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Abstract
Background: Difficulties in language development are related to social and
emotional problems, lower academic outcomes, and lower quality of life from
childhood to adolescence. These grave consequences might be significantly
reduced by timely identification and professional support. The introduction of
systematic screening for language delay (LD) in 3-year-old children in Hungary
was based on the recent adaptation of the MacArthur–Bates CDI-III (HCDI-III).
Aims: To explore the relevant psychometric properties of the HCDI-III; to iden-
tify factors characteristic of the families and children influencing language devel-
opment at the age group under investigation; and to evaluate the adequacy of the
tool for the purpose of screening LD in kindergarten at the age of 3 years.
Methods & Procedures: The norming study of the HCDI-III was conducted in
a collaborative research project with the Metropolitan Pedagogical Services in
Budapest. HCDI-III parent report forms along with a demographic survey form
were distributed to parents of all Hungarian-speaking children between the ages
of 2;0 and 4;2 without special education needs. The normative sample comprised
data from 1424 children aged 2;0–4;2 with 51.1% boys and 48.9% girls. The data
set contained information including language skills, basic demographics, birth
conditions, health issues and socio-economic status (SES).
Outcomes & Results: In the HCDI-III form, six outcome variables were cre-
ated to cover the domains of expressive vocabulary, morphosyntax and language
use. Statistical analyses revealed appropriate psychometric properties of five out-
come variables that showed a normal distribution and were strongly correlated
to age. Outcomes of girls were slightly (but significantly) higher on scales cor-
responding to vocabulary, syntax, language use and productivity. Most variables
were highly correlated with one another even with age partialled out. Multiple
regression analyses revealed significant effect of age, gender and parental edu-
cation on all main outcome variables. Neither one of the other eight predictors,
including familial and birth-related factors, affected linguistic outcomes in our
sample.
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Conclusions & Implications: The results are consistent with the major-
ity of Communicative Development Inventory (CDI) studies, and support the
psychometric eligibility of the instrument for screening purposes between 30 and
50months. As certain regions of Hungary are characterised by a high prevalence
of low-SES families, more research is needed to adapt the screening procedure
and subsequent measures to their needs.
What this paper adds: What is already known on the subject:
∙ Difficulties in language development are related to lower social and academic
outcomes and lower quality of life from childhood to adolescence. These grave
consequences might be significantly reduced by timely identification and pro-
fessional support. Structured parent report forms such as the MacArthur–
Bates CDI are widely accepted methods for screening children with LD.

What this paper adds to existing knowledge:

∙ This study reports theHungarian adaptation and norming of the CDI-III form.
Statistical analyses revealed appropriate psychometric properties of most of its
sections. Language outcomes were affected by age, gender and parental edu-
cation on all main outcome variables in children between 2 and 4 years of age.

What are the potential or actual clinical implications of this work?:

∙ The results support the psychometric eligibility of the HCDI-III instrument
for screening purposes. The introduction of the screening procedure in clin-
ical practice is expected to improve early support of children with language
difficulties and reduce risks of developmental problems related to language
disorders.
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INTRODUCTION

Difficulties in language development are related to social
and emotional problems, lower academic outcomes, and
lower quality of life from childhood to adolescence
(Durkin & Conti-Ramsden, 2007, Eadie et al., 2018). These
grave consequences are significantly reduced in children
whose language disorder has been resolved by entry to pri-
mary school (Bishop & Adams, 1990; Stothard et al., 1998;
Simkin & Conti-Ramsden, 2006; Conti-Ramsden et al.,
2009). Timely detection and professional support of chil-
dren with language difficulties is therefore key to reduc-
ing their developmental lag and mitigating further risks.
However, early screening of language delay (LD) is a
challenging task due to the considerable variability and
unstable nature of early language development under 3–
4 years (Dale et al., 2003; Henrichs et al., 2011). Since

the late 1980s, effective assessment instruments measur-
ing children’s early vocabulary, initial sentence formation
and non-verbal communication through structured par-
ent report have been constructed, validated and become
widely accepted (Rescorla, 1989; Fenson et al., 1993, 2007).
Themost popular parent report tool, theMacArthur–Bates
Communicative Development Inventory (CDI) consists of
two instruments, the CDIWords and Gestures (W&G) and
the CDIWords and Sentences (W&S) forms to be usedwith
children between 8–18 and 16–30 months of age, respec-
tively, and also later with children showing delayed devel-
opment (Fenson et al., 2007). Based on the principles of
these instruments, an additional short-form called CDI-III
has been constructed for evaluating language in 3-year-old
children (Dale et al., 2001; Fenson et al., 2007). The aim
of the present study is to report the adaptation and norm-
ing process of the Hungarian version of the CDI-III (called
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HCDI-III) in order to create a screening tool for LD in the
country.

Early variability in language development
and screening accuracy

The pace of early language development is highly vari-
able up to 3–4 years. Evidence of word comprehension
first appears between 8 and 10 months, but the size of
receptive vocabulary shows great variability right from the
beginning. According to the US norming study of the CDI,
some children’s receptive vocabulary exceeds 200 words,
while others’ word comprehension is limited to fewer
than 25 words at 12 months (see Fenson et al., 1993, for
English; Caselli et al., 2012, for Italian; and Bleses et al.,
2008, for Danish). The same holds for expressive vocabu-
lary. Although many children start producing words at 12
months and reach a considerable vocabulary size of 100–
200 words at 16 months, median expressive vocabulary is
around 50 words at 16 months. However, starting word
production only at 18 months or even later is also quite
common (Fenson et al., 1993; Caselli et al., 2012; Bleses
et al., 2008). This great variance in word production is still
present at 24 months but decreases significantly as chil-
dren approach the end of their third year. As for grammar,
the expansion of syntactic development parallels that of
vocabulary in showing both steady growth with age and
wide variation from 18 to 30 months. The use of grammat-
ical suffixes in English emerges from 16 months and chil-
dren use two different suffixes on average at 2 years. Over-
regularization errors that mark the beginning of extracting
grammatical regularities are prominently present from 24
months, but there are many children who produce only a
few of them at 30months. First word combinations emerge
between 16 and 24 months, but maximum sentence length
varies between one and ninemorphemes at 24months and
between four and 14 morphemes at 30 months (Fenson
et al., 1993).
This wide variancemakes establishing reliable and valid

criteria for distinguishing between typical versus delayed
language development a challenge. Following the interna-
tionally accepted criteria, language development is con-
sidered delayed if a child’s expressive vocabulary does not
reach 50words or she has not started producingword com-
binations, that is, developing grammar (Rescorla, 1989). A
slightly different, statistically based approach is adopted by
others (Thal & Bates, 1988; Fenson et al., 1993) who con-
sider children with expressive vocabulary below the 10th
or 15th percentile and producing no word combinations as
late talkers. Based on large sample studies (e.g., Hamilton
et al., 2000) the 50-word-criterion at 2 years is by and large
equal to the 10th percentile criterion. Rescorla’s (1989) cri-

teria selects 18% of 2-year-olds in her sample of more than
500 children.
Looking at later time points, 10.7% of 3-year-old and

11.5% of 4-year-old children have been identified as show-
ing LD based on parent report (CDI) using the 15th cen-
tile criterion in at least two out of three subparts (Dale
et al., 2003). However, developmental trajectories in chil-
dren with LD are still highly variable and there is a sig-
nificant inconsistency between measurements at different
time points. Dale et al. (2003) compared measurements
taken at 24, 36 and 48months and reported that fewer than
half of the children with early LD at 2 years show persis-
tent language difficulties 1 or 2 years later (44.1% at 3 years
and 40.2% at 4 years) with most of these children catching
up to the normal range spontaneously in 1 or 2 years. This
corresponds to the clinical intuition shared by many pro-
fessionals that recognizes LD as a significant risk factor for
language disorders. However, Dale et al. (2003) also found
that most of the children showing low language capabil-
ities at 3 or 4 years have not been classified as LDed at 2
years, referring to the low predictability of language out-
comes based on early assessments. This pattern of findings
is supported by other studies as well (Feldman et al., 2005;
Westerlund et al., 2006, in Swedish; Lyytinen et al., 2001,
in Finnish).
Henrichs et al. (2011) distinguishes between three differ-

ent subtypes/trajectories of persistent, transient and late-
onset LDs in their large-sample longitudinal study with
measurements taken at 18 and 30 months in Dutch lan-
guage. The corresponding proportions of children falling
into these three categories are 6.2% with transient LD
(low expressive vocabulary at 18, but normal scores at
30 months), 6.0% with late onset expressive vocabulary
delay (normal expressive vocabulary at 18 but below cut-off
scores at 30 months), and 2.6% with persistent expressive
vocabulary delay (at both time points) in the whole sam-
ple. A prediction model including demographic and famil-
ial factors along with early receptive and expressive vocab-
ulary scores could only explain 17.7% of the variance in 30-
month expressive vocabulary with sensitivity and positive
predictive values for the CDI-N being very low. Reflecting
on this result, Henrichs et al. (2011) argue that there is little
public health benefit in screening for LD at 18 months and
suggest that screening should be conducted at later points
in development. Zambrana et al. (2014) conducted a longi-
tudinal study including children at later ages from 3 to 5
years in Norway and found similar proportions of children
falling to the classes of persistent (3%), transient (5%) and
late-onset (6.5%) LD. Their prediction model included sev-
eral familial and contextual factors and was able to predict
the three LD trajectories differently. The most distinguish-
ing characteristics of children with persistent LD are late-
talking familymembers, poor early receptive language and
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male gender. Family history of reading andwriting difficul-
ties was related to persistent and late-onset LD, whereas
transient LD was related to family history of unintelligible
speech. Zambrana et al. (2014) argue that the risk factors
identified in the background of the different LD trajecto-
ries could assist in screening for different LD trajectories
at different time points.
Ebbels et al. (2019) discuss existing evidence for inter-

vention in children with language disorders. They argue
that screening should be able to differentiate between chil-
dren at risk of a persisting disorder who need individual-
ized intervention and those likely to resolve their language
difficulties either spontaneously or with non-specialized
educational support. Thiswould allow for targeting the for-
mer group with timely and specialized treatment in order
to improve efficacy and for the economical use of profes-
sional resources. To this end, all possible factors related to
later difficulties should be considered differently by split-
ting them into ‘red flags’ and ‘risk factors’. ‘Red flags’ are
considered individual behavioural markers indicating the
need for assessment by an SLT without delay, including
lack of communicative intention or no words at 2–3 years
or severe comprehension difficulties or lack of multiword
utterances at 3–4 years. In contrast, ‘risk factors’ are asso-
ciated with language difficulties at a group level but by
themselves do not raise the need for immediate SLT assess-
ment. These factorsmight improve the predictive accuracy
of early behavioural indicators, as Rudolph (2017) points
out in her systematic review which identified low mater-
nal education,male gender, later birth order and low 5-min
Apgar score as clinically relevant predictors of language
impairment.
In a systematic review aiming to gather accessible evi-

dence for early language screening and intervention, Wal-
lace et al. (2015) conclude that although some screening
instruments are capable of accurately selecting children
with LD or disorder, there is a great variability in sensi-
tivity and specificity. Studies using the CDI toddler form
generally produced consistent and acceptable levels of sen-
sitivity and specificity (70%) at each age group, but accu-
racy drops when 3-year-olds’ language is predicted based
on data from 2 years. Law and Roy (2008) cite Westerlund
et al. (2006)who argue that in case of a severe disorderwith
low prevalence priority should be given to the high sen-
sitivity of a measure even at the cost of low specificity in
order to find asmany cases as possible. Law andRoy (2008)
conclude that although CDIs are versatile, efficient and
valid measures of language development in young chil-
dren, reliable predictions about individual language out-
comes based on early measures is still a challenging task.
The problems of sensitivity are apparently shared by most
types of early measures due to the variability of develop-
mental trajectories in both typical and delayed develop-

ment. Highest sensitivity might be achieved by taking into
account all accessible factors known to be related to LD.
The ultimate goal of early screening of children with LD

is to detect children whose development can subsequently
be significantly facilitated by some form of early inter-
vention. However, the effectiveness of early screening and
intervention is questioned by Wallace et al. (2015) whose
systematic review could not identify any well-designed,
well-conducted studies directly proving that screening for
speech and LD or disorders improve language outcomes.
They argue that although most of the trials conclude with
positive results in terms of language outcomes, confident
interpretation is limited by the small size of trials, the lack
of replicated positive findings, the great variability in the
age of children treated, intervention agents, intensity,man-
ualized content and strategies and so forth. Therefore, clear
recommendations for early intervention strategies cannot
be made at present. In recent years, however, large-sample
randomized controlled trial studies investigating effective-
ness of early intervention delivered by parents (Suskind
et al., 2016; Burgoyne et al., 2018) and trained teaching
assistants (Fricke et al., 2017) have been put forward pro-
viding evidence that early language intervention can be
delivered successfully to children with oral language diffi-
culties. Further studies following this path should be able
to establish the required evidence base for effective early
language intervention.
In sum, variability in early pathways of language devel-

opment makes accurate language screening a challenge.
Screening should be performed adopting an optimal com-
bination of strategies in terms of method, age of screen-
ing, risk factors and other information resources consid-
ered. The evidence discussed above suggests that screen-
ing results at later ages of 3–4 years (compared with 18–
24 months) might better reflect children’s long-term lan-
guage outcomes avoiding most of the false positive results
of late bloomers but grasping children with persistent lan-
guage difficulties along with those with late-onset LDs. In
terms of method, there is considerable evidence that par-
ent report instruments such as the CDI can serve as a valid
screening tool with extensions collecting data on risk fac-
tors related to poor language outcomes. In the following,
we present studies on the development, adaptation and
diagnostic applications of the CDI-III.

CDI-III

The original CDI-III was aimed to serve as an effective out-
come measure in language development research as well
as an evaluation tool for clinical services supporting chil-
dren with LD from 3 years of age. The instrument con-
sists of a 100-item vocabulary checklist, a 12-item syntax
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scale similar to the sentence pairs section measuring syn-
tactic complexity in CDI-IIWords & Sentences, and a third
section with 12 items focusing on common situations of
language use. Parents are also requested to provide three
examples of the longest sentences from the child’s recent
expressive repertoire. All items fit in two pages of a sin-
gle sheet, thus forming a very economical instrument. The
CDI-III has been normed with children between 30 and 37
months of age.Although initially children fromawider age
range had been involved in the norming sample, ceiling
effects appeared in children over 37 months (Fenson et al.,
2007). This, however, does not interfere with the applica-
bility of the test for the purpose of screening language dif-
ficulties.

Studies of psychometric properties

There is a growing body of evidence on the validity and
classification accuracy of the instrument. Validity stud-
ies have been carried out using standard tests of language
skills administered directly with the child in order to com-
pare the results of different data sources. In a sample of
113 apparently healthy children at 3 years of age, the three
main sections (Vocabulary, Sentences, Using language) of
the CDI-III showed low to moderate significant correla-
tions with standardized measures of receptive vocabulary
(Peabody Picture Vocabulary Test-Revised (PPVT-R), r =
0.41 with the Vocabulary, r = 0.49 with Sentences and r =
0.49 with the Using language sections), the number of dif-
ferent words (r = 0.35 with the Vocabulary, r = 0.41 with
Sentences and r = 0.26 with the Using language sections)
andmean length of utterance (MLU) (r= 0.33 with Vocab-
ulary, r = 0.42 with Sentences and r = 0.31 with the Using
language sections) from conversational samples, and the
Verbal scale of the McCarthy Scales of Children’s Abilities
(r = 0.49 with Vocabulary, r = 0.48 with Sentences and r
= 0.47 with the Using language sections) (Feldman et al.,
2005).
Perra et al. (2015) examined the convergent validity of

combining parent-based reports of non-verbal cognitive
abilities (PARCA3) and verbal abilities (CDI-III) in relation
to the Bayley-III Scales of Infant and Toddler Development
in a sample of 3-year-old children born late pre-term (N =

185). There was a significant positive correlation between
the CDI-III and the Bayley-III Expressive Communication
scale (partial r = 0.43) and between the CDI-III and the
Cognitive and Receptive Communication scales (partial r
= 0.35 and partial r = 0.32, respectively). The combination
of the CDI-III and the PARCA3 provided a significant con-
tribution to prediction of the Bayley-III scores explaining
15% of variation in the Bayley-III cognitive scores (added
to 18% of variance explained by age, gender, parity, birth

weight and an index of social risk). These studies revealed
low to moderate significant correlations between the CDI-
III and measures of expressive and receptive communica-
tion administered by an expert examiner.
In addition to validity, classification accuracy is also key

in the clinical implementation of the instrument as deci-
sions on individual children’s further treatment need to be
supported by strong evidence. In a sample comprising chil-
dren with and without language impairment (nine and 49
children in each group, respectively) between 30 and 45
months, the CDI-III could discriminate language impaired
children from those with typically developing language
with high classification accuracy (Skarakis-Doyle et al.,
2009). In this study, participants were assigned to the LI
group based on their status in treatment receiving services
for both expressive and receptive LI. Only one participant
from each group was misidentified, so classification accu-
racy was overall 96.6% with stronger specificity (98.0%)
than sensitivity (88.9%). The authors acknowledge that
their participants with LI predominantly had both expres-
sive and receptive LI thus forming a group with more
severe language disabilities. Screening accuracy should
be interpreted in this context considering that although
children with severe LI can be accurately discriminated
using the CDI-III further studies are needed to investigate
screening accuracy in children with milder or expressive-
only language impairments.
As part of a set of different language measures, the CDI-

III has also been used in the Early Language in Victoria
Study aiming to distinguish longitudinally different lan-
guage profiles in pre-school children (Ukoumunne et al.,
2012). The sample included 1113 children assessed at 8, 12,
24, 36 and 48 months with CDIs administered at 24 (CDI-
WS) and 36 (CDI-III) months. Participants were classified
into five classes (Typical, Precocious (early), Precocious
(late), Impaired (early) and Impaired (late)) based on their
longitudinal pattern of language profiles using latent class
analysis. Children in the Impaired (late) class were classi-
fied as impaired with 73.4% and as typical with 26.6% prob-
ability at 36 months using the CDI-III at 36 months, while
children in theTypical classwas classified as impairedwith
only 2.9% and typical with 97.1% probability. Assessing the
same population data, Skeat et al. (2010) analysed the pre-
dictors of parents seeking help or advice about their chil-
dren’s communication development. The three main sub-
parts of the CDI-III administered at 36months proved to be
a significant predictor of parental help-seeking due to com-
munication problems at 4 years. Children’s performance
at or below 10th percentile in the Vocabulary section posi-
tively predicted parents seeking help at 40% (sensitivity =
25.0%, specificity = 92.7%) with similar predicting values
for theGrammar section (positive predictive value= 35.4%,
sensitivity = 31.9%, specificity = 88.7%) and the Language
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use section (positive predictive value= 36.0%, sensitivity=
29.0%, specificity = 90.0%) (Skeat et. al 2010).
The results of the latter study might not be directly com-

parable to the previous ones as predicting parents seek-
ing help is possibly influenced by factors other than the
impaired language skills of the child including parental
awareness and regional accessibility of services. However,
the studies of Skarakis-Doyle et al. (2009) andUkoumunne
et al. (2012) were able to reveal fair sensitivity and high
specificity in classification accuracy using the CDI-III with
very different sample sizes and research designs. These
results support the eligibility of the parent report form in
the clinical evaluation of language development in chil-
dren over 3 years of age. Nevertheless, more research is
needed to explore classification accuracy in a wider range
of settings including children with milder or expressive-
only language impairments and those with low-socio-
economic status (SES) family backgrounds.Moreover, clin-
ical decisions can be further supported by the integration
of different data sources such as teacher’s reports and data
on risk factors related to language difficulties.

Adaptations

Just like the first two CDI forms, the CDI-III has been
adapted to different languages, gaining more international
popularity in recent years. The Spanish, Basque and Nor-
wegian forms were adapted directly from the original CDI-
III keeping its structure andmain sections (see Guiberson,
2008, for Spanish; Garcia et al., 2014, for Basque; and Gar-
mann et al., 2019, for Norwegian). However, the Swedish
form SCDI-III deviated from the original instrument to
some extent in order to extend the upper age limit to 4 years
(Eriksson, 2017). Items in the vocabulary section have been
revised and sections for measuring metalinguistic aware-
ness and pronunciation accuracy have been added (Eriks-
son, 2017). The Swedish form served as the basis of the
recent Estonian adaptation put forward by Tulviste and
Schults (2020) and the structure of the Swedish CDI-III
vocabulary section were also used in the recent develop-
ment of the CDI-III for European Portuguese along with
carefully adapted sections for syntax for each language
based on earlier CDI-WS forms and spontaneous language
samples (Cadime et al., 2021). Studies of validity and classi-
fication accuracy have also been conducted and published
for some of the adaptations with largely successful results.
Evidence for validity is available for the Spanish INV-

III (Guiberson & Rodríguez, 2010), the Swedish SCDI-
III (Odeskog & Stenberg, 2015), the Estonian form ECDI-
III (Tulviste and Schults (2020) and the European Por-
tuguese CDI-III (Cadime et al., 2021). The validity of the
Swedish and Portuguese CDI-III instruments has been

studied in typically developing children while the studies
on the Spanish and Estonian forms also included groups
of children with language difficulties. Odeskog and Sten-
berg (2015) tested the validity of the Swedish form in a sam-
ple of 41 typically developing children aged 3;0–3;11 and
found low correlations of the Vocabulary section with the
Peabody PictureVocabulary Test (r= 0.324) and theBoston
Naming Test (r = 0.368). Cadime et al. (2021) reported
that the Vocabulary total score and the Syntax score of the
European Portuguese CDI-III showed moderate correla-
tionswith the language score of theGriffithsMentalDevel-
opment Scales (r= 0.486* and r= 0.445*, respectively) in a
small sample of 23 typically developing children aged 30–
48 months.
The validity of the Spanish form INV-III was assessed by

Guiberson and Rodríguez (2010) in 48 children between
36 and 62 months of whom 22 children were assigned
to the expressive LD group based on scores below 85 in
the Preschool Language Scale—4 (PLS-4) Spanish ver-
sion. The INV-III moderately correlated with the PLS–
4 Spanish (r = 0.62), establishing concurrent validity. In
the study introducing the Estonian form ECDI-III, Tul-
viste and Schults (2020) also investigated the validity of
the instrument through correlations with the Estonian
CDI-WS form (ECDI-II) and a standardized examiner-
administered language assessment (New Reynell Devel-
opmental Language Scales—NRDLS) in a sample of 100
children aged 34–39 months with 20 of them showing lan-
guage difficulties as reported by their parents. Scores of the
ECDI-III Vocabulary section and the ECDI-II Vocabulary
total score correlated significantly and strongly (r = 0.87)
while correlation between the scores of grammar parts of
the two inventories was also strong (r = 0.81), and the cor-
relation between the scores of sentence complexity parts
was moderate (r= 0.52). All sections of the ECDI-III corre-
lated significantly with the Reynell DLS production score
and comprehension score: ECDI-III Vocabulary section, r
= 0.58 and 0.65, ECDI-III grammar section, r = 0.58 and
0.55, ECDI-III sentence complexity section, r = 0.47 and
0.43, respectively.
In general, validity of the adapted CDI-III forms has

been largely supported by the studies discussed above.
Low to moderate correlations has been found between
the Swedish and Portuguese CDI-III forms and the corre-
sponding standard measures of language skills in samples
of typically developing children. These studies detected
similar levels of concurrence between parent report data
and standardized tests as with the original CDI-III (Feld-
man et al., 2005; Perra et al. 2015). Higher correlations
could be achieved in case of the Spanish INV-III and the
Estonian CDI-III where the samples included children
with language difficulties. This difference may be due to
the fact that correlation coefficients are generally lower if
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there’s a low variance in the characteristic of the sample.
The inclusion of data from children with language diffi-
culties results in higher variance and might contribute to
the higher correlations. However, itmight also suggest that
parent report forms are less sensitive to milder differences
within normal variation than more significant differences
observed in children with language problems.
To date, only a few studies of classification accuracy of

the adapted CDI-III forms have been conducted includ-
ing those of the Spanish INV-III (Guiberson & Rodríguez,
2010) and the Estonian form ECDI-III (Tulviste & Schults
(2020). The classification accuracy of the Spanish form
INV-III was assessed in the above-mentioned study by
Guiberson and Rodríguez (2010). The INV-III displayed
fair sensitivity (82%) and specificity (81%) in distinguish-
ing between children previously assigned either to the typi-
cally developing group or the expressive LDgroup based on
scores in the Preschool Language Scale—4 (PLS-4) Spanish
version. Tulviste and Schults (2020) also investigated clas-
sification accuracy in their validity study discussed above.
The children with reported language difficulties gained
lower scores in all sections as a group, however, sensi-
tivity scores were unacceptably low (50–61–56% for the
Vocabulary, Grammar and Sentence Complexity scores)
while specificity scoreswere fair (86–88–83%, respectively).
These latter results on predictive values might have been
influenced by the fact that identification of children with
language difficulties was largely based on parental judg-
ment. Parental decisions in this regard perhaps reflected
their concern more than exact measures and could have
been guided by levels of articulatory accuracy rather than
language abilities which is measured by the CDI. In sum,
evidence for classification accuracy of the adapted CDI-III
forms is scarce with the existing studies showing promis-
ing results in specificity and mixed results in sensitivity.
Developments in the latter respect is essential for the clini-
cal application of the forms in order to minimize the num-
ber of false-negative screening results as suggested by Law
and Roy (2008) and Westerlund et al. (2006).

Clinical and research applications

In accordance with the original aims of its creation the
CDI-III is widely applied in clinical settings as well as in
research studies with typically developing children and
with clinical populations. Two characteristic groups of
children typically studied using the CDI-III are children
with autism spectrum disorder (ASD) and those with hear-
ing impairments. The CDI-III has been administered to
monitor language outcomes in studies investigating the
effects of otitis media on language skills during the first
3 years of life (Feldman et al., 2003), language skills and

social functioning in deaf and hard of hearing preschool
children (Netten et al., 2015) and the influence of word
characteristics on the lexical development of children with
cochlear implants (Han et al., 2015). The characteristic
social communication difficulties of children with ASD
makes it difficult for them to be engaged in formal situ-
ations such as a language assessment especially at early
ages. Parent reportmethods, however, allow the researcher
and the clinician to access parents’ judgments as a valid
data source to evaluate the levels of language in children
with ASD. In the last decade, a number of ASD-related
research studies relied on the CDI-III including those
focusing on the development of coordinated communica-
tion in infants at risk for ASD (Parladé & Iverson, 2015),
the perceptual influences in word learning (Tek et al.,
2008; Potrzeba et al., 2015), the correspondences between
early parent–infant interactions and language outcome
(Northrup & Iverson, 2015), gesture development (LeBar-
ton & Iverson, 2016), functional actions with tools (Sparaci
et al., 2018) and joint attention and vocalisation (Heymann
et al., 2018).
TheCDI-III has also been administered in research stud-

ies where a fast and effective method is required to con-
trol for verbal abilities as a background variable or to have
a broad outcome measure of language skills. Such stud-
ies include twin studies aiming to evaluate genetic evi-
dence related to early lexical and grammatical develop-
ment (Dionne et al., 2003), or the etiology of variation
in language skills changes with development (Hayiou-
Thomas et al., 2012) and also those focusing on complex
relations between processing load and theory of mind
(Scott & Roby, 2015) or parenting and other environmen-
tal factors and children’s executive functions (Linebarger
et al., 2014).

Background of the present study

There are many examples of how forward-looking change
in the legal regulation of public education creates a need
for methodological development in the field of speech
and language therapy and childhood education. Fenson
et al. (2007) reported that the Individuals with Disabili-
ties Education Improvement Act of 2004 (or IDEA 2004)
in the United States mandates that schools provide appro-
priate services for children between 3 and 5 years of age
with developmental delays. As the need for effective tools
for screening language abilities at age 3 has increased,
the CDI-III has been developed to fill this gap. Like-
wise, the Norwegian Framework Plan for Kindergartens
(cited by Garmann et al., 2019) provides monitoring chil-
dren’s communication and language in order to identify
and support children who demonstrate various types of
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communication problems. Thus, the legal environment
required professional efforts to enable the staff to detect
children in need of support that in turn justified the devel-
opment of the Norwegian adaptation of the CDI-III.
The motivation of the present study is rooted in a sim-

ilar situation in Hungary. Early support for children with
LD has recently received legislative support by subsequent
changes in law. First, from 2015, pursuant to the National
Public Education Act children are mandated to attend
kindergarten at least four hours a day from the begin-
ning of the school year in which they reach the age of
three by 31 August. Subsequently, in 2016, a ministerial
decree on the operation of pedagogical professional insti-
tutions made the screening of language development in
3-year-old children mandatory for speech and language
therapists. This legal step has been the first official mea-
sure in Hungary to create a system of comprehensive
early childhood language screening. It was clear upon
the introduction of the new legal rules that an effective
tool is needed to make early screening viable across the
country.

Previous CDI adaptations in Hungarian

Earlier, the original CDI W&G and W&S forms has been
adapted to Hungarian resulting in the HCDI forms nick-
named KOFA (which is an acronym of the Hungarian
phrase for CDI but also an existing word meaning ‘coster-
monger’) (Kas et al., 2010). The adaptation process took
into consideration both cultural and linguistic differences
between the original English and the targeted Hungarian
version. Adequacy of each item in the vocabulary check-
lists and the gestures, games and routines sections has been
investigated. Items in the HCDI Words & Gestures form
are by and large the same as in the original. There are
only a few gestures, social games and activities that have
been replaced due to cultural differences. In the vocabu-
lary list, a few items have been omitted, for example, there
is nomonomorphemic word for ‘watch’ in Hungarian, just
a compound like ‘arm-clock’ which is not typically used by
infants, so this item has been omitted along with a few oth-
ers due to similar reasons. The vocabulary checklist of the
HCDI Words & Sentences form has been treated similarly.
Contrary to the vocabulary section, we had to change

the Grammar sections in the W&S form more drastically
due to structural differences between the source and the
target language. Hungarian language differs considerably
from English being a non-configurational language where
word order is relatively flexible and morphology is the
core marker of grammatical functions (see Kas & Lukács,
2012; and Lukács et al., 2013, for brief summaries). Hun-
garian has a very rich system of suffixes both in the ver-

bal and the nominal paradigms. Suffix combinations are
possible and frequent; theoretically, there are hundreds
of different forms in which a noun can appear, taking all
possible suffixes and their well-formed combinations into
account. There are 18 different casemarkers with the nom-
inative assumed to have a zero-case marker, for exam-
ple, ház ‘house—nominative’, házat ‘house—accusative’,
házban ‘in (the) house’, házból ‘from (the) house’, házhoz
‘to (the) house’ házzal ‘with (the) house’ and so on. Case
suffixes can combine with the plural and with possessive
markers, in a fixed order: the case marker is always word-
final, and all nouns have to end in a case marker, for exam-
ple, házakat ‘house—plural accusative’, házamban ‘in my
house’.
Thus, the relations expressed by English prepositions—

for example, ‘on’, ‘in’, ‘from’—are assigned to inflections
in Hungarian with two to three different allomorphs rep-
resenting each one. Considering that these bound mor-
phemes are not free-standing elements and there are sev-
eral surface forms of each morpheme, they were assumed
to be too abstract for non-expert parents to recognize them
in a checklist format and make valid judgments concern-
ing their occurrence in their child’s speech. Thus, all case
marking morphemes and some characteristic components
of the system of verb inflections has been added to the
Word endings/Part I section. Following the pattern of items
in this section, Hungarian-bound morphemes could be
presented more clearly with a brief explanation and exam-
ples such as the following:
Spatial relations are expressed by the endings of words.

Has your child begun to say words with these endings?
If yes, please provide examples. Does she produce words
with -ba/-be ‘into’ endings, as in ágyba, vízbe, boltba ‘into
bed/water/shop’? Does she produce words with -ban/-
ben ‘in’ endings, as in dobozban, autóban, biliben ‘in
box/car/potty’ and so on.
As a result, the original Word endings/Part I section has

been expanded to contain 18 items compared with four
items in the original CDI W&S form.
A considerable proportion of items in the syntactic com-

plexity part (Section E) had to be replaced as some of the
typical structural patterns and simplifications English chil-
dren produce are not observed in Hungarian. A set of typ-
ical morphosyntactic phenomena that is characteristic of
Hungarian children’s early expressive language has been
identified based on speech samples from children between
2 and 3 years. The adapted Complexity section comprises
28 sentence pairs following the original CDI concept fea-
turing examples of typical grammatical patterns and struc-
tural reductions in Hungarian child language in the first
member of sentence pairs with the same sentence mean-
ing in a completed andwell-formed structure as the second
choice.
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According to validity studies conducted with selected
subsections of the HCDI W&S form, parents’ responses
are very much in line with their 2-year-old children’s lan-
guage use (Kas et al., 2010). The validity study of the vocab-
ulary checklist compared parental judgments in the Ani-
mals section with the children’s performance in a picture
naming task. In the picture naming task, each child had
to name one by one the same set of animals listed in the
checklist. The correlation between the number of animal
names produced by the children and those reported by the
parents was very high and significant (0.98; p< 0.001), just
like the correlations between parental judgments and chil-
dren’s naming calculated separately for each item in the
section (0.88–1.0).
The validity study of the grammatical morphemes sec-

tion compared parent report data for 6 case marking mor-
phemes with locative meaning like ‘in’, ‘into’, ‘out of’ and
so on. with the children’s performance in a novel elicited
production task with toy animals. In this task, the exper-
imenter moved a small toy rabbit playing hide-and-seek
with her mother. The mother rabbit’s eyes were blind-
folded. The children’s task was to tell the mother rabbit
where the small rabbit was/was moving to/was moving
away from. Answers were evoked by direct questions, for
example, ‘Where did the bunny go? Where is she hiding
now? Where is she peeking out of?’ Parents reported the
use of 3.48morphemes on average (out of 6),while children
produced 2.18 morphemes on average in the evoked pro-
duction task. The correlation between the number of gram-
matical morphemes used by the children and reported by
the parents proved to be very high and significant (0.849;
p < 0.001) that reveals the broad validity of parental report
in this regard. The correlations for each morpheme were
also significant but showed a somewhat greater variabil-
ity between 0.51 (moderate) and 0.86 (very strong). It thus
seems that although parents are not as accurate in specify-
ing the grammatical bound morphemes their children use
as theywere in the animal names section, they are still able
to give accurate estimates of the number of morphemes
their children use. In sum, these studies proved the valid-
ity of subsections in both the vocabulary and the grammar
sections the latter of which being specifically developed for
the Hungarian CDI (Kas et al., 2010).

Development of the HCDI-III

The adaptation process of the CDI-III followed the proce-
dure applied earlier with theW&G andW&S forms. Trans-
lated items in the vocabulary section had been examined
one by one and frequency of occurrence of each item has
also been considered. Culturally inappropriate or ambigu-

ous items and those with very low frequency were omitted.
For example, Hungarian children are not typically famil-
iar with reindeers, so this item had been replaced with
‘roe’. The word ‘drum’ translates to ‘dob’ in Hungarian
but that is homonymous with the verb meaning ‘throw’
and thus has been replaced with ‘guitar’ to avoid ambigu-
ity. The word ‘leave’ is translated as távozik in Hungarian
but it is a highly formal word virtually non-existing in 3-
year-old children’s language; it had been replaced with a
different verb. The system of personal pronouns is much
more complicated inHungarian as each personal pronoun,
for example, ‘I’ or ‘they’ has its different form according
to each grammatical case. Some examples of the second
person singular pronoun are te ‘you—nominative’, téged
‘you—accusative’, neked ‘you—dative’, veled ‘you—dative’,
benned ‘in you’, tőled ‘from you’ and so on. Therefore, the
set of pronoun items in the HCDI had been expanded
compared with the original. Function word items not
present in English such as postpositions, verbal modi-
fier adverbials and some question words had also been
added to the list in order to represent closed-class vocab-
ulary as well. Overall, the vocabulary list has thus been
somewhat expanded yielding a checklist comprising 124
items.
For the Sentences section, 12 items of the sentence pairs

that had been adapted for the HCDI W&S form were
selected. The Using language section was translated and
completed by adding two questions related to children’s
use of specific morphologically complex forms for asking
for permission and for expressing conditional intentions.
Parents are also requested to provide 3 examples of the
longest sentences from the child’s recent expressive reper-
toire. A short version of the Word endings Part 2 checklist
of typical overgeneralization errors like ‘eated’ or ‘drinked’
was also included in order to gain information on the
child’s morphological productivity which is considered as
sign of development at this age.
After a small-scale pilot study, we started a large-sample

norming study to lay the foundations of a screening proce-
dure based on the HCDI-III. The aims of the current study
were:

∙ to explore the relevant psychometric properties of the
instrument;

∙ to identify factors characteristic of the families and chil-
dren such as age, gender, birth weight, birth problems,
number of siblings, birth order, multilingualism, par-
ents’ education, net income, and chronic illness that are
related to language development at the age group under
investigation; and

∙ to determine cut-off scores for the purpose of screening
LD in kindergarten at the age of 3 years.
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TABLE 1 Distribution of the normative sample according to
mother’s education

Mother’s education N %
Primary school 25 1.8%
Vocational training 67 4.7%
Vocational secondary school/grammar school 318 22.3%
College/university 987 69.3%
No data available 27 1.9%
Total 1424 100%

METHOD

Recruitment

The norming study of the HCDI-III was conducted in a
joint research collaboration with the Metropolitan Ped-
agogical Services in Budapest. The data collection took
place in cooperation with its District Member Institutions
(II, XI–XIV, XX and XXII districts), joined by the Gár-
dony Member Institution of the Fejér County Pedagogi-
cal Service, the Pécs Member Institution of the Baranya
County Pedagogical Service. Parent report forms along
with a demographic survey form were distributed to and
recollected from parents of targeted children in kinder-
gartens by speech and language therapists employed by the
pedagogical service institutions. Parents of all Hungarian-
speaking children between the ages of 2;0 and 4;2 who
did not have a diagnosis of special education needs at the
time of the survey have been requested to participate in the
study. Parents have been informed about the purposes of
the study and gave their written consent to use the data
provided on the forms.

Sample characteristics

The aggregation of the returned survey forms (78.6% of
distributed forms have been returned) resulted in a nor-
mative database comprising data from 1424 children aged
2;0–4;2. The gender distribution of the sample is bal-
anced, with 51.1% boys and 48.9% girls. In terms of socio-
economic characteristics, the children of more educated
parents appear to be relatively over-represented in the sam-
ple (Table 1), while the sample ismore balanced in terms of
the financial situation (per capita income) of the families
(Table 2). For reference, according to the Population Cen-
sus 2011 (Hungarian Central Statistical Office, 2012) the
proportions of mothers (with at least one child) between
20 and 39 years of age by education is the following: 2.12%
no education (did not finish primary school), 17% primary
school, 23.73% with secondary school, 33.72% with sec-

TABLE 2 Distribution of the normative sample according to
the per capita income of the family (in Hungarian forints (HUF)
and approximate euro amounts)

Familial income per capita N %
< HUF 50,000 (< €150) 109 7.7%
Between HUF 50 and 100,000 (€150–300) 425 29.8%
Between HUF 100 and 150,000 (€300–450) 347 24.4%
Between HUF 150–200,000 (€450–600) 200 14.0%
> HUF 200,000 (€600) 195 13.7%
No data available 148 10.4%

Total 1424 100%

ondary school (baccalaureate) and 23.43%with high school
or a university degree. Note that a high proportion of our
sample (82.9%) comes from the region of Budapest where
generally more than 70% of the people finish secondary
school (with baccalaureate) or obtain a college or univer-
sity degree. The assumed effect of the higher proportion of
more educated mothers in the sample is addressed below
in the discussion.
According to parental reports, the birth weight of chil-

dren in the database was less than 2500 g in 9.3%, and birth
problems—such as C-section, prolonged jaundice, over-
due pregnancy, buttock, preterm birth—were reported in
43.8% of children. 6.5% of children spoke a language other
than Hungarian as well. 2.7% of children were reported to
have some form of chronic illness, for example, asthma,
food sensitivity, hypotension.

Description and scoring of the CDI-III

The HCDI-III obtains information about the language
development of the children through the pre-structured,
written report of their parents. The two-page parent report
form includes five sections:

∙ Vocabulary.
∙ Sentences.
∙ Using language.
∙ Example sentences.
∙ Productive errors.

The Vocabulary section consists of a 124-item check-
list in which a parent marks the words expressively used
(spoken) by their child. This list has been compiled to
include both words that appear more often and less fre-
quently in the speech of 3-year-olds. The words include
49 nouns, 16 verbs, 13 adjectives, six adverbs, 14 pronouns,
seven question words, seven postpositions, four auxiliary
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verbs, four verb modifiers and two conjunction words. At
the end of this section, the parent is asked whether the
child has begun producing multi-word utterances. If not,
the remaining parts of the questionnaire do not need to be
completed. In the Vocabulary section, all indicated words
are worth 1 point, thus a total of 124 points can be awarded.
The question for multi-word utterances is not scored.
In the Sentences section, the parent is requested to select

one of the sentences in each of the 12 sentence pairs accord-
ing to the complexity and accuracy that is most charac-
teristic of their child’s speech and most similar to it. This
section assesses the level of morphosyntactic complexity
of the child. Scoring the Sentences section, 0 or 1 point
per sentence pair can be awarded. Within each of the sen-
tence pairs, 0 point is given for the simpler and/or erro-
neous (first) sentence, and 1 point is given if the more
complex and complete (second) sentence is indicated by
the parent. A total of 12 points can be awarded in this
section.
The Using Language section consists of 14 yes/no ques-

tions about the child’s verbal communication and gen-
eral understanding. Based on this section, in addition to
vocabulary and sentence formation, broad communication
habits and the level of language use can be measured. For
each question, a Yes answer is scored 1 point and a No
answer is scored 0 point, yielding a total of 14 points.
In the Example Sentences section, parents provide the

three longest sentences the child has recently produced.
Based on this, the level of sentence complexity can be eval-
uated by analysing the sentences quantitatively, for exam-
ple, calculatingmean length of utterance inwords (MLUw)
or morphemes (MLUm). In languages with rich morphol-
ogy such as Hungarian, MLUm might be a more sophisti-
cated measure of structural complexity as it reflects mor-
pheme sequences within words rather than just phrase
structure. However, since MLUm and MLUw are slightly
different measures of the same data source, a high corre-
lation between the two variables is expected. This mea-
sure can in turn be compared with the data obtained in the
Sentences and Using Language sections thus revealing the
level of internal reliability. MLUm and MLUw were only
calculated in cases where parents provided three example
sentences. However, 452 parents (31.7%) did not provide
example sentences at all or could only retrieve one or two
of their child’s recent utterances.
In the Productive errors section, signs of morphological

productivity expected to be present at the age of three are
explored. Parents indicate in a brief 12-item checklist of the
most frequent and typical overgeneralized word forms the
ones their child produced recently and have the possibility
to add their own examples. For each item indicated in the
checklist 1 point is scored.

Analyses

To explore the basic psychometric properties of the instru-
ment, we calculated correlations and partial correlations
between the subtests (first taking into account, then elimi-
nating, the effect of age). In both cases we calculated Pear-
son r and also Wilcox rpb, but the two values were close
to one another in each case therefore only Pearson cor-
relations are presented below.1 We also conducted curve
fitting analyses to more precisely characterize the course
of language development as it is measured by the sub-
tests. To identify families’ and children’s characteristics
(age, gender, birth weight, birth problems, number of sib-
lings, birth order, multilingualism, parents’ education, net
income, and chronic illness) that are related to language
development, analysis of variance (ANOVA), and multi-
ple regression analyses were deployed. Finally, to evalu-
ate the adequacy of the tool for the purpose of screening
LD in kindergarten at the age of 3 years, we used princi-
pal component analysis (to uncover the internal structure
of four out of the five subtests—the exception was MLU
which does not itself consist of numerous items), and cal-
culated reliability measures.

RESULTS

Correlations between the main variables

We calculated correlation matrices using the six main
variables: Vocabulary, Sentences, Language use (LangUse),
MLU in morphemes (MLUm),MLU in words (MLUw) and
Productive errors (ProdErrors). These correlations were
calculated based on age in months—that is, using 27 age
groups (data points) formed from individual data. Thus,
the data of all children between 24 and 25 months were
averaged for the six main variables (separately); so was
the data of subjects between 25 and 26 months, and so on,
resulting in 27 data points (for the range of 24 to 50months
of age). The six variables aggregated this way deviated from
normal distribution only minimally: the Kolmogorov test
was not significant for any of them, however Sentences
was significantly negatively skewed (skewness = –1.497; p
< 0.01), and also was significantly leptokurtic (kurtosis =
2.430; p < 0.01).
First, we calculated the correlations of all six variables

with age in months, followed by a correlation matrix
between the six main variables. Finally, we partialled out
the effect of age from the correlations between pairs of the
six variables.
Correlations with age were high, and partials were

noticeably lower than raw correlations, although still
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significant inmost cases (Table 3). TheMLUm–MLUwcor-
relation was unaffected by partialling out age, which is not
surprising given that this correlation is independent of age
and development. Productive errors exhibited a relatively
loose correlationwith the other five variables, and this rela-
tionship dropped below significance as the mediatory role
of age was eliminated. The other five variables were highly
correlatedwith one another; even their partial correlations
were substantial and highly significant. Table 3 summa-
rizes the results.

Effects of age and gender

As a first glance at the effects of age and gender we con-
ducted univariate analyses of variance on the sixmain vari-
ables. However, sizes of the age groups were variable, and
residual SDs were unequal for three of the six main vari-
ables (Levene’s test was significant for Vocabulary, Sen-
tences and LangUse, but not for MLUm, MLUw, and Pro-
ductive errors). Therefore, for Vocabulary, Sentences, and
LangUse, Welch tests were calculated using Age group as
independent variable (including both genders), and also
for the interaction variable,2 followed by independent t-
tests for the effect of gender (including all age groups).
Results are summarized in Table 4.
The effect of age was significant for all variables, with

reasonably large effect sizes (except ProdErrors). In addi-
tion, there were significant gender differences to the
advantage of girls for four variables (Vocabulary, Sentences,
LangUse, Productive errors); however corresponding effect
sizeswere small. Therewas no interaction between age and
gender for any of the variables.

Progression with age: curve estimation

Of the six main dependent variables, five showed sub-
stantial age-related increase: Vocabulary, Sentences, Lan-
guage use, MLU morphemes and MLU words. Productive
errors, however, was only weakly related to age. Based on
age in quarters (nine groups) we calculated the median,
10th, 25th, 75th and 90th percentiles from raw data. Differ-
ent curve estimation models (linear, logarithmic, inverse,
quadratic, cubic, power, exponential, and logistic) were
tested to find the best fit for the six variables. Quadratic or
cubicmodelsworked best for the first five variables indicat-
ing some deceleration of performance growth in the exam-
ined age range. However, none of the models gave a rea-
sonably good fit to Productive errors. Figures 1–6 present
the fitted curves to the first five variables, and the raw data
for Productive errors.
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F IGURE 1 Median and percentiles for Vocabulary: quadratic
fit

F IGURE 2 Median and percentiles for Sentences: quadratic fit

F IGURE 3 Median and percentiles for LangUse: quadratic fit

F IGURE 4 Median and percentiles forMLUm: cubic fit
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F IGURE 5 Median and percentiles forMLUw: cubic fit

F IGURE 6 Median and percentiles of Productive errors: raw
data

Multiple regression analyses

We examined the effect of eleven predictors on our main
variables in six separate multiple regression analyses. The
predictors were: age (days), gender, birth weight (below or
above 2.5 kg), C-section, other birth problem, number of
siblings, birth order (first born or no siblings/has older sib-
lings), multilingual, parents’ education, net income, and
chronic illness. Seven of these were binary (gender, birth
weight, C-section, other birth problem, birth order, multi-
lingual and chronic illness); parents’ education was scaled
from 1 to 8.3
Of these variables the same three had a significant effect

on all six dependent variables: age, gender, and parental
education. Table 5 shows the results of these analyses; note
that little variance in production errors is explained by any
of the predictors.

Dimensionality analysis

Dimensionality of the four scales comprising numerous
items (Vocabulary, Sentences, Language use, and Produc-
tive errors) was examined by a principal component analy-
sis without rotation. We were looking for a single compo-
nent accounting for a large amount of variance, that is, a

unidimensional structure in the data (DeVellis, 2012). Reli-
ability analysis was conducted using Cronbach’s alpha and
Carmines’ theta (Cronbach, 1951; Carmines & Zeller, 1982).
For the Vocabulary section, principal component anal-

ysis (PCA) yielded 14 initial factors with eigenvalue over
1; and three with eigenvalue over 2 (PC1 = 47.046; PC2 =
5.577; PC3 = 2.732). The first eigenvalue being more than
double of the second one is evidence of a one-dimensional
structure (Hattie, 1985). Each and every word loaded high-
est on the first factor (factor 1); all of these values exceeded
0.4. Only eight words gave loadings larger than 0.4 on fac-
tor 2 thus explaining (non-uniquely) at least 16%of the vari-
ance in that factor. All other loadings were below 0.4. Fac-
tor 2 received 12 loadings between 0.3 and 0.4; and factor 3
received one such loading. Factor 1 accounted for 37.940%
of variance in the data; factor 2 for 4.498%, and factor 3
for 2.204%. This suggests that we obtained good evidence
for unidimensionality, especially so considering the large
number of variables involved. The reliability assessed by
Cronbach’s alpha was 0.986; Carmines’ theta was 0.987.
In the Sentences section, for the 12 variables involved

PCA output 2 factors with eigenvalues above 1, (PC1 =
5.204; PC2= 1.094). Each variable loaded highest on factor
1; each loading on this factor exceeded 0.4. Two items gave
loadings above 0.4 on factor 2, and three more between
0.3 and 0.4. Factor 1 accounted for 43.365% of the vari-
ance whereas factor 2 accounted for 9.120%, thus a reason-
able level of unidimensionality again emerged. Cronbach’s
alphawas 0.865 indicating good reliability; Carmines’ theta
was 0.881.
In the Language use section, for the 14 variables PCA

extracted two factors with eigenvalues over 1, (PC1= 5.464;
PC2 = 1.119). A total of 13 out of 14 variables loaded high-
est on factor 1 (all loadings on this factor being between 0.5
and 0.7). One variable loaded highest on factor 2; this fac-
tor had three variables loading on it above 0.4 (one above
0.6); and one variable loading between 0.3 and 0.4). Fac-
tor 1 accounted for 39.028% of variance in the data; factor
2 accounted for 7.991%. Cronbach’s alpha was 0.872, and
Carmines’ theta was 0.880, therefore this subtest may also
be used as a one-dimensional psychometric scale.
In the Productive errors section, for the 12 variables PCA

produced three factors above an eigenvalue of 1 (PC1 =
2.375; PC2 = 1.658; PC3 = 1.031). Six variables loaded high-
est on factor 1; four variables loaded highest on factor 2,
and the remaining two variables did so on factor 3. These
three groups of loadings were in the same range, mostly
between 0.5 and 0.7 (with two exceptions out of 12). Fac-
tor 1 accounted for 19.794% of variance in the data; fac-
tor 2 accounted for 13.813%, and factor 3 for 8.590%. Cron-
bach’s alpha including all items was 0.619, that is, too low
for a reliable scale. Carmines’ theta was 0.631. Thus, unidi-
mensionality did not obtain for this subtest. However, the
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three factors that arose in PCA are relatively easy to inter-
pret. Each of the six items that loaded highest on factor 1
tested different forms of attaching the accusative suffix.4
Of the four variables that loaded highest on factor 2, three
were past tensemarkings of verbs (eszett; iszott; alszott); the
fourth was a test of forming a possessive pronoun (tiem)—
thus factor 2 seems associated with past tense acquisi-
tion for the most part. Factor 3 had highest loadings from
two items, one of which involved a noun in genitive case
(apája), and the other a conjugated verb in third person
singular (olvasi). For factor 1 Cronbach’s alpha was 0.662,
still lower than acceptable in our opinion; for factor 2 it
was only 0.412 (0.547 if the three past tenses only were
included); finally for factor 3 it was 0.180.
To summarize, the relative disorganization of the Pro-

ductive errors section (1) may explain its low correlations
with the other five scales; and (2) raises questions about its
applicability as a psychometric scale, in its present form.

Screening for LD

The criteria used in the process of screening for LD are
based on the thresholds calculated from the data in Table 6
(descriptives). We used only the scores of the main three
sections (Vocabulary, Sentences and Language use) that
proved to be unidimensional and were reliably filled out
by most of the parents. We excluded Productive errors
and MLU for these reasons and use them only as addi-
tional information for clinical characterisation. For each
age group, 1.25 times the standard deviation is subtracted
from the mean score of the three main sections (Vocabu-
lary, Sentences and Language Use) yielding a cut-off score
for each section by age group for the purposes of the screen-
ing roughly corresponding to the 15th percentile for most
sections and age groups. As cut-off scores (mean= 1.25 SD)
in the Sentences and Language use sections in the first two
age groups (between 24–26 and 27–29 months) are close to
zero, these sections are judged not to be appropriate for
children younger than 30 months. Therefore, the instru-
ment is only suggested to be used for screening between
30 and 50 months of age.
Individual scores falling below the threshold (mean =

1.25 SD) in either section are considered to indicate LD. As
discussed above, LD can take many different forms. For
some children, it is manifested mainly in the domain of
vocabulary, whereas others experience difficulties at more
complex levels such as sentence formation or use of lan-
guage in context which may be reflected in low scores in
the Sentences of Language use sections. Therefore, results
below the cut-off score in any of the three main sections
(Vocabulary, Sentences and Language Use) indicates the
suspect of LD and a need for assessment by a speech and

language therapist. Cut-off scores for each section in each
age group are provided for SLTs in the scoring manual of
the form. According to these criteria, 74 children (5.2%)
fell below the cut-off score in all three sections, an addi-
tional 63 children (4.4%) did so in any two out of three
sections whereas another 129 children (9.1%) achieved a
low score in only one of these sections. If we only consider
Vocabulary being the most robust section of the form, the
proportion of children scoring below the screening thresh-
old varies from 14.9% (26–28-month-olds) to 10.8% (48–50-
month-olds). Severity of the language difficulty in an indi-
vidual child is reflected in the number of sections show-
ing scores under the screening threshold. Thus, the 9.6% of
children achieving below the cut-off levels in at least two
sections are considered to exhibit more severe difficulties
affecting more than one domain of language.

DISCUSSION

Our study aimed to present the adaptation process and
norming data of the Hungarian version of theMacArthur–
Bates CDI-III in order to lay the foundations of a screen-
ing tool for LD in the country. The HCDI-III has been
constructed as an adaptation of the original US version
(Dale et al., 2001; Fenson et al., 2007) with a number of
significant modifications and expansion in the vocabu-
lary part. The norming study included 1424 children (51.1%
male) aged 2;0–4;2. Guidelines for scoring all sections of
the HCDI-III has been provided and six outcome vari-
ables have been created to cover the domains of expres-
sive vocabulary, morphosyntax, and language use. Statis-
tical analyses revealed appropriate psychometric proper-
ties of five outcome variables that showed normal distri-
bution and were strongly correlated to age. Outcomes of
girls were slightly (but significantly) higher on scales cor-
responding to vocabulary, syntax, language use, and pro-
ductivity. Most variables were highly correlated with one
another even with age partialled out. These results are in
concordancewith the literature and thus support the valid-
ity of the HCDI-III until direct tests of validity and reliabil-
ity will be put forward. At this time we have not studied
the classification accuracy of the instrument, which is one
of our priorities for future research.
The results support the eligibility of the instrument for

screening purposes. Vocabulary, Sentences, LanguageUse,
MLUw and MLUm show a predictable progression with
age while Productive errors are only weakly related to age.
Thus, five out of six variables can be used adequately for
judging children’s language skills based on age norms up
to 4 years of age. However, the expected minimal achieve-
ment for typical development based on themean and stan-
dard deviation below 30 months of age in the Sentences
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and Language use sections is too low for being appropri-
ate for a screening threshold. Therefore, the instrument
is only suggested to be used for screening between 30
and 50 months of age. Different calculations of MLU in
words or morphemes correlated highly with each other
and show very similar age trends and relationship with
the other variables. Therefore, although analysing themor-
phological structure of the words in children’s sentences
might provide additional information about the child’s
morphosyntactic skills, using only MLU in words for char-
acterisation of children is justified by the data. However,
as a substantial proportion of parents do not reliably cite
three utterances from their child in the form, the criteria
of screening for LD do not include MLU.
The proportion of children selected with probable LD

is comparable to those reported by Dale et al. (2003) who
classified 10.7% of 3-year-old and 11.5% of 4-year-old chil-
dren with LD using the 15th centile criterion in at least two
out of three subparts of the CDI-III (Dale et al., 2003). To
support the validity of the screening in clinical practice,
it is suggested that the SLT evaluating the parent report
forms consult with the kindergarten teacher about each
child in her group concerning the screening result. Contro-
versy between the kindergarten teacher’s opinion and the
scores of the CDI-III might indicate false negatives or false
positives and requires assessment of an SLT using standard
measures of language abilities. The assessment also creates
the possibility to gather information concerning the rele-
vant risk factors from the parents to support the accuracy
of the clinical decision to be made.
Multiple regression analyses revealed significant effect

of age, gender and parental education on all main outcome
variables. The effect of parental education (a factor of SES)
is in linewith themajority of CDI studies suggesting differ-
ences in language skills between 3-year-old children com-
ing from different cultural backgrounds with the excep-
tion of the Swedish study (Eriksson, 2017). The effect of
gender favouring females is also replicated here. However,
neither one of the other eight predictors including famil-
ial and birth-related factors affected linguistic outcomes
in our sample. This result is in contrast with many stud-
ies identifying various perinatal risk factors (e.g., prema-
turity, birth difficulties, and low birth weight) as potential
risk factors for speech and language difficulties (Wallace
et al., 2015; Rudolph, 2017; Zambrana et al., 2014).
Dimensionality and reliability analyses of the 4 scales

comprising numerous items (Vocabulary, Sentences, Lan-
guage use and Productive errors) revealed good evidence
for unidimensionality and reliability for three scales, so
Vocabulary, Sentences and Language use can be used as
one-dimension psychometric scales. This is, however, not
the case for Productive errors, due to a relative disorganiza-
tion of its items. Thus, this section should not be used as a

norm-based scale for screening purposes, still it may carry
significant qualitative information signalling productive
morphology through the presence of overgeneralization
errors.
Based on the results, the HCDI-III has been intro-

duced to clinical practice in Hungary and proved to be a
cost-effective and appropriate instrument administered by
speech and language therapists in preschool settings. As it
is discussed above, the current Hungarian regulation fore-
sees mandatory screening in children over 3 years entering
kindergarten, which typically takes place between the ages
of 3 and 4 in practice. Therefore, screening with the HCDI-
III focuses on children at or above 3 years of age and the
normative data of children below 3 years can be used as
a reference for judging the level of difficulty in older chil-
dren. The suggested diagnostic procedure includes inform-
ing and consent of parents, transfer and recollection of the
questionnaires, scoring and norm-based evaluation. Par-
ents have the opportunity to fill out the HCDI-III form
either in a hardcopy or in a web-based platform hosted by
the Educational Services Centre. Clinical judgment is rec-
ommended to rely on theHCDI-III data aswell as a consul-
tation with the kindergarten teachers and personal obser-
vations and subsequent assessments by the speech and
language therapist. The HCDI-III is also administered as
part of an assessment procedure monitoring the progress
of development typically after a semester or a year of the
chosen form of early intervention.
Due to the nature of the parent form method and the

characteristics of the sample presented above, some limita-
tions of the study can be identified. Our sample consists of
a considerably higher proportion of higher educatedmoth-
ers than theHungarian population overall, due to the focus
on the region of Budapest and the voluntary basis of partic-
ipation during the data collection. As parental education is
related to children’s language outcomes in numerous stud-
ies discussed above including ours, it is assumed that the
proportion of children with LD might be higher in regions
where overall educational levels are lower and low-SES
families aremore frequent. As the cut-off scores for screen-
ing is based on data coming from a sample of children
with relatively higher educatedmothers, childrenwith less
educated parents and those from low-SES families and
are more likely to score below the screening threshold.
Thismight increase the proportion of children classified as
LDed in certain regions. However, as LDs identified at 3–4
years are more reliably reflect persistent difficulties affect-
ing later academic and social development, a higher num-
ber of potentially false positive screening results (and less
false negatives) is acceptable as it was also claimed by Law
and Roy (2008) and Westerlund et al. (2006). Subsequent
standardized assessments can clarify whether the individ-
ual child exhibit severe difficulties requiring intervention.
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Another set of shortcomings of the HCDI-III corre-
sponds to the parent report format that limits measuring
receptive language skills and its applicability and valid-
ity depends on a good rapport and collaboration with lay
parents. According to Fenson et al. (2007) parents can-
not reliably judge their children’s receptive abilities from
the age of 18 months. Therefore, items concerning recep-
tive abilities are not included in the parent form although
comprehension difficulties indicate more severe forms of
language disorders and thus would be important to iden-
tify as early as possible. The lack of receptive measure can
be compensated for by the SLT’s direct assessments based
on the screening outcomes. As for the required collabora-
tion with parents, those with obvious limitations includ-
ing low educational achievement (low-SES) or unavailabil-
ity due to working conditions, hospitalization or mental
health conditions (e.g., depression) should be identified
and approached in a different way. Screening must be put
forward even if the collaboration with the parents is lim-
ited or cannot be achieved. As an alternative, supplemen-
tary adult report forms for kindergarten teachers might
provide standardized judgments of children’s communica-
tive skills in the preschool group in these circumstances.
As rural regions of Hungary are characterized by a higher
prevalence of low-SES families, more research is needed
to establish the screening procedure and subsequent mea-
sures adapted to their needs.

NOTES
1 Wilcox robust correlation coefficients tend to eliminate the effect
of outliers from linear correlation. In no case did we find Wilcox’s
rpb being substantially lower (or higher) than Pearson’s r. Themax-
imum such difference was -0.048: for ProdErrors and Vocabulary,
r was 0.656, whereas rpb was 0.608, both significant at p < 0.001.
This suggests that Pearson coefficients in the present case are not
influenced by outliers, hence they are suitable for characterizing
correlations between our variables.

2 For each of the three variables affected, the interaction variablewas
calculated using the formula:IAijk = xijk – xi .. – x. j . + x. . . ,where text
in bold refers to means; i tends from 1 to 2 for Gender, and j tends
from 1 to 9 for Age group. That is, from each subject’s measured
value we subtracted the rowmean (weightedmean of both genders
in the age group in question), then the column mean (weighted
mean of all age groups within a gender) and then added to it the
grand mean to obtain the subject’s interaction value. On these
interaction variables a robust one-way ANOVA (Welch) was con-
ducted using an independent variable with 2 × 9 = 18 levels.

3 Both parents were scaled from 1 to 4, and the two scores added. The
four levels were: 1, grade school (elementary, 8 years); 2, vocational
school without a baccalaureate; 3, high school with a baccalaure-
ate; and 4, higher education (college or university). The justifica-
tion for using this independent variable (instead of eight binary
ones) was that it proved a significant predictor for each of the six
dependent variables.

4 The accusative case is marked uniformly with a -t suffix in Hun-
garian; however, there is a great deal of not well predictable vari-
ability in how that suffix is attached to the noun. For some nouns
ending with a vowel, the -t is simply added to the word ending; in
other cases, vowels or entire syllables are inserted between the two.
An example illustrating the unpredictability is the pair of nouns ló
(horse) and só (salt); the accusative of the former is lovat (syllable
-va- inserted) whereas that of the former is sót (simple addition).
This causes an extended course of acquisition in language devel-
opment for the accusative suffix.
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