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Abstract

Examples of user involvement can be found throughout headthitarature. This extends to the design and
development of healthcare technology where the involvement of usetselen found to positively impact the
quality and safety of products. However, there is currently little knabout which methods are the most
appropriate for involving children in technology development. The relseqplied and develep a framework

to guide the use of methods in the design and development of healthcar®logy for upper limb
rehabilitation in children with cerebral palaytilising an assessment framework to explore the suitability of
four interview methods for involving children in the design aadetibpment of healthcare technology, research
was carried out in primary schools in the United Kingdom. The resezanhi) used the assessment framework
to guide the collection of information for comparing methods for irmghchildren; ii) considered additional
criteria for inclusion in the framework; and iii) gathered observationsdata to comment on the criteria in
relation to the four interview methods. Children were able to participate in alintenview methods, although
further consideration is needed to identify how children with disabilitiesbeaimvolved in design activities
forming part of interview methods. Differences were found betwkermethods relating to their robustness,
reliability, validity, efficiency, enjoyment and cost. The involvement of pasditip with a disability highlighted
the need to develop new methods that support their inclusion in healttezdnology design worklhe
assessment framework applied in this research was useful tmitife comparison of methods and represants
step towards a more unified approach to understanding how best toecHmuperspectives of children to

develop technology that best serves their needs.

Keywords: user involvement, children, disability, technology design, healthcare j\assesthnology



1.0 Introduction

In the United Kingdom (UK), the Government has committed to creatingna ebshared decision making in
healthcare between patients and clinicians, and the emergence of newissioming boards pledge to
champion patient and carer involvement [1]. The justification angatpehind user involvement (Ul), and
activities relating to patient and public involvement (PPI) is now well establishiibd healthcare literature [2],
with many examples available from service planning and developmemés@arch activity within the National
Health Service (NHS) [3]. The increase bfi has extended into areas such as healthcare technology
development involving the engagement of end users [4]. Thisiggds becoming more widespread for the
manufacturers of techmady (such as medical devices) in the UK, where recently introduced standrds [5
require manufacturers to adopt a user centred design process (réfea@d Usability Engineering Process

that spans the design and development life cycle of a device.

Ul in the development of healthcare technology can potentially impact its quatitysafety [6]. When
considering how to involve users in the design of healthcare techndidgyimportant to consider which
methods are suitable, and most beneficial, throughout the medical device develiifecyate [7]. A number

of methods have been utilised in healthcare technology developmentoteeirusers, where usability tests,
interviews and questionnaire surveys are the most frequently Usedtidgeneral guidelines to inform method
use in, for example, assistive technology development [8]. The defimifiarser in healthcare technology
development refers to a heterogeneous group of people, including clinjgsiests, carers, family members
and persons with disabilities. While the derivation of benefit from a deviokl d® used as a collective
characteristic of users, consideration their heterogeneity is necessarfgdtivelfy capturing user perspectives
for integration into technology development and assessment. This pcacealso support an understanding of

the regulatory, health and safety, and insurance perspectives cogtbendevelopment of technologiegd.[9

While it has been outlined that Ul is becoming more common in technd®gelopment, particularly assistive
technology and rehabilitation equipment, there has been little exploratioretbbds that could be used to
involve children L0]. While recommendations for the use of particular methods at diffeésegessof healthcare

technology development exist [11], they are stratified for use at spde#ign process stages without explicit

justification, and do not focus on children. From the healthcare literat@e #ne guidelines available for



involving children in healthcare researd®] [13] but without underlying support behind recommendations of

which methods should be used, particularly in relation to technology dasibdevelopment.

The participation of children and young people in research has emphasisegdhi® perceive and encounter
children as equal human beings in child-centred health care settings [I4]exBmple, the use of
developmentally appropriate methdddinked to minimisation of attrition and improving access [15]date,
the authors are unaware of research literature comparing different medgaading suitability for used with
children and young people in healthcare technology developMétiit listening to and engaging with young
people proposed in recent reforms to the NHS [1] it is an important tone®nsider the development of
strategies to bolster and evaluate the effectiveness of Ul activities involisrgydloip. In doing so it should be
acknowledged that this group are not homogeneous and the NHS nflesilide in responding to their diverse

needs, backgrounds, capabilities and interests [16].

While literature from healthcare is lacking consideration and guidance dmodseto involve children in
technology design, human-computer interaction (HCI) literature presents aelédéan of both Spurred on
by the increased interest in the interaction between technology and childubfied ©f HCI has been created
specifically to investigate ‘Child Computer Interaction’ (CCI) [17]. Examples of novel technology methods used
in design that have stemmed from this discipline (technology design tlaimetechnology evaluation for which
a range of methods have also been developed) include the BRIDGE methadpiéxtual ladderingl{], and
cooperative inquiry20]. Although tempting to draw methods from this domain fa mshealthcare technology
design, the value and quality of research methods that stem from H@Ginthve not been evaluated in an
empirical way [21]. HCI methods are often developed in isolation folicapipn in the development of a
specific device leading to disparate trails of research with ad hoc methods betad tweaise on one project
[22] [23] and making any meta-evaluation of methods diffidith an increasing drive for involving children
and young people in healthcare research, it is important to begin to assesgahility of available methods

from CCIl in a way that can be expanded across disciplines

Within HCI, a framework has been proposed for assessing ne#vadlable for use in developing technology
with children [24]. The Markopoulos and Bekker framework waseliped to assess new methods (with a

specific focus on using usability methods with children) for thgirapriateness for use with children. Despite



the failure of CCI to adopt a systematic approach to evaluating methibdne exception [25] of research
using a framework to describe design methods in terms of requeséghdskills as identified by the Theory of
Multiple Intelligences, there is scope to apply the framework withénctinsideration of methods for use with
children and healthcare technology. The framework considers three tdevhehild involvement in technology

development: 1) components of a method, 2) assessment criteria to evaluatedh amett8) characteristics of

children as participants in a method. Markopoulos and Bekker conclude that magrisons are based on the
first two dimensions and the characteristics of children are rarady tako account [24]. This paper reports on
the use of the framework to compare interview methods for imgkhildren in the design and development of

healthcare technology for upper limb rehabilitation in children with cerphisy.



2.0 Method

This paper outlines the application of a framework for assessing interaethods when used to involve
children in the design of healthcare technology. Continuing previouk wfoCharterhouse Rehabilitation
Technologies Laboratory at the University of Lef2], the research took place between 2009 and 2010 in five
mainstream primary schools from education authorities in YoekshiK. The research protocol was designed
for delivery in a mainstream school environment as it provides direct atcéiss end users of healthcare
technology for children and their peers, alongside providing access fasthht and support provided by
teachers[27]. Further, accessibility equipment for children with disabilitiessupplied througha child’s
statement of special educational ne¢2], avoiding any access difficulties that might be experienced in
alternative environments. Primary schools in the UK typically contain ehiliom the ages of 511 years of
age, although only an older age group (i.e. B years olgwas included in this research. An older cohort of
children was included as previous research has outlined their ability to maiotagentration and complete

tasks as direetlby an adult, and that they are often happy to be obsg9e{30].

2.1 Group presentation

The visits began with group presentations that involved a whole classdistand reflection on disability,
rehabilitation and healthcare technolodyhe teachers and researchers worked collaboratively to pravide
spoken dialogue about healthcare technology and how it can assist peopldisaithities who require

rehabilitation, allowing for questions from children.

2.2 Group task

A group task then took place, with a demonstration and opporturiity tmit one of two rehabilitation devices;

a rehabilitation joystick or a handwriting device (Figuje 1



The rehabilitation joystick (left) connects to bespoke software that guides thrumayh upper limb
exercises that match movements a physiotherapist would encourage a childi¢e, pvidle varying
levels of force-feedback assistance available, designed for children witln€Randwriting device
(right) was a PHANTOM Omni® Haptic Device, used with accompanying OpenHaptics Aicaden

Edition software.

Figure 1 The devices introduced to children during the group tasks

The demonstration was provided to ensure that the purpas@ytick or handwriting device was understood,
and particularly how it can be used in rehabilitation. Following the devioemlgration, children were asked to
create their own designs of a joystick or handwriting device by incatipgrtheir preferred colours, shapes,
materials and features into colour drawings. Props were provide@lpochildren identify their preferred
colours and materials, includirglour charts and texture samples. The texture samples were 3” x 3" cuttings of
aluminium, brass, plastic, cotton, rubber, sponge and sandpaperolpet@sk provided a means of integrating
the research into the framework of teaching and learning for thelsclodined in the National Curriculum
(NC) [31], by aligning group activities with the existing Design dmthnology curriculum “@eveloping,

planning and communicating ideas” and “knowledge and understanding of materials and components™).

While the children participated in the group task, the classroom teacher completed toratitizat indicated
each child’s verbal competence level, comprising a subset of the Wechsler Intelligence Scale for Children
(WISC, 4th edition) [32]. The ratings were used to identify children that maag required additional support

when patrticipating in the interviews.

2.3 Participation in interview methods

Once the group task was underway, the research team divided a clags fatie sex groupings to participate

in one of four interview methods.



Table 1 Overview of the interview methods used in the research

Number of
M ethod people Description
involved
4-6 The adult interview facilitator has a list of questions to work througker/
Focus children; 1 reading a question aloud, the children are allowed time to discuss their e=s
group adult with each other. The researcher provides clarification to questions
facilitator requested from the children, and moderates discussions if deviation occurs
1 child; 1 The oneto-one interview involves a researcher sitting with a child and read
Oneto-one
' _ adult list of questions to the child. The child is provided with the opportututy
interview
facilitator respond to each question in full and ask any questions if uncertain.
A board is designed for use as a platform for placing a number & carghich
guestions are written. Each child is given a game piece. The childretutageo
roll two die. The children use the sum of the dice to instruct hawynguestion
cards their game piece should move over. The card on which the g&ce
4 children; 1 | lands should be turned over by the child who rolled the dice. The child tea
poard adult guestion aloud and provides their response to the question. The other ¢
Jame facilitator then provide their own responses to the question, and discuss whhaatieesaid
with one another. A researcher is present during this game to provide
instructions for the method, provide clarification on uncertainty around
guestions or aspects of the game, and moderate discussions if they deuiate
the activity.
A child is presented with a range of materials (e.g., modelling clay, realqaens
_ and pencils, paper, card). The child is asked to develop a low-tecél o
Design-led nidit drawing that incorporates shapes and form that they would like in a qie
interview adult healthcare technology. While the child is building a model or drawing
facilitator

researcher asks the child questions from a list. The child is given time tode

to each question in full.




The four interview methods included focus groups, board gamesign-led interviews (DLI), and orie-one
interviews (described in Table 1). For each method, a standardisedrsttuiitions was read aloud to children
before questioning, outlining the process of the method, and reiteratisgntodetails. Each method ended
when all of the questions had been presented to the children, or vilventy minute time limit was reached,;
whichever came first. The same set of questions was used across aietbods. The questions were designed
to gather information from children relating to different aspects of techwmolfbige topics around which
questions were developed covered the social and practical acceptability of heakbbaolog¥ (e.g., What
colour would you want a rehabilitation joystick to be if you had ®itiat school? What could make a joystick
fun to use?), and questions regarding texture prefere(eegs How would you want a joystick handle to féel?
Following completion of interviews, children were asked to complete selftrepeestionnaire obtaining
information about age and gender, and rating of enjoyment using a sizalalgue scale (VAS) (Figure 2).

Audio recordings were made during each interview and transcribed aftes#ach visits.

! The decision to use the board game method stemmed from a meetinpevihthors from a conference
article outlining the use of a similar method to involve residents inébigl of a low security mental health
unit [33]

2 The acceptability of a system involves both social and practical acceptatibtyractical acceptability of a
system is defined by its usefulness through containing usabilityutility. Social acceptability refers to the
aesthetic characteristics of a system [34].

® When designing a system, the entire user experience should be conf38gr&iich considerations should
carry through into technology designed for children, where factas as textural preferences have been
mostly ignored. It has been stated that although visual informatignprovide valuable information, tactile
input can impose understandings of the force of a grasp, alonsidsontrol and manipulation of objects

within an individual’s hand [36].
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Figure 2 Adaptation of the Wong and Baker pain scale [37] usessess the children’s enjoyment of methods

and the smileyometer [33]

2.4 Post-trial Activities

At the close of a school visit, a discussion group was held with all partigpatisearchers. Detailed
descriptions of the visit and comments on any issues that had arisemdegeimentedSpecific observations
were also documented linked to the Markopoulos and Bekker frarke@nce all trials at the schools had been
completed, the cost of materials required to run each of the four intemétinods was calculated. Additionally,
the detailed costs for the involvement of the researchers, in terms of equivake@ind associated cost, was

calculated by the research support office at the University of Leeds

2.5Analysis of data

The Markopoulos and Bekker [RP#famework was used to focus on universal criteria for assessingetheads

used during the research visits.
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Research Visit
L Information Obtained Components of the
Activities Framework
Verbal
Group »  Competence
Presentation Score »  Robustness
.| Researcher
"l Observations
Group Task »  Reliability
Images
» completed by
the children
Interview
Method .| Researcher > Validity
Participation "I Observations | 4
| Interview | |
Post-interview "|  Transcripts 1 »  Efficiency
questionnaire
.| Self-reports | |
"' from Children \—I
Researcher » Enjoyment
Discussion 1 .| Researcher | |
Group "l Observations
Costand L » Cost
Data Gathering | | | Resources Data
Past-visit

Figure 3 Measures used to perform the process analysis in the method compariso

The five key characteristics outlined in the framework for the assessfamethod are outlined in Figure 3
robustness (the feasibility of a method being applied across diffenatetxt®y products, or domains), reliability
(whether a method can extrapolate the same information from childréffenemt conditions, such as different
sdtings, schools, and populations), validity (whether responses gathemedhildren can meaningfully inform
the design of healthcare technology), thoroughness (examinatioe eftént to which a method can obtain
information about all aspects of a device being designed), and efficien®y téken to set up a room for a
method, completion rates of the methods, nhumber of responses olutarimegithe interviews). Thoroughness
(referring to the proportion of all usability problems of a productahatfound through a t§swas not included

as it was not deemed appropriate when the focus of the research was aesigabitity.

11



A focus on the characteristics of children led to the development cddditional criteria: cost (resources used
andresearcher involvement, as this can inform the projection of costs by manufacturers or other researcher’s

when developing projects in healthcare technology) and enjoymgayrfentis linked to engagemenBg],

and although difficult to measurel(] is an important concept to explore in design research to include a

characteristic deemed important in research with children [41]).

Variable Data capture method

Robustness| Researcher observations

Reliability Researcher observations

Validity Researcér observations

Observation of time taken to set up each meth
Efficiency Completion rates of each method
Number of obtained responses

Cost Resource cost summary / staff cost summary

Enjoyment | VAS scores in the post-test questionnaire

Table 2 Methods used to capture the variables of interest

The source of data used to discuss the variables of interest is outlined i2.Tthies approval for this
research was provided by the University of Leeds Research Ethics Com@ittesent from parents was

obtained prior to the school visits and children signed assent forhres ladginning of the research visit

3.0 Results

In total, 107 children aged-810, including both males (N = 56) and females (N = 51) participated, ingludin
five children withCP. Three children with CP had a diagnosis of spastic hemiplegia handgrate functional
impairment to the upper extremity. The remaining two children with W@re diagnosed with spastic
quadriplegia with accompanying dysarthria, both using tiespeech communication systems. Table 3 outlines

how the participants were distributed across the four interview methods.

12



Focus Group (I)ne-tojone Board Game DLI
nterview

Numbgr_ of male 30 5 16 5
participants

Numbe_r _of female 33 5 8 5
participants

Total Number of
Times Used 15 10 6 10

Table 3 The distribution of participants across the four interview methodshenital number of times each

method was performed during the visits used

3.1 Group Task summary

All children participated in the group task. The children with spastic quadriptegeived support from
classroom assistants who constructed images on the basis of instrusmnikygthe children. When reviewing
the images generated by classes working with the joystick device, mostcbiltiten incorporated the existing
joystick shape in their designs and modified the colour schemesxample is shown in Figure 4, which
includes annotations outlining the key components of the system gergen) and preferences for materials

(such as rubber for the handle).

Figure 4 Example of a group task design obtained following a demonstratioe @ystick device

The children who were shown the handwriting device tended to deviatdHeosihape of the device presented,

generating novel ideas for the shape and function of such a deviexdfaple, Figure 5)

13



Figure 5 Example of a group task design obtained following a demonstratioe dbtidwriting device

3.2 Markopoulos and Bekker Framework

3.2.1 Robustness

For the DLI, all children without disabilities were able to participate without aryrtegbor observed difficulty.
No children with disabilities participated because teachers indicated that theybgautdble to manipulate the
materials to create a prototype. Focus groups were the most inclusivedniiet children with and without
disabilities with flexibility in where they can be conducted (e.g. a cloakroom wgasl in one school with
limited space)When children using speech generating devices participated in focus ,grbilghen without
disabilities often waited for a device user to respond prior to providing oheir reply to a question and
appeared to treat children with disability as authority voice on any questioning related to disability and

healthcare

During oneto-one interviews, all children were very focused in their responses andodidieviate in
discussions around the content of the questions. However, responsestéecaiegrise one wordNo children
with disabilities were allocated to ob@one interviews. For the board game, only one child with a disability
participated in the method. The child had CP with a mildly affected uppemintlused their unaffected arm to
roll the dice and move counters during the game. All children wittisabilities had no difficulty physically
participating in the method. However, some children required furthdareagons from the facilitator regarding
the instructions for how the game is played. There were also instahdésruptive behaviour from both male

and female groups.

14



3.2.2 Reliability

It was possible to apply all of the methods in different settingpgre methods were successful at gathering
design information from childrenFor DLI’s, the resultant outcome of the method included a prototype
alongside responses to questions from the children. Not all children comfiietegrototype in the time
allocated, and all participants used different combinations of materials domstruction of a prototype (e.g.,
modelling clay, paper and pencil). However, the prototype served an egatbifuacross participantieeding
into responses from the children, and allowing the researcher to agiongiabat directly referenced the

prototype (see Figure 6).

Facilitator: So what materials would you use?
Child: Like metal... covered in something soft, like on the fingers, here... you put your hands on it, and the
way you use it... the way you use your hands on it could be different... (the child demonstrates on the

prototype at the same time)

Figure 6 Interview example

With the board game, the behaviour of the children fluctuated, withrisce of disruption and distraction in
two groups. Children appeared to enjoy participation in the methotthibued to instances where responses

were not in keeping with the question posed across all groupBi(eee 7:

Facilitator: What do machines that are from hospital look like?

Child1: Ok... squary pants

Child 2: Like cookies and that

Child 3: 17 minutes it’s been...(looking at the display on the dictation machine)
Child 2: They look like those modern robots and that

Child 1: Who is green? (in reference to the board game piece)

Child 3:If it looks ugly... with a cherry

Figure 7 Interview examp#

3.2.3 Validity

15



Validating the responses obtained from the children was not possibke é¢ortext of the school visits, but has
been relayed to children through an additional research project via ametnégplication, which has been
reported elsewhere [42]. Validity of obtained information, when understeaah attempt to uncover meaningful
information that can inform technology design, is not always possilebeplore within the timeframe of a short
research visit. The need to relay the information back to children, or wilideembed into the design or
development of a device prior to exploring the validity of informatlomits the extent to which it could be
explored in this researchlowever,a general note about the validity of the research process, rather thart conten
obtained, was highlighted in the use of props and a prototythe iBLI. This allowed children to interact with
materials from which their preferences were being drawn. For the childréoigading in the other three
methods, only recall of preferences for materials and colours iafammwas available to the children. The

interaction with materials may impact the validity of responses obtained fromechiidthe DLI .

3.2.4 Efficiency

When examining the setup time for the DLI, a researcher was requipeepare a range of materials that could
be used by the children to create low-tech prototypes, but often tlegseleft unfinished. Figure 8 shows
examples of such lowech prototypes. The image on the left shows a child’s design of a joystick, with the image

on the right showing an unfinished design by the child who creagnhir diagram (Figure 5) during the

group task.

Figure 8 Examples of a low-tech prototype that was developed with a child dubd a

The completion of all of the questions in the set list was used to definberlaeimethod was completed within
the twenty-minute time limit for running each interview method. Fgioutlines the proportion of complete

and incomplete question lists for each of the four interview methods.
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Figure 9 A graph to show the percentage question lists that were completed in the-tmiaute time limit by

each of the methods

Children who participated in the omneone interview completed all of the questions in the twenty-minute
period in each trialThis was not the case for the DLI and focus group, where the qudistiomas not
completed on a number of occasipalthough the question list was not completed in any of the board game
trials. FigurelO shows the average time taken to complete question lists across #grerdifinethods. The
board game took the longest average time for children to participate (20 rpithedecus group took 18.44

minutes, the DLI 15.97 minutes, and the amesne interview took 11.89 minutes.

20

15

10

Time Taken to Complete All
Questions

Focus Group One to One Board Game Design Led
Interview Interview

Method

Figure 10 Average time taken to complete each of the different interview methods
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To explore the quantity of information gathered from the interview odsththe number of obtained responses
to questions was examineld order to represent the average number of responses gathered per paréltipant,
obtained responses (comprising statements or one word responses) were caknigenips comprising more
than one child, the total number of responses gathered by a method idasl diy the number of children
participating. This was completed for each method, from which the rigrand are presented in Figut@. The
focus group was shown to gather the largest number of resgmersparticipant (X = 2.27), but the difference
when compared to the board game (X = 2.24) is very small. Bothese methods contained four, and
occasionally five, participants. The two methods involving only ongcgaant gathered fewer responses than
the four-participant methods. Although the DLI (X = 1.29) gathelneddast number of responses per question,

there was only a small difference when compared to themaore interviews (X = 1.36).

100%
® 90%
[7,]
S 80%
x> 70%
g
= 60% i .
© = e« Focus Group
.g 50% .
S 20% == == (One-to-one Interview
B 30% Board Game
§- 20% eeeeee Design-Led Interview
a 10%

0%
1 2 3 4 5 6 7
Number of Responses Received to a Question

Figure 11 Graph to show the number of responses gathered from each dktiviein methods

In order to investigate the number of responses gathered during theds)ethe distribution of responses were
examined by method. Figuid outlines the number of responses gathered to questions duringnetiaid. The
number of responses gathered from a question was recorded as digimgland plotted. As shown in Figure
15, the methods involving one participant (i.e., the tmene interview and the DLI) commonly provided only
one or two responses to a question. For example, 77% of the sesggiven to questions for the DLI involved
one response from a participant. The distribution of the responses indicatabethmiethods with four
participants provided more responses to questions. Within both the fawysagrd board game methods there

were instances of participants providing up to six responses per participamtidhlthis only accounts for 2%

18



of the overall responses). The focus group gathered the largest nofnmbeponses to questions, with 1% of

responses providing up to seven responses to a question.

3.3 Cost

Information was obtained to identify both the cost of involving thquired personnel to host the research
activities described in this paper, and also to identify the costs of resourdesl fieethe interview methods.
Costing for the personnel reflect wage costs incurred with all reseainhengployment at the University of
Leeds during the012/ 2013 academic year; costs across different universities can be expedféat.td/dges
were calculated for each researcher based on full-time equivalent contracisKil&). Before an hourly rate
was calculated, it was ensured that full economic costing (FEC) was completeacfoof the researchers
(shown in Table 4), including information about indirect costs, estatesinftadtructure. Although a PGCE
student and a psychology undergraduate student participated as researéhecstitng has been calculated in

line with a PhD student, as this is the closest match that can be includedearah bid.

Post-doc mechanical engineering researcher Cost
Salary £27,319
Pension £4,371
National Insurance £2,013
Indirect Costs £38,464
Estates £14,828
Infrastructure £842
Total Cost (for 1 FTE contract) per annum £87,837

Hourly rate (including full economic costing, as calculated for 37.5 hoursaweek for 44 weeks) | £53.23

Post-doc mechanical engineering researcher

Maintenance £17,875
Fees £3,633
Indirect Costs £7,693

19



Estates £11,862

Infrastructure £842

Total Cost (for 1 FTE contract) per annum £41,905

Hourly rate (including full economic costing, as calculated for 37.5 hoursaweek for 44 weeks) | £25.40

Table 4 Overview of the wage costs for research personnel, including FEC

The number of hours spent on the trials multiplied by the hoatéyis shown in Table 5, providiregguide to

the cost for involving the researchers in the trials held at each aftibels.

Number of Number of hours dedicated Hourly
Researcher Role Total
trials to research visits rate
PhD researcher (main author) 5 25 £25.40 | £635.00
PhD researcher (undergraduate
5 25 £25.40 | £635.00
psychology student)
PhD researcher (PGCE student) 4 18 £25.40 | £457.20
Post-doc mechanical engineering
1 4.00 £53.23 | £212.92
researcher (post-doc 1)
Post-doc mechanical engineering
1 4.00 £53.23 | £212.92
researcher (post-doc 2)
Post-doc mechanical engineering
1 4.00 £53.23 | £212.92
researcher (post-doc 3)

Total cost: £2365.96

Table 5 Financial cost of involving research personnel in the use of the intenvéthods

The material costs of materials are also reported. The outlined costs include all maiguiads to perform the
interview methods with a child in the school environment. The ceptated in Table 6 accurately reflect those

incurred during this research.
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M ethod Cost per trial | Number of trials | Total cost for method
Focus Group 10p 15 £1.50
Interview 10p 10 £1.00
Board Game £3.25 6 £19.50
DLI £15.24 10 £152.40

Total cost of resourcesfor all methods: £174.40

Table 6 Cost to provide materials for each of the interview methods used iesbarch

In total, the staff wage costs and the resources used for runeiigehview methods totalled £623.53.

3.4 Enjoyment

Alongside gathering self-reports of enjoyment from the childitem post-task questionnaire sought to establish
areas of improvement in both the research process and the interviesdsméthe post-task questionnaire was
completed by 86% of children, with completers rating their experience of partigipatihe group task and
interviews asvery good’ (64%), with the remaining children selectingood’ (17%), andO0.K.” (5%). Reasons
reported for not enjoying involvement related to the board game methed other participants wefrbehaving
badly’ and that the pace of the game was consequetotbyslow. When answering the question, “What do you
think the word ‘rehabilitation” means?’ less than 5% of the participants provided an explanation of rehabilitation
that was similar to descriptions provided by researchers at the beginrthey\a§it, with most being confused
and / or incorrect. From the responses provided by those that were siniter rt@earcher’s descriptions,
answers included “...when someone is disabled and you have to help them get better” and “...where people
have done something to their arms or legs and have to use a rehabilitatioimerto help people stretch and
strengthen muse&d”. The final part of the post-task questionnaire involved enquiringtahewexperiences that
children have with disability. Despite the low proportion of children that cprddide an explanation of the

term ‘rehabilitation’, 64% of children reported having a disability, or knowing another person with a disability.
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4.0 Discussion

The Markopoulos and Bekker [23] framework was used to inform ieriterbe explored when comparing four
interview methods for involving children in technology development reseBodheauthors’ knowledge, this is
the first reported application of the framework. Although originallyedtgyed for usability testing methods, the
framework draws on characteristics that can be examined for nsetised to involve children in the design of
technology. The inclusion of additional items was driven by the needréater transparenayf the cost of
involving users in healthcare research, and to counter trends failaxglare the impact of child characteristics

in technology development research
4.1 Application of the M arkopoulos and Bekker framework

The findings from the framework provided insight into the pro¢esisustness, reliability, efficiency, cost and
self-reported enjoyment) and content (valijlibf engaging children in healthcare technology development. A
framework was used to guide examination of the involvement ofrehildith physical disability in the design
and development and healthcare technology. The focus remained acaplysability and did not include
participants displaying cognitive impairment. A wider focus on considerafmmé#volving children with
intellectual disability in the development of healthcare technology is neededute émast group characteristics
(such as reduced motor, communication and social skills and lower gedhitictioning than peers [43]) are

adequately considered

A key finding came from assessing the robustness ahttbods, which revealed a need to explore alternative
methods for involving children with physical disabilities in design activiies identifying alternative means of
designing and developing prototypes for children with disabilities. THisallow the benefits of the DLI to
potentially be extended to children with physical disabilities. For exampmeditact reference to a prototype
does not require recall of preferencaad direct reference® materials being used during the methods can
improve confidence over the validity of responses from childremogtih this is not an issue when obtaining
colour information, for which children have shown to be reliable irvignog, children’s memory for other

preferences, such as those relating to texture, have not been expi]r{é8).
4.2 Addition of new criteriato framework

The addition of the cost criterion was to further support design resglarufing with children, such as method
selection and cost projection. The need to report on the impéalitids been increasing [2], and the inclusion

of cost information in this research provides insight into the typemngédgement that can be achieved in a
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primary school setting with a university research team. This iftiom can be used to project costs in grant
writing and also supply information to those evaluating the impakth @fi healthcare. However, this research
did not account for the cost of planning and establishing links weftbds, or costs that could be incurred when
research is conducted away from the school setting (e.g. travel cogparfitipants and their families)

Although guidelines exist for establishing links with schools in heakhtechnology development research

[26], the cost of this processdifficult to capture in financial terms

Although the outlineof financial cost for research may not always link directly to the purpbseproject, it
does support the wider need to provide robust measurementiarseninvolvement in research, which can be
used to complement existing qualitative explorations [46]. In tryingefleat costs of the whole process,
consideration of additional costs, such as resources, time and energyabolid considergd7]. The focus

on costs in Ul in healthcare research is an opportunity tonmfloe international evidence base underpinning Ul
activity that remains partial and lacks coherence [5], and begin to start cgnipiirmation on the impact and

cost of Ul, and the frequency, extent and magnitude of its application [2].

The examination of enjoyment was informed by self-reports byliid participants using a visual analogue
scale that sought to verify whether participation in the methods weitevpaxperiences for the children. The
majority of children reported their experience positively, although it isTammito find a positive response bias
in research with younger children [48he inclusion of an enjoyment measure stemmed from the curré&nt lac
of methods for assessing the engagement of children in research actvitndsus researcl3§] has described

the state of ‘flow’ which occurs for an individual when they are engaged in an activity and reach an optimal
state of performance, leading to a sense of enjoyment and control thgteisenced when the skills of an
individual are matched to the challenges of a task. In this sensgmemjbcan act as a proxy to inform whether
research activities promote an environment that is amenable to engagemduatthendesearch is needed to

understand how this can guide the structure and content of reseanieinign children

Ensuring that children have enjoyed their experience of participatirgg@arch is important due to its bearing
on the perception of research by children, their likelihood to participate irutines,f and to infer that their
contributions stem from a disposed and engaged perspective. Despite pasity® of participation, and time
spent by the researchers outlining the role of rehabilitation to therarhilthere was an inability of most
participants to articulate the role of rehabilitation for a person with disability. Mhig indicate a need for

further clarification about the way in which rehabilitation and the dideealthcare technology is explained to
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children. Whether an understanding of the concept is required by theenhild allow them to provide

meaningful insight for the design of technology is a question to besaddt in future research.

4.3 Applying findings from the framework

In this research, the DLI was the most time consuming to set up,ategials were most expensive, and few
responses were gathered from questions. However, the use of phigls,set is aside from the alternative
methods, provides greater validity to the preferences obtained, as tleegfteerin direct reference to materials
being used by the children at the time. The board game, which also reqtitgdtsne and comparably lower
material costs, gathered several responses to each question. However, th®mterbeeen the children led to
instances of disruptive behaviour, and uncertainty over the vatiflitgrtain responses. With a high likelihood
of a trade-off when selecting between methods for involving @nldising the framework, a development team
should assign subjective weighting to the framework criteria. Thidlliguide its use when selecting between

methods for involving children in the design and development diHioaae technology.

Criteria from the framework can be used to inform decision makimgsearch with children by constructing a
better understanding of the cost effectiveness of using competingdaetonsidering the quantity and quality
of information alongside the actual cost to obtain the information catidera means of selecting methods for
involving children in healthcare technology design and developmettiisinesearch, while the methods varied
in the time taken to complete all questions, the number of responses obtaivgggran indication of the
quantity of information that can be obtained. This can be used asiea tmétform value judgements about the
selection of a method on the basis of time to complete versus quaniitiprofiation obtained. The methods
involving four or more children were found to generate a larger auwfresponses per child, on average, than
methods involving only one child. Therefore, the methods ifrglgroups of four or more children were often
found to require more time to answer all questions, and often owbaawenty minute limit, despite generating
a larger quantity of responses per child. Such information can be usdgdrto the planning of future projects
by focusing thinking on the resource limits of a research team fi@ancial, time), and which method(s) best
extracts the quantity or form of responses required. With this in rihde research needs to consider how to
assess the quality of information obtained from methods. While sontedsatan elicit large quantities of
information, the quality of thee data is difficult to ascertain until it is evaluated. Currently, evaluation of
information quality can occur through application of data to a profhliciwed by an assessment of its
effectiveness (e.g. ratings of device improvement following integrafiarser preferences), although this only

assesses the quality of the data at a secondary level

24



5.0 Conclusions

The use of the Markopoulos and Bekker [23] framework providimtased assessment of interview methods
for involving children in the design of healthcare technology. The critegd in this research require further
investigation to refine measures associated with efficiency and establishelsbwo lassess thoroughness, to
generate a framework that can expand to consider a wide range of udeerirestt activities in technology
design In this research, the technology demonstrated to children is. While gsagesnent methodologies are
being used to elicit information across a range of healthcare technologigthElfihdings from this research
outline the selection and use of methods for developing technologghfaical rehabilitation, mainly for
children with CP (such as joysticks and peripheral hardware to congystems). The wider call for reporting
of cost and reports of enjoyment by children can be applied acroseakingagement research in healthcare
technology development with children. As technology interventions incredbkeifnapplication to healthcare,
including with children, exploring the boundaries and need to exparmanavirork to assess the involvement of
users with and without disabiitis crucial Detailed analysis is promoted here with the aim of producing a
unified approach to understanding how best to capture the perspectived afezn in the development of
healthcare technology to ensure that it best serves the needs of childreartathgy children with physical

disability.
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