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Abstract

The Child Health Utility-9D (CHU-9D) is the only generic preference based measure specifically developed to elicit
health-related quality of life directly from children aged 7 to 11 years. The aim of this study was to investigate whether the
use of animation on a touch screen device (tablet) is a better way of collecting health status information from children
aged 4 to 14 years compared to a traditional paper questionnaire. The specific research questions were firstly, do young
children (4 to 7 years) find an animated questionnaire easier to understand; secondly, independent of the child’s age, is
completion of an animated questionnaire easier for sick children in hospital settings; and thirdly, do children’s
preferences for the different versions of the questionnaire vary by the age of the child. Using a balanced cross-over trial
we administered different versions of the CHU-9D to 221 healthy children in a school setting and 217 children with health
problems in a hospital setting. The study tested five versions of the CHU-9D questionnaire: paper text, tablet text, tablet
image, paper image and tablet animation. Our results indicate that the majority of the youngest children aged 4-7 years
found the CHU-9D questions easy to answer independent of the type of questionnaire administered. Amongst children
aged 7-14 with health problems the type of questionnaire was found to influence understanding. Children aged 7 to 11
years found tablet image and animation easier compared to text questionnaires while the oldest children in hospital found
text based questionnaires easier compared to image and animation. Children in all three age groups preferred animation
on a tablet to other methods of assessment. Our results highlight the potential for using an Animated Preference Based
Measure to the health of children as young as 4 years.
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1. Introduction

Self-reported health state measures are an impangaurt to economic evaluations of clinical intentiens.
Compared to other health benefit measures (eegydifrs saved ), Quality Adjusted Life Years (QALYs
allow length of life and health status to be corabliin a single outcome measure, as a result, o
international health economics guidelines currergommend its use to assess the cost-effectivenfess
different health care interventions [1].

Several preference-based measures (PBM) are deai@h which to estimate QALYSs in adults. The EQ-
5D is the most widely used health state descrigboi€ost-Utility Analysis in the UK [2]. EQ-5D datare
obtained by asking questions about five dimensdfrzsrespondent’s current health (mobility, selfe;a
usual activities, anxiety and depression, paindiscomfort). Despite its many advantages, the EQD
inappropriate for children because it was creatkihg into account adults’ views regarding the vatd
dimensions of health, secondly, the wording anchids used to elicit preference based measureaikmed
to adult populations [3] [4]. Thirdly, the valueshie associated with each health state have b&arat=d
from adult general population samples [4].

The assessment of health status in children hasldean neglected because of the many inherentolals
of measuring health status in these age groupaglslult PBMs, studies targeting children and abasts
have valued health status indirectly through teeshparents and medical experts [5]. However, tigere
mounting evidence that adults are not good prdxieshildren and that children themselves are #&t b
judges of their own physical and psychological vbeling [6]. Results of a study conducted with géar
sample of parents and children aged 8-11 yearsdtance, suggest that children’s health-relatedity of
life scores are less extreme than those expregsgarbnts on their behalf. The study also sugdkats
parents tend to underestimate the prevalence anghtiotional impact of health status problems af the

children [7].

According to a review conducted by Griebsch etra.main reason for lack of child-reported heatthes is
that the majority of generic measures are derivewh fadult populations[8]. Developed for childreredd-
11, the Child Health Utility-9D (CHU-9D) is the $it pediatric preference-based instrument adojgting

bottom-up approach [9]. Instead of using literatame experts’ opinion, as in previous PBMs, the CHJ
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has been developed using one-to-one interviewsumbed with children in order to identify health
dimensions relevant to children and to assessreinilsl ability to understand the questions [4]. Aot
advantage of the CHU-9D is that all of the dimensiof the questionnaire are severity based (whée t
HUI2, for example, contains a mix of severity arehjiency). Designed for self-completion the CHU-9D
generic PBM assesses nine health dimensions eagbrising five levels that are relevant to childeerd
young adolescents: worried, sad, pain, tired, aedpgchoolwork/homework, sleep, daily routine and
activities. According to Stevens [10] children gsthe CHU-9D can easily understand and describie the

health, however, they have difficulty rememberirtgew a particular problem occurred.

Despite the above-mentioned advantages that maké@IHthe best PBM currently available for children,
there are two main limitations: as it is design@dskelf-completion, children are required to beeablread
and understand the questions and therefore it tdenadministered to many children (e.g. youngen th
years) without the assistance of an adult. In agdiespecially for severely ill children, readiagd
completing a written questionnaire can be tiring aametimes physically impossible. Even if childeza
old enough to understand the written CHU-9D questiavhen they are ill they may have reduced
concentration and/or they may be too tired to ceteplhe questionnaire by themselves [4]. For ircstaim
the pilot study conducted by Stevens to assegsstyehometric performance of the CHU-9D, 95% of
children in the school sample read the instructibesiselves while 49% of the clinical sample adked

help to understand the instructions because tleeg oo tired or felt too unwell [10].

This research project aimed to investigate whetieeuse of animation on a touch screen deviceefaisl a
better way of collecting health status informatitom children compared to a traditional paper
guestionnaire. Compared to written descriptions,ube of graphic pathographies - iliness narraiives
graphic form - to display health conditions hasrbgigown to be a useful way of providing detailesights
about the various aspects of a disease and redpatrent anxiety associated with the disease[11].
Improvements in computer technologies and fallirapgpction costs make animation an attractive and
relatively inexpensive interactive tool to fostéildren’s cognitive abilities. Animation can be dge
present temporal change through movement comparstdtic or still images and is practical when

information is inherently dynamic such as with bgital processes. Findings from studies of cogmiti



theories of multimedia learning largely supportithea that graphic presentations increase leaimiilg
understanding. For instance, a recent study coadweith children with autism spectrum disorder show
that children of all ages strongly prefer animatiomther media forms (e.g. sport programs, msistvs

etc.) [12].

During the first part of the project an interdidmpry group of researchers (child psychologists, a
paediatrician, animation filmmakers, and healthneroists) developed with children of different agas,
interactive application presented on a touch scdesite using an animated character named “Mixj\Fe
1). The application was designed to be suitablgdoing respondents of different ages, gender dndaty.

Further details on how the APBM was developed @fobnd in Abrines Jaume et al. 2015[13].

2. Methods
2.1. Sudy aimand research questions
The aim of this research was to establish whethienation could be used to facilitate the self-reipgrby
children of their health status. Three complemgmesearch questions were addressed:
(1) Does animation improve understanding of the CHUgRiBstions among children aged 4 to 14
years, and particularly among the youngest childen years)?
(2) Does the use of animation have a differential ihpacsick children’s ability to understand and
complete the CHU-9D questionnaire compared todahhealthy school children?
(3) Do children prefer to report their health statangsainimation, and do their preferences differ by ag

and whether they are sick or healthy?

Compared to a standard text CHU-9D, children reegithe APBM and still images on a tablet do nadhe
to read the questions, but just look at five chiraadepicting the different dimension levels aquldn the
screen to indicate the one that is most simildraw they feel (See Figure 2 for an example of btithge).
Hence, we expected that both methods, APBM andeT éibblages, would be easier for children to use and
hence have greater acceptability, especially irctmgext of health problems and therefore our thind was

to investigate which method children preferredepart their health status.



2.2. Health state assessment methods

When testing the specific hypotheses of the sthdyetare a number of differences between the APBM a
the standard text-based questionnaire that musbisdered: the effects of the use of animatiaadfijtthe
description of dimensions using still images versosds and the use of a touch screen device faretaty.
In order to disentangle the effect of using aniorafrom the other potential differences five vensiof the

CHU-9D questionnaire were tested in this studyFed):

1. Animated presentation with touch screen data gatry
2. Still graphic images with touch screen data ery (

3. Hard copy questionnaire with graphic images (C)

4. Touch screen responses to text-based questior{Bgire

5. Hard copy text-based questionnaire (E)

Given the five modes of questionnaire administratitere are ten potential contrasts, one of which
compares the animated questionnaire to text-bamelddopy data collection, and six that enable tingaict
of a single difference between questionnaires tesid. The three remaining contrasts are potigrigas
interesting since they do not involve the A:E castrof primary interest nor do they permit the effef a
single difference to be identified.

As indicated in Figure 4 the sample comprised thgegroups: children aged 4-7 years; children dgetl
and older children aged 11-14 years. The age graungshool and hospital children correspondeddeses
which follow school curriculum years and hence ¢heas some overlap of ages at the extremes of age
within each group. In order not to overburden pistints it was decided to present only three ofitlee

forms of the questionnaire to any one participdnteach case the order of questionnaires was raised.

Group one, aged 4-7 years

It was anticipated that many of the youngest agemrchildren aged 4-7, would be unable to engagexi-
based tasks and therefore the use of text wased/@islmuch as possible. Only one task (E) invodvesekt-
based questionnaire. This was included since thgadson of A with E was of primary interest foeth

project. The effects of animation were assessambbyparing A with B.
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Group two, aged 7-11 years

Children in the second age group (aged 7-11 yeaeshetter readers and all the relevant comparisens
tested with this age group (see Figure 1). Thesdreh were randomly allocated to receive eitheBAand
E or to receive B, C and D. The responses fronfetiter group permit investigation of the effectusing a
still image and the effect of using a tablet, witle former group provide data relevant to the prim

comparison of interest between tablet animationpaper text.

Group three, aged 11-14 years

Children in the oldest age group (11-14 years) vasked to complete versions, A, D and E. It wasetqul
that the majority of children in this age group Wbbave no difficulties in completing more than dagt
based measure. The comparison of A with E expleteher animation is the preferred format even amnon
more accomplished readers. The comparison of D Rvigolates the impact of Tablet presentation, evtiie
comparison of A with D investigates whether or ctutdren prefer text to animation when both versioh

the questionnaire are presented using a touchrsdeéce.

2.3. Sudy Setting, inclusion criteria and procedures

The study population consisted of both sick andthga&hildren aged between 4 and 14 years from both
school and hospital settings. Healthy children wereuited from two primary schools admitting chéd
aged between 4 and 11 years in London and one d&goschool admitting children aged from 11 yead a

including those up to 14 years. All the schoolduded reflect the diverse population of inner Londo

Children with health problems were recruited frone @ertiary paediatric hospital in London. Botpatient

wards and day case areas were included and chitdicta range of health conditions.

In terms of inclusion and exclusion criteria, adl\ae meeting the age specification, children wergiired
to speak fluent English. Children with learningattigities were excluded in order to increase the

homogeneity of the sample.

For the healthy children recruited from a schodttisg, invitation letters and information sheetsaeent

from the school to parents of children who metitiwdusion criteria. Researchers went to the schadl
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explained what the research project was aboutitdreh whose parents provided signed consent. €irild
who wanted to take part gave written assent usigega@propriate forms created specifically for gtigly.
Different information sheets and assent forms wiesdgned for each age group. For the children gtith
problems recruited within a hospital setting, emctividual child and their parent who were appraatfor
participation were given age-appropriate informati®arents were asked to provide written informed
consent for their child’s participation in the spuahd children provided written assent for theimow

participation.

Once assent and consent forms were signed, th@rcesask was administered by the researcher hyirogpe
the sealed envelope randomly allocated to the ctdldtaining their ID number, the tasks they hadd@and

the order in which they had to be administered.

2.4. Design, Outcomes and Analysis

The study was designed as a balanced cross-o&ktumiform within sequences and task, across eggpg.
The tasks were consecutive and a distraction actuas always presented between the experimental
conditions. We assumed that there was no significamy-over effect. Each child was presented witke
experimental conditions in random order but the Ipeinof experimental conditions tested in the study
varied between age groups (three experimental tondiin the youngest and oldest age groups; fitee
middle age group). Randomisation of treatment seges within each age group was stratified by wdreth

the child was healthy (school setting) or unwetigphital setting).

A previous study conducted by Canaway and Frew3R@/As used to determine the sample size forwibe t
younger age groups (4-7 and 7-11 year-old)[14Cd&maway’s and Frew’s (2013) study interviewer iggin
were obtained of the understanding of children de@i& years) completing the CHU-9D paper based
questionnaire. The power analysis calculationgvwassed on these study results and accountedefor th
younger ages of our respondents. Assuming 80% pansignificance level of 0.05 and an attritiorerat
15%, we estimated the minimum number of subjecfsired for each questionnaire type to test the grym

outcome, children’s understanding, by age groupsatithg.
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The school children’s understanding was assessgthair preferences collected by one of the three
researchers administering the questionnaires. @rdyresearcher administered the questionnairdslten
with health problems because randomization waseslawthe hospital setting. Researchers ratedhhd's
understanding using a 9 category classificatiorsegbently transformed for the analysis into a dicinmous
outcome measure indicating either good or poor ataeding. Similarly, children were asked to ratete
version of the questionnaire using a 5 point Lilsedle (very poor, poor, fair, good and excellehi)s
measure was also transformed into a binary variabieating whether the child found the questionmai
either easy or difficult to understand (good andefient rating were grouped together indicating tha

child found the questionnaire easy to understand).

At the end of the questionnaire children were askeddicate which version of the CHU-9D questioin@a

they preferred.

3. Primary outcomes

In the youngest age group (4-7 years), the childderstanding was evaluated using both the reseriésch
and the child’s rating as co-primary outcomes. tRermiddle and older age groups the child’s ratiag

the sole primary outcome used to indicate howadliffithe respondent found the different questiomsai
The secondary outcome was which questionnaire vedsrped by each age group. As with understanding,

binary outcome measure (preferred; not preferrext) used.
Satistical Analysis

The outcomes were analysed using a random sulffect Bgistic mixed-effect model. The model used

Was:
logit (Tfij) = By + tij + hospital; + Age + Gender + p;; + u;

Where:f3, is the fixed intercepthospital; is a binary variable indicating whether the chlas recruited in a
school vs. hospital setting; is the task (k=1,2,3,4,5) by subjecAgeis the age variable, and has been
centered at 6, 9 and 13 for each of the three emeg respectivelyGender is a binary variable controlling

for gender; p;; is the fixed effect associated with the order eftbsk i (i = 1, 2, 3); is the subject effect
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(random effect associated with subjgctVe assuma;~N (0, 0,%). Secondary analyses were also
conducted to test whether there were differencesderstanding and preferences by subgroup by gduatin

interaction term between hospital and treatment.

4. Results

4.1. Descriptive statistics

A total of 438 children were approached and comsktd participate in the study. However, it wasyonl
possible to obtain complete information from 39ildren because 47 children did not complete alltkinee

tasks. A Table reporting a description of missiatpdand why they are missing is reported in theefplix.

Table 1. Characteristics of the sample groups withithe study population

Group one, 4-7 years Group two, 7-11 | Group three, 11-14
years years
4 years 30 (18%) | 7 years | 17 (9%) | 11 years| 25 (9%)
5 years 63 (39%) | 8 years | 58 (31%) | 12 years| 34 (31%)
6 years 43 (26%) | 9 years | 38 (20%) | 13 years| 22 (20%)
7 years 28 (17%) | 10 years| 46 (25%) | 14 years| 5 (25%)
11 years| 29 (15%)
Female : Male 83:81 82 :106 44 : 42
School : Hospital 83:81 96 :92 42 : 44
Total 164 188 86
Who read the questionnaire?
Child 6 (4%) 131 75 (87%)
(70%)
Researcher 138 18 (10% 3 (4%)
(84%)
Jointly read by child & 11 (7%) 23 (11%) 2 (2%)
researcher
Missing 9 (5%) 16 (9%) 6 (7%)

Children with health problems were more likely sk @éhe help of the researchers to read the questicn

Researchers were the sole reader for 70, 12 andgthl children in the three different age groups.

14



Tables 1 describes the three sample groups ofrehildcluded in the study. Overall, 173 childrenha
youngest age group (aged 4-7 years) were approactiedll assented to participate in the study. 8 abl
provides information about age, gender, healthgiand who read the questionnaire. As expectedsratie
group the majority of children asked the intervietgeread the paper questionnaires (84%). Thenskco
group (aged 7-11 years) was composed of 188 chil@@empared to the younger age group, only a small
proportion of children asked the researcher to thadext questionnaires, this being 11% who asked
help in reading the text material. The oldest agegwas composed of 86 children aged between d14n
years, and as expected, only 4% of children (alhefn from hospital settings) asked the researcherad

the questionnaire. Across all age groups, the samps age and gender balanced.

4.2. Questions

1) Does APBM enhance under standing of CHU-9D dimensions particularly amongst the youngest children?

The majority of children (69.59%) in the youngegt group found the CHU-9D questions either easy or
very easy to answer. As expected, this proporiise to 71% and 82% among the intermediate andtoldes

children.

Table 2 shows that for children aged 4-7 yearstheare no differences in understanding between the
different formats of the questionnaire. There vasyever, weak evidence that for every year of hge t
odds of the child reporting the tasks to be eassemsed. Again, in the youngest age group when the
outcome considered was the researcher’s ratingeothildren’s understanding, the relationship betwe
increasing age and the odds of finding the task @as preserved and was statistically stronger|€Trap
Furthermore, rating of the task as easy was mkedylivhen presented via Tablet Still Image or APBM
versus Paper Text. None of the other factors censitl(task order, gender, hospital or school gpttiad a

statistical relationship to either outcome.

Analysis of the children’s rating of understandinghe intermediate and oldest age groups (groupsand
three, as shown in Table 2) also indicated thatthere no differences detected in this rating betwthe
types of questionnaires. In the intermediate agamthere was also a significant increase in tlus odtio

of finding the questionnaire easy with each yeaags.

15



2) Does APBM enhance the understanding of CHU-9D dimensions amongst children with health problems?

Tables 2-3 show the results of an investigatiowlvdéther there is a treatment-by-condition intetactthat
is, whether the type of questionnaire had a diffeeéfect depending on whether the child was athgal
participant assessed in school or a participart héalth problems assessed in hospital. As pragente
independent of the outcome variable used for rgt@gearcher’s vs. child’s) none of the coefficssiatr the
interactions are significant within the youngest ggoup. Absence of a significant difference maylbe to

the children not having to read the questionndiesriselves.

In the intermediate age group, however, the chilavgh health problems completing the APBM and Eabl
still image questionnaires were more likely to i@ task as easy compared to text-based questiesna
(both paper and tablet text; Table 2). In the dldegs group, children found it easier to complete t
questionnaires (both Tablet and Paper text) condpardPBM. In both intermediate and older age gsup
the children with health problems were more likiflgn the healthy children from a school settingate the
tasks as easy, possibly because children withthpadblems are more experienced in answering tiypss

of questions.

Table 2: Random subject-effect logistic model. Outwme variable: child’s rating of understanding

(binary Easy=1/Difficult=0) by setting and type oftask, by age group.

Variable OR SE Cl
Youngest Age Group

Paper Text vs. Tablet Still Image 0.91 0.37 0.4112
Tablet Animation vs. Tablet Still Image 0.47 0.19) .221.03
Hospital vs. School 0.88 0.43 0.34-2.30
Hospital & Paper Text vs. Hospital & Tablet Shilage 0.53 0.30 0.17-1.63
Hospital & Tablet Animation vs. Hospital & TabletiiSimage 2.09 1.20 0.68-6.41
Age 1.38 0.25 0.97-1.98
Gender 1.45 0.51 0.72-2.91
Order of Task 1 vs. 2 1.18 0.33 0.68-2.04
Order of Task 1 vs. 3 1.41 0.40 0.81-2.46
Constant 2.15 1.33 0.64-7.28
Intermediate Age Group

Paper Image vs. Tablet Still Image 2.76 1.50 () )
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Paper Text vs. Tablet Still Image 1.42 0.72 0.9833
Tablet Animation vs. Tablet Still Image 0.81 0.40, .3®M2.15
Tablet Text vs. Tablet Still Image 2.37 1.26 0843
Hospital vs. School 7.58*** 4.46 2.39-24.02
Hospital and Paper Still Image vs. Tablet Still jma 0.26 0.22 0.05-1.34
Hospital & Paper Text vs. Hospital & Tablet Shitage 0.20* 0.15 0.04-0.90
Hospital & Tablet Animation vs. Hospital & TabletilSimage 0.50 0.38 0.11-2.24
Hospital & Tablet Text vs. Hospital & Tablet Stithage 0.13* 0.10 0.02-0.63
Age 1.48* 0.26 1.05-2.10
Gender 0.96 0.41 0.69-1.45
Order of Task 1 vs. 2 1.48 0.45 0.81-2.68
Order of Task 1 vs. 3 1.04 0.31 0.58-1.85
Constant 1.58 1.25 0.34-7.42
Oldest Age Group

Tablet Animation vs. Paper Text 1.54 0.96 0.45-5.2
Tablet Text vs. Paper Text 1.54 0.95 0.46-5.18
Hospital vs. School 5.19* 3.95 1.17-23.09
Hospital & Tablet Animation vs. Hospital & Paperxte 0.12* 0.11 0.02-0.75
Hospital & Tablet Text vs. Hospital & Paper Text 24. 0.23 0.04-1.59
Age 1.18 0.31 0.71-1.98
Gender 0.52 0.25 0.20-1.35
Order of Task 1 vs. 2 1.41 0.63 0.60-3.38
Order of Task 1 vs. 3 1.93 0.89 0.78-4.75
Constant 10.61* 9.83 1.72-65.23

Notes: OR: Odds Ratio; SE: Standard Error; Cl: 95% Gaberfice Interval *** significant at p<0.001;**

significant at p<0.005; * significant at p<0.05
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Table 3. Random subject-effect logistic model. Outene variable: researcher’s rating of

understanding (binary Good understanding =1/Poor uderstanding =0) for children in the youngest

age group.
Variable OR SE Cl
Paper Text vs. Tablet Still Image 0.70 0.44 0.2p2
Tablet Animation vs. Tablet Still Image 1.08 0.714 .3®m3.89
Hospital vs. School 0.86 0.72 0.17-4.43
Hospital & Paper Text vs. Hospital & Tablet Stithdge 0.20 0.17 0.04-1.08
Hospital & Tablet Animation vs. Hospital & TabletilSimage 2.30 2.12 0.38-13.99
Age 4.99%** 2.04 2.24-11.13
Gender 0.66 0.42 0.20-2.33
Order of Task 1 vs. 2 1.57 0.69 0.66-3.71
Order of Task 1 vs. 3 1.49 0.65 0.63-3.51
Constant 0.01* 0.02 0.001-0.69

Notes: OR: Odds Ratio; SE: Standard Error; Cl: 95% Gaerfice Interval *** significant at p<0.001;**
significant at p<0.005; * significant at p<0.05

3) Do children prefer APBM as a means to assess their health state?

Table 4 shows the results of the preference asalfsross all the age groups APBM was the mosepred
type of questionnaire, however, there are intargstifferences by age group between the other lplessi
formats of the CHU-9D. Children in the youngegt @roup preferred APBM versus both Tablet Still
Image and Paper Text. The preference appearsfty baimation rather than simply wanting to usaladt
since no difference was found between Paper TakfTablet Still Image. In the intermediate ageugro
children preferred APBM to Tablet Still Image, lalgo preferred Tablet Text to Still Image thouglato
lesser extent than their preference for APBM. Amthgoldest age group, children preferred methosl wa
APBM followed by Tablet Text with their least prefed method being Paper Text. The two older age

groups appear to be expressing general preferencgiéstions supported by a mobile device rattear th

paper.
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Table 4: Random subject-effect logistic models ofrpferences by age group.

Variable OR SE Cl

Youngest Age Group

Animation vs. Paper Text 17.36*** 5.32 9.52-31.67
Tablet Still Image vs. Paper Text 1.87 0.61 0.963.
Hospital vs. School 0.94 0.22 0.59-1.50
Age 1.08 0.13 0.86-1.36
Gender 0.98 0.22 0.59-1.49
Order of Task 1 vs. 2 1.40 0.40 0.80-2.43
Order of Task 1 vs. 3 1.25 0.35 0.71-2.18
Constant 0.11%** 0.05 0.04-0.26
Intermediate Age Group

Paper Image vs. Tablet Image 0.57 0.19 0.29-1.08
Paper Text vs. Tablet Image 0.67 0.21 0.36-1.24
Animation vs. Tablet Image 7.92%** 2.26 4.52-13.90
Tablet Text vs. Tablet Image 1.86* 0.50 1.09-3.16
Hospital vs. School 0.98 0.19 0.66-1.44
Age 0.98 0.08 0.84-1.15
Gender 0.93 0.19 0.63-1.38
Order of Task 1 vs. 2 0.91 0.22 0.56-1.46
Order of Task 1 vs. 3 1.05 0.81 0.66-1.69
Constant 0.38* 0.10 0.10-.52
Oldest Age Group

Animation vs. Paper Text 23.78*** 13.21 7.99-70.76
Tablet Text vs. Paper Text 13.54*** 7.56 4.53-40.47
Hospital vs. School 1.00 0.32 0.53-1.85
Age 0.94 0.16 0.68-1.33
Gender 1.09 0.34 0.59-2.00
Order of Task 1. vs. 2 1.15 0.41 0.57-2.32
Order of Task 1 vs. 3 1.19 0.44 0.58-2.45
Constant 0.04** 0.02 0.01-0.15

Notes: OR: Odds Ratio; SE: Standard Error; Cl: 95% Gaerfice Interval *** significant at p<0.001;**

significant at p<0.005; * significant at p<0.05.
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5. Discussion

To the best of our knowledge, this is the firsdgtinvestigating whether the use of animation ¢abdet
device is a better means of asking children ag&d ylears about their health state. The resultseoftudy
and their implications may be summarised as follamwshe youngest age group consisting of 4-7 wéds,
the majority of children asked the researcher &l /@l textual information across the measures.used
Compared to the healthy children participatingchiosl, the children with health problems were aiswe
likely to require help from the researcher withdieg textual material. A strong advantage of APBMhis
respect is that the use of graphic image depictbtise various health domains enables the usalgfane
word to describe the health state and as a rélsalgmount of reading and the requested assisisnce
significantly reduced compared to text-based goestires. This feature enabled the younger and
hospitalised children to participate in the evdatuamore independently of adult supervision, whitdy be
preferable for them and reduces the influenceidd farties upon their responses. This may beqodatly
important for hospitalised children who frequentge some of their ability to be independent dughér
condition or requirement for invasive treatmentdvel finding of this study is that even childrenymung
as four years can understand the CHU-9D questiothseport their health status directly using theeni
dimensions of the questionnaire, although as erpédbie ability to understand the questionnaire awes
with age. When the ratings of the children’s untderding was considered within the youngest agepobu
4 to 7 year olds, the researcher found the APBMTatilet to be easier for the children than paper
guestionnaires, however, the children themsel@sai indicate any difference between measures.
Therefore, a further advantage of the APBM is thetally presented questions may be easier for geun
children (under the age of 7 years) to understahis. is advantageous because this age group has bee

usually excluded from previous studies [4,9,10].

The ability of children with health problems to emstand the questionnaire was influenced by thedbof
the questionnaire and the easiest format variealjeygroup. Within the youngest age group (4-7 ghis),
there was no difference in understanding of difiefermats. In the intermediate age group (7-1 péds),
amongst those with health problems the APBM andel&till Image were found to be easier to complete
than text based questionnaires. Hence, withinatésgroup the use of a hand held electronic déndsdhe

potential to improve access to health state evialuat a hospital setting. Amongst the oldest ageig (11-
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14 year olds) the children with health problemaiibthe text-based questionnaire easiest to undelsta
One possible explanation for this is that teenagg@rschronic health conditions are likely to hguevious

experience in completing text-based questionnaipesit their health [10].

Preference analyses suggested that the APBM wasdferred method across all of the three age group
Following APBM, the youngest age group (4-7 yeadd3 preferred Tablet Still Image to Text whilst the
intermediate (7-11 years old) and older (11-14 wdd) children preferred Tablet Text to both Talgétl
Image and, as expected, Paper Text. The prefererpesssed for APBM are important because they may
underpin greater engagement of children acrosagbeange in the evaluation of their health statie w
future use of APBM. The engagement of childrerhimdirect evaluation of their health is ultimataigre
likely to generate inclusive and high quality detat are pertinent to health care evaluations.

The focus of this paper is to analyse the impadiféérent formats on children’s understanding and
preferences. A future complementary study will repests of validity for these formats (e.g. canBMP
discriminate between groups with different healibbjiems?) using additional data collected durireg th
study. Similarly, the analysis reported here dassnclude those children who did not complete the
questionnaire. A subsequent study is being conduotanalyse informative missingness using the data
reported in the Appendix. A potential limitationtbis study that may be addressed by future reléatbat
it did not attempt to adjust for socio-economidwseor for other factors reflecting the childrebhackground
such as ethnicity. Furthermore, non-English spep&hildren were not included in this stage of theeiarch,
although APBM might increase the likelihood of dnédn who do not speak English being able to sgelbnte
because of the limited use of words. Children wighlth problems involved in this research had geaf
conditions including renal, oncological, haemat@afjand respiratory diseases, however the stutiyof
attempt to adjust for the type or the durationhaf tondition, which may have influenced the results
Another limitation to consider is that although 8tedy found that the three age groups preferreBMB
this preference may disappear over repeated expqzarticularly in the case of older children.

Few studies have been conducted to elicit headtle saluations directly from children. Nevertheldss
evidence suggests that adults are not able totrepitsiren’s physical and psychological well-be{6§ This
study, for the first time, attempted to elicit lteadtate directly from children as young as fouargelt also

tests whether animated preference based measereasier to understand and preferred comparedhéo ot
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formats of CHU-9D. In summary, this study indicattest it is possible to evaluate directly the Heatate of
children as young as four years old and that thteDBPLA APBM has features that may enhance the

direct participation of young and sick childrertle evaluation of their health.

The results of this project would have never bamssile without close collaboration between expieots
(usually) non-communicating disciplines: MediciBgonomics, Psychology and Animation Art. The result
of this interdisciplinary collaboration reveale@ ttonsiderable potential for further interdisciplin

research, for example, further research on théatlmn of health state information from even ygan
children, and from adults and children with leagnor sensorial disabilities. Given the difficultifes

parents to understand how their children feel APREY have potential as a family communication tool.
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Figure 1: “Mix” the protagonist of our study
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< Which one is most like you today? =
Sad

Figure 2: Example of Still Graphic Image on a Tablédevice.
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Figure 3. The formats of CHU-9D tested in our study
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Figure 4: Contrasts available between modes of qu&snnaire administration by age group
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