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SaZetak: Rani razvoj jezika djece s umjetnom
puznicom snazno je izmedu ostalog povezan s audioloskim
¢imbenicima, osobito dobi implantacije i postignutom
Cujnoscu. U sustavima u kojima su ti audioloski preduvjeti
visoko standardizirani, manje je poznato u kojoj mjeri
organizacija i vremenski raspored habilitacije dodatno
doprinose varijabilnosti  jezicnih ishoda. Cilj ovog
istrazivanja bio je ispitati povezanost obiljezja organizacije
habilitacije i obiteljskih resursa s razinom receptivnog jezika
djece s umjetnom puznicom, uz kontrolu konteksta u kojem su
audioloski uvjeti u najvecoj mjeri osigurani.

U istrazivanju je sudjelovalo 35 djece s umjetnom
puznicom u dobi od 6,0 do 15,9 godina, implantirane prije
Cetvrte godine Zivota, bez dodatnih razvojnih teskoca.
Receptivni jezik procijenjen je Peabody slikovnim testom
rjecnika (PPVT-III-HR) i Testom razumijevanja gramatike
(TROG-2:HR). Kao prediktori analizirani su intenzitet
rane i kasne habilitacije, obrazovanje roditelja, primanja
kucanstva, velicina kucanstva, uni- ili bilateralno slusanje
te prisutnost timskog rada. Primijenjene su Spearmanove
korelacije, robusna linearna regresija i kvantilna regresija.

Rezultati su pokazali da je intenzitet rane habilitacije,
kao i izvedeni indeks vremenskog rasporeda habilitacije
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Abstract: Early language development in children
with cochlear implants is, among other factors, strongly
associated with audiological factors, particularly age at
implantation and post-implantation hearing ability. In
healthcare systems where these audiological prerequisites
are highly standardised, less is known about the extent to
which the organisation and timing of habilitation further
contribute to variability in language outcomes. The aim
of this study was to examine the relationship between
habilitation-related organisational characteristics, family
resources, and the level of receptive language in children
with cochlear implants, while controlling for a context in
which audiological conditions are largely ensured.

The study included 35 children with cochlear implants
(aged 6.0to 15.9 years), who received implants before the age
of four years and did not exhibit additional developmental
difficulties. Receptive language was assessed using the
Croatian version of the Peabody Picture Vocabulary Test
(PPVT-III-HR) and the Test for Reception of Grammar
(TROG-2:HR). Predictors included the intensity of early and
later habilitation, parental education, household income,
household size, unilateral or bilateral hearing, and the
presence of interdisciplinary team-based care. Spearman
correlations, robust linear regression, and quantile
regression were applied.
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(razlika izmedu rane i kasne habilitacije), pozitivno povezan
s razinom receptivnog jezika. U multivarijatnim modelima
indeks vremenskog rasporeda habilitacije pokazao se kao
Jjedini statisticki znacajan prediktor, dok kasnije povecanje
intenziteta habilitacije nije imalo kompenzacijski ucinak.
Obiteljski resursi i organizacijski cimbenici nisu pokazali
neovisnu povezanost s ishodom.

Dobiveni nalazi upuéuju na kljucnu vaznost ranog i
intenzivnog ulaganja u habilitaciju te podrzavaju modele
rane intervencije usmjerene na optimalan vremenski
raspored habilitacije, s ciljem dugorocnog unapredenja
Jjezicnih ishoda djece s umjetnom puznicom.

Kljucne rije¢i: umjetna puznica, kohlearni implantati,
receptivni jezik, rana intervencija, habilitacija, organizacija
usluga, djeca

UvoOD

Djeca s prirodenim ili rano steCenim oStece-
njem sluha u kategoriji teSke nagluhosti ili gluho-
¢e u Republici Hrvatskoj danas se u velikoj vecini
slucajeva otkrivaju pri rodenju zahvaljujuéi naci-
onalno organiziranom probiru sluha u rodiliStima
(Marn i Keki¢, 2016; Marn, 2005). U preostalim
slucajevima, u kojima se radi o oste¢enju sluha s
kasnijim pocetkom ili s egzogenim uzrocima, ono
se otkriva sustavnim pracenjem rasta i razvoja u
sklopu pedijatrijske skrbi, kojim je relativno rano
moguce potvrditi ili odbaciti roditeljske sumnje u
prikladnost djetetovih reakcija na zvuéne podra-
zaje ili o¢ekivano napredovanje govorno-jezi¢nog
razvoja (Marn, 2005). Takav viSeslojni sustav ra-
nog otkrivanja omogucuje zapocinjanje habilita-
cije u vrlo ranoj dobi, Cesto unutar prvih mjeseci
zivota (Yoshinaga-Itano i sur., 2018).

U Hrvatskoj je rana intervencija za tu djecu
usmjerena na postizanje najve¢e moguce cujnosti,
ponajprije kohlearnom implantacijom te na ha-
bilitaciju govorenog jezika. U takvom kontekstu,
audioloski ¢imbenici — osobito stupanj postignute
cujnosti i dob ugradnje umjetne puznice — pokazu-
ju se najjac¢im prediktorima ishoda jezi¢no-govor-
nog razvoja i ti su nalazi u Hrvatskoj (Simi¢, 2025)
dosljedni medunarodnoj literaturi (Illg i sur., 2024;
Jafari i sur., 2024; Almomani i sur., 2021; David-
son 1 sur., 2014; Nicholas & Geers, 2013; Geers &
Nicholas, 2013; Percy-Smith i sur., 2013; Boons i
sur., 2012; Kral i Sharma, 2012). Iako su audiolo$-
ke varijable snazni prediktori, nisu jedini ¢imbenici
relevantni za jezi¢ni razvoj djece s umjetnom puz-

The results showed that the intensity of early habilitation,
as well as a derived habilitation timing index (the difference
between early and later habilitation intensity) were positively
associated with receptive language outcomes. In multivariate
models, the habilitation timing index emerged as the only
statistically significant predictor, while later increases in
habilitation intensity did not demonstrate a compensatory
effect. Family resources and organisational factors were not
independently associated with receptive language outcomes.

These findings highlight the critical importance of early
and intensive habilitation and support early intervention
models focused on optimal early intervention timing, with the
aim of improving long-term language outcomes in children
with cochlear implants.

Keywords: cochlear implants, receptive language, early
intervention, habilitation, services organisation, children

INTRODUCTION

In the Republic of Croatia, most children with
congenital or early-acquired severe to profound
hearing loss are identified at birth through a national-
ly organised newborn hearing screening programme
implemented in maternity hospitals (Marn & Keki¢,
2016; Marn, 2005). Children whose hearing loss
has a later onset or an exogenous cause are typically
identified through systematic monitoring of growth
and development within paediatric care. This pro-
cess allows for the relatively early confirmation or
exclusion of parental concerns regarding a child’s
responses to auditory stimuli and the expected
course of speech and language development (Marn,
2005). Together, these multi-layered early detection
pathways enable the initiation of intervention/ha-
bilitation at a very young age, often within the first
months of life (Yoshinaga-Itano et al., 2018).

In Croatia, early intervention for these children
is primarily oriented towards achieving the highest
possible level of audibility, predominantly through
cochlear implantation, and towards the habilitation
of spoken language. In this context, audiological
factors — particularly the level of achieved audibility
and the age at cochlear implantation — have consis-
tently been identified as the strongest predictors of
speech and language development outcomes, and
findings from Croatia (Simi¢, 2025) are in line with
the international literature (Illg et al., 2024; Jafari et
al., 2024; Almomani et al., 2021; Davidson et al.,
2014; Nicholas & Geers, 2013; Geers & Nicholas,
2013;Percy-Smith et al., 2013; Boons et al., 2012;
Kral & Sharma, 2012). Although audiological vari-
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nicom. Dosadasnja istrazivanja takoder potvrduju
da, uz audioloske ¢imbenike, vaznu ulogu imaju i
osobni kognitivni, obiteljski i rehabilitacijski ¢im-
benici (Simi¢, 2025; Lee i sur., 2025; Mueller i
sur., 2025; Nittrouer, 2024; Holzinger i sur., 2022;
McGregor i Goldman, 2022).U hrvatskom kontek-
stu, a i §ire, suvremena habilitacija podrazumijeva
ranu, obitelji usmjerenu ranu intervenciju za djecu s
ostecenjem sluha. U modelima takve rane interven-
cije, strucnjaci i roditelji (obitelj) postaju partneri
u planiranju i dosezanju habilitacijskih ciljeva, s
time da roditelji postaju glavni poticatelji djecjeg
komunikacijskog i govorno-jezicnog razvoja kroz
intenzivni stru¢ni rad s multidisciplinarnim timom
stru¢njaka. Izgledno je da ¢e vedi broj sati rane
habilitacije pozitivno djelovati na roditeljske kom-
petencije u poticanju jezi¢nih i govornih vjestina
djeteta s umjetnom puznicom.

Primjenjujuéi to dobro dokumentirano znanje
na hrvatski sustav u kojem je audioloska interven-
cija u velikoj mjeri standardizirana i visokokvali-
tetna — kako u pogledu indikacija, tako i u pogledu
tehnoloskih moguénosti — za jos kompletniji uvid
u odrednice uspjeha jezi¢no-govornog razvo-
ja ove djece vazno je imati informaciju o onim
aspektima habilitacije, koji su realno promjenji-
vi jer podlijezu organizacijskim, profesionalnim
i obiteljskim razlikama (Simi¢, 2025; Mueller
i sur., 2025). Upravo ti ¢imbenici predstavljaju
potencijalne poluge za daljnje unapredenje in-
tervencijskih ishoda unutar postoje¢eg hrvatskog
sustava, koji je u drugim obiljezjima pruzanih
habilitacijskih usluga za djecu s umjetnom puzni-
com i njihove obitelji uglavnom ujednacen. Vaz-
no je naglasiti da su ovi organizacijski i obitelj-
ski ¢imbenici Cesto viSestruko povezani te ih se
¢esto ne moze izolirano promatrati kao iskljucive
¢imbenike koji samostalno snazno utjecu na jezic-
ne ishode ove populacije. Stoga, u ovom se radu
polazi od konceptualnog pomaka jer mu cilj nije
utvrditi ¢imbenike koji predvidaju jezi¢ne ishode
djece s umjetnom puznicom, ve¢ ispitati kako je-
zi¢ni ishod varira u odnosu na nacin organizaci-
je i provedbe habilitacije, uz kontrolu konteksta
u kojem su audioloski preduvjeti ve¢ u najvecoj
myjeri osigurani. Poseban naglasak u radu stavljen
je na dinamiku habilitacije, odnosno na raspored i

ables are strong predictors, they are not the only
factors relevant to the language development of
children with cochlear implants. Previous research
has consistently demonstrated that, in addition to
audiological factors, individual cognitive, famil-
ial, and intervention factors play a significant role
(Simié, 2025; Lee et al., 2025; Mueller et al., 2025;
Nittrouer, 2024; Holzinger et al., 2022; McGregor
& Goldman, 2022). In the Croatian context, as well
as more broadly, contemporary habilitation implies
early, family-centred intervention for children with
hearing loss. Within such models, professionals
and parents (i.e., the family) function as partners
in planning and achieving habilitation goals, with
parents assuming the role of primary facilitators
of the child’s communicative and speech-language
development through intensive collaboration with
a multidisciplinary team of professionals. It is,
therefore, plausible that a greater number of ear-
ly habilitation hours may positively influence pa-
rental competencies in supporting the language
and speech development of implanted children.
When this well-documented body of knowledge is
considered within the Croatian context — where
audiological intervention is largely standardised
and of high quality, with respect to both clinical
indications and technological resources — further
progress in understanding the determinants of suc-
cessful speech and language development in these
children depends on examining aspects of habilita-
tion that are realistically modifiable. These include
factors shaped by organisational practices, profes-
sional decision-making, and family-related differ-
ences (Simié, 2025; Mueller et al., 2025). Such
factors constitute key opportunities for optimising
intervention outcomes within the existing Croatian
system, which is otherwise relatively uniform in
the nature and scope of habilitation services pro-
vided to children with cochlear implants and their
families. It is important to emphasise that these
organisational and family-related factors are often
interrelated and cannot be considered in isolation
as independent determinants that can have a strong
influence on language outcomes in this population.
Accordingly, the present study adopts a concep-
tual shift: its aim is not just to identify predictors
of language outcomes in children with cochlear
implants, but rather to examine how language out-
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intenzitet rane i kasnije habilitacije, zatim na obi-
teljske resurse (razinu obrazovanja roditelja i pri-
manja kucanstva), veli¢inu kucanstva, upotrebu
jednog ili dva slusna pomagala (uni- ili bilateralno
slusanje) te na organizacijske aspekte poput tim-
skog rada. Ovaj pristup izravno proizlazi iz pri-
jasnjeg domaceg istrazivanja receptivnog jezika
djece s umjetnom puznicom koje je provela Simié¢
(2025), u kojem se naglasava potreba za analizom
organizacije habilitacijskih usluga, pravodobnim
prepoznavanjem djece kod koje napredovanje od-
stupa od ocekivanog te ranim povecanjem inten-
ziteta (npr. povecanjem broja tjednih termina ha-
bilitacije) i kvalitete habilitacije. Naslanjajuci se
na spomenuto domace istrazivanje te na meduna-
rodne smjernice za organizaciju rane intervencije
za djecu s oSte¢enjem sluha (Joint Committee on
Infant Hearing [JCIH], 2019) u kojima je istaknu-
to da njezini ishodi ne ovise samo o audioloskim
parametrima, nego i o modificiraju¢im sastavni-
cama sustava usluga (pravovremenosti i kontinu-
itetu skrbi, kvaliteti i kompetencijama pruzatelja
usluga te obiteljski usmjerenoj ranoj intervenci-
ji), ovaj rad primjenjuje i testira model pruzanja
usluga, u kojem se audioloske varijable svjesno
izostavljaju zbog: a) ve¢ ste¢ene potvrde njihovih
ucinaka na receptivni jezik u spomenutom istra-
Zivanju te b) stjecanja komplementarne razine
objasnjenja nacina na koji ekoloski ¢imbenici sa-
mostalno doprinose jezi¢no-govornoj habilitaciji.

CILJ I HIPOTEZE

U radu se polazi od nekoliko istrazivackih
pretpostavki. Prvo, pretpostavlja se da je dinami-
ka habilitacije — osobito razlika rane, intenzivne
habilitacije u odnosu na kasnije ,,nadoknadivanje”
— povezana s razinom receptivnog jezika (Simié,
2025; Illg i sur., 2024; Farag i sur., 2024; Busch i
sur., 2022; Chweya i sur., 2021). Ova pretpostav-
ka oslanja se na razvojne modele usvajanja jezika
koji naglasavaju vremensku osjetljivost ranih je-
zi¢nih iskustava te na klinicka opazanja da djeca
s intenzivnom ranom habilitacijom Cesto postizu
stabilnije jezi¢ne temelje uz manju potrebu za
kasnijim povecanjem broja terapijskih termina
(Yoshinaga-Itano i sur., 2020; JCIH, 2019), a isto
potvrduju i recentni rezultati Aaberg i suradnika

comes vary in relation to the organisation and im-
plementation of habilitation, while controlling for
a context in which audiological prerequisites have
already been fulfilled to a large extent. Particular
emphasis is placed on the dynamics of oral habili-
tation, namely the timing and intensity of early and
later habilitation, as well as on family resources
(parental education level and household income),
household size, the use of one or two hearing de-
vices (unilateral or bilateral listening), and organ-
isational aspects of intervention such as teamwork.

This approach builds directly on earlier research
on receptive language development in children
with cochlear implants conducted by Simié¢ (2025),
which highlighted the importance of examining
the organisation of habilitation services, the timely
identification of children whose developmental tra-
jectories diverge from expectations, and the early
increases of habilitation intensity and quality when
needed. Informed by this national evidence and by
international guidelines on early intervention for
children with hearing loss (Joint Committee on
Infant Hearing [JCIH], 2019) — which emphasise
that outcomes are shaped not only by audiological
factors, but also by modifiable components of the
service system, such as timeliness and continuity
of care, provider competence, and family-centred
practices — the present study applies and empirical-
ly tests a service delivery model that deliberately
excludes audiological variables. This decision is
based on (a) prior confirmation of their effects on
receptive language in the aforementioned study
and (b) the aim of providing a complementary lev-
el of explanation by examining how ecological and
service-related factors independently contribute to
speech and language habilitation outcomes.

AIM AND HYPOTHESES

The study is based on several research assump-
tions. First, it is assumed that the dynamics of habil-
itation — particularly the difference between early,
intensive habilitation and later “catch-up” habilita-
tion — are associated with receptive language levels
(gimic', 2025; Illg et al., 2024; Farag et al., 2024;
Busch et al., 2022; Chweya et al., 2021). This as-
sumption is grounded in developmental models of
language acquisition that emphasise the temporal
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(2025), koji su pokazali da djeca s ranijim pocet-
kom i duljim trajanjem habilitacije dugoro¢no po-
stizu znacajno bolje jezi¢ne ishode u usporedbi s
onima s kasnijim pocetkom i kra¢im trajanjem ha-
bilitacije. Drugo, ocekuje se da razina obrazova-
nja roditelja i primanja ku¢anstva imaju dodatnu
ulogu u objasnjenju receptivnog jezika, ponajprije
kroz empirijski bitnu mogucnost kvalitetnije ge-
neralizacije jezi¢nih vjeStina u prirodnom okruze-
nju, dostupnost dodatnih resursa te kvalitetu je-
zi¢nog inputa u obitelji (Lee i sur., 2025; Mueller
i sur., 2025; Holzinger 2020; Quittner i sur., 2013;
Holt 2012). Trece, timski rad i tehnoloski ¢imbe-
nici kao §to je upotreba jednog ili dvaju elektro-
akustickih rjesenja za pomo¢ sluSanju (npr. bila-
teralni nasuprot unilateralnom slu$nom rjesenju)
razmatraju se kao elementi organizacije i pristupa
skrbi koji mogu imati povoljan u¢inak na jezicne
ishode, iako se njihov doprinos u razli¢itim uzor-
cima razlikuje i Cesto je ovisan o varijabilnosti
unutar uzorka i snazi statistickih analiza (Alsha-
hrani i sur., 2024; Wie i sur., 2020).

Na opisani nacin, ovaj rad nastoji doprinijeti
razumijevanju onih aspekata habilitacije koji su
unutar postojefeg sustava promjenjivi i potenci-
jalno optimizabilni, s ciljem pruzanja smjernica
za organizaciju intervencije kod (na)gluhe djece
koja koriste umjetne puznice, pri cemu se uvaza-
va obiteljski-orijentiran pristup ranom otkrivanju
i intervenciji te organizacijski i sustavni fakto-
ri koji mogu utjecati na ishode (Maluleke i sur.,
2021; JCIH, 2019; Yoshinaga-Itano, 2014).

METODE ISTRAZIVANJA
Sudionici

U istrazivanju je sudjelovalo 35 djece (16
djec¢aka i 19 djevoj¢ica) s umjetnim puznicama,
u dobi izmedu 6,0 i 15,9 godina (M = 10,7; SD
= 3,16), s prirodenim teSkim zamjedbenim oSte-
¢enjem sluha ili gluho¢om. Svi sudionici bili su
implantirani relativno rano, odnosno prije navrse-
ne 4. godine Zivota (Kral & Sharma, 2012), imali
su urednu neverbalnu inteligenciju, procijenjenu
Ravenovim progresivnim matricama, nisu imali
dodatne razvojne, neuroloske ili senzorne teskoce
te su bili ukljuceni u redovni obrazovni program.

sensitivity of early language experiences, as well
as in clinical observations indicating that children
receiving intensive early habilitation often devel-
op more stable language foundations with a re-
duced need for later increases in therapy frequency
(Yoshinaga-Itano et al., 2020; JCIH, 2019). This is
further supported by recent findings by Aaberg et
al. (2025), demonstrating that children with an ear-
lier onset and longer duration of habilitation achieve
significantly better long-term language outcomes
than those with later onset and shorter duration of
habilitation. Second, parental education level and
household income are expected to play an addition-
al role in explaining receptive language outcomes,
primarily through empirically relevant mechanisms
such as improved generalisation of language skills
in natural environments, access to additional re-
sources, and the quality of linguistic input within
the family (Lee et al., 2025; Mueller et al., 2025;
Holzinger, 2020; Quittner et al., 2013; Holt, 2012).
Third, teamwork and technological factors such as
the use of one or two hearing devices (e.g., bilateral
versus unilateral hearing) are considered as organi-
sational and care-related elements that may have a
beneficial effect on language outcomes, although
their contribution varies across samples and is often
dependent on within-sample variability and statisti-
cal power (Alshahrani et al., 2024; Wie et al., 2020).

In this way, the present study seeks to con-
tribute to the understanding of those aspects of
habilitation that are modifiable and potentially
optimisable within the existing system, with the
aim of providing guidance for the organisation
of interventions for deaf and hard-of-hearing
children using cochlear implants. In doing so, it
acknowledges a family-oriented approach to ear-
ly detection and intervention, as well as organi-
sational and systemic factors that may influence
outcomes (Maluleke et al., 2021; JCIH, 2019;
Yoshinaga-Itano, 2014).

METHODS
Participants

The study included 35 children (16 boys and
19 girls) with cochlear implants, aged between 6.0
and 15.9 years (M = 10.7; SD = 3.16), with con-
genital severe sensorineural hearing loss or deaf-
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Audioloske karakteristike uzorka bile su rela-
tivno ujednacene. Dob ugradnje umjetne puznice
kretala se u rasponu od 14 do 44 mjeseca (M =
26,8; SD = 7,88; medijan = 26), dok je prosje¢ni
postimplantacijski prag sluha na implantiranom
uhu (PTA) iznosio M = 35,5 dB (SD = 6,79; me-
dijan = 40), uz raspon od 20 do 50 dB. Prosjec-
no trajanje koriStenja umjetne puznice, odnosno
cujnosti (od ukljucivanja govornog procesora do
starosti djeteta u vrijeme prikupljanja podataka)
kretalo se od 3,11 do 13,6 godina, a u prosjeku
je iznosilo osam godina i tri mjeseca. Sudioni-
ci istrazivanja upotrebljavali su umjetne puzni-
ce tvrtke Cochlear s unutarnjim komponentama
Freedom CI24RE, CI422 i CI512 te procesorima
govora Nucleus 6 (CP910 i CP920) i CP850 ili
tvrtke MED-EI s unutarnjim komponentama Pul-
sar, Maestro i Sonata te procesorima govora Opus
1, Opus 2, Sonnet i Rondo. Implantati su imali sve
elektrode aktivne, bili su programirani redovito,
odnosno barem jednom godisnje i upotrebljavali
su se sve budne sate. Spomenute audioloske va-
rijable razmatrane su isklju¢ivo sa svrhom opisa
uzorka te kao kontekst osiguranih audioloskih
preduvjeta optimalne Cujnosti za pojedinog sudi-
onika istrazivanja.

Demografski i habilitacijski podaci numericki i
deskriptivno su predstavljeni u poglavlju Rezultati
te su ovdje spomenuti tek opcéenito, u svrhu opisa
uzorka. Vecina djece sluSa unilateralno umjetnom
puznicom, dok ostatak slusa bilateralno s pomoc¢u
dvije umjetne puznice ili kombinacijom umjetne
puznice i slusnog pomagala. Majke i oCevi uglav-
nom su imali srednjoskolsko obrazovanje, iako su
u uzorku bile zastupljene sve razine obrazovanja
— od osnovnoskolskog do poslijediplomskog. Pri-
manja kuéanstva za vec¢inu obitelji nalazila su se u
kategoriji prosjecnih primanja, ali je uzorak obu-
hvatio i obitelji s ispod- te iznadprosje¢nim pri-
manjima, $to upucuje na njegov relativno homo-
gen, ali ne i jedinstven socioekonomski kontekst.
Vecina djece zivjela je u viSe¢lanim kuéanstvima
te su bila ukljucena u habilitaciju uglavnom cetiri
ili pet puta tjedno u predskolskoj dobi, odnosno
vecinski samo jednom tjedno u Skolskoj dobi.
Prema iskazima roditelja, u uzorku nije bilo djece
s redovitim, kontinuiranim timskim radom, dok je

ness. All participants were implanted relatively
early - before the age of 4 years (Kral & Sharma,
2012) - they had typical nonverbal intelligence as
assessed by Raven’s Progressive Matrices, they
had no additional developmental, neurological, or
sensory impairments, and were enrolled in main-
stream education.

The audiological characteristics of the sample
were relatively homogeneous. Age at cochlear
implantation ranged from 14 to 44 months (M
= 26.8; SD = 7.88; Median = 26), while the av-
erage post-implantation hearing threshold in the
implanted ear (PTA) was M = 35.5 dB (SD =
6.79; Median = 40), with a range of 20-50 dB.
The average duration of cochlear implant use, that
is, auditory experience (from speech processor
activation to the child’s age at data collection),
ranged from 3.11 to 13.6 years, with a mean of
8 years and 3 months. Participants used cochlear
implants manufactured by Cochlear with the fol-
lowing internal components - Freedom CI24RE,
CI422, and CI512, along with Nucleus 6 speech
processors (CP910 and CP920) and CP850, or
cochlear implants manufactured by MED-EI with
internal components Pulsar, Maestro, and Sonata,
along with Opus 1, Opus 2, Sonnet, and Rondo
speech processors. All implants had all electrodes
activated, were programmed regularly (at least
once per year), and were used during all waking
hours. These audiological variables were con-
sidered solely for the purpose of describing the
sample and as contextual indicators of already
established audiological prerequisites for optimal
audibility for each participant.

Demographic and habilitation data are present-
ed numerically and descriptively in the Results
section and are only briefly summarised here for
the purpose of sample description. Most children
used a unilateral cochlear implant, while the rest
listened bilaterally using either two cochlear im-
plants or a combination of a cochlear implant and
a hearing aid. Mothers and fathers predominant-
ly had completed secondary education, although
all education levels — from primary to postgrad-
uate — were represented in the sample. Household
income for most families fell within the average
income category, but the sample also included
families with below- and above-average income,
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za vecinu djece bio organiziran povremeno, a za
otprilike tre¢inu uopce ne.

Mjerni instrumenti i na¢in prikupljanja i
obrade podataka

Audioloski, demografski i habilitacijski poda-
ci prikupljeni su izravno od roditelja i uvidom u
medicinsku dokumentaciju djece, a nakon dobi-
vanja odobrenja Etickog povjerenstva Sveucilista
u Zagrebu Edukacijsko-rehabilitacijskog fakul-
teta 1 Poliklinike SUVAG te potpisanog informi-
ranog pristanka roditelja. Podaci su prikupljeni
individualnim testiranjem djece u kontroliranim
klini¢ckim uvjetima te prikupljanjem demograf-
skih i habilitacijskih informacija iz medicinske
dokumentacije te putem roditeljskih upitnika.

Podaci o razvijenosti receptivnog jezika (Re-
ceptivni jezik) djece s umjetnom puznicom, koja
je u ovom radu odredena kao zavisna varijabla,
prikupljeni su Peabody slikovnim testom rjecnika
(PPVT-III-HR; Kovacevi¢ i sur., 2009) i Testom
razumijevanja gramatike (TROG-2:HR; Bishop 1
sur., 2014), uz certificirane ispitivace i sukladno
protokolu njihove administracije. Varijabla Re-
ceptivni jezik operacionalizirana je kao kompozit
standardnih rezultata na PPVT-III-HR i TROG-
2:HR za pojedinog sudionika istrazivanja.

S obzirom na potvrdeni snazni prediktivni
ucinak praga Cujnosti nakon implantacije i dobi
implantacije u prethodnoj analizi razine receptiv-
nog jezika istih sudionika (Simi¢, 2025) iste au-
dioloske varijable u ovom su radu izostavljene iz
analize, dok su kao nezavisne varijable uzete kon-
tinuirane (Dinamika rane habilitacije, Dinamika
kasne habilitacije 1 Velicina kucanstva), ordinalne
(Obrazovanje majke, Obrazovanje oca i1 Prima-
nja kucanstva) i kategoricke (Uni- ili Bilateralno
slusanje 1 Timski rad) habilitacijske i obiteljske
varijable. Sve varijable kodirane su tako da vece
vrijednosti oznacavaju viSu razinu promatrane ka-
rakteristike, a smjer povezanosti s ishodom inter-
pretiran je empirijski.

Razina obrazovanja majki i o¢eva bila je ko-
dirana u Sest ordinalnih kategorija: niza, srednja,
specijalist sa srednjom stru¢nom spremom, za-
vrsen prijediplomski studij, zavrSen diplomski

indicating a relatively homogeneous, but not uni-
form socioeconomic context. Most children lived
in multi-member households and were primarily
involved in habilitation four or five times per week
during preschool age, and predominantly once per
week during school age. According to parental re-
ports, none of the children received regular, con-
tinuous teamwork-based support; for most chil-
dren, teamwork was organised occasionally, while
for approximately one third of the sample, oppor-
tunities for teamwork were mostly absent.

Measurement instruments and data collection
and analysis procedures

Audiological, demographic, and habilitation
data were collected directly from parents and
through review of the children’s medical records,
following approval from the Ethics Committees
of the Faculty of Education and Rehabilitation
Sciences, University of Zagreb, and the SUVAG
Polyclinic, as well as written informed consent
from the parents. Data were collected through in-
dividual testing of children in controlled clinical
settings, as well as through extraction of demo-
graphic and habilitation information from medical
records and parent questionnaires.

Data on receptive language development (Re-
ceptive Language) in children with cochlear im-
plants, which served as the dependent variable in
this study, were obtained using the Peabody Pic-
ture Vocabulary Test (PPVT-III-HR; Kovacevié et
al., 2009) and the Test for Reception of Grammar
(TROG-2:HR; Bishop et al., 2014), administered
by certified examiners in accordance with stan-
dardised administration protocols. The Receptive
Language variable was operationalised as the
composite of standardised scores on the PPVT-
III-HR and TROG-2:HR for each participant.

Given the previously confirmed strong predic-
tive effect of post-implantation hearing threshold
and age at implantation on receptive language
level in a prior analysis of the same participants
(Simi¢, 2025), these audiological variables were
excluded from the present analysis. Independent
variables included continuous variables (Early
Habilitation Dynamics, Late Habilitation Dy-
namics, and Household Size), ordinal variables
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studij, zavrSen poslijediplomski studij. Primanja
kucéanstva mogla su biti kodirana u Cetiri ordinal-
ne kategorije: ispod 500 eura, izmedu 500 i 1.000
eura, izmedu 1.000 i 1.600 cura te iznad 1.600
eura (iznosi su preracunati iz kuna koje su pro-
matrane u izvornom istrazivanju, zaokruzeni radi
Citljivosti), no u analizi su svedena na tri katego-
rije radi stabilnosti procjena, budu¢i da kategorija
»ispod 500 eura“ nije bila zastupljena u uzorku.

Velic¢ina kucanstva bila je izrazena brojem cla-
nova, a dinamika rane i kasne habilitacije brojem
tjednih termina jezi¢no-govorne habilitacije u
predskolskoj, odnosno $kolskoj dobi. Timski rad
bio je definiran kao multidisciplinarna podrska
obitelji, to jest zajednicki habilitacijski rad dvaju
ili vise razlicitih stru¢njaka s pojedinim djetetom
(logopeda, audiorehabilitatora, psihologa, edu-
kacijskih rehabilitatora, radnih terapeuta), a u
analizi je bio izrazen dihotomno — ,,nije ga bilo*
ili ,,bilo ga je povremeno® — jer je pri izvjeStava-
nju o timskom radu nijedan roditelj nije naveo da
je treéa opcija, odnosno redoviti timski rad, bila
ostvarena.

Primarni cilj analize bio je ispitati doprinos
obiljezja organizacije habilitacije i obiteljskih re-
sursa varijabilnosti receptivnog jezika u uzorku
djece s umjetnom puznicom, uz pretpostavku da
¢e visi intenzitet rane habilitacije u odnosu na ka-
snu biti povezan s boljim jezi¢nim ishodom. Vaz-
no je naglasiti da je intenzitet habilitacije u ovom
istrazivanju operacionaliziran isklju¢ivo kao broj
tjednih terapijskih termina. Ova mjera obuhvaca
kvantitativni aspekt intervencijskih resursa, ali ne
odrazava kvalitativne aspekte poput terapijskog
pristupa, struc¢nosti provoditelja, sadrzaja inter-
vencije ili ukljucenosti obitelji.

U skladu s navedenim, u primarnom multivari-
Jjatnom modelu je, umjesto pojedinacne analize tih
habilitacijskih varijabli, ispitan pokazatelj odnosa
rane i kasne habilitacije oblikovanjem izvedene
varijable Indeks vremenskog rasporeda habili-
tacije, izraCunate kao razlika izmedu intenziteta
rane i kasne habilitacije (indeks = rana habilitaci-
ja — kasna habilitacija). Pozitivne vrijednosti in-
deksa oznacavale su veéi intenzitet habilitacije u
predskolskoj dobi, vrijednost 0 jednak intenzitet,
a negativne vrijednosti relativno vece oslanjanje

(Mother’s Education, Father’s Education, and
Household Income), and categorical variables
(Unilateral vs. Bilateral Listening and Teamwork)
related to habilitation and family characteristics.
All variables were coded such that higher values
indicated a higher level of the observed charac-
teristic, and the direction of association with the
outcome was interpreted empirically.

Parental education levels were coded into six
ordinal categories: lower, secondary, specialised
secondary qualification, completed undergraduate
degree, completed graduate degree, and complet-
ed postgraduate degree. Household income was
originally coded into four ordinal categories: be-
low 500 €, 500-1,000 €, 1,000-1,600 €, and above
1,600 € (amounts converted to Euros from Croa-
tian kuna used in the original study, and rounded
for clarity), but was reduced to three categories in
the analysis for estimation stability, as the “below
500 €” category was not represented in the sample.

Household size was expressed as the number
of household members, while early and late ha-
bilitation dynamics were expressed as the number
of weekly speech and language therapy sessions
during preschool and school age, respectively.
Teamwork was defined as multidisciplinary fam-
ily support, that is, joint habilitation provided by
two or more different professionals working with
an individual child (speech-language pathologists,
audiological rehabilitation specialists, psycholo-
gists, educational rehabilitation specialists/special
education teachers, occupational therapists). In the
analysis, teamwork was expressed dichotomously
—“not present” or “occasionally present” — since no
parent reported the presence of regular teamwork.

The primary aim of the analysis was to exam-
ine the contribution of habilitation organisation
characteristics and family resources to variability
in receptive language outcomes in children with
cochlear implants, under the assumption that, rel-
ative to later habilitation, higher intensity of early
habilitation would be associated with better lan-
guage outcomes. It is important to highlight that
habilitation intensity in this study was operation-
alised exclusively as the number of weekly ther-
apy sessions. This measure captures the quantita-
tive aspect of intervention resources, but does not
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na kasnije povecanje intenziteta habilitacije (,,na-
doknadivanje”). Na primjer, dijete koje je pohada-
lo pet terapijskih sesija tjedno u predskolskoj dobi
i dvije u Skolskoj dobi imalo bi indeks vremen-
skog rasporeda habilitacije od +3, dok bi dijete
koje je imalo dvije tjedne terapije u predskolskoj
dobi i Cetiri tjedne terapije u Skolskoj dobi imalo
vrijednost indeksa —2. Vrijednosti indeksa kretale
su se u rasponu od —4 do +4, pri ¢emu su vise vri-
jednosti oznacavale relativno veci intenzitet rane
u odnosu na kasnu habilitaciju.

Tako je bilo mogucée izravno testirati prvu hi-
potezu, smanjiti rizik multikolinearnosti u analizi
te dobiti koeficijent povoljan za klinicku i organi-
zacijsku interpretaciju.

S obzirom na malu veli¢inu uzorka, ordinal-
nu prirodu vecine nezavisnih varijabli i utvrdena
odstupanja od normalne distribucije (vizualnom
inspekcijom distribucija i provedbom Shapiro—
Wilkovog testa), u radu su primijenjene nepara-
metrijske 1 robusne statisticke metode. Analize
su odabrane i provedene s ciljem ispitivanja va-
rijabilnosti jezi¢nih ishoda unutar konteksta veé
osiguranih audioloskih preduvjeta, sa svrhom
stjecanja uvida u utjecaj trenutaénog nacina orga-
nizacije i pruzanja habilitacijskih usluga u Hrvat-
skoj na receptivne jezi¢ne ishode.

Najprije su izraCunate Spearmanove korela-
cije izmedu receptivnog jezika i pojedinih habi-
litacijskih 1 obiteljskih varijabli. Multivarijatni
robusni linearni regresijski model primjenjivao se
kako bi se ispitao neovisni doprinos obiljezja de-
mografskih i habilitacijskih resursa varijabilnosti
receptivnog jezika uz istodobnu kontrolu vise me-
dusobno povezanih prediktora te smanjio utjecaj
odstupanja od pretpostavki normalnosti i homo-
genosti varijanci. Kvantilna regresija za medijan
receptivnog jezika primjenjivala se kako bi se is-
pitao doprinos demografskih i habilitacijskih ¢im-
benika s naglaskom na sredi$nju tendenciju isho-
da, uz smanjenje utjecaja ekstremnih vrijednosti
i heterogenosti distribucije receptivnog jezika u
uzorku. Analiza osjetljivosti provedena je kako bi
se provjerila stabilnost glavnog nalaza o vaznosti
vremenskog rasporeda habilitacije usporedbom
modela s izvedenim indeksom i modela u kojem
su intenzitet rane i kasne habilitacije uvrsteni kao

reflect qualitative aspects such as therapeutic ap-
proach, provider expertise, intervention content,
or family engagement.

Instead of analysing individual habilitation vari-
ables separately, the primary multivariate model
examined an indicator of the relationship between
early and late habilitation by constructing a derived
variable, the Habilitation Timing Index, which is
calculated as the difference between early and late
habilitation intensity (index = early habilitation —
late habilitation). Positive index values indicated
greater habilitation intensity during preschool age,
a value of zero indicated equal intensity, and neg-
ative values indicated a relatively greater reliance
on later increases in habilitation intensity (“catch-
up”). For example, a child receiving 5 sessions
per week in preschool and 2 sessions per week at
school age would have a Habilitation Timing In-
dex of + 3, whereas a child receiving 2 sessions
per week in preschool and 4 sessions per week at
school age would have an index score of — 2. Index
values ranged from — 4 to + 4, with higher values
indicating relatively greater early versus late ha-
bilitation intensity. This approach enabled direct
testing of the first hypothesis, reduced the risk of
multicollinearity, and yielded a coefficient suitable
for clinical and organisational interpretation.

Given the small sample size, the ordinal na-
ture of most independent variables, and deviations
from normality (identified through visual inspec-
tion and the Shapiro-Wilk test), non-parametric
and robust statistical methods were applied. De-
tailed analyses were conducted to examine vari-
ability in language outcomes within the context
of already established audiological prerequisites,
with the aim of gaining insight into the impact of
current habilitation organisation and service de-
livery in Croatia on receptive language outcomes.

First, Spearman correlations between recep-
tive language and individual habilitation and fam-
ily variables were calculated. A multivariate robust
linear regression model was then used to examine
the independent contribution of demographic and
habilitation resources to variability in receptive
language, while simultaneously controlling for
multiple interrelated predictors and reducing the
influence of violations of normality and homoge-
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odvojeni prediktori. Kombinacijom robusne line-
arne regresije, kvantilne regresije 1 analize osjet-
ljivosti nastojalo se osigurati da su dobiveni nalazi
metodoloski stabilni, interpretativno pouzdani i
primjenjivi unutar heterogenog klinickog uzorka.

Zadana razina znacajnosti za sve provedene
analize bila je p < 0,05.

REZULTATI I RASPRAVA
Rezultati

Vecina djece ili njih 27 (77 %) unilateralni su
korisnici umjetne puZznice, Cetiri djeteta (11,5 %)
slusa binauralno pomoc¢u dvije umjetne puznice,
a Cetiri djeteta (11,5 %) kombinacijom umjetne
puznice i slusnog pomagala.

Prosjecna razina obrazovanja majki iznosila je
M = 3,17 (SD = 1,52; medijan = 2), a oeva M =
3,06 (SD = 1,47; medijan = 2). Frekvencije odgo-
vora o obrazovanju majki i o¢eva dane su slikom
1.

neity of variance assumptions. Quantile regression
for the median of receptive language was used to
examine the contribution of demographic and habil-
itation factors with an emphasis on the central ten-
dency of the outcome, while reducing the influence
of extreme values and distributional heterogeneity.
Sensitivity analysis was conducted to assess the sta-
bility of the main finding regarding the importance
of habilitation timing by comparing the model us-
ing the derived index with a model including early
and late habilitation intensity as separate predictors.
By combining robust linear regression, quantile re-
gression, and sensitivity analysis, the study aimed
to ensure that the findings were methodologically
stable, interpretatively reliable, and applicable with-
in a heterogeneous clinical sample. The significance
level for all analyses was set at p <.05.

RESULTS AND DISCUSSION
Results

The majority of children (n = 27; 77%) were
unilateral cochlear implant users; four children
(11.5%) listened binaurally using two cochlear
implants, and four children (11.5%) used a com-
bination of a cochlear implant and a hearing aid.

The mean maternal education level was 3.17
(SD = 1.52, Median = 2), and the mean paternal
education level was 3.06 (SD = 1.47, Median =
2). Frequencies of maternal and paternal educa-
tion levels are presented in Figure 1.

Slika 1. Frekvencije odgovora (x-0s) o razini obrazovanja (y-os) majki i oceva djece s umjetnim puznicama /
Figure 1. Educational level (y-axis) of mothers and fathers of children with cochlear implants.
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Vecina obitelji (57 %) nalazila se u kategoriji
primanja izmedu 1.000 i 1.600 eura, s primanji-
ma izmedu 500 i 1.000 eura ili iznad 1.600 eura
zastupljenima kod manjeg dijela obitelji (17 %,
odnosno 26 % obitelji).

Veli¢ina kucanstva kretala se od dva do sedam
¢lanova, s prosje¢nom vrijednoséu M = 4,20 (SD
=0,93; medijan = 4).

Intenzitet rane habilitacije u predskolskoj dobi
iznosio je M = 4,14, SD = 1,56, medijan = 5, uz
raspon 1-5 termina tjedno. Intenzitet kasne habi-
litacije u Skolskoj dobi iznosio je M = 2,49, SD
= 1,62, medijan = 2, uz raspon 1-5. Djeca su u
prosjeku bila uklju¢ena u habilitaciju Cetiri puta
tjedno, pri ¢emu je 71,4 % djece u predskolskoj
dobi pohadalo terapiju pet puta tjedno. U Skolskoj
dobi zabiljezeno je smanjenje intenziteta habili-
tacije, a 45,7 % djece bilo je ukljuceno u terapiju
jednom tjedno. Frekvencije odgovora o dinamici
rane i kasne jezicno-govorne habilitacije prikaza-
ne su Slikom 2.

Most families (57%) were in the household
income category of EUR 1,000-1,600, while in-
comes between EUR 500 and 1,000 or above
EUR 1,600 were reported by a smaller proportion
of families (17% and 26%, respectively).

Household size ranged from 2 to 7 members,
with a mean of 4.20 (SD = 0.93, Median = 4).

The mean intensity of early habilitation during
preschool age was 4.14 sessions per week (SD =
1.56, Median = 5), with a range of 1 to 5 sessions
per week. The mean intensity of late habilitation
during school age was 2.49 sessions per week (SD
=1.62, Median = 2), with a range of 1 to 5 sessions
per week. On average, children participated in ha-
bilitation four times per week, with 71.4% attend-
ing therapy five times per week during preschool
age. During school age, a reduction in habilitation
intensity was observed, with 45.7% of children
receiving therapy once per week. Frequencies of
responses for early and late habilitation dynamics
are shown in Figure 2.

Slika 2. Frekvencije odgovora (x-0s) o dinamici rane i kasne habilitacije izrazene brojem tjednih termina (y-os)
Jjezicno-govorne habilitacije / Figure 2. Frequency distribution of weekly speech-language habilitation sessions
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Povremeno ukljucivanje djece u timski rad pri-
javilo je 71,4 % roditelja, a 28,6 % navelo je da
timskog rada nije bilo, dok u kontinuirani timski
rad prema roditeljskim iskazima nije bilo ukljuce-
no nijedno dijete.

Receptivni jezik sudionika u prosjeku je izno-
sio M = 73,66 (SD = 13,88, medijan = 72,5), uz

Occasional involvement of children in team-
work was reported by 71.4% of parents, while
28.6% indicated that teamwork was mostly ab-
sent; according to parental reports, no child was
included in continuous teamwork.

The mean receptive language score of the par-
ticipants was 73.66 (SD = 13.88, Median = 72.5),
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raspon od 55,5 do 104. Shapiro—Wilkov test nor-
malnosti za varijablu receptivnog jezika bio je
znacajan (W = 0,932, p = 0,032), §to upucuje na
odstupanje od normalne distribucije i opravdava
primjenu neparametrijskih i robusnih postupaka.

Izvedena varijabla Indeks vremenskog raspo-
reda habilitacije imala je M = 1,66, SD = 2,45,
medijan = 2, uz raspon —4 do +4 (pozitivne vri-
jednosti oznacavaju relativno veci intenzitet rane
habilitacije, a negativne vrijednosti relativno vece
oslanjanje na kasnije ,,nadoknadivanje®).

Korelacijska analiza izmedu receptivnog je-
zika i glavnih prediktora (Tablica 1) pokazala je
jedan znacajan Spearmanov koeficijent: onaj koji
ukazuje na pozitivnu povezanost s dinamikom
rane habilitacije. Povezanost indeksa vremenskog
rasporeda habilitacije s receptivnim jezikom isto
je bila pozitivna, ali nije dosegnula razinu sta-
tisticki znaCajne povezanosti s receptivnim jezi-
kom, kao ni dinamika kasne habilitacije, obrazo-
vanje majki i oCeva, primanja kucanstva, veli¢ina
kucanstva, uni-/ bilateralno slusanje i timski rad.

with a range from 55.5 to 104. The Shapiro-Wilk
test of normality for the receptive language vari-
able was significant (W = 0.932, p = .032), indi-
cating deviation from a normal distribution and
justifying the use of non-parametric and robust
analytical procedures.

The derived variable, the Habilitation Timing
Index, had a mean of 1.66 (SD = 2.45, Median =
2), with a range of — 4 to + 4 (positive values indi-
cate a relatively higher intensity of early habilita-
tion, whereas negative values indicate a relatively
greater reliance on later “catch-up” habilitation).

Correlation analysis between receptive lan-
guage and the main predictors (Table 1) revealed
a single statistically significant coefficient, indi-
cating a positive association with early habilita-
tion dynamics. The association between the Ha-
bilitation Timing Index and receptive language
was also positive, but it did not reach statistical
significance, nor did late habilitation dynamics,
parental education, household income, household
size, unilateral/bilateral listening, or teamwork.

Tablica 1. Spearmanova korelacijska analiza izmedu receptivnog jezika te demografskih i habilitacijskih prediktora /
Table 1. Spearman correlation analysis between receptive language and demographic and habilitation predictors.

Receptive language

Spearman’s correlation coefficient (p) Significance (p)
Mother’s education 0.052 766
Father’s education 0.048 786
Household income —0.048 185
Household size 0.031 .860
Unilateral/bilateral listening 0.111 .525
Teamwork 0.135 440
Early habilitation dynamics 0.365 .031
Late habilitation dynamics —0.208 231
Habilitation Timing Index 0.308 .072

Radi ispitivanja neovisnog doprinosa poje-
dinih varijabli proveden je robusni regresijski
model s receptivnim jezikom kao zavisnom va-
rijablom te Indeksom vremenskog rasporeda ha-
bilitacije, obrazovanjem majke i oca, primanjima
kucanstva, veli¢inom kucanstva, uni-/ bilateral-
nim sluSanjem i timskim radom kao prediktorima.
Rezultati robusnih i kvantilnih regresijskih anali-
za prikazani su u Tablici 2.

To examine the independent contribution of
individual variables, a robust regression analy-
sis was conducted with receptive language as the
dependent variable and the Habilitation Timing
Index, mother’s and father’s education, house-
hold income, household size, unilateral/bilateral
listening, and teamwork as predictors. The results
of the robust and quantile regression analyses are
presented in Table 2.
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U prvom dijelu Tablice 2 prikazan je multivari-
jatni robusni linearni regresijski model s receptivnim
jezikom kao zavisnom varijablom. Model je obja-
snio 20,3 % varijance receptivnog jezika, pri cemu
ukupni model nije dosegnuo razinu statisticke zna-
¢ajnosti (p = 0,426). Unato¢ tome, Indeks vremen-
skog rasporeda habilitacije pokazao se kao jedini
statisticki znacajan prediktor receptivnog jezika, pri
¢emu su vise vrijednosti indeksa, koje oznacavaju
relativno vec¢i intenzitet rane u odnosu na kasnu ha-
bilitaciju, bile povezane s viSom razinom receptiv-
nog jezika.

Ostali ukljuceni prediktori, uklju¢ujuéi obra-
zovanje roditelja, primanja kuéanstva, veli¢inu
kuc¢anstva, nacin slusanja te timski rad u habilita-
ciji, nisu pokazali statisti¢ki znacajnu povezanost
s ishodom.

Drugi dio Tablice 2 prikazuje rezultate kvan-
tilne regresije za medijan receptivnog jezika.
Kvantilna regresija za medijan receptivnog jezika
objasnila je 20,6 % varijabilnosti ishoda (pseudo
R2=0,206). U ovom modelu Indeks vremenskog
rasporeda habilitacije zadrzao je pozitivan smjer
povezanosti s receptivnim jezikom, uz vrijednost
blisku razini statisticke znacajnosti, dok ostali
prediktori nisu pokazali znacajne ucinke. Dobive-
ni obrazac upucuje na stabilnost ucinka vremen-
skog rasporeda habilitacije i u sredistu distribucije
jezicnih ishoda.

U tre¢em dijelu Tablice 2 prikazana je analiza
osjetljivosti u kojoj su intenzitet rane i intenzitet
kasne habilitacije uvrsteni kao odvojeni predikto-
ri, bez ostalih kovarijata ukljucenih u prethodne
modele. Rezultati ove analize pokazali su da je in-
tenzitet rane habilitacije statisticki znacajno pove-
zan s razinom receptivnog jezika (p = 0,031), dok
intenzitet kasne habilitacije nije pokazao znacaj-
nu povezanost s ishodom. Znacajan neregresijski
koeficijent (B) intenzitet rane habilitacije upucuje
da je svaki dodatni tjedni termin rane habilitacije
povezan s povecanjem rezultata receptivnog jezi-
ka za priblizno 3,5 boda na kompozitnoj jezi¢noj
mjeri.

The first part of Table 2 presents the multivar-
iate robust linear regression model with receptive
language as the dependent variable. The model
explained 20.3% of the variance in receptive lan-
guage, although the overall model did not reach
statistical significance (p = .426). Nevertheless,
the Habilitation Timing Index emerged as the
only statistically significant predictor of receptive
language, with higher index values — indicating
a relatively higher intensity of early versus late
habilitation — being associated with higher levels
of receptive language.

The remaining predictors, including parental
education, household income, household size,
listening mode, and teamwork in habilitation, did
not show statistically significant associations with
the outcome.

The second part of Table 2 presents the results
of the quantile regression for the median of re-
ceptive language. The quantile regression model
explained 20.6% of outcome variability (pseudo
R? = 0.206). In this model, the Habilitation Tim-
ing Index retained a positive direction of associ-
ation with receptive language, with a value close
to the threshold of statistical significance, while
the remaining predictors showed no significant
effects. This pattern suggests stability of the effect
of habilitation timing at the centre of the outcome
distribution.

The third part of Table 2 presents the sensitiv-
ity analysis in which early and late habilitation
intensity were entered as independent predictors,
without the additional covariates included in the
previous models. Results showed that early habil-
itation intensity was significantly associated with
receptive language level (p = .031), whereas late
habilitation intensity did not show a significant
association with the outcome. The significant un-
standardised coefficient (B) for early habilitation
intensity indicates that each additional weekly
early habilitation session was associated with an
increase of approximately 3.5 points on the com-
posite receptive language measure used.
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Tablica 2. Multivarijatni modeli povezivanja receptivnog jezika kod djece s umjetnim puznicama prema obiteljskim
i habilitacijskim varijablama / Table 2. Multivariate models of associations between receptive language in children
with cochlear implants and family and habilitation variables.

Robust linear regression (ordinary least squares with HC3 robust standard errors) with receptive language as the de-

pendent variable
Coefficient of determination (R?): 0.203
Adjusted coefficient of determination: - 0.004

Predictor Unstan(_lardised Robust standard t value Significance 95_% confidence
coefficient (B) error (HC3) (p) interval (CI)
Habilitation Timing Index 2.29 0.97 2.36 0.018 0.39-4.18
Mother’s education 0.79 2.24 0.35 0.726 -3.60-5.17
Father’s education -0.90 2.68 -0.34 0.737 -6.16-4.36
Household income -1.45 5.70 -0.26 0.799 -12.61-9.72
Household size 0.64 4.42 0.15 0.885 -8.02-9.30
Unilateral/bilateral listening 8.23 8.01 1.04 0.304 -7.46-2392
Teamwork 8.08 7.13 1.15 0.257 -5.90-22.05

Quantile regression (median receptive language)
Pseudo coefficient of determination: 0.206

Standard error

95% confidence interval

Predictor Regression coefficient (B) (SE) Significance (p) (1)
Habilitation Timing Index 2.40 1.29 0.073 -0.24-5.05
Mother’s education -1.18 2.32 0.615 -5.94-3.58
Father’s education -0.83 2.73 0.763 -6.43-4.77
Household income -3.60 5.97 0.551 -15.84-8.64
Household size 2.66 3.78 0.488 -5.10-10.41
Unilateral/bilateral listening 4.46 7.90 0.578 - 11.76 — 20.68
Teamwork 7.83 7.54 0.308 -7.63-23.30

Sensitivity analysis: early and late habilitation as independent predictors (robust linear regression)

Predictor Unstandardised Robust standard ~ Significance ~ 95% confidence interval
coefficient (B) error (HC3) (p) (CDH
Early habilitation intensity 3.55 1.64 0.031 0.33-6.77
Late habilitation intensity -0.94 1.69 0.577 -426-2.37
RASPRAVA DISCUSSION

Cilj ovog istraZivanja bio je ispitati ulogu or-
ganizacijskih obiljeZja habilitacije i nekih obi-
teljskih varijabli u objasnjenju varijabilnosti
receptivnog jezika djece s umjetnom puznicom
u kontekstu u kojem su temeljni audioloski pre-
duvjeti ve¢ u najvecoj mjeri osigurani. Dobiveni
nalazi dosljedno upuéuju da vremenski raspored
habilitacije, osobito relativno veci intenzitet rane
u odnosu na kasniju habilitaciju, ima znacajnu
ulogu u objasnjenju jezi¢nih ishoda, dok se kasni-
je povecanje intenziteta habilitacije ne pokazuje
kao u¢inkovit mehanizam nadoknadivanja ranijeg
manjka jezi¢no-habilitacijskih iskustava.

The aim of this study was to examine the role
of organisational characteristics of habilitation
and selected family variables in explaining the
variability of receptive language in children with
cochlear implants, within a context in which ba-
sic audiological prerequisites have already largely
been ensured. The findings consistently indicate
that the timing of habilitation — particularly a rel-
atively higher intensity of early versus later ha-
bilitation — plays a significant role in explaining
language outcomes, whereas later increases in
habilitation intensity do not appear to function as
an effective compensatory mechanism for earlier
deficits in language-habilitation experience.
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Sredis$nji nalaz rada — stabilna povezanost in-
deksa vremenskog rasporeda habilitacije s razi-
nom receptivnog jezika — u skladu je s neurobi-
oloskim i razvojnim modelima koji naglasavaju
postojanje vremenski ograni¢enih razdoblja po-
vecane plasti¢nosti za jezi¢nu obradu u ranoj dobi
(Kral & Sharma, 2012; Kral i sur., 2016). lako je
u uzorku zabiljezeno smanjenje intenziteta habi-
litacije u Skolskoj dobi, rezultati pokazuju da ka-
snije povecanje broja terapijskih termina ne kom-
penzira u potpunosti relativno nizi intenzitet rane
habilitacije. Ovaj obrazac upucuje na razliku iz-
medu ranih i kasnijih jezi¢nih iskustava, pri cemu
rana habilitacija djeluje kao temelj za kasniji ra-
zvoj, dok se Cini da kasnija habilitacija ima vise
potporni, nego kompenzacijski ucinak. U tom
je kontekstu vazno naglasiti da se znacenje vre-
menskog rasporeda habilitacije jasnije oCituje u
multivarijatnim analizama koje istodobno uzima-
ju u obzir $iri obiteljski i organizacijski kontekst,
nego u pojedina¢nim bivarijatnim usporedbama.
Indeks vremenskog rasporeda habilitacije pritom
ne opisuje samo njezinu koli¢inu, ve¢ i nain nje-
zine raspodjele kroz razvojno osjetljiva razdoblja,
Sto postaje vidljivo tek kada se promatra u odnosu
na druge relevantne ¢imbenike. Zato Cinjenica da
ukupni model nije bio statisticki znacajan ne uma-
njuje vaznost promatranog nalaza, jer se u istrazi-
vanjima s manjim uzorcima stabilni pojedinac¢ni
ucinci mogu prepoznati i u odsustvu znacajnosti
na razini cijelog modela (Babyak, 2004).

Ovaj je podatak konzistentan s longitudi-
nalnim i retrospektivnim istrazivanjima djece s
umjetnim puznicama koja pokazuju da rana, su-
stavna habilitacija — osobito kada obuhvaca ranu
implantaciju i1 dulje trajanje habilitacijskog pro-
grama — vodi stabilnijim jezi¢nim razvojnim pu-
tanjama, ukljucujuci dugorocne koristi za recep-
tivni i ekspresivni jezik (Aaberg i sur., 2025; Wie
1 sur., 2020; Binos i sur., 2021; Boons i sur., 2012;
Geers i sur., 2011; Moog & Geers, 2010). Noviji
longitudinalni i (neuro)razvojni pregledi ukazuju
da rana habilitacija — osobito u okviru osjetljivih
razvojnih perioda za auditivnu plasti¢nost i jezik
— daje trajnu prednost u jezi¢nim ishodima koje
jednostavno nije moguce u potpunosti nadoknadi-
ti samo povecanjem intenziteta habilitacije u ka-

The central finding of the study — a stable associ-
ation between the Habilitation Timing Index and re-
ceptive language level — is consistent with neurobi-
ological and developmental models that emphasise
the existence of time-limited periods of heightened
plasticity for language processing in early childhood
(Kral & Sharma, 2012; Kral et al., 2016). Although a
reduction in habilitation intensity during school age
was observed in the sample, the results indicate that
later increases in the number of therapy sessions do
not fully compensate for a relatively lower intensity
of early habilitation. This pattern suggests a qualita-
tive distinction between early and later language ex-
periences, whereby early habilitation functions as a
foundation for subsequent development, while later
habilitation appears to have a more supportive role,
rather than a compensatory one. In this context, it is
important to note that the significance of habilitation
timing becomes more apparent in multivariate anal-
yses that simultaneously consider the broader family
and organisational context, rather than in isolated
bivariate comparisons. The Habilitation Timing In-
dex captures not only the quantity of habilitation,
but also its distribution across developmentally sen-
sitive periods, a feature that becomes evident only
when examined in relation to other relevant factors.
Consequently, the fact that the overall model did not
reach statistical significance does not diminish the
importance of the observed finding, as research with
smaller samples can identify stable individual effects
even in the absence of overall model significance
(Babyak, 2004).

This finding is consistent with longitudinal and
retrospective studies of children with cochlear im-
plants showing that early, systematic habilitation —
particularly when combined with early implantation
and longer intervention programme durations — leads
to more stable language developmental trajectories,
including long-term benefits for both receptive and
expressive language (Aaberg et al., 2025; Wie et al.,
2020; Binos et al., 2021; Boons et al., 2012; Geers et
al., 2011; Moog & Geers, 2010). More recent longi-
tudinal and (neuro)developmental reviews indicate
that early habilitation — especially within sensitive
developmental periods for auditory plasticity and
language — confers a lasting advantage in language
outcomes that cannot be fully compensated for by
simply increasing habilitation intensity later in de-
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snijim razdobljima razvoja (Illg i sur., 2024; Jafari
i sur., 2024; McGregor & Goldman, 2022; Yos-
hinaga-Itano i sur., 2020; Kral & Sharma, 2012).

Nalazi ovog istrazivanja imaju izravne impli-
kacije za organizaciju habilitacijskih usluga, a
time i1 za donoSenje organizacijskih odluka u su-
stavu javnog zdravstva i obrazovanja. U sustavi-
ma u kojima su audioloski aspekti skrbi visoko
standardizirani, kao $to je hrvatski sustav, prostor
za dodatno unapredenje ishoda nalazi se prven-
stveno u nacinu organizacije i raspodjele habilita-
cijskih resursa. Pritom je svakako bitno naglasiti
da je intenzitet habilitacije, koji se operacionalizi-
ra kao broj tjednih terapija, samo jedan, ali Cesto
ne ishode djece s oSte¢enjem sluha (Wiggin i sur.,
2021). Drugi habilitacijski, osobni i okolinski
¢imbenici, kao §to su uklju€enost roditelja u ranu
intervenciju, te kvaliteta habilitacije, te kognitiv-
ne karakteristike djeteta s umjetnom puznicom
svakako znacajno doprinose varijabilitetu budu-
¢ih jezi¢nih ishoda. U skladu s medunarodnim
smjernicama (JCIH, 2019; WHO, 2021), rezultati
podupiru modele rane intervencije koji daju pred-
nost ve¢em intenzitetu habilitacije u predskolskoj
dobi. Umjesto reaktivnog pristupa, u kojem se in-
tenzitet terapije povecava tek nakon $to se uoce
razvojni zaostaci, dobiveni nalazi idu u prilog pre-
ventivnom modelu pruzanja usluga, usmjerenom
na rano ,,ulaganje” u razvoj jezi¢nih temelja.

S gledista organizacije sustava, takav pristup
implicira potrebu za (McConkey Robbins, 2018;
Robbins, 2005):

* ranijim i sustavnijim pra¢enjem napredo-
vanja djece s umjetnom puznicom,

* jasnim kriterijima za privremeno poveca-
nje intenziteta habilitacije u ranoj dobi,

» fleksibilnijim planiranjem terapijskih ka-
paciteta i raspodjele stru¢nog kadra.

Ovi zakljucci u skladu su s recentnim anali-
zama sustava rane intervencije koje naglasavaju
da kvaliteta, pravovremenost i vremenska struk-
tura usluga imaju jednako vaznu ulogu kao i sama
dostupnost intervencije (Maluleke i1 sur., 2021;
WHO, 2021; Ching i sur., 2018; Cupples i sur.,
2018).

velopment (Illg et al., 2024; Jafari et al., 2024; Mc-
Gregor & Goldman, 2022; Yoshinaga-Itano et al.,
2020; Kral & Sharma, 2012).

The findings of the present study have direct
implications for the organisation of habilitation
services and, consequently, for organisational deci-
sion-making within public health and education sys-
tems. In systems where audiological aspects of care
are highly standardised, such as the Croatian system,
the main opportunity for further outcome improve-
ment lies in the organisation and allocation of habil-
itation resources. It is important to emphasise that
habilitation intensity, operationalised as the number
of weekly therapy sessions, represents only one, al-
beit frequently measured, factor that may influence
language outcomes in children with hearing impair-
ment (Wiggin et al., 2021). Other habilitation-re-
lated, individual, and environmental factors, such
as parental involvement in early intervention, the
quality of habilitation, and the cognitive character-
istics of children with cochlear implants, also make
a substantial contribution to the variability of subse-
quent language outcomes. In line with international
guidelines (JCIH, 2019; World Health Organization
[WHOJ, 2021), the results support early intervention
models that prioritise higher habilitation intensity
during preschool age. Rather than a reactive ap-
proach in which therapy intensity is increased only
after developmental delays become apparent, the
findings favour a preventive service delivery model
focused on early “investment” in the development of
language foundations.

From a systems organisation perspective, such
an approach implies the need for (McConkey
Robbins, 2018; Robbins, 2005):

* carlier and more systematic monitoring
of progress in children with cochlear im-
plants,

* clear criteria for temporary increases in
habilitation intensity in early childhood,

* more flexible planning of therapy capacity
and allocation of professional staff.

These conclusions are consistent with recent
analyses of early intervention systems emphasising
that the quality, timeliness, and temporal structure
of services are as important as the availability of
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Za razliku od dinamike habilitacije, obiteljski
resursi 1 organizacijski ¢imbenici poput timskog
rada i uni-/binauralnog slusanja nisu se pokazali
kao znacajni prediktori u multivarijatnim modeli-
ma. Ovaj nalaz ne proturjeci postojecoj literaturi,
vec¢ ga treba tumaciti u kontekstu relativno homo-
genog uzorka i ograni¢ene varijabilnosti pojedi-
nih obiljezja. Empirijska istrazivanja pokazuju da
obiteljsko okruzenje i kvaliteta roditeljskog je-
zi¢nog inputa znacajno doprinose funkcionalnim
jezi¢nim ishodima djece s umjetnom puZnicom
(Quittner i sur., 2013); istodobno, nalazi longitu-
dinalnih istrazivanja velikih kohorti upuéuju na to
da se u sustavima s ranom i standardiziranom in-
tervencijom varijabilnost ishoda povezanih s oko-
liSnim ¢imbenicima moZze smanjiti (Ching i sur.,
2018). Sli¢no tome, izostanak znacajnog ucinka
timskog rada vjerojatno odrazava c¢injenicu da u
uzorku nije bilo djece s kontinuiranim, sustavno
organiziranim timskim pristupom (barem prema
roditeljskim navodima), §to ogranicava moguc-
nost procjene njegovog punog potencijala. Tako-
der, moguce je da je timska suradnja postojala na
razini sustavne multidisciplinarne koordinacije
planiranja usluga te je uoc¢eno da timski rad razli-
¢itih profila stru¢njaka u habilitaciji nije bio nu-
zan kod svih ispitanika. Stoga, postoji moguénost
da pitanja o timskom radu upucena roditeljima
nisu bila dovoljno osjetljiva kako bi obuhvatila
kompleksnost multidisciplinarnog pristupa ranoj
intervenciji djece s umjetnom puznicom iz rodi-
teljske perspektive.

Dobiveni rezultati izravno se nadovezuju na
prethodno domace istrazivanje receptivnog jezika
djece s umjetnom puznicom (Simi¢, 2025), u ko-
jem je potvrdena klju¢na uloga audioloskih vari-
jabli. Ovaj rad prosiruje te nalaze pruzajuci dodat-
nu razinu objasnjenja, usmjerenu na promjenjive
aspekte sustava habilitacije. Time se doprinosi
pomaku s pitanja ,,Sto predvida ishode” prema pi-
tanju ,.kako organizacija usluga moze unaprijediti
ishode unutar postojecih audioloskih okvira”.

Sto se ti¢e ogranienja ovog istraZivanja, vazno
je napomenuti da relativno mali uzorak (N = 35)
ogranicava statisticku snagu, osobito pri istovre-
menom ispitivanju vise prediktora. Posljedicno,
neke potencijalno znacajne povezanosti — osobito

the intervention itself (Maluleke et al., 2021; WHO,
2021; Ching et al., 2018; Cupples et al., 2018).

In contrast to habilitation dynamics, family re-
sources and organisational factors such as team-
work and unilateral/binaural listening did not
emerge as significant predictors in the multivariate
models. This finding does not contradict the ex-
isting literature, but it should be interpreted in the
context of the relatively homogeneous sample and
limited variability in certain characteristics. Em-
pirical research shows that the family environment
and the quality of parental language input make
a substantial contribution to functional language
outcomes in children with cochlear implants (Quit-
tner et al., 2013). At the same time, findings from
large-cohort longitudinal studies suggest that in
systems with early and standardised intervention,
variability in outcomes associated with environ-
mental factors may be reduced (Ching et al., 2018).
Similarly, the absence of a significant teamwork
effect likely reflects the fact that no children in the
sample received continuous, systematically organ-
ised team-based interventions (at least according to
parental reports), which limits the ability to assess
its full potential. It is also possible that team collab-
oration existed at the level of systematic multidisci-
plinary coordination in service planning, and it was
observed that not all participants required the inclu-
sion of different professionals as team members in
habilitation interventions. Therefore, it is possible
that the questions on teamwork posed to parents
were not sufficiently sensitive to capture the com-
plexity of a multidisciplinary approach to early in-
tervention in children with cochlear implants from
a parental perspective.

The results of the present study directly build
on earlier national research on receptive language
in children with cochlear implants (Simi¢, 2025),
which confirmed the key role of audiological vari-
ables. Our study extends those findings by pro-
viding an additional explanatory layer focused on
modifiable aspects of the habilitation system. In
doing so, it contributes to a shift from asking the
question “what predicts outcomes” to the question
“how can service organisations improve outcomes
within already established audiological frame-
works”.
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one koje se odnose na obiteljske i organizacijske
varijable — mozda nisu dosegnule statisticku zna-
Cajnost. Stoga rezultate treba tumaciti s oprezom
te se preporucuje njihovo daljnje istrazivanje u
buduc¢im studijama s ve¢im uzorcima.

Iako je u ovom radu veli¢ina uzorka ogranice-
na, dosljednost nalaza kroz korelacijske analize,
robusne regresijske modele i kvantilnu regresiju
upucuje na stabilnost uocenog obrasca. Takoder,
unato¢ tome §to je uzorak ispitanika obuhvacao
relativno Sirok dobni raspon, potencijalna varija-
bilnost povezana s dobi kontrolirana je primjenom
kompozitnog indeksa dobno standardiziranih je-
zi¢nih mjera. Buduéi da su ovi rezultati normirani
prema dobi, omogucuju usporedbe djece razlicite
kronoloske dobi jer odrazavaju izvedbu u odnosu
na razvojna ocekivanja. Buduca istrazivanja s ve-
¢im uzorcima i longitudinalnim dizajnom mogla
bi dodatno razjasniti optimalne pragove intenzite-
ta rane habilitacije te ispitati dugoro¢ne ucinke ra-
zlic¢itih organizacijskih modela. No rezultati ovog
rada ipak pruzaju empirijski utemeljenu potporu
politikama i1 praksama koje naglaSavaju vaznost
rane, intenzivne i strateSki organizirane habilitaci-
je kao kljucne sastavnice sustava rane intervencije
za djecu s umjetnom puznicom.

Nadalje, veli¢ina ucinka rane habilitacije u
ovom istrazivanju izraZzena je u bodovima kom-
pozitne mjere receptivnog jezika, a ne u stan-
dardiziranim razvojnim kvocijentima, $to moze
ograniCiti izravnu usporedivost dobivenih ucina-
ka s nalazima studija koje upotrebljavaju normi-
rane ili z-standardizirane mjere jezika. Dodatno
ograni¢enje odnosi se na nacin operacionalizacije
intenziteta habilitacije, koji je u ovom istrazivanju
kvantificiran isklju¢ivo brojem tjednih termina.
Takva mjera ne zahvaca kvalitativne aspekte te-
rapije, poput kompetencija pruzatelja usluga, sa-
drzaja i ciljeva intervencije te stupnja obiteljskog
ukljucivanja, koji isto mogu imati utjecaj na jezic-
ne ishode. Stoga dobivene nalaze treba tumaciti
kao odraz kvantitativne raspodjele habilitacijskih
resursa kroz vrijeme, a ne kao procjenu kvalitete
same intervencije. S tim na umu, ranu habilitaciju
ne treba tumaciti isklju¢ivo kao veci broj stru¢nih
terapijskih termina, nego prvenstveno kao razvoj-
no osjetljivo razdoblje u kojem je kljucno inten-

As for limitations of this study, it is notewor-
thy to mention that relatively small sample size
(N = 35) limits statistical power, particularly for
evaluating multiple predictors simultaneously. As
a result, some potentially meaningful associations
- especially those related to family and organisa-
tional variables - may not have reached statistical
significance. The findings should, therefore, be
interpreted with caution warranting further explo-
ration of these associations in future research with
larger samples.

Although the sample size in this study is limit-
ed, the consistency of findings across correlation-
al analyses, robust regression models, and quan-
tile regression suggests stability of the observed
pattern. Also, despite the fact that the participant
sample encompassed a relatively wide age range,
potential age-related variability was addressed
through the use of a composite of age-standardised
language measures. As these scores are norm-ref-
erenced, they enable comparisons across children
of different ages by reflecting performance relative
to developmental expectations, thereby reducing
the confounding influence of chronological age.
Future studies with larger samples and longitudinal
designs could further clarify optimal thresholds for
early habilitation intensity and examine the long-
term effects of different organisational models.
Nevertheless, the present findings provide empir-
ically grounded support for policies and practices
emphasising early, intensive, and strategically or-
ganised habilitation as a core component of early
intervention systems for children with cochlear
implants.

Furthermore, the effect size of early habilitation
in this study is expressed in points on a composite
receptive language measure, rather than in stan-
dardised developmental quotients, which may limit
direct comparisons with studies using norm-refer-
enced or z-standardised language measures. An ad-
ditional limitation relates to the operationalisation
of habilitation intensity, which in the present study
was quantified solely by the number of weekly ses-
sions. Such a measure does not capture qualitative
aspects of therapy, including provider competen-
cies, intervention content and goals, or the degree
of family involvement, all of which may also in-
fluence language outcomes. Accordingly, the pres-
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zivno raditi s obiteljima da bi se osnazile za sva-
kodnevno stvaranje bogatog jezicnog okruzenja.
Naime, s obzirom na razvojne zakonitosti ranog
usvajanja jezika, formalna terapija, cak i kada je
intenzivna, ne moze u potpunosti nadomjestiti ko-
li¢inu 1 raznolikost jezi¢nog inputa koji se ostva-
ruje kroz svakodnevne obiteljske interakcije, a
koje omogucuju kontinuiranu stimulaciju, gene-
ralizaciju i funkcionalnu uporabu jezika (Szar-
kowski i sur., 2024).

S obzirom na izneseno, nalaz da kasnije pove-
¢anje intenziteta habilitacije ne pokazuje kompen-
zacijski u¢inak moze se djelomi¢no tumaciti kao
posljedica propustenih prilika za jezi¢no ucenje
u razdoblju najveée neuroplasti¢nosti. Naravno,
ovakva interpretacija nije isklju¢iva i jedina re-
levantna, s obzirom na to da je poznato da cijeli
niz osobnih i okolinskih varijabli utjece na kasnije
jezi¢ne ishode. Ipak, razvojna neuroznanost uka-
zuje da rana djec¢ja dob predstavlja razdoblje po-
vecane osjetljivosti za jezicni input, ¢ije su dugo-
ro¢ne posljedice za razvoj jezi¢nih mreza teSko u
potpunosti nadoknadive u kasnijim fazama razvo-
ja (Romeo i sur., 2021; Hall, 2017; Kral & Shar-
ma, 2012). lako kasnija habilitacija moze imati
potporni u¢inak na pojedine jezi¢ne vjestine, ona
ne moze u potpunosti zamijeniti iskustvo kontinu-
irane, bogate izloZenosti jeziku u najranijoj dobi.

S aspekta organizacije habilitacijskih uslu-
ga, dobiveni rezultati podupiru modele u kojima
se rana intervencija jasno definira kao obiteljski
usmjerena, roditelji se prepoznaju kao primarni
nositelji svakodnevne habilitacije, a stru¢ni rad
strukturira oko savjetovanja, praCenja i osnazi-
vanja obitelji, uz smanjeno oslanjanje na kasnije
,hadoknadivanje terapijom.

ZAKLJUCAK

Nalazi ovog istrazivanja podupiru usmjerava-
nje habilitacijskih politika prema ranoj, obiteljski
usmjerenoj intervenciji, u kojoj se naglasak stav-
lja na pravodobno savjetovanje roditelja i stvara-
nje bogatog jezi¢nog okruZenja u najranijoj dobi.
Takav pristup ne samo da je razvojno utemeljen,
nego ima i jasne implikacije za odrzivost sustava,
jer rano ulaganje u kvalitetnu habilitaciju smanju-

ent findings should be interpreted as reflecting the
quantitative distribution of habilitation resources
over time rather than the quality of the intervention
itself. With this in mind, early habilitation should
not be understood exclusively as a higher number
of professional therapy sessions, but primarily as
a developmentally sensitive period during which
intensive work with families is essential in order to
empower them to create rich everyday language en-
vironments. Given the developmental principles of
early language acquisition, formal therapy — even
when intensive — cannot fully replace the quantity
and diversity of linguistic input provided through
everyday family interactions, which enable con-
tinuous stimulation, generalisation, and functional
language use (Szarkowski et al., 2024).

In light of these considerations, the finding
that later increases in habilitation intensity do not
have a compensatory effect can be partially inter-
preted as a consequence of missed opportunities
for language learning during periods of maximal
neuroplasticity. Naturally, such an interpretation is
not exclusive or the only relevant one, given that
a range of individual and environmental variables
are known to influence later language outcomes.
Developmental neuroscience indicates that early
childhood represents a period of heightened sen-
sitivity to language input, with long-term conse-
quences for the development of language networks
that are difficult to fully compensate for at later
developmental stages (Romeo et al., 2021; Hall,
2017; Kral & Sharma, 2012). Although later habil-
itation may have a supportive effect on specific lan-
guage skills, it cannot fully replace the continuous,
rich language exposure in the earliest years of life.

This interpretation is consistent with interna-
tional guidelines and empirical findings emphasis-
ing that early intervention outcomes depend pri-
marily on the quality of parental language input and
family interaction, rather than exclusively on the
frequency of professional sessions (Yoshinaga-Ita-
no et al., 2021; JCIH, 2019). From the perspective
of habilitation service organisation, the results sup-
port models in which early intervention is clearly
defined as family-centred, parents are recognised
as the primary agents of everyday habilitation, and
professional work is structured around counsel-
ling, monitoring, and family empowerment, with
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je potrebu za kasnijim intenzivnim, dugotrajnim
i skupljim oblicima intervencije. Rezultati upu-
¢uju da kasnije povecanje intenziteta habilitacije
ne djeluje kao ucinkovit kompenzacijski mehani-
zam, §to dodatno naglaSava vaznost optimalnog
vremenskog rasporeda habilitacije. U tom smislu,
reorganizacija usluga prema modelima koji favo-
riziraju ranu, kontinuiranu i obiteljski usmjerenu
habilitaciju predstavlja racionalan razvojni i eko-
nomski izbor za sustave rane intervencije. Nalazi
dobiveni ovim radom dodatno potvrduju da opti-
mizacija ishoda kod djece s umjetnom puznicom
u suvremenim sustavima skrbi sve viSe ovisi o
strateSkom upravljanju vremenom i strukturom
intervencije, a ne iskljuc¢ivo o povecéanju intenzi-
teta habilitacije.
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reduced reliance on later therapeutic “catch-up”
interventions.

CONCLUSION

The findings of this study support the orien-
tation of habilitation policies towards early, fam-
ily-centred interventions, with an emphasis on
timely parental counselling and the creation of
rich language environments in early childhood.
Such an approach is not only developmental-
ly grounded, but also has clear implications for
system sustainability, as early investment in
high-quality habilitation reduces the need for lat-
er intensive, prolonged, and more costly forms
of intervention. The results indicate that later in-
creases in habilitation intensity do not function
as an effective compensatory mechanism, further
underscoring the importance of optimal habilita-
tion timing. In this sense, reorganising services
towards models that prioritise early, continuous,
and family-centred habilitation represents a ratio-
nal developmental and economic choice for early
intervention systems.

The findings of this study further confirm that
optimisation of outcomes for children with co-
chlear implants in contemporary care systems in-
creasingly depends on the strategic management
of the timing and structure of intervention, rather
than solely on increasing habilitation intensity.
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