. eprints@whiterose.ac.uk
Whlte Rose https://eprints.whiterose.ac.uk

(o) :
Q\J) ReseCerh On"ne Universities of Leeds, Sheffield and York

Deposited via The University of Leeds.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/157661/

Version: Accepted Version

Article:

Killan, CF, Baxter, PD and Killan, EC (2020) Face and content validity analysis of the
Speech, Spatial and Qualities of Hearing Scale for Parents (SSQ-P) when used in a
clinical service without interviews or week-long observation periods. International Journal
of Pediatric Otorhinolaryngology, 133. 109964. ISSN: 0165-5876

https://doi.org/10.1016/j.ijporl.2020.109964

© 2020 Elsevier B.V. All rights reserved. This is an author produced version of a paper
published in International Journal of Pediatric Otorhinolaryngology. Uploaded in
accordance with the publisher's self-archiving policy. This manuscript version is made
available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-
nd/4.0/.

Reuse

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long
as you credit the authors, but you can’'t change the article in any way or use it commercially. More
information and the full terms of the licence here: https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

ﬁ &, | University of

1 =
UNIVERSITY OF LEEDS Sh ffleld



mailto:eprints@whiterose.ac.uk
https://doi.org/10.1016/j.ijporl.2020.109964
https://eprints.whiterose.ac.uk/id/eprint/157661/
https://eprints.whiterose.ac.uk/

Journal Pre-proof

Face and content validity analysis of the Speech, Spatial and Qualities of Hearing
Scale for Parents (SSQ-P) when used in a clinical service without interviews or week-
long observation periods

Catherine F. Killan, Paul D. Baxter, Edward C. Killan

Pll: S0165-5876(20)30107-5
DOI: https://doi.org/10.1016/].ijporl.2020.109964
Reference: PEDOT 109964

To appear in:  International Journal of Pediatric Otorhinolaryngology

Received Date: 23 September 2019
Revised Date: 22 January 2020
Accepted Date: 17 February 2020

Please cite this article as: C.F Killan, P.D Baxter, E.C Killan, Face and content validity analysis of
the Speech, Spatial and Qualities of Hearing Scale for Parents (SSQ-P) when used in a clinical
service without interviews or week-long observation periods, International Journal of Pediatric
Otorhinolaryngology, https://doi.org/10.1016/j.ijporl.2020.109964.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier B.V.


https://doi.org/10.1016/j.ijporl.2020.109964
https://doi.org/10.1016/j.ijporl.2020.109964

Face and content validity analysis of the Speech, Spatial and Qualities of Hearing Scale
for Parents (SSQ-P) when used in a clinical service without interviews or week-long

observation periods

Catherine F Killan*, Yorkshire Auditory Implant Séce, Bradford Royal Infirmary, UK. ORCID:
0000-0002-8092-6238.

Paul D Baxter, LICAMM, Faculty of Medicine artdealth,University of Leeds, UK. ORCID: 0000-
0003-2699-3103

Edward C Killan, LICAMM, Faculty of Medicine anidealth,University of Leeds, UK. ORCID:
0000-0002-4306-9927.

*Corresponding author:

Ms Catherine Killan

Yorkshire Auditory Implant Service
Listening for Life Centre

Bradford Royal Infirmary
Duckworth Lane

Bradford, BD9 6RJ

UK

Tel: +44 (0)1274 364853

Email: catherine.killan@bthft.nhs.uk

Conflict of interests: none



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

ABSTRACT

Objectives. To assess the face and content validity of thee8ip, Spatial and Qualities of
Hearing Scale for Parents (SSQ-P) when used imeall setting without the recommended
interviews and observation periods.

Methods. SSQ-P responses completed by 145 parents ofrehildith bilateral cochlear
implants (aged between 5 and 16 years old) weréyseth To assess face validity, the
proportion of missing/ambiguous and alternativgpoeses was recorded for each of the 23
items. Where additional written comments wereudeld in responses, a thematic-based
analysis was used to identify reasons for the mggambiguous or alternative responses.
Content validity was assessed using item respohsery (IRT), with items having
information score less than 0.5 and discriminasonre less than 2.0 identified as poorly
performing items.

Results:  All items of the SSQ-P exhibited some proportioh missing/ambiguous or
alternative responses, with six items having >10%ssimg/ambiguous or alternative
responses. IRT identified thirteen items that geenied poorly in terms of information and
discrimination. These included four of the sixmte with the most missing/ambiguous or
alternative responses.

Conclusions: SSQ-P items that performed worse tended to dessgenarios that parents
perceived as too specific, too vague or hazard®ghout the recommended administration
via interviews following three week-long observatiperiods, parents found these items
difficult to complete. The SSQ-P is therefore metommended for use without the
recommended administration method. However, sevieras performed well in terms of
face and content validity, despite independentngazempletion without formal observation

periods. Thematic analysis suggested that minevareing might improve the face validity
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of items with high content validity but a high propon of missing/ambiguous or alternative
responses. Therefore, the results of the analysesthe basis on which a shortened version

of the SSQ-P, more suitable for use in a cliniedtisg, could be developed in future studies.

Keywords: Children; Cochlear implants; Outcome reasQuestionnaire; Speech, Spatial

and Qualities of Hearing for Parents
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1. Introduction

There is a clinical need for tools to assess hgampaired children’s listening in
challenging auditory environments, including sgatistening skills such as speech
perception in background noise and sound locatinafl hese outcomes are important in the
assessment and management of both peripheral geamrairments and auditory processing
disorders. Some Audiology services can directlessspeech perception in complex noise
and sound localization abilities in the clinic. Hover, the necessary equipment can be
prohibitively expensive, and clinical tests canrfotly replicate real-world listening
environments. Even when available, these tests bwyrarely used, due to resource
constraints [1]. It is therefore desirable to coempént clinic-based tests with reports of

children’s hearing ability in relevant real-worldtsngs [e.g. 2, 3].

The Speech, Spatial and Qualities of Hearing S(&8€Q) is an example of a questionnaire
developed to obtain real-world information regardargindividual’'s hearing ability [4]. In

its original form the SSQ consists of 49 items thalvide scenarios to assess abilities across
the three dimensions of speech perception, sgaging and other qualities of hearing such
as naturalness and clarity of sounds, and is est&ol as a reliable tool for use with adult
patients [e.g. 5, 6-10]. Shortened versions of3SB€) have been developed [e.g. 11, 12] as

well as versions in languages other than Engligh [E8, 14].

The SSQ has also been adapted as a research tamefavith children. Galvin and Noble
[15] provide a description of a version of the S&@npleted by parents. Development of
this version (referred to in the present papehasISQ-P) aimed to make as few changes as

possible to the intent, format and structure of dhiginal SSQ. Only a small number of
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modifications were made, including changes in wagdio reflect that the questionnaire was
completed by a parent, and removal of questionisvileae considered either not relevant to
hearing impaired children or were difficult to aresviby a parent on behalf of their child. The
resultant SSQ-P consists of 23 items that mappdidavthe dimensions of the original SSQ
[15]. It is recommended that each section of tBQ% be administered separately via face-
to-face or telephone interviews of a child’s paserdgach interview to take place after a
separate week-long period over which parents westructed to actively observe their
child’s hearing behaviour. Since its developmém, SSQ-P has been successfully used in a
number of research studies exploring outcomes iifdrelm with Cls [e.g. 16, 17-20],
providing information about children’s listening ildies such that hypotheses could be

tested.

In order to obtain information regarding a childésal-world hearing ability, the SSQ-P has
been used at the Yorkshire Auditory Implant Serv{d8AlS) as part of the routine
management of children with Cls. It was hoped thatSSQ-P could provide information to
inform counselling with parents, identify areasuieiqg targeted rehabilitation, and confirm
improvement in listening ability over time. Howeyedue to time and resource restrictions,
the original recommendations of administering tB€SP via three separate interviews with a
child’s parents could not be followed. Insteade BSQ-P was completed independently
without a member of YAIS staff, and with no formatjuirement to complete the three week-
long observation periods. These modifications miadeasible to collect information on
children’s real-world listening ability within a by clinical service. However, without the
recommended observation periods or professiongd@tigluring questionnaire completion,
our experience shows that parents found the SS@rRewhat complicated and time-

consuming to complete (i.e. up to 45 minutes). sThsulted in some incomplete, incorrectly
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completed or non-retuned questionnaires, and rajsedgtions about whether the SSQ-P is
effective in collecting clinically useful informatn about children’s listening ability when
administered in this way. The aim of this studyswiaerefore to investigate the validity of
the SSQ-P administered without professional suppotfiormal observation periods, via a

retrospective review of responses obtained froncbnical service.

2. Methods

2.1. Format of the SSQ-P

Figure 1 shows the format of SSQ-P items. Eaain peovides a scenario followed by a
guestion about a child’s hearing ability in thaémsario. Items are mapped to one of three
dimensions: speech perception, spatial hearingqaafities of hearing. Parents are required
to provide a rating between 0 and 10 (where O atd& the child could not perform in the
scenario at all and 10 indicates perfect perforrapon a visual analogue scale (VAS). If
parents are unable to respond to a particular lfecause they believe the scenario would be
inaudible to their child, they do not know how thehild would perform in the particular
scenario or they believed the scenario was nolcgipé to their child for some other reason,
they can indicate this on the SSQ-P by tickingaphpropriate box. Parents are also required
to indicate how often the scenario would occur eatd the importance of the listening skills

required for the scenario.

2.2. Selection of analysis methods
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We defined a clinically useful item as a scendngt imet the following criteria: a) a scenario
that commonly occurred in children’s lives; b) @msario in which parents were routinely
present; c¢) a scenario in which the parent coulcemesthe child in such a way that they
could rate their child’s performance; and d) a acendescribed with a level of detail that
allowed parents to give VAS responses withouthierrexplanation or qualification. By this
definition, we deemed that missing responses, an8l&S responses (such as choosing two
different numerical values from the VAS scale),selection of the alternative responses
“would not hear it”, “do not know” and “not applicke” were indicators of a less clinically
useful item. We therefore assessed face validitydéscribing the percentage of missing,
unclear or alternative responses for each item. al¢® required that an item should
contribute significant and unique information abdbe underlying domains of speech
discrimination, spatial hearing or sound qualitygegtion, and that it be able to discriminate
between children’s different performance levels. erefore applied content validity
analysis via item response theory (IRT), to compheerelative contributions of each item.

Last, we applied thematic analysis of descripteedback from parents.

2.2.3. Face validity

To assess face validity, a review of routinely eciéd SSQ-P data was undertaken. This
identified SSQ-P data were available for 145 ckildwho had used bilateral cochlear

implants (either sequentially or simultaneously iampéd) for at least one year (mean time
since bilateral implantation was 3.3 years). Nweotnclusion or exclusion criteria were set.

This sample represents approximately 70% of altérblly-implanted children under the

care of YAIS. Table 1 summarises patient charesties.
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SSQ-P was completed independently by the pareateni®s were instructed to assess their
child’s hearing abilities retrospectively from memoamilies who did not speak English as
a first language had access to a family liaisomceifto provide translation where needed.

For each child only the most recent SSQ-P respaasdncluded in the descriptive analysis.

For each of the 23 items of the SSQ-P, parentporeses were categorised as either unclear
VAS (i.e. no rating was provided on the VAS or tlesponse was not clear, for example
because parents had provided more than one ratinghé scenario) or as one of the
alternative responses (i.e. “would not hear it"p “dot know” or “not applicable”). A
descriptive analysis of the SSQ-P responses waswathby determining the proportion of
unclear VAS or alternative responses obtained dohe&sSQ-P item. Items with total unclear
VAS or alternative responses greater than 10% wasaigrarily considered as problematic for
parents to complete independently and therefore waden as indicating poor face validity.
Responses to the frequency and importance of osnaere not included in the analysis as
preliminary inspection had revealed low respongdesrdor these questions. A number of
SSQ-P responses contained written comments givgatents that provided additional detail
in response to the scenarios or explanation whyaiceitems were not completed. An
informal thematic-based analysis of these commes undertaken to identify potential

problems faced by parents when completing the SSQ-P

2.2.4. Content validity

Content validity was assessed using item respomseryt (IRT). IRT is an established
statistical modelling approach for assessing contahdity [e.g. 21]. It achieves this by
measuring how much information an item providesualam underlying construct, and how

good an item is at discriminating between differeavels within this construct. For this
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analysis, the underlying constructs were taken asgrgability within the dimensions of the
SSQ-P, i.e. speech perception, spatial hearinggaatities of hearing. As SSQ-P responses
were considered to be ordinal, IRT was performedgugraded response models [22] within
the three dimensions separately. Graded respowsielspredicted the likelihood of an
individual responding in a particular ordinal respe category, resulting in information and
discrimination scores being obtained for each mdpgan. Pre-set criteria for information
and discrimination scores were used to assessrtovatidity. Items with an information
score less than 0.5 [23] or a discrimination sdess than 2.0 [24] were considered to have

poor content validity.

If possible, it would have been worthwhile to usshbthe fully- and partially-completed
guestionnaires for content validity analysis € 145). However, including partially-
completed questionnaires would require missing datautation methods such as multiple
imputation [25] for which the underlying theory asdftware are not yet developed for IRT
analysis. Therefore, only data from children whalle23 SSQ-P items had received clear
VAS responses could be included< 66). Table 1 summarises characteristicshisrgub-

group of patients.

An assumption of IRT is that unidimensionality égi®etween items and their underlying
construct, i.e. the covariance among items is éx@thby the dimension they are mapped to.
Thus, prior to IRT analysis unidimensionality waglered via confirmatory factor analysis
(CFA). For each dimension of the SSQ-P, the fitao$tructural equation model (SEM)
containing all mapped items was assessed. Gooelrfibtb data was taken as evidence of

unidimensionality. SEM fit was evaluated usingethmeasures: the root mean square error
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of approximation (RMSEA), the comparative fit ind@FI) and the Tucker-Lewis fit index
(TLF). For RMSEA a small value<Q.06) indicates good fit, whilst for CFl and TLlegter
than 0.9 are held to indicate good fit. All sttitigl analysis was performed using STATA

(StataCorp LLC, US).
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3. Resultsand Discussion

3.1. Face validity
From the 145 SSQ-P collected, only 66 (45.5%) veemapleted with numerical ratings for
all 23 items. All other collected SSQ-P had atsteane item with an unclear VAS or
alternative response. Tables 2, 3 and 4 showuhwbar of response categories for each item
mapped to the speech perception, spatial hearing qaiadities of hearing dimensions
respectively. In each case the items are rankemtdar of the total proportion of unclear

VAS or alternative responses (highest to lowest).

Table 2 shows there were instances of unclear VWiA@ternative responses given for all nine
items of the speech perception dimension. Item8B&ived the highest proportion of these
(23.4%), with the majority of responses indicatithgit parents did not know what their
child’s hearing ability was in that particular sceoa Item SP9 had the second highest
proportion of unclear VAS or alternative responfb3.3%). In this case, the majority of
responses were ambiguous, with parents addingdetkie scenario in order to qualify what
they understood as a “telephone”. The remainiagst in the speech perception dimension
had less than 10% unclear VAS or alternative regmn®fesults for items within the spatial
hearing dimension are shown in Table 3. AgainjaarcVAS or alternative responses were
evident across all six items. Most notably 25.5%redponses to item SH6 were either
unclear or alternative, with a large number of ptaeroviding a “do not know” response.
SH5 also had a relatively high proportion of “dot lkmow” responses. Finally, Table 4
shows the results for the eight qualities of hepitems. As was the case for the other two
dimensions, all items received unclear VAS or aliéive responses. In particular, two items

are flagged as being problematic. First, QH5 rasmkia high proportion of unclear VAS or
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alternative responses (20.7%), with 25 parentscatiotig that they do not know how their
child performs in that specific scenario. Secd@H8 had a high proportion of unclear VAS

and “do not know” responses (13.8%).

This descriptive analysis suggests that the SS@Hen administered without interview or
the three week-long observation periods, has pooe Yalidity. Possible reasons for this can
be identified from the informal thematic analysisparents’ written responses. The first
possible reason relates to the specificity of tB@9° scenarios. Parents’ comments revealed
difficulty in recalling specific situations that manly happen infrequently or not at all. An
example of this is item SP7 which was identifiedtss most problematic item for parents to
complete. This item requires judgements to be mad “echoey place” with suggested
locations given as a swimming pool or school halRarent feedback suggests that they
interpreted these scenarios as being definitiveerathan suggested examples and that they
are scenarios that are not frequently experiengegdarent and child together. There are
several possible reasons for this. First, the mamn served by our service is ethnically and
socio-economically diverse and it is to be expethed parental attendance at sporting and
school events will vary between families. Cultusalriers to participation in sport are known
to include a need to prioritise work over leisumeé, to provide for the family; cultural
sensitivities around sports clothing; and lower @mass of the levels of physical activity
needed to gain health benefits [26]. Second, sarengs that do attend events at school halls
or swimming pools could be spectating from a distaarad / or entertaining younger siblings,
restricting their ability to assess their hearingpaired child’s listening in that environment.
Finally, financial barriers may prevent some pageinbm attending sporting venues with

their children.
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Another item that was poorly completed was SH5 whilirects parents to the specific
scenario of localising a dog barking (i.e. a rekly short duration sound). Again, it is
possible that the specificity of this scenario nsake difficult for parents to respond
accurately. Interestingly, SH1 (which assesseslikation of longer duration sounds),
performed better in terms of receiving a lower nembf unclear VAS responses, perhaps
because a broader range of examples are givemna(Gagnmower, aeroplane or power tool)

and as a result it is less specific.

A further reason for low face validity is that pat® considered some of the scenarios to be
inappropriate due to perceived hazards associatbdive scenario. This is the case for SH6
(the worst performing item in spatial hearing disien) which asks parents to assess their
child’s localisation of traffic on a busy road. \Bdoping the ability to locate engine sounds
is a skill that might be important to help childreafely develop independence. When the
SSQ-P is administered according to the recommemugatiparents would be primed to
observe their child’s listening ability in this s@&io. However, when administered without
the formal observation periods, parents feedbaakstwas that they had been so concerned
with ensuring their child’'s safety, and monitoritige oncoming traffic, that they were not
able to provide an accurate, retrospective judgroartheir child’s ability. Similar feedback

is apparent for QH5 which received the highest nermbf unclear VAS or alternative
responses in the qualities of hearing dimensiorH5 @sks parents to judge whether their
child is able to discriminate between similar soyndish example sound pairs being a car
versus a bus, or water boiling in a pot versus foooking in a frying pan. Children are
frequently in situations near food preparation, amaund traffic. However, parents reported
that they would discourage their children from igetttoo close to hot pans, and by a

roadside would focus on keeping the child safe rathan discussing whether the sounds
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around them came from one type of vehicle or amoties a result, parents were less likely

to provide a VAS response.

As well as items being viewed as specific, othemd were reported as being too vague.
QH8 (which was the second worse performing itenthi qualities of hearing dimension)
refers only to “other sounds” and listening to “simng” and received a relatively high
number of “do not know” and unclear responses.eitaralso noted that is not always easy to
determine the extent to which their child was resjog to non-auditory cues, and that it was
not clear whether this should be factored in thesiponse. This is especially the case when
parents are completing the SSQ-P from memory. mbear of parents reported that item SP9
(telephone use) was out-of-date and unclear. Fekdhdicated that the scenario could be
interpreted in a number of ways, for example lisignvia the handset or speaker phone,
landline or mobile, whether an induction loop wa®d or even whether video-calling was
included as telephone use. Parents were alsoarnelegat was meant by “conversation” in
terms of level of interactivity, and indicated thheir child’s ability was dependent on the

familiarity of the person they were talking to.

All the reasons for poor face validity cited aba@uild be addressed if the recommended
approach to complete the SSQ-P via interview wlevied. For example, an experienced
interviewer would be able to provide additional mxdes of listening situations or explain
where parents were unclear regarding a specifinate Similarly, if parents were
instructed to undertake the recommended observpBands of their child’s hearing ability
prior to completion of the SSQ-P, as per the origathiministration instructions, then items
not being completed due to problems with recallndbrmation would also be minimised.

However, for SSQ-P items to be administered inracally feasible manner, without guided
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completion or observation periods, considerationdcde given to rewriting item scenarios
with additional less-specific or non-hazardous eplas Specifically, for SH5 where the
face validity issue was due to specificity of theersario, additional examples of relatively
short duration sounds (a car horn and door slamstiog) could be added. For QH5, where
parents had reported problems due to scenariog bamardous (i.e. water boiling in a pan or
traffic noise), different examples could be givérattare less hazardous (a kettle boiling

versus a washing machine and a tap running vergikeatank filling).

In considering these findings, it is important tadenthat the analysis of face validity was
based on a retrospective review of SSQ-P respaatlesr than a systematic collection of
data. Parents were not asked to provide additntken detail explaining their difficulty in
completing the SSQ-P, though where this was gitewas included in the descriptive
analysis. This has the potential to bias our amslin that it is possible that the views of
those parents who provided extra information arecomsistent with those who also faced
difficulties in completing the questionnaire butddnot leave comments explaining their
reasons. As a consequence, our analysis may hiagedrother important difficulties faced
by parents, or over-emphasised those reasons fiddnby the sub-group of parents that
responded with additional detail. Similarly, oympeaoach did not attempt to explore reasons
for non-return of SSQ-P. This may have identifegder important difficulties experienced
by parents that were not evident in the responsésegbarents of the 145 children for whom
a SSQ-P was available. It is also possible treatie range of children included in this study
(5-16 years old) contributed to response missirgneScenarios perceived as hazardous
would be more likely avoided for younger childremd it is possible that parents found it
difficult to reliably report listening behaviour rfalder children with whom they would

typically spend less time.
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Another limitation of this study was that no dataswavailable to document families’ socio-
economic status or parents’ education level, andt seas not possible to investigate the
effects of these on parents’ ability to completedbestionnaire. It is likely that these factors,
along with parents’ understanding of hearing arewlay in which hearing loss can impact
on listening in the scenarios described, wouldugrfice the way in which they had observed
their children prior to completing the questioneaiand inform their VAS ratings. These

would be valuable issues to explore in the futweation of a clinical short-form.

3.2.Content validity

CFA was consistent with sufficient unidimensionalior all three SSQ-P dimensions to be
analysed in terms of content validity via IRT. S&Bhowed good fit for speech perception
(RMSEA = 0.04, CFI = 1.00, TLI = 0.99), spatial hieg (RMSEA = 0.00, CFl = 1.00, TLI =
01.03) and qualities of hearing (RMSEA = 0.03, GF1.00, TLI = 0.99). Subsequent IRT
analysis identified thirteen items with low contesatidity based on information (<0.5) and
discrimination scores (<2.0). These were SP1, Z,&1d 9, SH3, 4 and 6 and QH1, 2, 6, 7
and 8. That is, when administered without intesva observation period, over half of the
items included in the SSQ-P were not informativemere unable to discriminate between

different levels of hearing ability in this group lafaterally implanted children.

Comparison of the assessments of content and &ickty reveals some overlap. Four of the
items with low content validity (i.e. SP7 and 9, &&hd QH8) were also identified as being
problematic in terms of face validity. Interesiiyngthe two other items with questionable
face validity (SH5 and QH5) were shown to have ptadgle content-validity. This indicates

that for the parents that completed the VAS, thesas provide useful information about a
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child’s hearing ability, though as noted above,amling of these items may be warranted if
used in a clinical setting without interview or ebgtion period. Together these preliminary
findings could be used as a basis for the developofean abbreviated version of the SSQ-P
that was more suited to use in a clinical settifgere time pressures did not allow the

recommended administration approach to be followed.

However, it should be noted that our IRT analysis \potentially limited by the sub-optimal
sample size employed, i.e. 66 complete SSQ-P [Z4.provide some reassurance on the
replicability of the content validity assessmeng wndertook bootstrap resampling (ten
replicates of 66 samples with replacement). Baompging of the fully completed
guestionnaires treats this sample as a populatidrrandomly generates new samples from
this (see, for example [28]) which are each thexdymed separately. Doing so seeks to mimic
the process of splitting the data into separatmitrgq and testing datasets (as would be
possible with a larger sample size) to give anssssent of how variable the findings are,
were new patient data available. This demonstragjedd replicability in the speech
perception and spatial hearing dimension with thmes items identified in the original
analysis again shown to provide poor informatiordscrimination in all replicates where
model convergence was achieved. Within the qgealibf hearing dimension replicates
demonstrated greater variability with regard toakhitems performed poorly. This suggests
that a full replicability study is required thatlises independent data. One reason for the
small sample size reported here is due to the approf deleting whole cases where data
was incomplete. Whilst it would be possible tolege cases by dimension rather than full
listwise deletion, the benefit of this will be lited by the overall sample size £ 145) and
would not be compatible with the SEM approach sbig of unidimensionality. Alternative

approaches to testing unidimensionality, such asfi@oatory Factor Analysis (CFA) are
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possible and would mitigate the need for listwisketilen. However, this would provide only
marginal benefit relative to overall sample sizeg ariteria for CFA (such as size of factor
loadings, proportion of variance explained) maydifécult to interpret conclusively given
the limited sample size. A multi-centre studyaguired to achieve the necessary sample size
to allow robust application of IRT analysis. Thisuld also allow data to be split into model
training and test sets, as well as alternative aukdlogical approaches (such as CFA for test

of unidimensionality, missing data exclusion by dimsion) to be trialled.
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4. Conclusions

Our analysis suggests that the SSQ-P has poomafateontent validity when administered
without interviews or week-long observation periadsa clinical setting. Its use without

following the original instructions for administian is therefore not recommended.

However, given the time and resource constrairsddy busy clinical services, a shortened
version of the SSQ-P that could be quickly and peehelently completed by a parent, or
would take less clinician time to administer, wobkl helpful. Face validity analysis showed
that several SSQ-P items prompted clear VAS regsofrem a large proportion of parents
even when completed independently, indicating ttlese items describe commonly
occurring real-life scenarios in which parents obsetheir children and feel able to
unambiguously rate their child’s performance. Contealidity analysis identified several
items that were also informative and able to disgrate between listening abilities amongst
this group of bilaterally implanted children. Themaanalysis of parents’ written feedback
suggested that rewording of the items with highteonvalidity but low face validity may be
possible. Our findings may therefore be useful les basis for the development of an
abbreviated version of the SSQ-P for use in clinsedtings where the recommended SSQ-P
administration approach cannot be followed. Fusttelies could then seek to validate an
abbreviated version with regard to its effectiven@s a clinical tool. For example, in
monitoring children’s progress over time, diffeiating between hearing interventions,
establishing its face and content validity for grewf hearing-impaired children other than
bilateral CI users, and for facilitating targeteghabilitation. It is also likely that different
sub-sets of items may be found optimal for altewmeatshort versions designed to be

completed by children’s teachers or older childiieemselves. These could complement a
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392  short parent version in terms of including impottbestening scenarios that parents may not

393 regularly observe their child in, such as noisymijialls or reverberant sports facilities.
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Table 1 Patient characteristics

20

Face Validity Groupr(= 145)

Content Validity Groum(= 66)

Female
Male
Sequentially implanted
Simultaneously implanted
Device manufacturer
Cochlear
Med-El
Advanced Bionics
_Age range in years

79 (54%)
66 (46%)
61 (58%)
84 (42%)

67 (46%)
70 (48%)
8 (6%)

5 to 16

32 (48%)
34 (52%)
35 (53%)
31 (47%)

33 (50%)
29 (44%)
4 (6%)
5 to 16
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Table 2 Number of unclear VAS or alter native responsesfor items mapped to the speech per ception (SP) dimension.
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Item Unclear VAS  Inaudible Do not Not Total
know applicable

SP7: You are talking to your child in a place whererthare a lot of echoes, such 4 1 21 8 34 (23.4%)

as a school assembly hall or indoor swimming pGaln your child follow what

you say?

SP9: Can your child easily have a conversation witfamiliar person on the 9 2 3 1 15 (10.3%)

telephone?

SP6: Your child is in a group of about five peoplettisg round a table. It is a 5 2 5 0 12 (8.3%)

noisy room, such as a busy restaurant or largelyfagaithering at home. Your

child cannot see everyone else in the group. Camr yahild follow the

conversation?

SP3: Your child is in a group of about five peoplettiag round a table. It is an 4 0 3 1 8 (5.5%)

otherwise quiet place. Your child can see everyalse in the group. Can your

child follow the conversation?

SP4: Your child is in a group of about five peopletting round a table. It is a 2 1 3 1 7 (4.8%)

noisy room, such as a busy restaurant or largelyffagmaithering at home. Your

child can see everyone else in the group. Cangcfald follow the conversation?

SP2: You are talking with your child in a quiet, catpe lounge-room. Can your 5 0 0 1 6 (4.1%)

child follow what you're saying?

SP1: You are talking with your child and there is a Dv in the same room. 4 0 0 1 5 (3.4%)

Without turning the TV down, can your child follomhat you're saying?

SP8: You are talking to your child in a room in whittiere are many other people 4 0 1 0 5 (3.4%)

talking. Can your child follow what you say?

SP5: You are talking with your child. There is a contbus background noise, 1 0 0 0 1 (0.7%)

such as a fan or running water. Can your childfelwhat you say?
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398  Table 3 Number of unclear VASor alternative responsesfor items mapped to the spatial hearing (SH) dimension.

Rank Item Unclear VAS  Inaudible Do not Not Total
know applicable

1 SH6: Your child is standing on the footpath of a betget. Can your child hear 8 0 25 4 37 (25.5%)
right away which direction a bus or truck is comfrgm before they see it?

2 SH5: Your child is outside. A dog barks loudly. Caruyehild tell immediately 2 0 14 0 16 (11.0%)
where it is, without having to look?

3 SH2: Your child is sitting around a table with sevgpabple. Your child cannot 5 0 9 0 14 (9.7%)
see everyone. Can your child tell where any peisoas soon as they start
speaking?

4 SH1: Your child is outdoors in an unfamiliar place dutl constant noise, such 4 0 8 1 13 (9.0%)

as from a lawnmower, aeroplane or power tool, aahdmard. The source of the
sound can’t be seen. Can your child tell right amdnere the sound is coming

from?

5 SH4: You and your child are in different rooms at hoithés quiet. If your child 2 0 5 0 7 (4.8%)
hears you call out their name, will he/she know rehe the house you are?

6 SH3: Your child is sitting in between yourself and #rer person. One of you 0 0 2 0 2 (1.4%)

starts to speak. Can your child tell right away thke it is the person on their
left or their right who is speaking, without havittglook?

399
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Table 4 Number of unclear VAS or alter native responsesfor items mapped to the qualities of hearing (QH) dimension.
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Item Unclear VAS Inaudible Do not Not Total
know applicable

QHS5: Can your child tell the difference between sothat are somewhat similar, 0 1 25 4 30 (20.7%)

for example, a car versus a bus, OR water boiling pot versus food cooking in

a frypan?

QHS8: Can your child easily ignore other sounds wheyingy to listen to 10 0 10 0 20 (13.8%)

something?

QHZ1: Think about when there are two noises in or adoilm® home at once, for 2 0 8 0 10 (6.9%)

example, water running into the bath and a radiyipty, OR a truck driving past

and the sound of knocking at the door. Is yourcchible to identify the two

separate sounds?

QH4: Can your child distinguish between different pieof familiar music? Note 2 0 6 1 9 (6.2%)

that producing words or movements relevant to @ am indicate recognition.

QH7: Does your child have to put in a lot of effortttear what is being said in 6 0 2 0 8 (5.5%)

conversation with others?

QH3: Can your child recognise family members or oty familiar people by 3 0 3 0 6 (4.1%)

the sound of each one’s voice without seeing them?

QH®6: Can your child easily judge another person’s mivoch the sound of their 3 0 1 0 4 (2.8%)

voice?

QH2: You are in a room with your child and music iayphg. Will your child be 1 0 1 0 2 (1.4%)

aware of your voice if you start speaking? Note tha child does not have to
understand what you say.




402

403

404

405

406

407

408

409

410

411

24

Acknowledgements

We are grateful for the time and effort spent byniter Allsopp in carrying out the statistical
analysis, and Jeni Bickley, Angela Cordingley, Jstagtin and Joanne Smith who assisted in
retrieving the SSQ-P data and provided advice diggrthe use of SSQ-P within their
clinical service. We also thank the anonymous reers whose thoughtful comments have

improved the manuscript.

Declarations of interest: none. This research did not receive any spegrnt from funding

agencies in the public, commercial, or not-for-gireéctors.



412

413

414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459

25

References

1. Iliadou, V., et al., A European Perspective on Auditory Processing Disorder-Current Knowledge
and Future Research Focus. Frontiers in Neurology, 2017. 8(622).

2. Arlinger, S.D., Clinical assessment of modern hearing aids. Scand Audiol Suppl, 1998. 49: p.
50-3.

3. Cox, R.M., G.C. Alexander, and G.A. Gray, Audiometric correlates of the unaided APHAB. } Am
Acad Audiol, 2003. 14(7): p. 361-71.

4, Gatehouse, S. and W. Noble, The Speech, Spatial and Qualities of Hearing Scale (55Q). Int )
Audiol, 2004. 43(2): p. 85-99.

5. Ahlstrom, J.B., A.R. Horwitz, and J.R. Dubno, Spatial benefit of bilateral hearing AIDS. Ear
Hear, 2009. 30(2): p. 203-18.

6. Akeroyd, M.A., et al., A factor analysis of the SSQ (Speech, Spatial, and Qualities of Hearing
Scale). International Journal of Audiology, 2014. 53(2): p. 101-114.

7. Noble, W. and S. Gatehouse, Effects of bilateral versus unilateral hearing aid fitting on
abilities measured by the Speech, Spatial, and Qualities of Hearing Scale (SSQ). Int J Audiol,
2006. 45(3): p. 172-81.

8. Noble, W., et al., Unilateral and bilateral cochlear implants and the implant-plus-hearing-aid
profile: Comparing self-assessed and measured abilities. International Journal of Audiology,
2008. 47(8): p. 505-514.

9. Potts, L.G., et al., Recognition and localization of speech by adult cochlear implant recipients
wearing a digital hearing aid in the nonimplanted ear (bimodal hearing). ] Am Acad Audiol,
20009. 20(6): p. 353-73.

10. Tyler, R.S., A.E. Perreau, and H. Ji, The Validation of the Spatial Hearing Questionnaire. Ear
and hearing, 2009. 30(4): p. 466-474.

11. Demeester, K., et al., Hearing disability measured by the speech, spatial, and qualities of
hearing scale in clinically normal-hearing and hearing-impaired middle-aged persons, and
disability screening by means of a reduced SSQ (the SSQ5). Ear Hear, 2012. 33(5): p. 615-6.

12. Noble, W., et al., A short form of the Speech, Spatial and Qualities of Hearing scale suitable
for clinical use: The SSQ12. International journal of audiology, 2013. 52(6): p. 409-412.

13. KieRling, J., et al., Ubertragung der Fragebégen SADL, ECHO und S5Q ins Deutsche und deren
Evaluation. Z Audiol, 2011. 50(1): p. 6-16.

14. Most, T., et al., Everyday hearing functioning in unilateral versus bilateral hearing aid users.
American Journal of Otolaryngology, 2012. 33(2): p. 205-211.

15. Galvin, K.L. and W. Noble, Adaptation of the speech, spatial, and qualities of hearing scale
for use with children, parents, and teachers. Cochlear Implants Int, 2013. 14(3): p. 135-41.

16. Beijen, J.W., A.F.M. Snik, and E.A.M. Mylanus, Sound localization ability of young children
with bilateral cochlear implants. Otology & Neurotology, 2007. 28(4): p. 479-485.

17. Galvin, K.L. and M. Mok, Everyday Listening Performance of Children Before and After
Receiving a Second Cochlear Implant: Results Using the Parent Version of the Speech, Spatial,
and Qualities of Hearing Scale. Ear Hear, 2016. 37(1): p. 93-102.

18. Hassepass, F., et al., Unilateral deafness in children: audiologic and subjective assessment of
hearing ability after cochlear implantation. Otol Neurotol, 2013. 34(1): p. 53-60.

19. Lovett, R.E.S., et al., Bilateral or unilateral cochlear implantation for deaf children: an
observational study. Archives of Disease in Childhood, 2010. 95(2): p. 107.

20. Sparreboom, M., A.M. Snik, and E.M. Mylanus, Sequential bilateral cochlear implantation in

children: Quality of life. Archives of Otolaryngology—Head & Neck Surgery, 2012. 138(2): p.
134-141.



460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478

479

21.

22.

23.

24,

25.

26.

27.
28.

26

Edelen, M.O. and B.B. Reeve, Applying item response theory (IRT) modeling to questionnaire
development, evaluation, and refinement. Qual Life Res, 2007. 16 Suppl 1: p. 5-18.

Samejima, F., Graded Response Model, in Handbook of Modern Item Response Theory, W.J.
van der Linden and R.K. Hambleton, Editors. 1997, Springer New York: New York, NY. p. 85-
100.

Weinhardt, J.M., et al., An item response theory and factor analytic examination of two
prominent maximizing tendency scales. JUDGMENT AND DECISION MAKING, 2012. 7(5): p.
644-658.

Hafsteinsson, L.G., J.J. Donovan, and B.T. Breland, An Item Response Theory Examination of
Two Popular Goal Orientation Measures. Educational and Psychological Measurement, 2007.
67(4): p. 719-739.

van Buuren, S., Groothuis-Oudshoorn, K., mice: Multivariate Imputation by Chained
Equations in R. journal of Statistical Software, 2011. 45(3): p. 1-67.

Patel, N., et al., Barriers and Facilitators to Healthy Lifestyle Changes in Minority Ethnic
Populations in the UK: a Narrative Review. Journal of Racial and Ethnic Health Disparities,
2017.4(6): p. 1107-1119.

Embretson, S.E. and S.P. Reise, Item Response Theory. 2013, London: Taylor & Francis.
Taylor, C. What is bootstrapping in statistics? 2019 [cited 2020 9th January 2020]; Available
from: https://www.thoughtco.com/what-is-bootstrapping-in-statistics-3126172.



480

Figure 1 An exampleitem from the SSQ-P
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1. You are talking with your child and there is a TV on in the same room. Without turning the
TV down, can your child follow what you’re saying?

(i

Not at all Perfectly

0 1 2 3 4 o 6 7 8 9 10

Minimum Maximum

Would not hear it Do not know Not applicable

(if) How often does this type of situation occur for your child, in which he/she needs to follow

what someone is saying with the TV on in the same room?

Very often (4 or more times in a week)

Often (1 to 3 times in a week)

Not often (1 or 2 times in a month)

(iii) How important do you think is it for your child to have, to develop, the listening skills

required for this type of situation?

Very important

Important

Only a little bit important

Not important




