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Abstract

Background: Several studies have assessed the Quality of Life (QoL) in Deaf and hard-of-hearing (DHH) children

and adolescents. The findings from these studies, however, vary from DHH children reporting lower QoL than their
typically hearing (TH) peers to similar QoL and even higher Qol. These differences have been attributed to contextual
and individual factors such as degree of access to communication, the participants’age as well as measurement error.
Using written instead of sign language measures has been shown to underestimate mental health symptoms in DHH
children and adolescents. It is expected that translating generic QoL measures into sign language will help gain more
accurate reports from DHH children and adolescents, thus eliminating one of the sources for the observed differences
in research conclusions. Hence, the aim of the current study is to translate the Inventory of Life Quality in Children and
Adolescents into Norwegian Sign Language (ILC-NSL) and to evaluate the psychometric properties of the self-report
of the ILC-NSL and the written Norwegian version (ILC-NOR) for DHH children and adolescents. The parent report was
included for comparison. Associations between child self-report and parent-report are also provided.

Methods: Fifty-six DHH children completed the ILC-NSL and ILC-NOR in randomized order while their parents com-
pleted the parent-report of the ILC-NOR and a questionnaire on hearing- and language-related information. Internal
consistency was examined using Dillon-Goldstein’s rho and Cronbach’s alpha, ILC-NSL and ILC-NOR were compared
using intraclass correlation coefficients. Construct validity was examined by partial least squares structural equation
modeling (PLS-SEM).

Results: Regarding reliability, the internal consistency was established as acceptable to good, whereas the compari-
son of the ILC-NSL with the ILC-NOR demonstrated closer correspondence for the adolescent version of the ILC than
for the child version. The construct validity, as evaluated by PLS-SEM, resulted in an acceptable fit for the proposed
one-factor model for both language versions for adolescents as well as the complete sample.

Conclusion: The reliability and validity of the ILC-NSL seem promising, especially for the adolescent version, even
though the validation was based on a small sample of DHH children and adolescents.
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children with cochlear implants. However, as Hinter-
mair [1], points out, several aspects make it difficult to
compare these studies. Among these are differences in
the definition of QoL, ranging from Health-Related QoL
(HRQoL) to social well-being, different types of assess-
ments (generic QoL measures, ad-hoc tools designed
for specific studies, and parents’ qualitative reports after
their children’s cochlear implantation), and different
informants (parents and children) as well as differences in
access to communication and peers. Researchers such as
Warner-Czyz et al. [2] have demonstrated the importance
of including both parents’ and children’s perceptions.
They found that 4—7-year-old DHH children in their study
reported better QoL than their parents. Chmiel et al. [3]
support this necessity based on parents reporting better
QoL for their 3-20-year-old DHH children and adoles-
cents after cochlear implantation when compared with
their children’s self-report. Fellinger et al. [4] also report
low agreement between parents and their 6-16-year-old
DHH children and adolescents on the Inventory of Life
Quality in Children and Adolescents (ILC). Parents report
the same level of QoL for their DHH children as parents
of a typically hearing (TH) normative sample. The DHH
children themselves report being less satisfied with play/
hobbies when alone, as well as physical health, compared
with TH normative data. The same DHH children report
better QoL related to school and family. Other research-
ers such as Pardo-Gijarro et al. [5], on the other hand, find
moderate agreement between Spanish DHH children and
adolescents and their parents when using a written and
a Spanish sign language version of the KIDDSCREEN27,
with correlations between 0.377 and 0.753. Discrepancies
between child- and parent-report have also been reported
for TH children and adolescents [6, 7]. Therefore, the
multi-informant approach has been emphasized for
accessing QoL. Other factors that are likely to have con-
tributed to differences in DHH children and adolescents’
QoL are variations in participants’ age, their preferred
mode of communication and degree of hearing loss. It
has previously been found for both TH and DHH chil-
dren that older adolescents report lower QoL [5, 8—10].
The development of reliable and valid QoL instruments in
sign language will help gain more accurate reports from
DHH children who use sign language as their preferred
language, thus eliminating one of the sources for the
observed differences in research conclusions. In the pre-
sent study, the term “children” is used for those aged 11
and younger, whereas “adolescents” refers to those aged
12 and older.

In their systematic review Roland, Fischer, Tran, et al.
[11] report that 11 of 16 studies based on DHH children
and adolescents and validated QoL measures find signifi-
cantly lower QoL when compared with normative scores
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or TH controls, whereas five studies do not identify such
differences in QoL. Their meta-analysis reveals that DHH
children and adolescents report decreased QoL in the
social and school domains based on the Pediatric Qual-
ity of Life Inventory (PedsQL). Unfortunately, there are
some issues with this systematic review [11]. One prob-
lem is the lack of information about the informants for
the specific studies.

Another issue with Roland, Fischer, Tran, et al’s [11]
systematic review is that Hintermair’s [1] and Fellinger,
Holzinger, Sattel, et al’s [4] results are cited wrongly, that
is, a maximum of 9 out of 16 studies (not 11 out of 16
as the authors state) find significantly lower QoL when
compared with normative scores or TH controls. Hinter-
mair [1] finds that mainstreamed DHH children and ado-
lescents report better QoL based on the total QoL score,
as well as in the domains of school, physical health, men-
tal health, and global QoL, on the ILC than a normative
TH sample. The effect sizes for the reported differences
were small to moderate. Fellinger, Holzinger, Gerich,
et al. [12] and Hintermair [1] report QoL being unrelated
to the type and degree of hearing loss in DHH adults,
children and adolescents respectively, whereas others
such as Tsimpida, Kaitelidou, and Galanis [13] find that
DHH adults with a higher degree of hearing loss report
lower QoL. Kushalnagar, Topolski, Schick et al. [14] dem-
onstrate that adolescents (11-18 years old) report higher
QoL when they perceive that they understand most of
their parents’ expressive communication. This was not
dependent on their preferred communication modality
or degree of hearing loss. Adolescents with a preference
for a combination of sign language and speech, how-
ever, reported experiencing less stigma than those with a
strong preference for speech only [14].

Assessing QoL in DHH children and adolescents

Language and communication are essential for assess-
ing QoL. Sign languages are natural languages that share
many linguistic characteristics with spoken languages
but also have specific features due to their manual-visual
nature [15]. Studies have also shown that cultural con-
text influences the understanding of seemingly identical
wordings, especially when translating from written text
to sign language [16, 17]. The acknowledgment of sign
languages as natural languages has helped lead to a shift
from viewing DHH people in a medical and disability per-
spective to a socio-cultural one, appreciating deaf culture
with its language, history, traditions, art and values [18,
19]. For several DHH children and adolescents written
language is considered as their second language. Studies
have reported reading difficulties for many DHH children
and adolescents [20—22], which in turn are likely to affect
their ability to complete written forms, compromising
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the validity of assessments based on written forms. When
assessing symptoms of mental health problems in DHH
children and adolescents, it has been confirmed that the
use of written self-report measures can lead to underesti-
mating symptoms [23, 24]. Most measures are designed
for assessing TH people. A common solution in clinical
practice is the use of sign language interpreters, who will
provide on-the-spot translations, which will be influ-
enced by their training and experience and therefore vary
across settings and children [25]. Pardo-Guijarro, Mar-
tinez-Andrés, Notario- Pacheco et al. [5] emphasize the
need to translate valid and reliable generic QoL measures
into sign language to assess QoL in DHH children and
adolescents and compare them to their TH peers’ QoL.
Assessment tools for QoL exist in some sign languages so
far—American [26], Austrian [27], and Spanish Sign Lan-
guage [5]. To the best of our knowledge, there is a lack of
such instruments and a lack of studies on QoL in Norwe-
gian DHH children and adolescents.

The Inventory of Life Quality (ILC)

The ILC is a brief measure to assess QoL in children and
adolescents. The measure is based on the concept of the
individual’s perception of their position in life, including
their health, functioning, and participation in routines
and activities as compared to their peers [6, 7]. It consists
of seven items. One item for Global QoL and six items
addressing the child’s physical and mental health, school
and family functioning, social contact with peers as well
as play/hobbies when alone. The ILC is a multi-inform-
ant assessment and can be completed by children, ado-
lescents, and young adults aged 6-21 and their parents.
For children aged 6-11, the self-report is administered
as an interview. Achenbach, McConaughy and Howell
[28] among others, emphasize the importance of multi-
informant assessments for capturing the unique perspec-
tives held by each informant.

The original German validation found acceptable inter-
nal consistency («=0.63 self-report and «=0.76 parent
report) and test-retest reliability (r=0.72 self-report
and r=0.80 parent report) for the QoL score (LQ_y)
for community samples. Convergent validity with the
Kinder Lebensqualitit Fragebogen (KINDL) was shown
to be moderate. Construct validity based on Princi-
pal Component Analysis was found to be acceptable
for the one-component model in a community sample
(self- and parent-report; N=9292 and N=1109) and a
two-component model in a clinical sample (self- and par-
ent-report; N=605 and N=568) [7]. For the two-com-
ponent model, one component consisted of one item only
(play/hobbies when alone) and the other component of
the other six items. Based on the low number of items as
well as the nature of the clinical sample and the relatively
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lower number of participants, the authors concluded that
the one-component model fit the theoretical model best
[7]. The importance of examining psychometric proper-
ties for measures of QoL in both community and clini-
cal samples has been demonstrated by Jozefiak, Mattejat
and Remschmidt [6] amongst others when examining the
relationship between depression and QoL.

The validation of the Norwegian self and parent report
[6] found satisfactory internal consistency for adoles-
cents aged 11 and older (self-report: Cronbach’s a=0.80—
0.82, parent report: a=0.78). For children aged ten
and younger, internal consistency was somewhat lower
(a=0.64). The two-week test-retest reliability for the
self-report was found to be high (r=0.86). The one-factor
model of the ILC based on confirmatory factor analysis
demonstrated good fit in three community samples and
acceptable fit in the fourth (clinical) sample. Moderate
correlations between the KINDL and ILC self-report were
found, supporting convergent validity [6]. A systematic
Norwegian review based on five studies of the psychomet-
ric properties of the ILC confirmed these findings [29].

To the best of our knowledge, the ILC has only been
used to study QoL in DHH in Germany, Austria, and
Norway. Construct validity for DHH children and ado-
lescents has only been studied in Germany [1]. In this
sample, the DHH children and adolescents were all main-
streamed, indicated a preference for spoken language,
and were assessed with the original written version.
Hintermair [1] finds satisfactory internal consistency
(a=0.71) for the ILC in this German DHH sample with
212 participants; interitem correlations showed the same
pattern as for TH children and adolescents with the
items “Mental Health” and “Global QoL demonstrating
the highest correlations with the QoL score (LQ,_,g). A
principal component analysis with subsequent varimax
rotation resulted in the best fit for the two-component
solution, “Family” and “Alone (play/hobbies),” constitut-
ing one component, while the other five items consti-
tuted the other component. Hintermair [1] concludes
that these results support the use of the ILC for DHH
mainstreamed children and adolescents with a preference
for spoken language.

Except for the pilot study by Aanondsen et al. [8], there
are hardly any studies on Norwegian DHH children and
adolescents’ QoL, and no studies validating assessment
tools in NSL for assessing QoL in DHH children and
adolescents. Norway is unique in offering the parents of
DHH children and adolescents 40 weeks (i.e., 2—4 weeks/
year) of NSL classes over the course of 16 years, with
all expenses covered. Therefore, one might expect a
higher level of sign language skills among Norwegian
DHH children and adolescents and their parents. This,
in turn, may have a positive influence on their QoL. The
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inconsistencies in previous studies regarding DHH chil-
dren and adolescents’ QoL necessitate valid tools, both
written and in sign language, to bridge the gap. The pre-
sent study contributes to this by both translating the ILC
to NSL as well as providing psychometric properties for
the Norwegian version of the ILC self-report (ILC-NOR)
and the NSL version (ILC NSL). The ILC NSL is the first
instrument translated to NSL for assessing QoL in Nor-
wegian DHH children and adolescents.

Methods

Aims

The main aims of the present study were to translate and

validate the ILC self-report in NSL (ILC-NSL) and com-

pare it with the ILC-NOR in Norwegian DHH children

and adolescents. Both self-reports of the ILC were com-

pared with the parent report. Finally, the usability of the

ILC-NSL for signing DHH children and adolescents was

assessed from the children and adolescents’ perspective.
We addressed the following research questions.

1. What is the internal consistency of the ILC-NSL and
ILC-NOR for DHH children and adolescents?

2. What are the correlations between the total scores
and items between the self-report ILC-NSL and ILC-
NOR?

3. What is the construct validity of the ILC-NSL and
ILC-NOR for DHH children and adolescents?
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4. What are the correlations between the QoL score
(LQy_yg) and items between the self-reports (ILC-
NSL and ILC-NOR) and parent report?

5. What do DHH children and adolescents think about
the usability of the ILC-NSL and ILC-NOR?

Participants

Caluraud, Marcolla-Bouchetemblé, de Barros et al. [30]
report that hearing loss (HL) of >40 dB affects 1.4 per
1000 infants (mild HL in 13%, moderate HL in 50%,
severe HL in 17%, and profound HL in 20%). In central
and northern Norway, this amounts to 266 children and
adolescents with a HL of>40 dB, that is, 45 with severe
and 53 with profound HL based on a population of
189,737 children and adolescents aged 6-18.

DHH children and adolescents aged 6-17 were
recruited from the part- and full-time students at A.C.
Moller school, a Deaf school for central and northern
Norway during the school year of 2016/17. DHH ado-
lescents aged 15-20 attending Tiller upper secondary
school in central Norway with NSL as their first or sec-
ond language were also invited. The overall response
rate for the combined subsamples was 87% (60/69) (see
Fig. 1).

Two children were excluded because of a lack of flu-
ency in Norwegian sign language. Apart from fluency in
both written and signed Norwegian (NSL), we applied

DHH children and adolescents aged 6-20
with NSL as their first or second language:

Did not agree to participate: N =9

(64.3% of adolescents > 16)

A

Parent report not returned: N =8

N=069
Parents denied participation DHH children/adolescents excluded due to:
by adolescents > 16 - lack of fluency in NSL (N =2)
N=9of 14 - DHH children and adolescents - parental request to exclude self-report (N = 1)

included in the study:
N =60 (response rate 87%)

- child’s refusal to participate despite parental
consent (N = 1)

Total number excluded: N =4

/

Parent report for DHH children and adolescents:
N=43

Fig. 1 Flow chart for the inclusion of participants

AN

DHH children and adolescents with at least one completed ILC:
N =156

.

DHH children with both ILC-NSL and ILC-NOR:
N=49
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no exclusion criteria. In total, 56 DHH children and ado-
lescents (67.9% girls) participated in the current study,
with a mean age of 12.4 years (SD=3.65; range =6-20)
and a mean nonverbal IQ of 10691 (SD=17.74;
range =49-143). The participant with the lowest non-
verbal IQ was included in further analysis despite being
an extreme outlier in the IQ distribution (range excluding
outlier =74-143). Thirty-seven of the 42 (88.1%) mothers
had completed 12 years or more of education, whereas
28 of the 41 (68.3%) fathers had completed 12 years or
more of education. Data were collected between Novem-
ber 1, 2016 and May 9, 2017. The majority of the DHH
children and adolescents (69%) mainly attended main-
stream schools while spending two to six weeks at the
deaf school per school year.

Hearing- and language-related information for the par-
ticipants in the current study can be found in Tables 1
and 2.

Measures

Sociodemographic and hearing-related information

A questionnaire completed by the parents was used to
assess the participants’ age, sex, type and severity of HL,
type of education, and parents’ attendance of sign lan-
guage classes. The same questionnaire was also used in a
previous study by the same authors [31].

Language-related information

Spoken language skills Categories of Auditory Perfor-
mance (CAP; Archbold, Lutman and Marshall [32]) and
Speech Intelligibility Rating (SIR, Allen, Nikolopoulos,
Dyar et al. [33]) were used to assess participants’ speech
intelligibility and listening skills. The CAP is a single-item
scale with a range of 0—7. Level 0 is “no awareness of envi-
ronmental sounds’, and Level 7 “uses a telephone with a
known speaker” The SIR is also a single-item scale with a
range of 1-5. Level 1 is “connected speech is unintelligi-
ble’, and 5 “connected speech is intelligible to all listeners.”
The interrater reliability of the Danish version is based
on the reports of two teachers and was reported as good
(CAP: kappa=0.785; SIR: kappa=0.848; Dammeyer
[34]). The Norwegian versions of the CAP and SIR were
recently used in a study by Aanondsen, Jozefiak, Heiling
et al. [31] for a similar group of participants. The scores
of CAP and SIR were combined to form the Spoken Lan-
guage Skills Score.

Sign language skills The Norwegian versions of the Sign
Language Production Scale (SPS) and the Sign Language
Understanding Scale (SUS) were used to assess Sign Lan-
guage Skills [34]. The SPS and SUS were designed as as a
short screening of sign language skills for research pur-
poses and have previously been used in Norway [31]. SUS
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Table 1 Hearing-related characteristics (parent report)

Variable N=42 %
DHH family member(s)
Yes/no 22/20 52.4/47.6
Time in deaf school @
1-2 days a week P 8 190
5 days a week 4 9.5
2-6 weeks a year 29 69.0
>7 weeks a year 8 19.0
Etiology of hearing loss
Acquired 4 9.5
Hereditary/at birth 36 85.7
Unknown 1 24
Missing 1 24
Severity of hearing loss
Moderate: 40-70 dB 10 238
Severe: 71-100 dB 14 333
Profound: 1014 12 286
Unknown 5 11.9
Missing 1 24
Use of hearing aid (yes/no) ¢
@ 20/21 47.6/50.0
Hearing aid 33/8 78.6/19.0
Missing 1 24
Age at diagnosis
0-2 years 27 64.3
3-5 years 15 357
Preferred language
Oral 21 50.0
Sign 6 14.3
Bilingual 15 357
Other impairment
Vision 14 326
Motor 1 23
Learning 4 9.3
Other 8 187
Missing 3 7.0

@ All children attend both mainstream and deaf school

b Children attending the deaf school for 1-2 days a week combine this with two
or more week-long stays during the school year; that is, total number of answers
is greater than the number of participants

€ Based on reports of ever having used a hearing aid

and SPS are based on the structure and range of CAP and
SIR. The SPS is a single-item scale with a range of 1-5.
Level 1 is “the child does not produce real signs” and Level
5 “the child uses fluent and almost conventional correct
sign language” The SUS is a single-item scale with a range
of 0-7. Level 0 is “does not react to or does not compre-
hend signs” and Level 7 “is able to participate in long and
complex conversations in sign language” The interrater
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Table 2 Language-related information based on parent report

Language skills N M (SD)

Sign language skills (1-12; CA) 38 9.05 (2.09)
Ages 6-11 (ILC Child)' 23 8.87(1.82)
Ages 12-20 (ILC Adol.) 15 9.33(2.50)

Spoken language skills (1-12; CA) 40 11.20 (1.70)
Ages 6-11 (ILC Child)'? 25 11.28 (1.70)
Ages 12-20 (ILC Adol.) 15 11.07 (1.75)

Sign Language Skills based on the sum scores of the sign language production
scale (SPS) and the sign language understanding scale (SUS); range 0-12. Higher
scores indicate better communication skills

Spoken Languages Skills based on the sum scores of Categories of Auditory
Performance (CAP) and Speech Intelligibility Rating (SIR); range 0-12. Higher
scores indicate better communication skills

CA children and adolescents—complete sample

T Significant difference between scores for Sign Language Skills (M =8.87,
SD =1.82) and Spoken Language Skills (M=11.28, SD=1.70) for ages 6-11;
t(22)= —5.53, p<.001

2 One extreme outlier with a sum score of 4 (>3 SD) was found for ages 6 to 11
for spoken language skills

reliability of the Danish version based on the reports of
two teachers was reported as good (kappa =0.944 for SUS
and kappa=0.921 for SPS; Dammeyer [34]). The Danish
version [35] of Assessing British Sign Language Develop-
ment: Receptive Skills Test [36] was used to assess the
validity of the SUS. The SUS and the sign language recep-
tive skills test correlated significantly (Spearman rank
correlation coefficient=0.905, p <0.000; [37]). The valid-
ity of the SPS could not be evaluated due to the lack of a
comparable assessment. The scores of SPS and SUS were
combined to form the “Sign Language Skills Score”.

Cognitive abilities

The Leiter International Performance Scale — Third Edi-
tion (Leiter-3) was used to assess nonverbal intelligence.
It includes the following subtests: Figure Ground, Form
Completion, Classification/Analogies, and Sequential
Order. The sum of the scaled scores for these subtests
constitutes the composite score of nonverbal IQ and is
converted to the standard score [38].

Quality of life (QoL)

The Inventory of Life Quality in Children and Adoles-
cents—ILC [6, 7] is a multi-informant assessment for
QoL based on seven items. One item assesses overall
QoL, and six items address the child’s physical and men-
tal health, school and family functioning, social contact
with peers, play/hobbies when alone. Items are rated on
a 5-point Likert scale from 1="Very Good” to 5="Very
Bad” The QoL score (LQ,_,5) is calculated by multiply-
ing the mean of the seven items by seven and subtracting
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35, thus obtaining absolute values with a range of 0 to 28;
higher scores representing better QoL (LQ,_,g) and lower
QoL scores reflecting poorer overall QoL [6, 7].

In the current study, we administered the written par-
ent report (ILC-NOR) and the self-report versions for
children (6-11) and adolescents (12 and older) in both
written and signed Norwegian (ILC-NOR and ILC-NSL),
according to the manual [6]. Because of the differences
reported [6] in internal consistency between the adoles-
cent (Cronbach’s a«=0.81) and the child version (Cron-
bach’s a =0.64), psychometric properties will be reported
separately for the child and the adolescent versions, as
well as for the complete sample (CA).

The translation process

The translation of the ILC was conducted based on
the guidelines for cross-cultural adaptation of writ-
ten self-report measures by Beaton, Bombardier, Guil-
lemin et al. [39] with adaptations suggested by Roberts,
Wright, Moore et al. [25]. Suggestions were based on
the differences in syntax, morphology and prosody of
sign languages and their visual nature. The same transla-
tion process was applied and described in this study by
Aanondsen, Jozefiak, Heiling et al. [31]. The ILC-NOR
went through two independent forward and backward
translations from written Norwegian to NSL. Two bilin-
gual deaf native NSL users with university degrees in
teaching conducted and recorded these. The semantic,
conceptual, lexical, and cultural differences were dis-
cussed by a panel. Members of the panel were the trans-
lators, a clinical psychologist, a colleague with a graduate
degree in medicine specializing in child and adolescent
psychiatry, and a consultant with a master’s degree in
language and communication and fluency in NSL. Based
on these discussions, the panel developed a consensus-
based forward translation that was filmed. Teachers
from the local deaf school were used as a focus group.
Best practice recommends including DHH children and
adolescents in these focus groups. Due to constraints
related to time and access to children of the right ages,
teachers, who meet DHH children and adolescents with
varying degrees of NSL and ages were recruited instead.
The teachers (Deaf, hearing, and CODA, that is, a TH
person raised by deaf parents) were asked to evaluate
whether DHH children and adolescents with a mixture of
language experiences and levels of fluency would be able
to understand the translation. Based on the feedback of
the focus group, the consensus version was adjusted and
filmed again. Two hearing sign language interpreters, one
with a background as a CODA and a master’s degree in
language and communication conducted the backward
translations of the final consensus version. These were
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reviewed by the panel and compared with the original
written Norwegian version.

The author of the Norwegian version of the ILC,
Thomas Jozefiak, approved the items and made sugges-
tions for those not approved on behalf of the copyright
holders (Hogrefe). These items went back through the
translation cycle until final approval was achieved. After
the final approval, the ILC-NSL was filmed professionally
and prepared for interactive online administration using
Select Survey.

Procedures

The enrolled children and adolescents and their parents
received oral/signed and written information about par-
ticipating in the study during their first attendance at
the school after the survey had been initiated. Written
informed consent was obtained from the adolescents and
parents prior to inclusion, according to the study’s survey
procedures. The participating children and adolescents
responded to the web-based ILC-NSL and ILC-NOR as
well as a question about the usability of the two language
versions and completed a nonverbal cognitive assess-
ment. The nonverbal cognitive assessment was admin-
istered by a psychologist experienced in working with
DHH children in mental health services and fluent in
NSL. The administration of the ILC-NSL and ILC-NOR
were conducted on two separate occasions with an inter-
val of two to three days. The order of these two admin-
istrations was randomized. Parents also responded to a
questionnaire on socioeconomic status, as well as ques-
tionnaires assessing their children’s mental health, com-
munication skills in spoken and signed Norwegian, and
hearing status. DHH children and adolescents had access
to their teacher and a psychologist, both of whom were
fluent in NSL, during data collection. When the children
and adolescents asked for help with the ILC-NSL, they
received support in NSL, whereas the children and ado-
lescents replying to the ILC-NOR were assisted in spoken
Norwegian or sign-supported speech.

Statistical analyses
Missing values on five cases with <3 missing item values
were substituted using expectation maximization (EM;
[40]). Gender differences in item and scale mean scores
were analyzed using independent samples t-tests. Mean
differences were calculated. Bootstrapped confidence
intervals were calculated using the bias corrected and
accelerated method (BCa) and B=1000 bootstrap sam-
ples. Differences between spoken and sign language skills
were analyzed using paired sample t-tests for both age
groups.

Dillon —Goldstein’s rho (DG rho) was used to assess
internal consistency because of the limitations of
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Cronbach’s a, such as assumptions of uncorrelated errors,
tau-equivalence and normality [41]. As most authors,
however, report internal consistency based on Cron-
bach’s a, we also calculated Cronbach’s a, including boot-
strapped confidence intervals for comparison. DG rho
and Cronbach’s o were interpreted as acceptable internal
consistency at 0.6—0.7, and as good internal consistency
when >0.7. Intraclass correlation coefficients (ICC) based
on a two-way mixed effects model with absolute agree-
ment were used to evaluate associations between the
scale and item scores of the two self-reports (ILC-NSL
and ILC-NOR). Intraclass correlation coefficients (ICC)
were calculated for each of the seven items and the QoL
score LQ_,5 to compare the two language versions of the
self-report. We calculated Spearman’s rank correlations
to assess multi-informant correlations between the QoL
scores on the parent and self-reported versions (NSL and
NOR).

Partial least squares structural equation modeling
(PLS-SEM) is a robust method when dealing with small
sample sizes because it is nonparametric and makes
fewer distributional assumptions. PLS-SEM, however,
is mostly used for exploratory purposes because it lacks
goodness of fit measures. Because of the small sample
size, we primarily used PLS-SEM to establish factor load-
ings and discriminant validity (average variance extracted
(AVE)) as suggested by Hair, Hult, Ringle et al. [42].
Standardized factor loadings greater than 0.4 were con-
sidered acceptable [43]. Factors with AVE scores greater
than 0.5 were regarded as satisfactory for convergent/
discriminant validity. Fornell and Larcker [44], however,
argue that AVE > 0.4 can be treated as acceptable if com-
posite reliability is above 0.6.

As a supplementary analysis of the confirmed ILC fac-
tor structure, we used confirmatory factor analysis (CFA)
with the weighted least squares means and variances
adjusted (WLSMV) estimation method for categorical
variables. The chi-square test, the normed chi-square
(x*/df), the root mean square error of approximation
(RMSEA), comparative fit index (CFI) and Tucker-Lewis
Index (TLI) were used to assess model fit. A non-signif-
icant chi-square test, CFI and TFI>0.9, RMSEA<0.1
were considered indicators of acceptable goodness of fit
according to Mehmetoglu and Jakobsen [43], whereas
CFI and TFI>0.95 and RMSEA <0.05 were considered as
indicators of good model fit [45]. A normed chi-square
of <2.0 was considered as good for this study, and ratios
of<5.0 as acceptable [46]. Standardized factor load-
ings greater than 0.4 were considered acceptable [43].
Hair, Hult, Ringle et al. [42] point out that a small sam-
ple size can cause problems with underidentified mod-
els and nonconvergence in CFA. The estimator WLSMV
has been shown to overestimate interfactor correlations
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when the sample size is relatively small [47]. Due to these
problems, the CFA was used as a supplementary analysis
only and can be found in Additional file 1: Appendix C.
All analyses were conducted separately for the child and
the adolescent versions, as well as for the complete age
sample, that is, both the child and adolescent versions
combined (CA).

The CFA was conducted in MPlus version 8. All other-
analyses were conducted in Stata/SE 14.2 for Windows.
PLS-SEM, including AVE, was conducted in Stata by
applying the module for PLS-SEM [48]. For all analyses,
two-sided p-values<0.05 were considered statistically
significant.

Ethics

Written informed consent was obtained from the par-
ents and adolescents older than 16 prior to inclusion, as
well as oral/signed informed consent from the children
and adolescents under the age of 16. Study approval
was given by the Regional Committees for Medical and
Health Research Ethics (reference number: 2015/1739/
REK midt).

Results

Table 3 presents the means and standard deviations for
the DHH participants on the self-report of the ILC (ILC-
NSL and ILC-NOR). A table with mean differences for
all items and bootstrapped confidence intervals can be
found in Additional file 1: Appendix A. The full distribu-
tion of all items and QoL score for both self-reports is
reported in Additional file 1: Appendix B.

Independent sample t-tests for the complete sample
showed a significant gender difference for the QoL score
LQq_,s (girls: M=20.916, SD=0.780; boys: M =24.239,
SD=0.651); t(54)= —2.720, p=0.009 for the ILC-NOR
and none for the ILC-NSL.
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Reliability

Internal consistency

As can be seen in Table 4, internal consistency based on
DG rho and Cronbach’s a was found to be good for all
scales and age versions, except for the ILC-NSL child
version, which demonstrated acceptable internal con-
sistency based on Cronbach’s a and good internal con-
sistency based on DG rho.

Comparison of the ILC-NSL and ILC-NOR

To compare the ILC-NSL with the ILC-NOR self-
report, intraclass correlation coefficients (ICC) were
calculated for each of the seven items and the QoL
score (Table 5).

The ICCs between the LQ,_,3 of the ILC-NSL and
ILC-NOR were highly significant at p<0.001 for the
complete sample, as well as for the adolescent version,
but not for the child version.. The items on the adoles-
cent versions were all significantly correlated, moder-
ately to strongly (0.441-0.867), while none of the items
on the child versions correlated significantly.

Table 4 Internal consistency for the ILC

ILCLQq 5 DG Cronbach’s a [95% CI]?
ILC-NSL CA ' (N=49) 827 747 569 842
ILC-NSL child (N=22) 815 698 379 874
ILC-NSL adol. (N =27) 861 805 618 949
ILC-NOR CA' (N =56) 874 824 704 903
ILC-NOR child (N=25) 856 785 491 880
ILC-NOR adol. (N=31) 885 842 680 923

The Inventory of Life Quality in Children and Adolescents (ILC); QoL score
(LQq_29)

! CA children and adolescents—complete sample

2 Cl: bootstrapped confidence intervals

Table 3 Mean and SD for ILC-NSL and ILC-NOR self-report item scores and QoL Score (LQ,_»g)

ILC School Family Other children Alone (play/ Physical Health Mental Health Global QoL LQ,_,5
hobbies)

ILC-NSLCA' (N=49)  1.86(0.95) 1.71(0.86) 2.05(1.05) 233(1.07) 1.92 (0.86) 2.02.(1.05) 1.97(0.81)  21.15(4.23)

ILC-NSL child (N=22) 1.59(0.78) 1.76(0.87) 1.94(1.10) 2.64(1.05) 1.95 (1.09) 1.81(1.01) 1.75(81) 21.56 (3.99)
ILC-NSL adol. (N=27) 2.07 (1.04) 1.67(0.88) 2.15(1.03) 207 (1.04) 1.89(0.70) 2.19(1.08) 2.15(0.77)  2081(447)

ILC-NORCA' (N=56) 1.89(0.93) 145(0.74) 1.79(0.75) 2.11(1.06) 1.95(1.02) 1.96 (0.93) 1.88(0.99) 2198 (4.51)

ILC-NOR child (N=25) 1.48(0.71) 1.32(0.69) 1.61(0.69) 2.28(1.10) 1.76 (0.93) 147 (0.82) 152(1.05) 2356 (4.02)
ILC-NOR adol. (N=31) 2.23(0.96) 1.55(0.77) 1.94(0.77) 1.97 (1.02) 2.10(1.08) 2.35(0.84) 216(0.86) 2071 (4.54)

The Inventory of Life Quality in Children and Adolescents (ILC): Range of item scores 1-5, 1 =high QoL; QoL score (LQ,_,g): range 0-28, 28 =high QoL

! CA: children and adolescents—complete sample
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Table 5 ICCs' between ILC-NSL and ILC-NOR self-report
M (SD) ILC-NSL M (SD) ILC-NOR ICC [95% Cl] P
LQyo5 CA(N=49) 21.15(4.23) 21.86 (4.52) .508 269 688 <.001
School 1.86 (0.95) 1.92 (0.93) .598 382 751 <.001
Family 71 (0.86) 1(0.77) 470 225 660 <.001
Other children 2.05 (1.05) 88 (0.75) 288 013 524 021
Alone 2.33(1.07) 0(1.00) 409 152 616 <.001
Physical Health 92 (0.86) 92 (0.95) 392 123 606 003
Mental Health 2.02 (1.05) 93 (0.90) 554 326 722 <.001
Global QoL 1.97 (0.81) 1.88 (0.99) 217 -069 469 068
LQy_yg child (N=22) 21.56 (3.99) 23.23 (4.14) 012 -381 414 478
School 1.59 (0.78) 1.55(0.74) -019 -457 409 532
Family 76 (0.87) 36 (0.73) -003 =377 393 507
Other children 94 (1.10) 70 (0.70) 104 -324 496 319
Alone 2.64 (1.05) 2.23(0.97) 081 -318 469 350
Physical Health 95 (1.09) 82 (0.96) 363 -067 677 048
Mental Health 1.82 (1.01) 3(0.85) 290 -125 624 086
Global QoL 1.75 (.81) 1.59 (1 10) =143 -551 300 /34
LQy_,g adol. (N=27) 20.81 (447) 20.74 (4.57) 836 671 922 <.001
School 2.07(1.04) 2.23(0.97) 817 642 912 <.001
Family 67 (0.88) 63 (0.76) 867 729 937 <.001
Other children 5(1.03) 2.04 (0.76) 424 055 689 013
Alone 2.07 (1.04) 2.00 (1.04) 651 .365 825 <.001
Physical Health 89 (0.70) 2.00 (0.96) 441 079 701 010
Mental Health 2.19(1.08) 2.26(0.81) 712 461 858 <.001
Global QoL 2.15(0.77) 1(0.85) 511 163 744 003

The Inventory of Life Quality in Children and Adolescents (ILC); QoL score (LQ,_,g); CA: children and adolescents—complete sample

' ICC intraclass correlation coefficients based on a two-way mixed effects model with absolute agreement

Validity
Construct validity
The standardized factor loadings and AVE of the one-fac-
tor model are displayed in Table 6 for the ILC-NSL and
ILC-NOR.

All factor loadings were above the recommended 0.4
for both adolescent versions and the complete sample.
The factor loading for “Family” on the ILC-NOR child

as well as those for “Alone” and “Physical Health” on the
ILC-NSL child were lower than recommended. AVE was
above the acceptable 0.5 for the ILC-NOR CA and ILC-
NOR child. Fornell and Larcker [44], however, argue that
AVE>0.4 can be treated as acceptable if composite reli-
ability, in this case, DG’s rho, is above 0.6. This was the
case for the complete sample as well as the child and ado-
lescent versions of both the ILC-NSL and the ILC-NOR.

Table 6 Factor loadings and AVE of the ILC-NSL and ILC-NOR based on PLS-SEM CA: (children, adolescents, complete sample)

A (PLS)
School Family Other children Alone Physical Health Mental Health Global QoL AVE
ILC-NSL CA (N=49) 784 814 698 430 269 665 722 427
ILC-NSL child (N=22) 889 856 791 306 —.041 525 790 449
ILCNSL adol. (N=27) 719 829 564 690 622 731 625 473
ILC-NOR CA (N=156) 802 613 707 531 594 822 836 504
ILC-NOR child (N=25) 788 348 857 553 460 809 842 480
ILCNOR adol. (N=31) 769 762 546 702 641 797 822 526

The Inventory of Life Quality in Children and Adolescents (ILC); AVE: average variance extracted
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Table 7 Spearman rank correlations for the LQ,_,g of the ILC-NSL self- and parent report
M (SD) ILC-NSL M (SD) parent ILC Spearman’s rho [95% CI]? P
Qg5 CA' (N=35) 21.55(3.89) 22.17 (4.00) 057 —.363 359 746
LQy_,g child (N=22) 21.56 (3.99) 2245 (3.56) —.245 —.629 213 271
LQy_pg adol. (N=13) 21,54 (3.89) 21.69 (4.79) 511 —4mn 911 075
The Inventory of Life Quality in Children and Adolescents (ILC); QoL score (LQq_,g)
' CA children and adolescents—complete sample
2 Cl bootstrapped confidence intervals
Table 8 Spearman rank correlations for the LQ,_,g of the ILC-NOR self- and parent report
M (SD) ILC-NOR M (SD) parent ILC Spearman’s rho [95% CIJ? P
Qg5 CA ' (N=39) 22.57 (4.04) 22.03(3.98) —.038 —.577 323 819
LQy_og child (N=24) 2346 (4.08) 2254 (341) —.281 —.652 .190 184
LQy_,g adol. (N=15) 21.13 (3.66) 21.20 (4.75) 319 —.371 757 247

The Inventory of Life Quality in Children and Adolescents (ILC) QoL score (LQ,_,5)
' CA children and adolescents—complete sample

2 Cl bootstrapped confidence intervals

Supplementary analyses based on CFA support these
findings and can be found in Additional file 1: Appendix
C.

Multi-informant correlations

Multi-informant correlations between the LQ,_,5 scores
of DHH children and adolescents and their parents on
the self-report ILC-NSL and ILC-NOR are presented in
Tables 7 and 8. Correlations between the self- and par-
ent-reported QoL score (LQ,_,g Were not significant for
any of the versions. There was a moderate correlation for
LQg_yg of the adolescent ILC-NSL and the parent ILC.
Analysis of the multi-informant correlations at the item
level did not demonstrate significant correlations for any
of the versions.

Usability
The DHH children and adolescents’ preferences for the
presentation of the ILC are presented in Table 9.

During administration of the ILC-NSL and ILC-NOR,
some of the children and adolescents commented that
they spent more time completing the ILC-NSL because
it took longer to view the video clips of the signed items
than to read the items.

Discussion

Internal consistency was established as good for both
language and age versions. A comparison of the two lan-
guage versions showed that the adolescent version corre-
sponded closely for both item and total scores, whereas
the child version did not correspond well between the
languages. Construct validity based on PLS-SEM was

Table9 The DHH children and adolescents’ preferences for
presentation of the ILC

Frequency Percent

ILC-NSL/comb." CA? 19 399
ILC-NOR CA 26 54.2
Do not know CA 3 6.3
Total 48 100.0
ILC-NSL/comb." child 10 476
ILC-NOR child 8 38.1
Do not know child 3 14.3
Total 21 100
ILC-NSL/comb." adol 9 333
ILC-NOR adol 18 66.7
Do not know adol 4 14.8
Total 27 100

The Inventory of Life Quality in Children and Adolescents (ILC)
! comb.: A potential combination of the written and signed versions

2 CA children and adolescents—complete sample

found to be acceptable for the proposed one-factor
model for both language versions and all ages.. This is
also in line with the previously confirmed one-factor
model based on the original theoretical concept of QoL
that the ILC is based on [6, 7].

The ILC-NSL and ILC-NOR demonstrated similar psy-
chometric properties to those reported for the ILC in
other studies both for TH [6, 7] and DHH children and
adolescents [1]. The ILC-NSL demonstrated the same
pattern as the original Norwegian validation (ILC-NOR)
with lower internal consistency based on Cronbach’s «
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for the child version than the adolescent version [6]. The
relative cognitive immaturity in younger children or the
significantly lower NSL skills may be a possible explana-
tion for this.

Associations between the two language versions of the
self-report were high for both item and scale scores for
the ILC adolescent version. They were higher than we
expected based on other studies comparing written and
sign language versions of mental health assessments [23,
24]. This may indicate a close correspondence between
the ILC-NSL and ILC-NOR because of equivalent phras-
ing in written Norwegian and NSL. Other reasons for the
close correspondence may have been the high number of
children and adolescents with a spoken language prefer-
ence among this DHH sample or possibly good literacy,
which was not assessed. The associations between the
two language versions of the child self-report, however,
were much weaker, indicating problems with the trans-
lation, literacy, or Norwegian sign language skills. As no
DHH children or adolescents were included in the focus
groups during the translation process, it is possible that
the translation was not clear or not at an appropriate
level for DHH children with varying NSL skills. Including
them in the focus group, however, would have decreased
the number of potential participants for this study. Lit-
eracy was not assessed in the current study; therefore,
it is difficult to conclude on this matter. Other possible
reasons for this finding might be that the child version
is constructed for individual administration but was
administered in groups in the current study. The indi-
vidual administration is designed as a conversation with
the child and contains longer sentences and explanations
than the adolescent version. As the younger participants
have attended deaf school less than the adolescents and
their parents have received fewer sign language lessons,
the children’s sign language skills might not enable them
to cope with the longer sentences. Therefore, they might
have benefitted from the adolescent version with its
shorter and simpler sentences. Consequently, we suggest
that a validation study be carried out for younger DHH
children using the adolescent version of the ILC-NSL
after having included DHH children in focus groups on
this NSL version and making adjustments if necessary.

There was a moderate, but not significant, correla-
tion between adolescent self-reports (ILC-NSL and
ILC-NOR) and parent reports for QoL scores LQ, g
whereas the two language versions of the child self-
report showed no associations with the parent reports.
This is somewhat in contrast to the significant, but
low informant agreement reported previously [6] for
TH children and adolescents, whereas other research-
ers on DHH child and adolescent QoL report similar
low agreement with parent reports [2, 3, 49] as seen in
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our study. Pardo-Guijarro, Martinez-Andrés, Notario-
Pacheco et al. [5], reason that hearing parents experi-
ence the impact of their children’s deafness on QoL to
a larger degree than their children. Warner-Czyz, Loy,
Roland et al. [2] argue that several aspects of QoL are
less observable for parents, such as self-esteem, family,
and friends. Others [4, 50] have suggested that DHH
children and adolescents not sharing the same mode
of communication with their parents might lessen the
parents’ insight into their children’s subjective world,
including QoL. Aanondsen, Jozefiak, Heiling et al. [31]
find parent-DHH child correlations for the Strengths
and Difficulties Questionnaire (SDQ) assessing mental
health, close to those reported in another study [51]
for TH children and adolescents. The difference in par-
ent—child agreement between the SDQ and ILC might
be related to the different nature of the items describ-
ing QoL compared with mental health symptoms
(SDQ), which are more easily observed by others. This
illustrates the definition of QoL as a subjective con-
cept. The low agreement between parents and DHH,
as well as TH children and adolescents, emphasizes the
need to consider the self-report as the authentic QoL
report, whereas the parent report should be used as
supplemental information from a more remote inform-
ant [52]. This conclusion enhances the importance
of developing sign language versions of generic QoL
instruments for capturing DHH children and adoles-
cents’ own views. This does not, however, lessen the
importance of assessing parents’ perspective on their
children’s QoL as is also emphasized by the authors of
the ILC [6, 7].

Most of the DHH children and adolescents reported
preferring the written instrument (ILC-NOR), and this
preference was more pronounced for the adolescents
than the children, possibly reflecting the lower NSL
competence among children and their parent-reported
preference for spoken Norwegian. There may have been
subsamples based on spoken or sign language profi-
ciency that could have influenced these results. These
were not examined, however, due to the small sample
size. Spontaneous feedback during administration indi-
cated that the preference for the written version (ILC-
NOR) was related to the less time-consuming nature of
this version. Greater mastery of literacy in DHH ado-
lescents could explain their preference for the written
version of the ILC. The preference of the written ver-
sion, however, is somewhat surprising given that other
studies report reading difficulties to be frequent in
many DHH children and adolescents [20, 22, 53] and
their preference for sign language. As we only assessed
spoken and sign language skills but not literacy, we
could not test this.
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Strengths and limitations

A major strength of the current study is the use of a
generic assessment tool for QoL that was translated into
NSL, and that also examined psychometric properties for
both written and sign language for DHH children and
adolescents. A further strength of the choice of the ILC is
the multi-informant perspective. Both these factors have
been found necessary to solve some of the current incon-
sistencies in findings on the QoL of DHH children and
adolescents.

A major limitation of the present study is the small
sample size due to the limited number of signing DHH
children and adolescents in the population. The sample
size here was smaller than the minimum number of cases
recommended for multivariate analyses based on covari-
ance, especially when analyzing the child and the adoles-
cent versions separately. This, in turn, poses a problem
for a thorough psychometric evaluation of the ILC-NSL
and ILC-NOR for DHH children and adolescents. Alter-
natively, the hypotheses could have been framed more
precisely and tailored to the expected small sample size,
in turn choosing statistical procedures more in line
with these. By reporting the confidence intervals for the
results, we have attempted to partly compensate for this.
To offset the effects of small sample size, we have also
used the PLS-SEM, which is known to be robust for such
situations [42]. The combination of analyses used here
was chosen as the best practical solution for the small
sample size but leaves room for uncertainty regarding the
conclusions.

A further limitation is the short interval of two to three
days between the administration of the two language
versions. This may have led to participants remember-
ing their former answers and creating a bias. The rand-
omized order of administration of the two versions was
conducted to counteract this.

The lack of including the target population for the ILC-
NSL in the focus group for the translation is a further
limitation as well as the use of single-item measures to
assess spoken and sign language skills which cannot be
regarded as a complete assessment of the participants’
communication skills. A minor limitation is the absence
of a gold standard for establishing convergent validity
for QoL in DHH children and adolescents. The use of a
written instrument, such as the KIDSCREEN, as a gold
standard, however, would not have been reliable or valid
because of the evidence showing that many DHH chil-
dren and adolescents have reading difficulties [20, 22, 53]
even though this did not seem prominent in our sample.
Another translation cycle into NSL and validation of this
translation would have been necessary and too time-con-
suming for the scope of the current study. A further limi-
tation is the lack of test—retest reliability.
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Conclusion

The evaluation of the psychometric properties of the
self-report ILC-NSL is promising. The use of the self-
report ILC-NSL for assessing QoL in DHH children
and adolescents is essential given its subjective nature.
For children younger than the age of 11, the use of the
ILC-NSL is more questionable, possibly because of
their lower sign language skills. Until better alterna-
tives are developed, we suggest that the psychometric
properties of the written and NSL adolescent versions
are studied for DHH children after focus groups are
conducted, including representatives for the target
population. Alternatively, that it is investigated whether
individual rather than group administration may result
in better usability and validity of the child ILC-NSL and
ILC-NOR. Based on the children and adolescents’ feed-
back, we recommend presenting both the written and
NSL versions in combination to evaluate QoL among
DHH children and adolescents rather than using only
one language. Further research on DHH children and
adolescents is needed to solve the current inconsist-
encies in the findings related to QoL. Because of the
small number of signing DHH children and adoles-
cents in the population, cross-cultural studies should
be encouraged; this would increase the possibility of
conducting research on larger samples, as well as allow-
ing for an examination of cross-cultural similarities and
differences.
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