 7. Chris' story

Main learning goals: coping techniques. Chris does not
know what to expect from the scan. This is a non-leading way
of saying that Chris is anxious. We expect many children in
the waiting room to be anxious or worried to some extent
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about having a scan. To help Chris with his anxiety, the story
shows other children who have already had a scan give Chris
tips about how to calm his nerves. One of the children
mentions that he was not alone in the room, and it was nice to
have a family member there. Another child mentions that she
pretends that she is an astronaut and floats in space. And that
if she still gets a little nervous, she takes a few deep breaths.

¢) Doris the Chick - Backstory

Doris’ backstory is a little less clear-cut. Doris did not get
into an accident like the other two characters. We see Doris
having a belly ache and needing a scan with special medicine
(contrast). Doris is a seasoned patient who has had many
scans. She is a role model displaying tips and techniques to
cope with lying still in a bore (Fig. 8). She and her story are
designed to appeal to first-scan children (needing to have a
scan without a clear cause like a fall) as well as repeat-scan
children. To repeat-scan children, who are dealing with long-
term illness like cancer, she might be recognized as a long-
term patient (no hair, headband of hope) to make identification
with her more likely.

e
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3. Flashbaci:
Doris has a belly ache

2. Scan starts. Daris lies down on the bed
and slides into the scanner.

1. Introduction of Daris.
“This is Doris”.
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6. Scan resumes.

5: Flashback: Doris pretends that the
special medicine is a magic potion
that gives her superpowers
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4. Scan continues. “Doris will get a
special medicine while she has her
picture donel”
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7. The scan job is done. "Doris did a &, Doris is happy. 9, Doris gets her certificate

wonderful job."

Fig. 8. Doris' story

Main learning goals: lying still, sound exposure, coping
techniques. Doris knows exactly what to do when it comes to
having her picture taken. She knows that she needs to lie still,
and that she needs to keep herself busy because it can take a
long time, and she knows how she can engage and distract
herself from the scanning noise. In the story, we show what
Doris does while she is in the scanner. For example, to distract
herself from the (MRI) sounds, she pretends that she is in a
loud rocket or playing the drums. To demystify the contrast
fluid, Doris pretends that the ‘special medicine’ gives her
superpowers. The learning goals support the child who has
never had a scan but also confirms to the child who is not new
to this that it is mostly about keeping yourself occupied while
you are being scanned.

d) Overall story learning and gamification elements
The main learning goals are centered around coping
strategies, lying still and scanner noise. The other learning
goals are addressed as part of the story and visual elements, as
well as reinforced through gamification mechanism.

Understanding the procedure. A short version of the
procedure is part of every story: the character hops onto the
scan table and lies down, either head-first or feet-first. We

show all characters doing this calmly and without fear. Then
the scan starts, as well as the scan noises. When the scan is
done, the character slides out, gets off the table, and is ready
to go. The main gamification elements consist of the character
modeling appropriate scan behaviors.

Coping techniques. This learning goal is an important
one, as it provides insight into what patients could potentially
do if their anxiety increases while in the bore. Three
techniques are displayed by the characters: Ollie imagines a
calming scenario of floating though space to get her anxiety
under control. Chris gets tips from other kids to focus on the
fact that he is not alone while having a scan, and that he can
imagine something that calms him. Finally, Doris’ advice can
help an anxious first-timer to manage anxiety, but also appeal
to the repeaters as they can be seen as things to do to pass the
time or numb the sounds. Doris has different fun scenarios
going through her head, like pretending that she is playing the
drums, or is in a rocket to normalize the loud sounds. She
pretends that the contrast agent gives her superpowers. By
presenting different relatable characters presenting different
needs and coping, we provide the child with inspiration of how
to handle things when in the bore. We employed gamification
motivations around empowerment and accomplishments to
engage the patient.

Exposure to scan (MRI and CT) sounds. Although this
goal is explicitly addressed in Doris’ story, MRI or CT sounds
are heard in all the scanning scenes. Specifically, MRI sounds
are present in the stories of Ollie and Doris, and CT sounds
are present in Chris’ story.

Deducing the size of the scanner. The fact that the Kitten
Scanner is a tangible object and tangible characters can be put
on the table and in the Kitten Scanner, helps children deduce
the size of the scanner. The same is the case in the story
elements where the proportions of scanner and character are
appropriate. The characters fit very comfortably in the
scanner, with some room to wiggle, but they cannot easily get
up and crawl out. The scanner-to-character ratio is
appropriate.

Deducing that the scan takes time. Unfortunately, we
cannot simulate an accurate scan-time due to the fact that the
Kitten Scanner story needs to be short enough to be played
and finished in the waiting room. However, with the sequence
of events (character goes in the bore, backstory is played,
progress bar, picture exposed bit by bit) we aim to convey that
a picture taken by an MRI or CT scanner is not as quick as a
picture taken with a smartphone. The progress bar and scan
picture slowly being exposed are gamification elements we
used to keep patients engaged in the story to show a lapse in
time.

Importance of (practicing) lying still. This is addressed
explicitly in two stories but is also displayed by all three
characters in the scanning scenes. We see all three characters
(getting) on the scan table, looking calm and relaxed. In
addition, as part of Ollie’s story, she can be seen practicing
lying still at home (important for first-timers). For Doris, the
narrator mentions that she knows exactly what she needs to
do, including lying still. Gamification elements are behaviors
modeled by relatable characters in a story of empowerment.

III. CONCLUSIONS

The Kitten Scanner is an educational scanner that aims to
prepare children for an MRI scan or CT scan. It enables active,
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playful, embodied learning. However, the educational value
of the digital content in the old Kitten Scanner was not
optimized. Therefore, the Kitten Scanner was re-designed to
increase the educational value of the digital content; embed it
in a multi-faceted solution; and to make it look more similar
to both a CT and an MRI scanner.

The Kitten Scanner can be used to prepare patients with a
variety of needs and characteristics for various scan types, and
thus our goal was to maximize the educational value of the
Kitten Scanner. The friction between these two goals (high
educational value and applicability to a wide range of patients)
was resolved by focusing on learning goals common to all
patients and scan types, such as the need to lie still for good
pictures. To showcase variability in scans and experiences,
three different scenarios for different characters were centered
around the fundamental learning goals. The physical design of
the Kitten Scanner was developed to be an intermediate
between MRI and CT, such that it can be perceived as either a
CT scanner or an MRI scanner.

Whereas the Scan Buddy app by its nature provided the
ideal platform for gamification, we successfully added
important elements to the Kitten Scanner as well. Given the
limitations in time and context of use of the Kitten Scanner,
we convincingly implemented gamification motivations such
a social relatedness, empowerment, accomplishment and
modeling behavior, ensuring a great stand-alone experience as
well as a solid extended experience within the Pediatric
Coaching suite of solutions.

The Kitten Scanner will provide a good basis for a
pediatric patient to recognize and understand what to expect
and do while having the scan, although additional
effectiveness research is needed to corroborate this. The
Kitten Scanner can enable and optimize preparation right
before the scan by various health care professionals, besides
the trained child life specialist. We expect children to be more
knowledgeable, calmer, experience less fear and stress, and be
more cooperative after interacting with the Kitten Scanner.
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