
 

 

 University of Groningen

The language-screening instrument SNEL
Luinge, Margreet Roelien

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2005

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Luinge, M. R. (2005). The language-screening instrument SNEL. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/9588d776-e9fa-4c72-b286-ea9b59a34c6c




The language-screening instrument SNEL

Margreet Luinge



2

c© 2005 M.R. Luinge
Print: Universal Press, Veenendaal
Cover picture: Elles Luinge-de Wit
ISBN 90–367–2353–1 (printed version)
ISBN 90–367–2354–X (electronic version)



RIJKSUNIVERSITEIT GRONINGEN

The language-screening instrument SNEL

Proefschrift

ter verkrijging van het doctoraat in de
Medische Wetenschappen

aan de Rijksuniversiteit Groningen
op gezag van de

Rector Magnificus, dr. F. Zwarts,
in het openbaar te verdedigen op

woensdag 30 november 2005
om 13.15 uur

door:

Margreet Roelien Luinge
geboren op 25 augustus 1974

te Groningen



Promotores:
Prof. dr. S.M. Goorhuis-Brouwer
Prof. dr. ir. H.P. Wit

Copromotor:
Dr. W.J. Post

Beoordelingscommissie:
Prof. dr. C.L.J. de Bot
Prof. dr. O.F. Brouwer
Prof. dr. S.A. Reijneveld



Contents

1 General introduction 7
1.1 What is language and what is meant by a language problem? . . . . . . . . 7
1.2 The development of a language-screening instrument . . . . . . . . . . . . 8
1.3 Outline of the thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2 Language problems in children from one to six years of age — Opinions of
professionals in Dutch health care 13
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3 Definitions of problems in language development classified in a clinical diag-
nostic model 27
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.2 Classifications of language problems . . . . . . . . . . . . . . . . . . . . . 29

3.2.1 Descriptive orientation . . . . . . . . . . . . . . . . . . . . . . . . 30
3.2.2 Categorical and specific abilities orientation . . . . . . . . . . . . . 33
3.2.3 Linguistic orientation . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.3 A diagnostic model for children with language problems . . . . . . . . . . 37
3.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4 The application of the Mokken model for the measurement of milestones in
language development 43
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
4.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
4.3 The Mokken model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
4.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
4.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55



6 CONTENTS

5 The ordering of milestones in language development for children from one
to six years of age 59
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
5.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
5.3 The Mokken model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
5.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
5.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

6 The language-screening instrument SNEL 83
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
6.2 Materials and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

6.2.1 Scaling of milestones in language development . . . . . . . . . . . 86
6.2.2 External validation of SNEL . . . . . . . . . . . . . . . . . . . . . 87

6.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
6.3.1 Scaling of milestones in language development . . . . . . . . . . . 90
6.3.2 External validation of SNEL . . . . . . . . . . . . . . . . . . . . . 91

6.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

7 Summary and conclusions 103

8 Nederlandse samenvatting 109

Dankwoord 117

A Literature-based categories of language problems 119

B Translated questionnaire 121

Bibliography 123



Chapter 1

General introduction

This chapter introduces two main topics that will be addressed in this thesis. The first
topic concerns the following question: “What is language, and what is meant by a language
problem?” This question is essential to the second aim of this thesis, which was to develop
and to validate a language-screening instrument for identifying children who are at risk
for language problems. In the final section, the outline of the body of this thesis will be
discussed.

1.1 What is language and what is meant by a language prob-
lem?

What is language? The Cobuild dictionary gives following definition:

Language is a system of communication which consists of a set of sounds and writ-
ten symbols which are used by the people of a particular country of region for talking
or writing.

Language plays an important role in everyday life, and it has been the object of many stud-
ies. The phenomenon of language is complex, and it is not always clear what language is.
Saffran et al. (2001) provided a relevant description of the complex phenomenon language.
“Imagine that you are faced with the following challenge. You must discover the internal
structure of a system that contains tens of thousands of units, all generated from a small set
of materials. These units, in turn, can be assembled into an infinite number of combinations.
Although only a subset of those combinations is correct, the subset itself is for all practical
purposes infinite. Somehow you must converge on the structure of this system to use it to
communicate. And you are a very young child.” (units = words, materials = a small set of
sounds from which the words are constructed, combinations = sentences into which words
can be assembled).

There are different orientations toward language (e.g., linguistic, cognitive, biological,
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neurological, psychological) depending on the background of professionals. These differ-
ent orientations are very useful for developing a full understanding of language and its
evolution. Christiansen and Kirby (2003) stated that language arises from three distinct
but interacting adaptive systems: individual learning, cultural transmission, and biological
evolution. The aim of the study of language evolution is to understand how these systems
interact along three different timescales: the lifetime of the individual (tens of years), the
language (thousands of years), and the species (hundreds of thousands of years). Individual
learning refers to the process of adaptation of the individual’s knowledge. Cultural transmis-
sion refers to the adaptation of knowledge concerning particular languages, which persists
over time and is used repeatedly as input for individual learners (i.e., the adaptation of lan-
guages themselves to fit the needs of language learners). Biological evolution refers to the
natural selection of the mechanism of adaptation (Christiansen and Kirby 2003).

This thesis focuses on the child as a language learner (individual learning). A key prob-
lem of this study is how to define language development and language problems. The pro-
file of a child’s language development may sometimes deviate from the language profiles
of other children, due to the disordering of one or more of the conditions that are neces-
sary for the acquisition of language. Language problems may be due to other problems
(Bishop 1997; Chapman 2000; Goorhuis-Brouwer and Schaerlaekens 2000), such as men-
tal retardation, pervasive developmental disorders or autism, physical handicaps, hearing
loss, environmental deprivation, neurological problems, or a combination of these factors.
The child may also have a language problem that may have no clear etiology (e.g., specific
language impairment). Children with language problems should be identified and diag-
nosed as early as possible (Blackman 1999; Mattson et al. 2001; Rescorla and Alley 2001),
as these problems influence the overall development of a child. Contributing factors —as
well as language problems themselves— should addressed and resolved if possible in or-
der to preclude further problems including difficulties in verbal, emotional, and educational
development (Coster 2001; Silva et al. 1987).

It is not always clear when a child has a language problem.1 Enderby and Emerson
(1995), p. 34, state that the normal acquisition of speech and language shows considerable
variation and that it is not always easy to distinguish between children who are at the lower
range of normality and those who deviate from the usual patterns of speech and language
development. This thesis verifies how Dutch professionals define, screen, and diagnose
language problems in children. It further describes various classifications of definitions of
language development and language problems that are found in the literature.

1.2 The development of a language-screening instrument

The Dutch Health Insurance Board asked us to develop a language-screening instrument
to facilitate the referral of children who are at risk for language problems from primary to

1In this thesis, the term “language problem” is understood to include language impairment, language disorder,
language developmental problems, language delay, and other terms that indicate inadequate language development
in children.
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secondary healthcare services. Secondary healthcare professionals can diagnose hearing,
psychological, psychiatric, motor, neurological, or other problems that are possible causes
of language problems. A screening instrument creates an effective link between primary and
secondary healthcare. A fast, simple, and sensitive language-screening instrument can make
a valuable contribution to the screening of children who are at risk for language problems.

Item selection

Although it is not always obvious how language development or language problems can
be described, there appears to be consensus among researchers concerning the ordering of
milestones in language development (Foster 1990; Goorhuis-Brouwer and Schaerlaekens
2000; Kelly and Sally 1999; Kuhl 2000).
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Figure 1.1: Milestones in language production as a function of mean, minimum, and maximum age in
months are mentioned in various sources in the literature. If only one symbol is given, the minimum
and maximum age is missing. Milestones: 1. “Sounds,” 2. “Babble,” 3. “Single words,” 4. “10–20
words,” 5. “50–100 words,” 6. “2-word utterances,” 7. “3–5-word utterances,” 8. “Short sentences,”
9. “About 100% intelligible,” 10. “Compound sentences.”

Milestones seem to be good indicators of language problems (Stromswold 2000; Hall
1997). Milestones that have not been achieved by a certain age (e.g., the absence of babbling
by 10 months, not using single words at 18 months, or not using short utterances at 24
months of age) can serve as rough indicators of language problems (Kelly and Sally 1999).
Figure 1.1 shows a compilation of the minimum, mean, and maximum age as a function of
milestones in language production, as mentioned in the literature (Diedrich and Carr 1984;
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Mayeux and Kandel 1999; Breeuwsma 1994; Hall 1997; Kelly and Sally 1999; Kuhl 2000;
Gilles and Schaerlaekens 2000; Needlman 2000).

Scale construction

It is difficult to measure language development directly, as it is a broad construct. One
assumption of this thesis, however, is that language development can be visualized by the
ordering of language milestones. In psychometrics, the Item Response Theory (IRT) model
has been developed for measuring latent traits (e.g., language development) indirectly. The
Mokken model is based on the principles of IRT and on the idea that such latent traits can
be measured according to respondent responses (or responses that are provided by parents)
to test items (e.g., language milestones), assuming that a certain mathematical relationship
exists between the responses on the items and the latent trait (Baker 2001; Molenaar and
Sijtsma 1982). A scale that satisfies the assumptions of a Mokken model has favorable
psychometric properties, including high reliability and sample independence. The advan-
tage of a sample-independent scale is that the same scale holds for various subgroups in
the population, allowing the comparison of levels of difficulty across subgroups and across
repeated measurements for the same person (Mokken 1997). Repeated measurements are
necessary in order to gain insight into the developmental course, as the development of a
child is highly dynamic.

External validation

Sensitivity and specificity are two basic concepts in the accuracy of screening instruments;
they describe how well a test discriminates between children who do and do not have lan-
guage problems. The criteria for identifying language problems should not be too strict, but
neither should they exclude children who may benefit from extra help with language learn-
ing (Bishop 1997). One useful technique for examining the relation between sensitivity and
specificity is to plot a Receiver Operating Characteristic (ROC) (Macmillan and Creelman
1991; Obuchowski 2003). The ROC can be used to determine the accuracy of the language-
screening instrument for identifying children who are at risk for language problems.

Tape (2004) described the historical background of ROC. The name Receiver Operating
Characteristic is part of a field known as “Signal Detection Theory,” which was developed
during the Second World War for analyzing radar images. It was necessary for radar oper-
ators to decide whether blips on their screens represented enemy targets, friendly ships, or
just noise. Signal detection theory measures the ability of radar-receiver operators to make
such important distinctions (i.e., Receiver Operating Characteristics). It was not until the
1970s that signal detection theory was recognized as useful for interpreting medical test
results.
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Application

The aim of the language-screening instrument that we have developed is to identify children
who are at risk for language problems, and who should therefore be referred to secondary
healthcare practitioners for further diagnosis and appropriate therapy in an early stage. The
instrument can be applied during routine, formal primary healthcare screenings. Routine
formal screening relies on standardized screening instruments to provide systematic screen-
ing of the language development of all children (Blackman 1999). Examiners screen lan-
guage development according to responses on short questionnaires that can be completed by
parental report. In this way, children can be screened effectively in a relatively short time.

Should the test properties of the language-screening instrument be satisfactory, the
Groningen Public Health Service intends to implement the instrument within its primary
healthcare system (Groningen Public Health Service 2004).

1.3 Outline of the thesis

The second and third chapters of this thesis address the following question: “What is lan-
guage, and what is meant by a language problem?” Chapter 2 provides a survey of how
Dutch primary healthcare professionals define and diagnose language problems in children
from one to six years of age. Chapter 3 describes why in the literature there is no uniform
concept of language problems. Several models are found in the literature for classifying
language and language problems, depending on the background of professionals. Anal-
ysis showed that the different orientations could be integrated into a general and clinical
diagnostic model for screening, testing, examining, and mapping (STEM) language prob-
lems in young children. The four levels are interrelated; together they comprise a complete
approach for addressing children with language problems.

Chapters 4, 5, and 6 concern the development of a language-screening instrument for
use with children from one to six years of age. Chapter 4 introduces the Mokken model. In
a pilot study, it was analyzed if this model could be used to scale milestones in language
development of children from one to two years of age. Based on the results of Chapter
4, in Chapter 5 a scale of language milestones for children from one to six years of age
was constructed according to the Mokken model. In Chapter 6, the language-screening
instrument for all ages between one and six years is constructed and validated, resulting in
SNEL.

Finally, Chapter 7 summarizes the findings and discussions of the previous chapters of
this thesis.
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Chapter 2

Language problems in children from
one to six years of age — Opinions
of professionals in Dutch health care

Abstract

This inventory study verified how Dutch professionals (n = 140) define, screen, and diag-
nose language problems in children. Although there was a consensus about milestones in
normal language development between practitioners, it was not clear when language de-
velopment was inadequate. In addition, the standards used to diagnose language problems
were ambiguous, and only a few professionals used a screening instrument to detect lan-
guage problems in children. The uncertainty about language problems might also influence
the incidence estimations, which varied from one to forty percent for Dutch children and
from one to ninety percent for multilingual children. The exact definition of a language
problem is apparently unclear in the Dutch healthcare system, and there seems to be no
“gold standard” for diagnosing language problems.

2.1 Introduction

The early screening and diagnosis of young children with possible speech and language
problems are widely considered of the utmost importance (Blackman 1999; Goorhuis-
Brouwer and Schaerlaekens 2000). This assumption is based on the idea that the neuro-
logical system of speech and language develops during the first years of life (Mayeux and
Kandel 1999; Mehler and Christophe 2000; Stromswold 2000). Neuro-physiological matu-
ration and stimulation from the environment are both of influence on language acquisition.
In addition, Dutch organizations for the parents of children with speech and language im-
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pairments argue for early screening and diagnosis to facilitate early treatment (BOSK and
FOSS 1990, 1991, 1993). Although most treatments consist of speech therapy, multidis-
ciplinary diagnostic procedures play an important role in diagnosing different causes of
speech and language problems and in developing different ways of treatment (Kelly and
Sally 1999, Goorhuis-Brouwer and Schaerlaekens 2000; see question 6 below). Further, the
Dutch Health Insurance Board has doubt about the efficiency of screening; too many chil-
dren are referred for speech therapy, and multidisciplinary diagnosis is therefore advised
(The Health Insurance Board 1993, 1999; see question 4 below). To establish multidisci-
plinary diagnosis for children with speech and language problems, the Ministry of Welfare,
Health, and Cultural affairs has provided subsidies for a number of Dutch centers for speech
and hearing disorders (see question 5 below).

Language problems in primary education form an additional topic of widespread pub-
lic debate. The discussion focuses on the question of whether compulsory education for
younger children could contribute significantly to the prevention of language delays. The
admission of children to educational programs for children with serious language problems
is also under discussion. The Ministry of Education and Science specifies a deviance of two
standard deviations on a standardized language test as a criterion for admission to special
education, although some practitioners consider this norm too strict (VeBOSS 1998, 2001;
TCAI 2001; see question 2 below).

The indistinctness of the diagnosis and treatment of language problems in primary health
care and primary education may be related to ambiguities in the concept of “language prob-
lems”. The normal acquisition of speech and language development involves considerable
variation, and it is not always easy to distinguish between a child at the lower range of
normality and a child who simply deviates from the usual pattern of speech and language
development (Enderby and Emerson 1995; see question 7 below).

The perspectives from which researchers address language problems differ from those
used by health care professionals (Ziegler et al. 1990; Bishop 1997; Kahmi 1998; see
question 1 below). In the literature, language problems are usually described in broad ter-
minology. For example, children are considered to have language problems if their language
production or language comprehension is deviant or delayed in comparison with their peer
groups or with their non-verbal functioning (World Health Organization 1993; American
Psychiatric Association 1994). Using this broad terminology, language abilities are de-
scribed according to comparisons with the average language abilities attributed to certain
ages (e.g., test age or calendar age) or by means of discrepancy scores between verbal and
non-verbal abilities. Interpreting the various scores, however, is not always easy (Bishop
1997). The use of age equivalents can obscure normal variations in language development.
Age equivalents are based on the average language abilities of a certain peer group, and they
convey the impression that any child who scores below age level has a problem, even though
a certain proportion of children must score below average, by definition (Bishop 1997).
Language problems can also be defined in terminology that is more specific, for example,
in terms of various factors that might influence language acquisition. A distinction can be
made between specific and non-specific language problems (Whitehurst and Fischel 1994;
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Pinker 1994; Tomblin et al. 1996). While the language problem is the only developmental
problem in a specific language problem, a non-specific language problem is connected with
such restrictive factors as hearing problems, mental retardation, emotional disorders, neuro-
logical disorders, deviation of the speech organs or motor system, extremely poor physical
conditions, environmental deprivation, or combinations of these factors (Goorhuis-Brouwer
and Schaerlaekens 2000). In addition, language problems can be described according to
one or more language modalities, including phonology, semantics, syntax, morphology, or
pragmatics (Rapin and Allen 1987; Bishop 1997; Leonard 1998). Further, variations in the
estimates of prevalence may be due to ambiguities in the definition, cut-off scores, and the
nature of language problems. Law et al. (1998) reviewed many studies about language
problems and found a wide range of estimates (from 0.6% to 33.2%) for the prevalence of
language problems in pre-school children (see question 3 below).

Based on the lack of consensus in defining and diagnosing language problems, this
inventory study verified how Dutch professionals approach language problems with regard
to the issues described above. The following research questions were formulated:

1. How are language problems described for children between the ages of one and six
years?

2. Which standards are used to diagnose language problems?
3. What is the estimated percentage of language problems among children?
4. How do practitioners screen children for language problems?
5. Who should diagnose language problems in children?
6. Which treatments do children with language problems receive?
7. How does the normal language ability of children between the ages of one and six

years develop?

2.2 Methods

Representatives of twelve disciplines that are regularly confronted with language problems
in children were asked about the description, assessment, estimation, screening, diagnosis,
and treatment of language problems, as well as about normal language development among
children. This inventory study was conducted with a random sample of 140 professionals
of different disciplines.

Questionnaire

A questionnaire consisting of open-ended questions was used for data collection. The re-
sponses were coded according to response categories based on the literature. To assess the
reliability of the coding procedure, a second researcher, who was not involved in this study,
also coded a sample of the results. The coded answers of the two researchers matched for
ninety-eight percent. The questionnaire included eight questions that were classified into
several sub-questions (see section 2.3).
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Sample and response

Professionals from several disciplines were selected at random from the different parts of
the Netherlands. Of the 770 questionnaires that were sent, 140 (18%) valid questionnaires
were returned (see Table 2.1). Thirty questionnaires were returned with remarks that the
professionals were tired of completing questionnaires, that they were retired, or that they
had fundamental objections to the research. The other 600 were not returned.

The respondents belonged to the following disciplines: remedial educationalists, Child
Health Physicians, audiologists, otorhinolaryngologists, speech therapists, nursery school
teachers, (child) psychologists, teachers, child psychiatrists, general practitioners, and child
neurologists. The remaining professionals (n = 8) included one social worker, one neurolin-
guist, and two educationalists. The disciplines of the other four are unknown.

Table 2.1: Number of questionnaires sent and response rate, by discipline

Response rate

Disciplines Questionnaires sent n %

General practitioner 211 15 7
Child Health Physician 62 22 35
Otorhinolaryngologist 40 9 23
Audiologist 24 6 25
Child psychiatrist 57 6 11
Child neurologist 15 5 3
Speech therapist 125 25 20
(Child) Psychologist 42 6 14
Remedial educationalist 29 15 52
Teacher 110 13 12
Nursery school teacher 55 10 18
Remaining - 8 -
Total 770 140 18

2.3 Results

The responses of the valid questionnaires are reported here in order of the formulated re-
search questions.

Descriptions of language problems

The first few questions were used to examine how the respondents define language prob-
lems.
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• Can you describe a language problem?
• How are language problems characterized for children between the ages of one to six

years?
• What are the symptoms of language problems in children who speak only Dutch?
• What are the symptoms of language problems in multilingual children?

The responses were coded according to literature-based categories and divided into four
levels (see Appendix A). The frequencies of the most common responses are shown in
Table 2.2. Most of the 140 respondents who answered these questions mentioned more than
one description of language problems.

Table 2.2: Most frequently mentioned descriptions of language problems (n = 140)

Descriptions of language problems Respondents

n %

Problems with language production 101 72
Delayed language development,
compared to normal language development 99 71
Problems with language comprehension 90 64
Problems with syntax 70 50
Problems with articulation 66 47
Limited vocabulary 65 46

Language problems were described primarily in broad terminology such as “problems
with language production” (n = 101; 72%), “language development is delayed compared
to the normal language development” (n = 99; 71%), and “problems with language com-
prehension” (n = 90; 64%). More specific descriptions included “problems with sentence
structure” (n = 70; 50%), “problems with articulation” (n = 66; 47%), and “limited vocabu-
lary” (n = 65; 46%).

Differentiation between normal and deviant or delayed language functioning

The standards used to establish a language problem were derived from the following ques-
tions:

• Do you use a particular standard for diagnosing language disorders? If so, which
standard do you use?

• Which deviation in language functioning do you use to diagnose language problems?

Forty respondents (n = 40; 28%) reported using standards that relate to standardized and
validated language tests, forty-seven (n = 47; 33%) used no specific standards, and thirty-
six (n = 36; 25%) gave no information. Some respondents (n = 17; 12%) used standards
based on screening instruments (Table 2.3).
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Table 2.3: Used standards to diagnose language problems

Descriptions of language problems Respondents

n %

Standard based on a standardized and validated language test 40 28
No standard 47 33
No information 36 25
Standard based on a screening instrument 17 12
Total 140 100

Some of the respondents (n = 37) who used standards also gave information about the
deviations they used to diagnose language problems (Table 2.4). Some respondents (n =
22; 21%) used standard deviations, and others (n = 15; 14%) used chronological age to
diagnose language problems. Standard deviations varied from −1 SD to more than −2 SD,
and deviations in chronological age varied from six to twenty-four months.

Table 2.4: Standard deviations and age equivalents used for diagnosing language problems

Standard deviations Respondents Deviations in chronological age Respondents

−1 SD 16 Deviation of six months 4
−1.5 to −2 SD 3 Deviation of twelve months 9
>−2 SD 3 Deviation of eighteen months 1

Deviation of twenty-four months 1
Total 22 Total 15

Estimation of the percentage of children with language problems

Estimations of the percentage of children with language problems were derived from the
following questions:

• What is your estimation of the percentage of Dutch children with language problems?
• What is your estimation of the percentage multilingual children with language prob-

lems?

Estimations of the number of Dutch children with language problems diverged from one to
forty percent (Table 2.5). Most of the respondents (n = 68; 49%) gave estimations between
five and ten percent. Some of the respondents (n = 40; 29%) estimated the percentage
of children with language problems to exceed ten percent. A smaller proportion (n = 20;
14%) estimated the percentage to be below five percent. Twelve respondents (8%) gave no
information.
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Table 2.5: Estimated percentages of Dutch and multilingual children with language problems

Estimations Dutch children Multilingual children

% Respondents n % Respondents n %

< 5% 20 14 10 7
5 –10% 68 49 36 26
> 10% 40 (up to an est. of 40%) 29 61 (up to an est. of 90%) 44
No information 12 8 33 23
Total 140 100 140 100

Estimations of multilingual children with language problems varied from one to ninety
percent. About one quarter of the respondents (n = 33; 23%) gave no information. A large
number of respondents (n = 61; 44%) estimated the percentage of multilingual children
with language problems to exceed ten percent, some respondents (n = 36; 26%) gave a
percentage between five and ten percent, and ten respondents (7%) gave a percentage below
five percent.

Screening of language problems

The ways in which respondents screen language development were derived from the fol-
lowing questions:

• Do you know of one or more instruments for screening language problems?
• Do you use one or more screening instruments?

A large proportion of the 140 respondents (n = 64, 46%) gave no information on the first
question (Table 2.6). Respondents who provided answers to these questions mentioned both
screening instruments and language tests. General practitioners and nursery school teachers
were the least informed about screening instruments. Speech therapists and Child Health
Physicians were relatively well informed. Most of the remedial educationalists mentioned
language tests.

Of the 104 respondents who answered the second question, twenty-five (24%) reported
that they also use screening instruments (Table 2.7). Most respondents (n = 45, 43%) gave
no information. Some of the respondents (n = 34, 33%) used language tests. Speech thera-
pists and Child Health Physicians used screening instruments most often. Remedial educa-
tionalists and teachers primarily used language tests.

Diagnosis of language problems

Ideas concerning the diagnosis of language problems were derived from the following ques-
tion:

• Who should diagnose language problems?
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Table 2.6: Knowledge of language-screening instruments and language tests (n = 140)

Disciplines Screening Language No information
instrument test

Remedial educationalist 4 11 1
Child Health Physician 10 4 8
Child neurologist 2 1 2
Audiologist 3 - 3
Otorhinolaryngologist 3 2 4
Speech therapist 12 7 6
Nursery school teacher - 1 9
(Child) Psychologist 1 5 -
Teacher - 8 5
Child psychiatrist - 1 5
General practitioner - - 15
Remaining - 1 7
Total 35 (25%) 41 (29%) 64 (46%)

Table 2.7: Use of language-screening instruments and language tests (n = 140)

Disciplines Screening Language No information
instrument test

Remedial educationalist 1 9 5
Child Health Physician 8 1 10
Child neurologist 5 2 -
Audiologist 2 3 1
Otorhinolaryngologist 3 - 4
Speech therapist - 7 3
Nursery school teacher - 1 2
(Child) Psychologist 9 7 7
Teacher - 1 3
Child psychiatrist - - 2
General practitioner - - 5
Remaining - 3 3
Total 25 (24%) 34 (33%) 45 (43%)
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The diagnosis of language problems can be divided into mono-disciplinary and multi-disci-
plinary procedures. A mono-disciplinary procedure refers to diagnosis by a professional in
a single discipline, and a multi-disciplinary procedure refers to diagnosis by professionals
in more than one discipline. The answers of respondents who mentioned one discipline or
“discipline a or b” were coded as mono-disciplinary diagnostic procedures. The answers of
respondents who mentioned more than one discipline or those who mentioned “centers for
speech and language disorders” or “multidisciplinary diagnostic procedures” were coded
as multi-disciplinary diagnostic procedures. More than half of the 140 respondents (n =
80, 57%) preferred multi-disciplinary diagnostic procedures. A smaller proportion of the
respondents (n = 52, 37%) preferred mono-disciplinary diagnostic procedures, and six per-
cent (n = 8) of the respondents gave no information (Table 2.8).

Table 2.8: Diagnostic procedures and most frequently mentioned disciplines

Diagnostic procedures Respondents Disciplines mentioned
n %

Mono-disciplinary diagnos-
tic procedures

52 37 Speech therapists, Psychologists, Teachers

Multi-disciplinary diagnos-
tic procedures

80 57 Center for speech and language disorders;
Combinations of Otorhinolaryngologists,
Child psychiatrists, Speech pathologists,
Speech therapists, Psychologists, Reme-
dial educationalists, Child Health Physi-
cians, Linguists, Teachers

No information 8 6
Total 140 100

For diagnosis with multi-disciplinary procedures, the respondents most frequently men-
tioned centers for speech and hearing disorders or various combinations of otorhinolaryn-
gologists, child psychiatrists, speech pathologists, speech therapists, psychologists, reme-
dial educationalists, Child Health Physicians, linguists, and teachers. For mono-disciplinary
diagnostic procedures, the respondents most frequently mentioned speech therapists, psy-
chologists, or teachers.

Treatment of children with language problems

Ideas concerning treatments were derived from the following questions:

• Which treatment is needed for Dutch children with language problems?
• Which treatment is needed for multilingual children with language problems?
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Answers to the first question were provided by 133 respondents, and 100 respondents an-
swered the second question (Table 2.9). Respondents mentioned both disciplines and forms
of treatment. Some respondents mentioned more than one discipline or form of treatment.

Table 2.9: Most frequently mentioned disciplines and forms of treatment for children with language
problems.

Mentioned diciplines Dutch children Multilingual children
or treatments (133 respondents) (100 respondents)

n % n %

Speech therapist 119 89 66 66
Teacher 47 35 42 42
Remedial teacher 20 15 18 18
Doctor 20 15 12 12
Audiologist 20 15 12 12
Language stimulation 29 22 29 29
Parental guidance 21 16 16 16

Speech therapists (n = 119, 89%) were mentioned most frequently. In addition, teachers
(n = 47, 35%), doctors (n = 20, 15%), audiologists (n = 20, 15%), and remedial teachers (n
= 20, 15%) were thought to participate in the treatment of the language problems of Dutch
children. Language stimulation (n = 29, 22%) and parental guidance (n = 21, 16%) were
the most mentioned forms of treatment.

Speech therapists (n = 66, 66%) were thought to be most important in the treatment of
language problems among multi-lingual children as well. Remedial teachers (n = 18, 18%)
and teachers (n = 42, 42%) were also mentioned as participants in the treatment of language
problems among multi-lingual children. As before, language stimulation (n = 29, 29%) was
the most frequently mentioned form of treatment.

Normal language development

The following questions were used to gain insight into the normal language development of
children:

• Which language abilities do children have on their 1st, 2nd, 3rd, 4th, 5th, or 6th
birthdays?

• How intelligible (estimates of 1 to 100%) are children on their 1st, 2nd, 3rd, 4th, 5th,
or 6th birthdays?

• Which “normal” language errors do children make on their 1st, 2nd, 3rd, 4th, 5th, or
6th birthdays?

The responses showed strong agreement concerning milestones in language development
(see Table 2.10). The sum of the columns is not always 140 (the total number of respon-
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dents), as some respondents included more than one language feature (e.g., vowels and
words) in their responses.

Table 2.10: Language performance in the language development of children between the ages of one
and six (140 respondents).

Language 1st 2nd 3rd 4th 5th 6th
performances birthday birthday birthday birthday birthday birthday

Vowels 68 - - - - -
Words 93 24 2 - - -
Two-word sentences 96 15 - - - -
Vocabulary - 15 19 14 9 8
Short sentences - 24 108 55 6 -
Compound sentences - - 5 47 79 77

The language abilities of children at certain ages were described roughly as follows:
vowels and words on the 1st birthday (n = 68; n = 93), two-word sentences on the 2nd
birthday (n = 96), short sentences on the 3rd birthday (n = 108), short as well as compound
sentences on the 4th birthday (n = 55; n = 47), and compound sentences on the 5th and 6th
birthdays (n = 79; n = 77).

Respondents (n = 125) also agreed on intelligibility percentages (Fig. 2.1). To illus-
trate the various intelligibility percentages by age, the percentages for each discipline are
connected with a curve. On average, the general practitioners indicated the highest intel-
ligibility percentages for each age, and the psychologists usually reported the lowest intel-
ligibility percentages. In the first four years of life, the intelligibility percentages quickly
increase from five to eighty percent. Between the fifth and sixth birthdays, the increase is
less pronounced (from 90 to 100%).

Table 2.11: ”Normal” language errors in language development from one to six years (125 respon-
dents).

Normal language 1st 2nd 3rd 4th 5th 6th
errors birthday birthday birthday birthday birthday birthday

Vowels 52 41 36 20 8 9
Words 53 44 25 13 8 7
Sentence structure 36 41 56 37 19 12
Conjugation/Flexion’s 35 32 38 51 36 19
Linguistic usage 31 17 9 7 10 4
Narrative capacities 29 12 4 6 4 3

Table 2.11 summarizes the “normal” language errors of a child. A number of the 125
respondents who answered this question included more than one normal language error in
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their responses. Various kinds of normal language errors were mentioned for all ages. On
the 1st birthday, children make errors with words and vowels; on the 2nd birthday, they
make errors with words, vowels, and sentence structure, and on the 3rd birthday, the errors
tend to involve sentence structure, as well as vowels and pragmatics. On the 4th and 5th
birthdays, children make the most errors with conjugations and flexions, and on the 6th
birthday, children refine all language modalities.
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Figure 2.1: Mean intelligibility percentages by age group (1 through 6 years), reported as an average
for each discipline.

2.4 Discussion

This study demonstrated that no clear-cut definition of a language problem exists within the
Dutch healthcare system. Most respondents described language problems with such general
terms as “problems with language production,” “delayed language development, compared
to normal language development,” and “problems with language comprehension.” These
terms are in accordance with descriptions in the literature. More specific descriptions,
including “problems with sentence structure,” “problems with articulation,” and “limited
vocabulary,” were mentioned less frequently by Dutch healthcare professionals. The am-
biguity that exists in the understanding of what constitutes a language problem brings the
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possibility of detecting language problems into question.
Dutch-language instruments that are used in the Netherlands to screen children for lan-

guage problems include the following: Van Wiechenschema (Van Wiechen 1988), Gronin-
gen Minimum Speech Norms (Groninger Minimum Spreeknormen; Goorhuis-Brouwer and
Van der Lucht 1995), the VTO Observation Instrument (VTO-signaleringsinstrument) for
children between birth and three years of age (De Ridder-Sluiter 1990), and the VTO
Language-Screening Instrument (VTO-taalscreeningsinstrument) for children between the
ages of three and six (Gerritsen 1988). However, only twenty-five percent of the respondents
mentioned one of these screening instruments. This could be because not every respondent
is engaged in the detection of language problems. This also might indicate a tendency to
detect language problems intuitively.

The respondents agreed about the milestones and intelligibility percentages in normal
language development. Although milestones seem to be good measures for detecting lan-
guage delays (Diedrich and Carr 1984; Kelly and Sally 1999), opinions about normal lan-
guage errors in language development varied between respondents. The results showed that
every kind of error (i.e., errors involving the use of vowels, words, sentence structures, in-
flection of the morphology, pragmatics, and narrative capacities) emerged at all different
ages (1 to 6 years). This result raises the question of how practitioners differentiate between
normal and inadequate language development.

The respondents reported using different standards for defining language problems. A
large proportion of the respondents (45%) gave no information, or reported using no stan-
dards. Thirty-nine percent of the respondents used standards that are related to standardized
and validated tests, and a small proportion (12%) used standards that are related to screening
instruments. Developmental screening is short assessment procedure designed to identify
children who may need more comprehensive evaluation (American Academy of Pediatrics
2001). In contrast, a language test is intended for more comprehensive evaluation and may
lead to a definite diagnosis of a language problem. The respondents were possibly not
aware of this. The deviations that the respondents allowed in the standards that they used
to identify language problems also varied. The deviation varied from −1 standard devia-
tion to more than −2 standard deviations, and the age equivalents varied from six months
to twenty-four months below expected age level. There is apparently no gold standard for
diagnosing language problems in children. The differences in the standards that are used
for defining language problems, as well as the different descriptions of language problems,
might explain the differences in the estimated percentages of children with language prob-
lems. Estimations of the prevalence of language problems among children varied widely.
The estimated percentages of Dutch children varied from one to forty percent, and the esti-
mated percentage of multilingual children varied from one to ninety percent. In the litera-
ture, prevalence estimations vary from three to twenty-seven percent (Enderby and Emerson
1995; Tomblin et al. 1997; Shriberg et al. 1999; De Koning et al. 2000).

The results of this study also show that respondents prefer multi-disciplinary diagnostic
procedures (centers for speech and hearing disorders, or various combinations of otorhi-
nolaryngologists, child psychiatrists, speech pathologists, speech therapists, psychologists,
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remedial educationalists, Child Health Physicians, linguists, and teachers). These ideas
concerning diagnostic procedures are in agreement with the relationship that is assumed to
exist between language problems and such influencing factors as hearing loss, mental retar-
dation, social or emotional problems, and environmental deprivation (Tomblin et al. 1996;
Hall 1997; Chapman 2000).

For the treatment of language problems, the respondents most frequently mentioned the
disciplines of speech therapy and teaching. Language stimulation and parental guidance
were the most frequently mentioned forms of treatment. In contrast, Knijff and Goorhuis-
Brouwer (2001) emphasized that children who have specific language problems benefit
more from language stimulation than do children who have non-specific language prob-
lems. Treatments for non-specific language problems include medication, surgery, or social-
emotional ability training (Goorhuis-Brouwer and Schaerlaekens 2000).

In conclusion, the manner in which Dutch healthcare professionals define language
problems is unclear. There is apparently no gold standard for diagnosing language prob-
lems. Although practitioners do agree about normal language development, it is unclear
when language errors are considered part of normal language development and when they
indicate inadequate development.



Chapter 3

Definitions of problems in language
development classified in a clinical
diagnostic model

Abstract

Discussions concerning the terminology and classification of language problems are com-
mon among both researchers and clinicians. Language problems in young children can be
approached from different points of view, depending on the background of professionals. A
review of the literature shows that definitions of language development and language prob-
lems can be grouped according to any of a number of taxonomies, each of which may focus
on descriptive and explanatory stages in language development, on factors that influence
language development, or on linguistic categories. This paper describes various classifica-
tions of definitions of language development and language problems that are found in the
literature. These orientations are subsequently integrated into a general and clinical diag-
nostic model for screening, testing, examining, and mapping (STEM) language problems in
young children. The STEM model can function as a protocol for identifying and diagnosing
children with language problems. The four levels are interrelated; together, they comprise a
complete approach for addressing children with language problems.

3.1 Introduction

Researchers engage in considerable discussion concerning the terminology and classifica-
tion of language problems. A previous study showed that professionals in Dutch healthcare
define language problems in several ways (Luinge et al. 2002) and that there was apparently
no “gold standard” for diagnosing language problems in children. The perspectives from
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which researchers address language development and language problems differ from those
used by healthcare professionals (Ziegler et al. 1990; Bishop 1997; Kahmi 1998).

The original aim of this study was to formulate a definition of language problems. It
proved difficult to arrive at a single, unambiguous definition, however, as language prob-
lems in young children can be approached in several ways, depending upon professional
background. For example, the following are among the descriptions that are found in the
literature: 1) “Children have a language problem whenever their language abilities are be-
low those expected for their age and their level of functioning” (Leonard 1998 p. 177) and
2) “The most useful diagnostic distinction is between developmental language delay that
is secondary to other conditions (mental retardation, pervasive developmental disorder or
autism, physical handicap, hearing loss, brain damage and environmental deprivation) what
which we call secondary language delay, and developmental language delay that occurs
when a child’s nonlinguistic cognitive skills and physical abilities are developing normally,
what we call specific language delay” (Whitehurst and Fischel 1994, p. 614). Language
problems can be classified according to any of a number of taxonomies, each of which may
focus on descriptive and explanatory stages in language development, on many factors that
influence language development, on linguistic processing, or on linguistic categories. In
fact, a definition of language depends on the context within which the question, “What is
language?” is asked (Bloom and Lahey 1978).

The descriptive orientation characterizes stages according to points at which there is
active change in language development (Ingram 1989). Descriptive stages roughly describe
the aspects of language comprehension and production that children learn at certain de-
velopmental stages. For example, the early linguistic stage (1 year to 2.5 years) can be
described roughly by the production of the first words, followed by a word spurt and the
production of two-word utterances (e.g., “daddy book”). Delays in language development
become noticeable when developmental milestones do not emerge at certain ages. Descrip-
tive stages identify changes in language development. In contrast, explanatory stages seek
to give reasons for those changes. Explanatory stages are intended to consider how children
acquire language, based on linguistic input. For example, before children produce their first
words, they must discover which sound sequences are words. Children must discover units
that belong to their native language from a continuous sound stream (Saffran et al. 2001).

In the categorical orientation, language development can be defined according to in-
fluencing factors (Bloom and Lahey 1978; Kahmi 1998). The development of the speech
and language system is possible only if children have sufficient opportunities for hearing,
moving, learning, and language input; disorders in one of these aspects may give rise to
language problems. More detailed categories of abilities that are considered necessary for
learning and using language include aspects of language processing, such as those involved
in memory, discrimination, and association. These molecular categories comprise the spe-
cific abilities orientation (Bloom and Lahey 1978). Within this orientation, children with
language problems can be described in terms of the relative strengths and weaknesses of
certain processes or abilities. The categorical orientation and the specific abilities orienta-
tion are both based on the etiology of language problems. In addition, language problems
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may subsequently interfere with a child’s further development, as language plays an im-
portant role in cognitive and social-emotional development. Language problems may be
related to behavioral problems (Beichtman et al. 1986; Cantwell and Baker 1987; Benasich
et al. 1993; Coster 2001). Moreover, language problems have also been linked to learning
difficulties (Silva et al. 1987; Stothard et al. 1998).

In the linguistic orientation, language problems are described in detail according to
several symptom-oriented manifestations (Bloom and Lahey 1978). Problems with lan-
guage can occur at several levels of language, including phonology, morphology, syntax,
semantics, and pragmatics. Subtypes of language problems can subsequently be formulated
according to combinations of problems in these aspects of language.

Although the definition of language problems can differ according to the orientation
toward language development, researchers and professionals generally agree that children
with language problems should be identified and diagnosed as early as possible (Blackman
1999; Mattson et al. 2001; Rescorla and Alley 2001), as the neurological system of speech
and language develops during the first years of life (Mayeux and Kandel 1999; Mehler and
Christophe 2000; Stromswold 2000).

This study introduces a literature-based model for diagnosing language problems in
children. The model is similar in many ways to more general clinical diagnostic models.
The first phase of diagnosis consists of screening for and detecting problems. The second
phase involves testing to determine if actual problems exist and, if they do, to identify
possible causes. These problems should be examined in order to apply the appropriate
therapy (American Academy of Pediatrics 2001).

The diagnosis of language problems is influenced by these theoretical approaches and
by the various backgrounds of professionals. This paper describes various classifications of
definitions of language development and language problems that are found in the literature.
These orientations are subsequently embedded within a general clinical diagnostic model
for screening, diagnosing, and examining language problems in young children.

3.2 Classifications of language problems

In the literature, language development and language problems in young children are ap-
proached from a number of different perspectives. The descriptive orientation describes lan-
guage problems according to language milestones that characterize several developmental
stages. The aim of explanatory stages is to describe the underlying processes of changes that
take place during these descriptive stages. The descriptive orientation uses both language
comprehension and language production to describe language problems. The categorical
and specific-abilities orientations define the conditions for language development and lan-
guage problems according to the etiology of the language problems, whereas the linguistic
orientation describes language development and language problems in detail, focusing on
the manifestation of the problems.
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3.2.1 Descriptive orientation

Developmental stages

In the literature, there appears to be consensus among researchers concerning the milestones
in descriptive stages (Foster 1990; Goorhuis-Brouwer and Schaerlaekens 2000; Mayeux and
Kandel 1999; Needlman 2000). These stages can be divided into the pre-linguistic stage,
the early linguistic stage, the differentiation stage, and the completion stage.

In the pre-linguistic stage (0 to 1 year), crying, reflexive vocalization (e.g., burps), and
consonant-like vowels [k,g] followed by a range of vowels are the first marks after birth
(about 0 to 6 months) (Ingram 1989). The crying is loud and hard, the air escapes in a
continuous flow, and articulation is not yet involved. Children start to vocalize between six
weeks and four months of age, thereafter discovering vocal capacity (e.g., resonance). At
first, children produce simple vowels. Afterwards, they manipulate vocalizations and gain
more control over the vocal breath stream. Reciprocal smiling between parents and chil-
dren is also an important milestone in communicative development during the pre-linguistic
stage. Reciprocal smiling emerges after the first three months of life. This reciprocity
gives structure to the interaction between parents and children (Breeuwsma 1994). At the
canonical babbling stage, which is at the end of the pre-linguistic stage, syllabic timing
constraints on the relationship of openings and closures of the mouth are discovered. After
seven months, children begin to produce monosyllabic babble, which is a combination of
consonants and vowels, characterized by reduplicated diphthongs with considerable varia-
tion (e.g., boe, boe, tie, die [in Dutch]). Between eight and ten months, babbling takes on
a new complexity, involving many syllables and inflections that mimic the native language.
The babble becomes language specific by the age of roughly one year.

The early linguistic stage (1–2.5 years) is a period of single utterances, which is fol-
lowed by a word spurt and the production of two-word utterances (e.g., “daddy book”).
The most important difference between this stage and the former is the emergence of the
first meaningful and language-specific words. The one-word stage begins when a word
emerges more than once and when it sounds roughly similar every time (Hendriks et al.
1997). Most children produce their first words around nine to fifteen months of age. Dur-
ing the eight months that follow, the vocabulary expands to include between fifteen and
fifty words. At this age, children produce jargon, follow simple commands, and label ob-
jects in the world around them. At the age of eighteen months, children are able to name
pictures and identify one or more body parts. The moment of the lexicon explosion is dif-
ferent for each child. The average age at which children are able to produce fifty words
is around twenty months. Children name objects based on over-generalization and under-
generalization. Over-generalization implies that children use one word for many things
(e.g., every four-legged animal is a “cat”). Under-generalization implies that children use
common nouns instead of proper name (e.g., only the child’s bike is named “bike.” The
bikes of other children have other names). Around the age of twenty months, children also
start to produce two-word sentences. Two-word utterances are primarily oriented toward
their own needs (“more cookie”) and, to a lesser extent, toward events in the immediate
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environment (“mommy go”) (Zuckerman et al. 1999). Two-word utterances become com-
binations of three or more words, children learn to use language beyond certain actions
(asking for cookies without pointing at a cookie), and communicative intentions become
increasingly more explicit (Breeuwsma 1994).

During the differentiation stage (2.5–5 years) sentences become increasingly complex.
At first, children produce short sentences, producing compound sentences later on. This
stage also encompasses the onset of inflections (plural, past tense) and pronouns, preposi-
tions, and auxiliaries. In addition, children begin to tell stories.

Finally, the completion stage (>5 years) can be characterized by the expansion of the
lexicon and sentences. At this stage, the language approaches adult levels of speech com-
petence.

Milestones that are not reached by a certain age (e.g., the absence of babbling by ten
months, not using single words at eighteen months, or not using short utterances at twenty-
four months; Kelly and Sally, 1999) are initial indicators of language problems. The descrip-
tive orientation focuses on rough descriptions of language problems and does not distinguish
between different types of language problems. The advantage of a descriptive orientation is
that it allows differentiation between normal and delayed language development in a large
population in a short time. However, this orientation has limitations with regard to the di-
agnosis of language problems. It provides neither a description of factors that contribute
to the language problems nor a detailed description of the language problems in order to
determine the facets of language development that are actually affected.

Explanatory stages

Before children show changes in the early linguistic stage (e.g., producing object-like words),
they must discover which sound sequences are words in the pre-linguistic stage. Children
must identify units belonging to their native language out of a continuous sound stream
(Saffran et al. 2001). One way to examine the mechanisms underlying the stages of lan-
guage development is to present children with artificial languages consisting of specific
features of natural language. For instance, some experiments involve presenting a new arti-
ficial language after young children have become accustomed to another artificial language.
The subsequent reactions of the children can be measured according to how long they pay
attention to the new language. Artificial languages allow researchers to isolate certain as-
pects of language. In this way, Saffran et al. (1996) found that, among eight-month-old
children, word segmentation within a continuous stream of sounds was based on the statisti-
cal relationships between neighboring speech sounds during only two minutes of exposure.
Children seemed to detect the probabilities with which one syllable predicts another.

For the production of words in the early linguistic stage, children must use symbols
and connect sounds or gestures arbitrarily to specific concepts or percepts (Christiansen and
Kirby 2003). Language is a conventional and referential system, and children must discover
its symbolic value. The relation between a verb and a noun can be semantic (Hendriks et al.
1997). Children may be unaware of word categories (e.g., verb, noun), and may combine
two meaningful units without using underlying sentence structure. For instance, the utter-
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ance “daddy sleep” can be analyzed in several ways, involving context or intonation: “daddy
is sleeping,” “daddy is sleepy,” and “is daddy sleepy?” Gomez and Gerken (1999) showed
that, from the age of twelve months, children become sensitive to linguistic cues in early
development. Their experiments verified how children learn artificial grammar. These chil-
dren could distinguish new grammatical strings from ungrammatical strings after less than
two minutes of exposure to the artificial grammar. By this age, therefore, children seem
to be sensitive to grammatical structures. These results provide no information about the
production of grammar structures. Mintz et al. (2002) stated that, by the age of 2.5 years,
children produce utterances that display some rudimentary syntax and knowledge of gram-
matical categories. Using a database of speech directed toward children, they examined
information that might be available in speech to children younger than 2.5 years. They were
interested in knowing how children learn the grammatical category structures of their native
languages. Their results showed that words (nouns and verbs) could be successfully cate-
gorized according to their co-occurrence patterns with surrounding words, based on speech
directed toward children under the age of 2.5. These results provide support for theories
of grammatical category formation involving distributional analysis. Distributional analysis
means that the distributional context of a word provides information about its grammatical
category. In accord with these results, Marcus et al. (2001) suggest that infants can repre-
sent, extract, and generalize abstract algebraic rules. Furthermore, adults were also found
to use distributional analysis in an artificial learning task (Mintz et al. 2002). In contrast,
adults with language or learning disabilities seem to have difficulty distinguishing between
grammatical and ungrammatical word strings (Plante et al. 2002).

In the differentiation stage and the completion stage, sentences become increasingly
complex. Hauser et al. (2002) hypothesized that the faculty of language in the narrow sense
includes only recursion which is its only uniquely human component. Recursion is the abil-
ity to use one rule that can be applied infinitely, such as making embedded sentences of
unlimited length. Recursion may play an important role in the ability to make compound
sentences. “Semantic bootstrapping” and “syntactic bootstrapping” may also play a role
in the discovery of linguistic structures in sentences (Pinker 1994; Hendriks et al. 1997).
Semantic bootstrapping refers to a process whereby children acquire syntactic structures ac-
cording to the division of roles in sentences (agent, patient, and goal). Syntactic bootstrap-
ping describes a process whereby children discover the meaning of words through verbs,
which occur in different contexts. Children must implicitly discover and use the grammar
of their language to determine who-did-what-to-whom in each sentence and to determine
grammatical endings (-s, -ed, -ing) and the function words (of, to, the) in order to convey
the further combinatorial meaning of an utterance (Saffran et al. 2001).

The differentiation stage also involves the onset of inflections (plural, past tense) and
pronouns, prepositions, and auxiliaries. Children initially use correct forms of the past
simple tense of strong verbs (e.g., went, came). They may subsequently discover a rule
for inflecting weak verbs into the past simple tense and then apply this new rule to strong
verbs as well (e.g., singed, comed). Finally, children discover the exceptions to regular
conjugations, and they produce the correct past simple tense of strong verbs. The specific
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rules that they use remain unclear, however, as does their discovery and how it is involved
in the language acquisition of young children (Gomez and Gerken 1999; McClelland and
Seidenberg 2000).

Language production and language comprehension

The literature also provides descriptions in terms of language production and language com-
prehension (Diedrich and Carr 1984; Tomblin et al. 1997). Language production refers to
spoken language, and language comprehension refers to the reception of language. It is
customary to include measures of both language comprehension and language production
in any examination of language problems (Tomblin et al. 1996).

The classical distinction between expressive and receptive language abilities is also
made between patients with anterior aphasics (Broca’s aphasia) and posterior aphasics (Wer-
nicke’s aphasia). Broca’s aphasia is best characterized by profound expressive deficit and
relatively good auditory language comprehension. (. . . most migratory bird . . . start . . . way
. . . winter home . . . weather . . . summer home . . . still fairly warm . . . [. . . ], Kalat 1998).
Wernicke’s aphasia, in contrast, is characterized by dense auditory language comprehension
in the context of well-articulated and fluent speech. (The following conversation is between
a woman with Wernicke’s aphasia (W) and a speech therapist (T): T: (Holding picture of an
apron) Can you name that one? W: Um . . . you see I can’t, I can barely do; he would give
me sort of umm. . . T: A clue? W: That’s right . . . just a like, just a . . . T: You mean, like,
You wear that when you wash dishes or when you cook a meal? W: Yeah, something like
that [. . . ], Kalat 1998).

One way of determining the presence of a language problem is to compare the level of
language production and language comprehension to the average level of functioning for a
certain age (Diedrich and Carr 1984; Tomblin et al. 1996; Bishop 1997). Assuming age
equivalents, however, makes it easy to overlook normal variations in language acquisition.
Age equivalents consist of the average functioning of a certain age group. This implies that
some children should perform above average and that some children should perform below
average, in addition to those who perform exactly on average. As specified by Bishop
(1997), p. 28, “[. . . ] they convey the impression that any child who scores below age level
has a problem, when in fact, a certain proportion of children must score below average, by
definition.” It is important to have a reasonable idea of the range of ability at different ages
and not just of the average level of language ability at those ages (Bishop 1997).

Normal variation on standardized tests, as determined by the standard deviation (SD),
is another way of determining the presence of a language problem. Different standard de-
viations are used, and they can vary from 1 SD to 2 SD or more below the mean level of
language functioning (Hall 1997; Luinge et al. 2002).

3.2.2 Categorical and specific abilities orientation

Many authors differentiate between specific language impairments (SLI) and non-specific
language impairments (non-SLI). This categorical orientation is based on the idea that many
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factors can influence the processing of language (Whitehurst and Fischel 1994; Chapman
2000). The development of the language system is possible only if children have sufficient
opportunities for hearing, moving, learning, and language input. A disorder in any one of
these aspects may give rise to language problems. In specific language problems, the lan-
guage problem is the only developmental problem. Non-specific language problems are re-
lated to other factors (Whitehurst and Fischel 1994; Tomblin et al. 1996; Goorhuis-Brouwer
and Schaerlaekens 2000), such as hearing loss, mental retardation, emotional problems,
pervasive developmental disorder and autism, physical handicaps, neurological problems,
environmental deprivations, or a combination of these factors.

If none of these factors can be identified, the language problem is specific. Specific lan-
guage problems have no clear-cut etiology. The exact specificity of SLI, however, remains
debatable, given the reported level of co-morbidity (Law et al. 2004). In addition, spe-
cific language problems may be gender modified, as language problems occur more often
in males than in females (Tomblin et al. 1997). Furthermore, genes may have an influence
on specific language problems (Bishop 1997).

The special abilities orientation is based on detailed categories of abilities that are con-
sidered necessary for learning and using language. For example, the overview of Bishop
(1992) of several cognitive processes and abilities underlying language problems addressed
hypotheses concerning failures in programming speech or auditory perception, impairments
in mastering grammatical relations and in developing concepts, failure to apply hypothesis-
testing procedures, and limited information-processing ability.

It is important for diagnostic evaluation to be conducted from an interdisciplinary per-
spective in order to obtain the broadest possible view of the child and family. For example,
language tests that take place in non-medical settings may cause a tendency to overlook the
physical health component (Blackman 1999). The distinction between SLI and non-SLI
seems to be useful for determining an adequate choice of therapy. For instance, children
with SLI seem to benefit from speech therapy, whereas children with language problems
in co-morbidity with cognitive delay seem to benefit more from special education (Knijff
and Goorhuis-Brouwer 2001). The cause of a language problem determines the application
of the appropriate therapy, and a multidisciplinary approach toward language problems is
therefore thought to be of utmost importance.

The greatest advantage of this orientation is that it examines why language problems
exist. Nonetheless, the examination of contributing factors is time-consuming and says
nothing about the language problems themselves.

3.2.3 Linguistic orientation

The categorizing principle within the linguistic taxonomy is the manifestation of the lan-
guage problem instead of the etiological orientation (Bloom and Lahey 1978). Language
problems can be described according to one or more different language modalities (Gavin
et al. 1993; Eyer and Leonard 1995; Hall 1997; Leonard 1998), such as phonology, seman-
tics, syntax, morphology, or pragmatics. For example, possible problems include difficulties
with sentence structure, reflexives, or word retrieval, omissions of phonemes, or problems
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with language use in social contexts. The advantage of the linguistic orientation is that it ex-
amines language problems in detail, which in turn can be useful for determining language
therapy. The detailed examination of language profiles is time-consuming, however, and
should be applied repeatedly. This orientation also involves a risk of neglecting the etiology
of the language problem.

Language profiles

It is possible that language problems occur independently in various modalities. If this is
the case, subtypes of language problems could be formulated according to combinations
of problems involving these aspects of language. For example, Rapin and Allen (1987)
formulated several descriptive, clinically based subtypes of language disorders. The syn-
dromes they distinguished were verbal auditory agnosia (comprehension –, understanding
of gestures +, and speech –)1, verbal dyspraxia (comprehension +, production –), phono-
logic programming deficit syndrome (fluency +, understanding of speech –, comprehension
+), phonologic-syntactic deficit syndrome (speech –, comprehension +/–), and semantic-
pragmatic deficit syndrome (fluency +, content language –, comprehension +/–, turn taking
–, maintaining a topic –). McGregor et al. (2002) studied semantic representation and
naming in children with SLI. Children with SLI make more naming errors than do their
age-mates. Their study demonstrated that naming performance was consistent with hypoth-
esized relations between semantic memory and information retrieval.

Other researchers have identified different subtypes of language problems by using ei-
ther descriptive, clinically based accounts or statistical methods (e.g., cluster analysis proce-
dures). None of the sub-typing approaches, however, has gained either general acceptance
or widespread use (Watkins 1992). Clear and objective diagnostic criteria are lacking (e.g.,
outcomes on language profiles are dependent on the measures used in the analysis), and
the boundaries between the various subgroups are unclear (Bishop 1997). One possible
explanation for this lack of clarity is that individual children move across subgroups over
developmental time (Conti-Ramsden and Botting 1999).

Language profiles in non-SLI

Language profiles sometimes provide information about the etiological background of lan-
guage problems. Children with hearing loss may have difficulty grasping the meaning of
metaphorical or abstract language use (Kievit et al. 1992). They are able to name objects and
events in their own world and know how to communicate, but these children have difficulty
learning grammatical rules. Children with hearing loss may also be unable to discriminate
between several (similar) phonemes (/w, b/) of language, omit or substitute phonemes (/p-
t-k/), or omit function words (e.g., “the,” or “at”) (Goorhuis-Brouwer and Schaerlaekens
2000). Their ability to comprehend language and to articulate (e.g., “blil” instead of “bril,”
in Dutch) may also be insufficient, and they may hesitate to join conversations because of
insecurity about the perceived information. Briscoe et al. (2001) investigated phonological

1+ refers to sufficient; – refers to insufficient
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processing, language, and literacy in children with mild-to-moderate sensory-neural hearing
loss and those with specific language impairment (SLI). The main finding of their research
was that children with mild-to-moderate sensory-neural hearing loss showed the same de-
gree of impairment SLI on tests of phonological discrimination, phonological awareness,
and non-word repetition as did normally hearing children. The hearing-impaired children,
however, exhibited none of the pervasive language and literacy difficulties that characterize
SLI.

The development of mentally retarded children is usually delayed in several ways. The
most obvious characteristic is sub-average intellectual functioning. An IQ that is two stan-
dard deviations or more below the mean as determined by scores on standardized gen-
eral intelligence instruments is considered indicative of sub-average intellectual functioning
(Baumeister and Baumeister 1995). Mentally retarded children have problems with com-
munication, self-care, home living, social skills, community use, self-direction, health and
safety, functional academics, leisure, and work. Mundy and Kasari (1995) found that chil-
dren with Down syndrome demonstrated a disturbance in non-verbal requests, and that this
disturbance was apparent across all developmental levels. This finding may indicate a spe-
cific characteristic of children with Down syndrome, as the disturbance was not observed in
children with mental retardation of unknown etiology. Mervis and Robinson (2000) found
that toddlers with Williams syndrome had substantially and significantly greater expressive
vocabularies than did the CA-matched children with Down syndrome.

Emotional attachment can also influence language development. Emotional problems
can lead to mutism (not speaking) or elective mutism (only speaking in certain contexts)
(Goorhuis-Brouwer and Schaerlaekens 2000). These symptoms are also observable in autis-
tic children. The basic symptoms of autism are major deficits in the ability to relate to others,
deficits in verbal and non-verbal communication, and abnormalities of routine and behavior
(e.g., rocking, hand waving, or head banging) (Harris 1995; Spreen et al. 1995). Manifes-
tations of disordered communication in autistic children include failure to speak, echolalia,
(parrot-speech), abnormal non-verbal communication, and strange pitches in speech and
long-lasting monologues (Kievit et al. 1992). Very young autistic children show a lack of
communicative babbling and substantial delays in the onset of rudimentary speech (Harris
1995). In contrast to autistic children, children with Asperger syndrome (a special case of
the autistic spectrum) have early onset of language development and are more intelligent
than autistic children are, but exhibit other signs of autism and tend to be unusually clumsy
(Spreen et al. 1995). Adams et al. (2002) compared the conversational behavior of chil-
dren with Asperger syndrome with that of children with conduct disorders (i.e., complex
behavioral problems, involving disobedience, lying, cheating, stealing, hitting, or similar
behaviors). They found that the responses of the children with Asperger syndrome showed
significantly more pragmatic problems than did those of children with conduct disorders.

Children with motor problems of the speech organs (physical handicaps) have diffi-
culty controlling the lips and the tongue (transformation of vowels), the velum and pharynx
(open or closed nasal speech), or the larynx (hoarseness). Furthermore, these children show
prosodic problems (e.g., monotonic speech) and co-ordination problems of respiration and
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voice (e.g., production of short words in a single respiration stream). Maassen et al. (2003)
found that subtle auditory processing deficits contribute to such part-of-speech output dis-
orders as apraxic speech disorders. Cleft palate is another physical handicap that affects
language development. The main characteristics of children with cleft palates are delayed
language development at all levels of language functioning and speech problems (e.g., nasal
speech) (Goorhuis-Brouwer and Schaerlaekens 2000).

Aphasia and other neurological problems can also lead to language problems. In con-
trast to autistic children, children with developmental aphasia frequently use and understand
gestures as a means of social communication (Spreen et al. 1995). When speech is present,
however, aphasic children tend to have more problems with articulation.

Many studies have also concluded that parental education and socio-economic status
(SES) is likely to be related to language development (Hack et al. 1992; Smith et al. 1994;
Vohr et al. 1988; Wright et al. 1983; Tomblin et al. 1997). Low SES seems to be a
contributing factor in delayed language development.

3.3 A diagnostic model for children with language problems

In our opinion, the various ways in which language problems can be described can be clas-
sified into the following four levels of a diagnostic model for language problems (STEM):
screening, testing, examining, and mapping (see Table 3.1). STEM describes the diagnostics
of language problems systematically, according to the language-development orientations
described in the previous sections. It demonstrates that different orientations toward lan-
guage problems are useful at different diagnostic levels. In STEM, screening is based on
descriptive stages in language development. Testing is based on the distinction between
language production and language comprehension. Examination is based on both the cate-
gorical and the specific-abilities orientations. The mapping level is based on the linguistic
orientation.

The diagnosis of language problems is becoming increasingly specific and embedded
within the various approaches to language problems that appear in the literature. The aim of
STEM is to examine the language problems of children thoroughly before applying therapy.

Level 1: Screening based on the descriptive orientation

Screening is a short assessment procedure designed to identify children who may need more
comprehensive evaluation (American Academy of Pediatrics 2001). Milestones appear to
be good measures for detecting language delays (Stromswold 2000; Kelly and Sally 1999;
Stott et al. 2002). Delays in language development become noticeable when developmen-
tal milestones are not reached by certain ages. Screening instruments that are based on
milestones in language development include the following: CLAMS (Clinical Linguistic
and Auditory Milestone Scale), GMS (Groninger Minimum Spreeknormen), ELM (Early
Language Milestone Scale), LDS (Language Development Survey), and Denver II (Denver,
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Table 3.1: STEM Model: Screening, Testing, Examination, and Mapping, the different levels in the
diagnosis of language problems.

Level 1: Screening
Differentiation between normal (+) and deviant or delayed (–) language development

Disciplines: teachers or Child Health Physicians

Level 2: Testing
Diagnosis of language comprehension (+ or –) and language production (+ or –)

according to standardized language tests.
Disciplines: speech therapists, clinical linguists, or speech and language pathologists

Level 3: Examination
Differentiation between specific and non-specific language problems

Disciplines: audiologists, child psychologists, otorhinolaryngologists, neurologists,
psychiatrists, remedial educationalists

Level 4: Mapping
Diagnosis of the different language modalities (+ or –)

Disciplines: Speech therapists, clinical linguists, or speech and language pathologists

Developmental Screening Test) (Wachtel et al. 1994; Goorhuis-Brouwer and Van der Lucht
1995; Coplan et al. 1982; Rescorla and Alley 2001; Frankenburg et al. 1992).

Language problems can be defined according to broad distinctions, such as delayed or
deviant language development in comparison with peers. Level 1 encompasses the screen-
ing of the language of children on a pass-fail basis. Language that meets the milestones
appropriate to chronological age is considered indicative of normal language development.
Language that does not meet the criteria based on milestones may indicate delays or devi-
ations in language development; children with such results should be referred for further
assessment. Information can also be gathered from parents and teachers, as well as from
observations of children during intake.

Teachers and Child Health Physicians are equipped to screen children for language prob-
lems. Screenings are useful in surveys of large numbers of children for distinguishing chil-
dren with normal language development from those who are at risk of language problems.
Elaborate tests should be used, however, to determine whether children actually have lan-
guage problems.

Level 2: Testing based on language production and language comprehension

Testing is intended for more comprehensive evaluation and may lead to a definite diagnosis
of a language problem. Level 2 establishes the presence of language problems according to
the results of standardized tests for language production and comprehension. To diagnose
language problems correctly, such tests should have good psychometric properties and meet
generally accepted standards. Speech therapists, clinical linguists, and speech and language
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pathologists are experts in testing the language production and comprehension of children.
Although language tests are used to diagnose language problems, they say nothing about
the etiology of such language problems or about the underlying failures in language and
information processing.

Level 3: Examination based on the categorical and specific abilities orientations

Level 3 examines the medical status and the cognitive and social-emotional development
of a child. Multidisciplinary teams can use this type of examination to distinguish between
specific and non-specific language problems (see Table 3.2).

Table 3.2: Disciplines represented in multidisciplinary teams at the level of examination.

Factors influencing language development Discipline

Background information (e.g., SES, family compo- Not specified
sition, gender, birth weight, day-care/home-care)
Hearing Audiologist, otorhinolaryngologist
Learning capacity Child psychologist, remedial

educationalist
Speech motor capacity and anatomy Otorhinolaryngologist
Neurological anamnesis (e.g., tonus, spontaneous Neurologist
movements, consciousness)
Psychiatric anamneses (e.g., behavior, attention) Psychiatrist, child psychologist

Treatment should be based on the outcome of this examination. Diagnosis at this level
involves determining whether the language problems are caused by medical and psycholog-
ical conditions. Although the treatment of children with non-specific language problems is
particularly concentrated on the diagnosed causes of the language problems, the language
problems themselves should also be considered.

Level 4: Mapping based on the linguistic orientation

Level 4 explores and assesses the various language modalities of children with language
problems. Speech therapists, clinical linguists, and speech and language pathologists ex-
amine the phonology, semantics, morphology, syntax, pragmatics, and meta-linguistics of
children. These findings can be used to determine the most appropriate therapy.

3.4 Discussion

Language problems can be classified according to various taxonomies that focus on the de-
scriptive, categorical and specific-abilities, and linguistic orientations. These orientations
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can be classified within a clinical diagnostic model for language problems (STEM): screen-
ing, testing, examining, and mapping (see Table 3.1). STEM describes the diagnosis of
language problems systematically. In the STEM model, screening is based on several de-
scriptive stages that are derived from explanatory stages. Testing is based on the distinction
between language production and language comprehension. Examination includes both the
categorical and specific-abilities orientations. The final diagnostic level (mapping) is based
on the linguistic orientation.

The different levels on which language problems can be classified can explain the mul-
tiple definitions of language problems, and they may influence the variation in prevalence
estimations as well. In a review of many studies about language problems, Law et al. (1998)
found estimates of the prevalence of language problems among pre-school children ranging
from 0.6% to 33.2%. This rate is in accordance with estimates provided by Dutch primary
health care professionals, which ranged from 1 to 40% (Luinge et al. 2002). The differences
in prevalence estimations may be due to ambiguities in definition, cut-off scores, and the na-
ture of language problems. Furthermore, language problems are probably more prevalent at
the screening level of STEM than they are at the mapping level.

Screening is intended to detect possible problems during primary health care intake. Al-
though the time available for such intake is limited, sufficient information should be gath-
ered in order to detect language problems (Kievit et al. 1992). Screening instruments based
on observations of children are very detailed, and they are therefore time-consuming to ad-
minister. The use of parental report in screenings for young children is very practical, as the
language of young children primarily refers to concepts that can be found in the environ-
ment at home (e.g., “daddy book”); their language abilities are therefore difficult to observe
in artificial testing situations. Moreover, the use of parental report eliminates the need to
involve children in the screening, thus facilitating the screening process by removing the
necessity of scheduling and transporting children.

It is difficult to determine whether the language development of a given child is deviant,
as language acquisition varies from child to child. Although some children acquire language
more slowly than do others, delays in language do not necessarily indicate language prob-
lems. As Enderby and Emerson (1995), p. 34 observed, “The normal acquisition of speech
and language shows considerable variation and it is not always easy to distinguish between
a child at the lower range of normality and one who is deviating from the usual pattern of
speech and language development.”

After screening, the testing of children’s language profiles is recommended in order to
evaluate the presence of actual language problems. If children have not reached the language
milestones appropriate for their ages, standardized language tests should be performed to
assess language production and comprehension. The distinction between expressive and
comprehensive language abilities, related to the dichotomy between Broca’s aphasia and
Wernicke’s aphasia, however, is somewhat superseded. Blumstein (1995) concluded that the
classical view, in which speech production is subserved solely by anterior brain structures
and reception is subserved solely by posterior brain structures, is not supported by the results
of her study. The phonological representation of the sound structure of words informs both
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the production and the perception of speech, and the underlying anatomical structures of
this system are broadly distributed in the perisylvian areas of the left hemisphere (Blumstein
1995).

The diagnosis of language problems should be interpreted according to standard scores
and not by age equivalents. Because age equivalents are based on mean performances at par-
ticular ages, they make it easy to assume pass-fail procedures, thus leading to a tendency to
overlook normal variations in language development (Bishop 1997). Standard scores allow
the comparison of different children at a particular age or the comparison of different age
groups. In this way, standard scores can help to assess the severity of language problems.

After testing, it is important to examine all of the underlying problems that could occur
simultaneously with the language problem. The classification of language problems accord-
ing to etiology seems promising, particularly for determining the most appropriate therapy.
One limitation of this approach, however, is that categories provide little information about
the language functioning of children. Cause and effect are usually not linear. Influences
on language problems are multi-causal (Kievit et al. 1992). The classification of language
problems should be used not only to discover the basis of language problems, but to explore
the range of variation in cognitive deficits as well, and how they are related to language
profiles. Furthermore, because children may move across various language profiles over de-
velopmental time (Conti-Ramsden and Botting 1999), the linguistic approach is important
for describing language problems according to one or more different language modalities
repeatedly. When children are categorized as having as SLI or non-SLI, the manifestations
of their language impairments should also be described in linguistic terms.

The keys to successful outcomes for children with language problems are early identi-
fication, accurate diagnosis, and implementation of appropriate management interventions
(Kelly and Sally 1999). STEM shows that the diagnosis of language problems in children
involves four levels. Accurate diagnosis and appropriate therapy require all levels of STEM.
Although therapy may include language therapy, the efficacy of language therapy has yet
to be demonstrated overwhelmingly, even among children with SLI. The evidence concern-
ing the effectiveness of intervention in expressive language problems (syntax difficulties)
diverges, and there is little evidence for the effectiveness of therapy for receptive language
difficulties (Law et al. 2004). Furthermore, in the context of screening, the characteristics
that can best predict response to treatment are not clear (Stott et al. 2002). Language ther-
apy alone is not always sufficient. The possible causes of language problems, the language
problems themselves, and their possible consequences should be examined and treated if
possible. Further research is necessary to demonstrate which therapies are effective.
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Chapter 4

The application of the Mokken model
for the measurement of milestones
in language development

Abstract

The aim of this study was to examine whether a scale of language milestones could be
constructed according to the non-parametric Mokken Item Response Theory model and
whether this scale can be used to measure language. Fifteen yes-or-no questions regarding
these milestones were formulated and the questionnaire could be completed by parental
report. In a pilot study, children from twelve to twenty-four months of age were randomly
selected from day nurseries in the Netherlands. The results showed that a Mokken scale of
thirteen milestones could be constructed for children from twelve to twenty-four months of
age. The scalability of the scale was strong, as measured by the H coefficient (H = 0.81)
and reliability (Rho = 0.92), and it satisfied the assumptions (double monotonicity) of the
Mokken model. This pilot showed that the Mokken model can be used to scale milestones
in language development. Milestones differed in level of difficulty and discriminated well
among the different phases of language development.

4.1 Introduction

Early detection of language problems is important, as such problems can influence the over-
all development of a child. Accurate screening should be followed by testing to determine
whether language problems actually exist. Early detection and subsequent diagnosis can
help to detect possible causes, including hearing problems and emotional problems. These
contributing factors should be addressed and resolved along with the language problem
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itself, if possible, in order to prevent further problems, including difficulties in verbal, emo-
tional, and educational development (Coster 2001; Silva et al. 1987). Extensive testing
of language profiles and examination of contributing factors is recommended as a means
for making appropriate choices for therapy (Luinge and Goorhuis-Brouwer 2003). In order
to optimize the diagnosis of children with language problems, the Dutch Health Insurance
Board asked us to develop a language-screening instrument for children from one to six
years of age.

The aim of this pilot is to examine whether a non-parametric Item Response Theory
(IRT) model can be useful for constructing a scale of language milestones for children from
twelve to twenty-four months of age. Based on the findings of this pilot study, the Mokken
model will be applied to the construction of a language-screening instrument for children
from twelve to seventy-two months of age.

In psychometrics, the IRT model was developed for measuring latent traits indirectly.
Latent traits (such as language development) cannot be measured directly. The latent trait
of language development can be visualized by the ordering of language milestones. We
hypothesize that milestones in language development, according to parental report, are scal-
able according to the assumptions of the Mokken model (Mokken 1997).

The Mokken model is based on the principles of the Item Response Theory (IRT) and is
appropriate for measuring latent traits (e.g., language development) (Baker 2001; Molenaar
and Sijtsma 1982). Mokken scales are based on the idea that such latent traits (e.g., language
milestones) can be measured according to the responses of subjects to test items, assuming
that a certain mathematical relationship exists between the responses on the items and the
latent trait. Item Response Theory models describe the behavior of respondents and permit
model-deviation errors in measurement that may arise from idiosyncratic individual factors
that are independent of the underlying dimension. The ability scale is derived empirically,
and testable consequences of the model concerning measurement properties can be used
to evaluate the internal validity of the model. A scale that satisfies the assumptions of a
Mokken model has good psychometric properties, including high reliability and sample
independence. The advantage of a sample independent scale is that the same scale holds
for various subgroups in the population, allowing levels of difficulty to be compared both
across subgroups and across repeated measurements for the same person (Mokken 1997).

Classical Test Theory (CCT), a precursor to the Mokken (IRT) model, was developed
for constructing tests. Based on repeated measurements and measurement errors in a given
population, an instrument can be constructed to measure the abilities of individuals. In
this case, judgments about measurement instruments and the estimations of abilities apply
to a single population. Classical Test Theory has a number of limitations with regard to
the construction of screening tests (Drenth and Sijtsma 1990). With CTT, each respondent
must answer the same set of items to measure ability. Measurement purposes require the
administration of a large set of items in order to discriminate between different levels of
the latent trait in heterogeneous populations (University Testing Services 2000). Screening
instruments, however, should be simple, quick, and easy to interpret (Fletcher and Hall
1992). A long list of items is not desirable for testing language development.
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Milestones seem to be good indicators for detecting language problems (Stromswold
2000; Kelly and Sally 1999). In general, language development can be divided into several
descriptive stages. Although there are several ways to define the concept of a “stage” (In-
gram 1989), the term “descriptive stage” refers to a point at which there is active change
in development. Language milestones are indicators of active change in language develop-
ment.

In the pre-linguistic stage, language development starts to develop. Reciprocal smiling
between parents and children is an important milestone in the communicative development
in the pre-linguistic stage (0 to 1 year). Reciprocal smiling emerges after the first three
months of life. This reciprocity gives structure to the interaction between parents and chil-
dren (Breeuwsma 1994). Crying, reflexive vocalization (e.g., burps), consonant-like vowels
[k, g] followed by a range of vowels are the first marks after birth (about 0 to 6 months)
(Ingram 1989). The crying is loud and hard, the air escapes in a continuous flow, and articu-
lation is not yet involved. Children start to vocalize between the ages of six weeks and four
months, thereafter discovering vocal capacity (e.g., resonance). At first, children produce
simple vowels. Afterwards, they manipulate vocalizations and gain more control over the
vocal breath stream.

At the canonical babbling stage, which is at the end of the pre-linguistic stage, syllabic
timing constraints on the relationship of openings and closures will be discovered. After
seven months, children begin to produce monosyllabic babble, which is a combination of
consonants and vowels, characterized by reduplicated diphthongs with considerable varia-
tion (e.g., boe, boe, tie, die). Between the ages of eight and ten months, babbling takes on
a new complexity, involving many syllables and inflections that mimic the native language.
The babble becomes language specific by the age of roughly one year.

The early linguistic stage (1–2.5 years) is a period of single utterances, which is fol-
lowed by a word spurt and the production of two-word utterances (e.g., “daddy book”). The
most important difference between this stage and the former is the emergence of the first
meaningful and language-specific words. The one-word stage begins when a word emerges
more than once and when it sounds roughly similar every time (Hendriks et al. 1997). Most
children produce their first words around nine to fifteen months of age. The lexicon ex-
pands to include between fifteen and fifty words during the eight months that follow. At
this age, children produce jargon, follow simple commands, and label objects in the world
around them. At the age of eighteen months, children are able to name pictures and iden-
tify one or more body parts. The moment of the lexicon explosion differs for each child.
The average age at which children produce fifty words is around twenty months. Chil-
dren tend to name objects according to either over-generalization or under-generalization.
Over-generalization implies that children use one word for many things (e.g., every four-
legged animal is a “cat”). Under-generalization implies that children use common nouns
instead of proper names (e.g., only the child’s bike is named “bike.” The bikes of other chil-
dren have other names). By the age of twenty months, children start to produce two-word
sentences. Two-word utterances are oriented primarily toward the child’s own needs (e.g.,
“more cookie”) and, to a lesser extent, toward events in the immediate environment (e.g.,
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“mommy go”) (Zuckerman et al. 1999). Milestones that are not reached by a certain age
(e.g., the absence of babbling by ten months, not using single words at eighteen months, or
not using short utterances at twenty-four months of age; Kelly and Sally 1999) are initial
indicators of language problems.

The milestones in the descriptive stages described above appear to involve a similar
ordering (SO). The SO of language milestones could indicate that a uniform concept under-
lies the achievement of language milestones. According to Mokken (1997), p. 353, “The
SO property of a set of items with respect to a set of persons reflects the possibility of a uni-
dimensional representation of the persons in terms of an ability supposed to underlie their
response behavior.” The Mokken model can assess the sequence of these milestones.

This paper investigates the applicability of the Mokken model and its assumptions to
milestones in the language development of children between the ages of twelve and twenty-
four months. It will evaluate whether the Mokken model can be applied to the selected
language milestones. We presume beforehand that the selected language milestones satisfy
the assumptions of a Mokken model, because of the assumed fixed ordering of milestones in
language development. Based on these findings, further research will examine whether the
Mokken model and its assumptions can also be applied to the construction of a language-
screening instrument for children from twelve to seventy-two months of age.

4.2 Methods

Participants

A sample of eighty children (39 boys and 41 girls) from one to two years of age was ran-
domly selected from day nurseries in different parts of the Netherlands (Table 4.1). The
number of participants was determined proportional to the population of the North, East,
West, and South of the Netherlands. Background characteristics of the sample participants
were determined according to the national distribution of these variables in the Netherlands
(Statistics Netherlands 2002). Data were collected according to district and city size and
characteristics of the participants (i.e., age and sex).

Table 4.1: The data collected according to the population of the North, East, West, and South of
the Netherlands. The number of participants from each district was determined in proportion to its
population.

District N

North 8
East 17
West 37
South 18
Total 80
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The selection of the participants took place in three phases: (1) After a short explanation,
informants of the agencies concerned were offered information about the investigation, and
information was sent to those who expressed interest. (2) Informants who wished to par-
ticipate were asked to distribute brochures containing information and reply forms to the
parents of children of specific ages. The children were selected according to gender and
specific age (e.g., a boy of one year and two months), in order to create a well-balanced
age and sex distribution in the research population, and to avoid bias (e.g., selection based
on language development). (3) Informants sent the reply forms (with the permission and
telephone numbers of the parents) to the researcher. The response rate of parents by day
nursery varied from fifty to one hundred percent. Some informants suggested that the low-
est response rate (50%) may have been due to the participation of parents and children in
other studies.

Instrument development

In order to create a scale for measuring language development, language milestones in nor-
mal language development were derived from clinical experience, descriptive stages in lit-
erature, and screening instruments that are based on milestones (Breeuwsma 1994; Coplan
et al. 1982; Gilles and Schaerlaekens 2000; Hall 1997; Kelly and Sally 1999; Krug and
Mikus 1999; Kuhl 2000; Luinge et al. 2002; Mattson et al. 2001; Mayeux and Kandel
1999; Needlman 2000; Rescorla and Alley 2001; Wachtel et al. 1994; Zuckerman et al.
1999). The milestones that were collected originate from various aspects of various expres-
sive and receptive language modalities.

Questions about the selected language milestones were formulated in order to determine
whether children had reached particular milestones. The questionnaire can be found in
Table 4.2. The fifteen questions were asked in Dutch.

Procedure

The researcher questioned the parents or caretakers about the language development of their
children by telephone. The telephone conversation followed a fixed protocol and lasted
about two minutes. For each interview, the researcher noted the answers to the questions,
as well as the age and gender of the respondent’s child, on a scoring form. All of the fifteen
questions listed in Table 4.2 were asked in each interview (n = 80). A positive response to
a question was coded as 1, and a negative response was coded as 0. The final score on the
questionnaire was determined by adding up the coded responses.

4.3 The Mokken model

The Mokken model is based on the principles of the Item Response Theory (IRT), and it
is appropriate for measuring latent traits (e.g., language development) (Baker 2001; Mole-
naar and Sijtsma 1982). This paper discusses the Mokken model for binary responses. This
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Table 4.2: Translated questions about language milestones for children from twelve to twenty-four
months of age. The questions were asked in Dutch.

1. Does your child produce variations in noise?
2. Does your child say “mommy” or “daddy”?
3. Does your child comprehend “no”?
4. Can your child form sentences of three words? (e.g., “car in garage”)
5. Is your child able to point to one or more body parts? (e.g., Where is your nose?)
6. Does your child produce single words?
7. Is your child able to point to an object if you name it? (e.g., Where is the chair?)
8. Can your child combine two words such as “daddy book” or “look cat”?
9. Does your child comprehend tasks consisting of two words? (e.g., “sit down”)
10. Does your child say a total of about ten words?
11. Does your child comprehend sentences of three words? (e.g., “on the chair”)
12. Does your child form questions? (e.g., “Where is daddy?” and “What is that?”
13. Can your child place 3 or 4 words in succession? (e.g., “I wanna have biscuit”)
14. Does your child name some colors correctly?
15. Are the words in your child’s sentences mostly in the right order?

means that responses are either positive (yes = 1) or negative (no = 0) (e.g., a certain lan-
guage milestone has or has not been reached). Each positive response indicates the presence
of the latent trait (in our case, language development) to some extent. In this study, the ex-
tent to which the latent trait is present is defined by the total score on the scale (the number
of positive [1] responses). In this way, each respondent can be seen as occupying a distinct
position along the scale (Baker 2001). The scale positions of several respondents can be
compared, and the scale position of a single respondent can be measured repeatedly.

Items in a Mokken scale should satisfy the following assumptions:
(1) Unidimensionality of the construct (UD): The latent trait must consist of a single dimen-
sion; all items must measure the same latent trait (e.g., language functioning).
(2) Stochastical (local) independence (LI): Given a respondent’s total score for the latent
trait, that individual’s responses to the various items are independent; for example, there
is no learning effect. The probability that a subject will respond positively to an item as a
function of the latent trait is denoted by P(θ), where θ represents the latent trait. In IRT
models, the relation between responses to items and the latent trait is defined by item char-
acteristic curves (ICC), as illustrated in Fig. 4.1. Each item has its own ICC. The following
two assumptions concern properties of the ICCs:
(3) Monotonicity (M): For each item, the ICC is a non-decreasing function of the latent
trait. In this study, therefore, the probability of a positive response to an item increases
with more extensive language development. For example, there are two children, A and
B. The language development of Child A is more extensive than that of Child B. Child
A therefore has a greater probability of producing two-word sentences (item g) than does
Child B. Under this condition, the probability that Child A should also have achieved a
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more difficult milestone (e.g., producing three-word sentences [item h]) is also larger than
it is for Child B. In fact, if language milestones form a Mokken scale in this order, the
ordering of Child A compared to Child B should hold for all other items. For all items, the
probability of a positive response from Child A on any given item is greater than (or equal
to) the probability of a positive response from Child B. A set of items that satisfies these
assumptions (UD, LI, M), is know as a monotonically homogeneous (MH) set of items.
(4) Non-intersection (NI): For all values of the latent trait, and for the condition that item
h is more difficult than item g, the probability of a positive response to item g is greater
than the probability of a positive response to item h. For example, a particular child has a
greater probability of achieving an easy item, g (e.g., milestone: two-word sentences) than
of achieving a more difficult item, h (e.g., milestone: three-word sentences). This ordering
of the items (g, h) must hold for all other children. All items should be ordered in the same
way by the respondents. A set of items that satisfies all four assumptions (UD, LI, M, and
NI) is known as a double monotonic (DM) item set.

The assumptions of monotonicity and non-intersection are explained in Fig. 4.1. Fig-
ure 4.1a shows the ICCs of items g and h, both of which are non-decreasing, and they satisfy
the assumptions for MH. An ICC with a steeper slope discriminates better than does an ICC
with a flat slope. Item g discriminates better than does item h. Respondents with scores of 1
or 2 on the latent trait have essentially the same probability for item h, while the probability
for item g increases between scores of 1 and 2. As shown in Fig. 4.1a, the ICCs of g and h
do not satisfy the additional assumption of DM. Figure 4.1b shows the ICCs of items g and
h, which satisfy the assumptions for both MH and DM. Both ICCs are non-decreasing and
non-intersecting. The difficulty of an item (i.e., its location) is defined as the value of the
trait for which this probability is 0.5. In Fig. 4.1b, item h is more difficult than item g, and
the discrimination of each item is comparable.

Scale construction

The software package MSPWIN 5.0 (Molenaar and Sijtsma 1982) can be used both to con-
struct measuring instruments and to evaluate the assumptions of a Mokken model. The scale
was constructed following the diagnostic criteria of MSPWIN 5.0. A bottom-up strategy of
automatic item-selection procedures was used to construct one or more scales of a set of
items. The item-selection procedure started at a pair of items with the highest significant
positive H-value and continued until the scale satisfied the scale definitions according to
various diagnostic and statistical criteria.

Item Characteristic Curves

The relation of item responses to the latent trait is represented by item characteristic curves
(ICCs), see Fig. 4.1. Each item can be represented by its own ICC.
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Figure 4.1: Two ICCs for items g and h with probability P as a function of trait θ . In this paper,
the term “items” refers to language milestones and “trait” refers to language development. (a) Two
non-decreasing ICCs for items g and h. (b) Two non-decreasing ICCs for items g and h, which do not
intersect.
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Evaluation of the assumptions of MH

The assumptions for MH were evaluated by inspecting the ICCs according to the H coeffi-
cient. H coefficients indicate how well the items form a unidimensional construct, and they
indicate the scalability of items along the scale. Guttman error is a basic concept in defining
a scalability coefficient (H). Children who have achieved a certain item (h) should also have
acquired an easier item (g). Some of the children in this study, however, had achieved the
more difficult item (h) but not the easier item (g). This is an example of Guttman error. A
deterministic model without Guttman errors is called a Guttman model. The Mokken model
is a probabilistic version of the Guttman model, and it therefore allows for the possibility
that a subject may respond positively to a difficult item (h) and negatively to an easier item
(g). In the Mokken model, the deviation of the observed data structure from the perfect
scalogram structure is expressed as the scalability coefficient H. This coefficient can be de-
fined for the entire scale (H), for each item (Hg), and for each pair of items (Hg,h). The
following interpretation of the results is based on the H-coefficient: strong scale (H > 0.5);
moderate scale (0.4≤H≤ 0.5); weak scale (H < 0.4) (Mokken and Lewis 1982). A negative
H value (H, Hg,h, or Hg) indicates a decreasing ICC and therefore violates the assumption
of monotonicity.

Evaluation of the assumptions of DM

After evaluating MH, DM can be evaluated according to the Ht coefficient (H transposed).
The Ht coefficient for DM is comparable to the H coefficient for MH (H refers to the degree
in which the responses of the persons can be ordered on one latent trait). The Ht coefficient
is a global indicator for the degree to which the ordering of the items (e.g., language mile-
stones) is the same for every subject, according to their responses (DM). In this case, the
subject responses order the items. Non-negative values of the Ht coefficient form a neces-
sary condition for non-intersection. As a general guideline, Ht must be greater than or equal
to 0.30, and the percentage of negative H values should be equal to or less than ten percent
of all subject responses.

Another way of evaluating the assumptions of DM is to construct a P matrix (probability
matrix). In a P matrix, each element is denoted by the percentage of children answering
positively to both item g and item h. Following the assumptions of DM, each row of the
P matrix must show a monotonously non-decreasing order. In this study, the rows of the P
matrices were plotted on a graph. Local deviations of the non-decreasing ordering denote
violations of the assumptions for DM.

Criteria values (“crit values”) function as general guidelines for identifying items that
partially satisfy the assumptions for MH and DM. For each item, this diagnostic value com-
bines the H coefficient, the frequency and size of the violations, and their significance. The
crit value for each item should be less than 40 (crit value 0 is optimal) for each assumption.
A crit value greater than 80 is a strong indication that an item has violated the assumption
(Molenaar and Sijtsma 1982).
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Reliability

The internal consistency of a scale is indicated by Rho, which can be interpreted as the
IRT-based equivalent of Cronbach’s alpha, which indicates how well the responses to items
measure the underlying construct. The scale is interpreted as reliable if Rho is greater than
or equal to 0.90 (Nunnally and Bernstein 1994).

4.4 Results

The section to follow (Part 1) describes the scale construction of the language milestones
(items). Part 2 subsequently shows the ICCs of the milestones and evaluates the assumptions
of the Mokken model.

Part 1: Scale construction

Table 4.3 displays the milestones of the resulting scale. The H coefficient for each mile-
stone ranged from 0.63 to 0.98. The different percentages of positive responses indicate the
degrees of difficulty.

Milestone 1, “variation in noise production” was excluded from further analyses, as all
respondents answered this milestone with “yes.” Milestone 2 proved to be an easy mile-
stone: nearly all of the parents (97%) responded positively to this milestone. Milestone 9,
“comprehension of tasks involving 2-word sentences” was not scalable, due to a negative
H value in combination with one of the other milestones; this milestone was therefore also
excluded from further analyses. A negative H coefficient for a particular item provides clear
proof that it does not measure a unidimensional construct; in other words, it does not mea-
sure the same latent trait as the other items measure. Milestone 13 was the most difficult.
Only nine percent of the respondents answered this milestone with “yes.” None of the mile-
stones was answered with “no” by all of the parents. The scale coefficient H for the whole
set of milestones was 0.81. The H coefficient for each milestone was greater than 0.50. The
reliability coefficient Rho was 0.92.

Part 2: Evaluation of the assumptions

Figure 4.2 shows the assessed ICCs of the scaled milestones from Table 4.3. The curves
of milestone 3 (“comprehension of ‘no’ ”), milestone 14 (“production of interrogative sen-
tences”), and milestone 13 (“point to colors”) show partial decreases. The crit values for
these items were greater than 40 for monotonicity. These values are problematic according
to crit, but none of these violations was significant (P < 0.05). None of the other milestones
had a crit value greater than 40 for monotonicity. Although some ICCs did intersect, none
of the intersections exceeded a crit value of 40. The ordering of the items was the same for
most subjects. Milestone 14 (“production of interrogative sentences”) was the worst mile-
stone according to the crit value for non-intersection, but this crit value was not greater than
40.
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Table 4.3: The resulting scale for language development in children from twelve to twenty-four
months. The percentage refers to the number of participants who provided positive responds. Item
H refers to the scalability of a milestone. Scale H denotes the scalability of the total scale, and Rho
denotes the reliability of the scale.

Milestones Percentage “yes” Item H

2. production of “mama” or “papa” 97 0.76
3. comprehension of “no” 94 0.64
4. production of single words 89 0.65
5. pointing to body parts 82 0.81
7. pointing to mentioned object 82 0.73
6. production of ten words 69 0.92
11. comprehension of tasks involving three-word
sentences 55 0.98
8. production of two-word sentences 53 0.94
15. sentences using correct word order 25 0.77
10. production of 3-word sentences 24 0.82
14. production of interrogative sentences 21 0.74
12. production of 3/4-word sentences 12 0.74
13. naming colors 9 0.63

Rejected milestones Percentage of “yes”
1. variation in “noise” production 1.00
9. comprehension of 2-word sentences 0.89

Number of scaled items = 13, Number of respondents = 80, Scale H = 0.81,
Rho = 0.92.

Non-intersection was also evaluated with the Ht coefficient. Table 4.4 denotes the scal-
ability coefficient Ht for the scaled milestones, ordered according to increasing difficulty.
The set of items satisfied DM, as Ht was greater than 0.30, and the number of negative Ht

values was 0. Furthermore, the ordering of the milestones for H scalability was the same as
for the ordering for Ht scalability: the milestones ordered the subjects in the same way as
the subjects ordered the items.

The final method for testing the assumptions for DM was to assess the P matrices. For
each item g, Figure 4.3 shows the percentage of subjects answering positively to an item
pair (g, h). Although slight violations occurred, they were not significant (P > 0.05), and
their crit values were not questionable (crit value < 40). Figure 4.3 confirms the ordering
of the items for the H coefficient and the Ht coefficient. According to various statistical
diagnostics, the ICCs did not violate the assumptions of non-intersection. The milestones
appeared very consistent in discrimination and differed in difficulty. In other words, the
slopes of all ICCs were similar, but they were dispersed along the latent trait dimension.
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Figure 4.2: Assessed ICCs of the scaled milestones for 80 children from 12 to 24 months with the
percentage of positive (“yes”) responses as a function of language development.

Table 4.4: Transposed H coefficient (Ht) for item ordering for the entire group. Percentage refers to
the number of participants who provided positive responses.

scaled milestones percentage

2 98
3 94
4 89
5 82
7 82
6 69
1 55
8 52

15 25
10 24
14 21
12 12
13 9

Ht for entire group = 0.89; Number of negative Ht(a)-values = 0
Percentage of negative Ht(a)-values = 0.0
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Figure 4.3: Each point represents the percentage of respondents providing positive responses to both
items g (item number along the horizontal axis) and item h (number along the left vertical axis).

4.5 Discussion

The expectation that the Mokken model would serve as a useful application for the con-
struction of a scale of language milestones was confirmed by the good fit that the scaled
language milestones demonstrated with DM. Thirteen language milestones were scalable
according to the assumptions of the Mokken model. There were no significant violations of
monotonicity and non-intersection. Subjects participating in this study achieved the scaled
language milestones in the same order. The scale could be administered simply (yes-and-
no questions) and quickly (3 minutes). Furthermore, the questionnaire could be completed
orally by parental report, and the screening could therefore be administered very quickly.

The internal validity of the scaled milestones was satisfactory. The scalability and reli-
ability of the scaled language milestones was satisfactory, indicating high internal consis-
tency. All scaled language milestones measured the same ability. This does not imply that
the milestones measured language ability, nor does it provide information about whether
they were sensitive and positively predictive. The external validation of the scale, however,
should demonstrate whether the scale actually measures language ability (i.e., comprehen-
sion and production).

The thirteen scaled language milestones reflect a unidimensional representation of the
ability that is assumed to underlie the response behavior of the subjects, because the similar
ordering (SO) of the scaled milestones in language development was confirmed by demon-
strating good fit of the DM model. The scale encompasses milestones in both the production
and comprehension of language, and it indicates a SO of changes in descriptive stages.
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Scaled milestones

Milestone 1 (“variation in noise production”) was excluded from the scale for children from
twelve to twenty-four months of age, as all subjects had already achieved this milestone.
Variation in noise can refer to cooing (1–4 months) or to babbling (5–10 months), but also
to crying, which practically every child does (Foster 1990; Needlman 2000; Zuckerman
et al. 1999). This milestone might fit best within the pre-linguistic stage (Ingram 1989).
Milestone 2 (“production of ‘mama’ or ‘papa’ ”) serves as the easiest milestone and as an
initial discriminating point on the scale.

Before children produce their first words, they must discover units that belong to their
native language from a continuous stream of sounds (Saffran et al. 2001). Saffran et al.
(1996) found that word segmentation in a continuous stream of sounds in eight-month-
old children was based on the statistical relationships among neighboring speech sounds.
Children seemed to be able to detect the probabilities with which one syllable would predict
another. These findings suggest how speech perception in young children may occur.

Milestone 9 (“comprehension of 2-word sentences”) was also omitted because of a nega-
tive H value in combination with one of the other scale items. This study partially confirms
the idea that comprehension precedes language production. “Pointing at body parts” and
“pointing at mentioned objects” precede “production of 10 words,” and the “comprehension
of 3-word sentences” precedes the “production of 2-word sentences” and the “production of
3-word sentences.” The production of “mama” or “papa,” however, precedes the “compre-
hension of ‘no.’ ” Furthermore, the question, “Does your child comprehend sentences of 3
words,” accompanied by the example “on the chair,” may have been ambiguous. The item
“on the chair” consists of a single phrase and is therefore is less complex than the item “dog
is tired,” which involves two phrases (“dog” and “is tired,” with the sub-phrase “tired”).

Milestone 13, “naming colors,” may also be an ambiguous milestone. Some parents had
already taught their child the name of colors, while others had not. This learning aspect may
have caused milestone 13 to differ from the other scaled milestones. “Production of words”
is a general category, whereas “naming colors” is a subcategory of word production (Pinker
1994). Furthermore, classification between categories and subcategories is an ability of the
pre-operational phase, which occurs between two and six years of age instead of between
the ages of one to two years (Piaget and Inhelder 1966). Parents also remarked that their
children produced some color names, but that they did not know which colors were meant
by the names.

The production of interrogative sentences (milestone 14) intersected the most with other
milestones. This could have been due to ambiguities in what constitutes a question (i.e.,
whether a question must contain an interrogative word). Sentences without interrogative
words can become questions through intonation, and it may be easier for young children to
vary their intonation than it is for them to produce sentences using interrogative words. The
latter also demands that a sentence contains three words, whereas a question of two words
—or even of a single word (e.g., “cookie?”)— can be created with intonation. Moreover,
the production of sentences with interrogative words demands implicit knowledge of the
complex relationship among elements within a sentence, such as the movement of an in-
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terrogative word (e.g., “wh-” movement) (Haegeman 1994; Pinker 1994). Results from the
scaling of milestones for children between the ages of twelve and seventy-two months will
determine whether these ambiguous milestones should be rejected.

Parametric versus non-parametric Item Response Models

The Mokken model is not the only IRT model. For example, the stringent Rasch model and
the less stringent Birnbaum model both parametrically define the relationship between the
latent trait and the responses of subjects to items (Drenth and Sijtsma 1990). In contrast,
the non-parametric Mokken model describes the relation between the latent trait and the
subject responses in terms of order restrictions. It is easier to meet the assumptions of a
non-parametric model than it is to meet those of a parametric model, as the assumptions of
a non-parametric model are less strict. According to Mokken, there is a lack of knowledge
about psychological concepts, which makes it difficult to use the restrictive Rasch and Birn-
baum models (Drenth and Sijtsma 1990). One consequence of using the non-parametrical
Mokken model is that it involves only ordinal information. Nonetheless, ordinal informa-
tion is sufficient for differentiating between “normal language development” and a “possible
language problem.” Within elaborate language tests, ordinal information is too rough to di-
agnose language problems. Language tests that are intended to diagnose language problems
should provide standardized test scores, and this is possible only with parametric informa-
tion about the latent trait and the responses of the subjects.

Conclusions and directions for further research

This article has demonstrated the potential utility of the Mokken model for constructing a
scale of thirteen language-development milestones for children between the ages of twelve
to twenty-four months. The thirteen language milestones differed in difficulty, discrimi-
nated well among various levels of language development, and seemed to measure a single
construct. Moreover, the properties of the scaled milestones (i.e., scalability and reliability)
were good, as they satisfied the DM conditions that are required by the Mokken model.
The questionnaire could be administered simply and accurately, because of the yes-and-no
format of questions regarding these language milestones and the fact that the questionnaire
could be completed by parental report.

Based on these findings, the Mokken model will be applied to the construction of a
language-screening instrument for children from twelve to seventy-two months of age. In
further research, we will examine the external validity of the scale with reference to elab-
orate language tests administered in a normal and in the clinical population, and we will
examine sample independence for several subgroups (e.g., through comparisons of boys
and girls). We will use these results to determine the sensitivity, specificity, and predictive
value of the scale for detecting deviations or delays in the ordering of language milestones.
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Chapter 5

The ordering of milestones in
language development for children
from one to six years of age

Abstract

Purpose: The present study scaled language milestones in a group of 527 children in order
to provide an instrument for screening language development.
Methods: The questionnaire regarding these milestones was completed by parental report.
It was evaluated whether the scaled milestones satisfied the assumptions of the Mokken
Item Response Model.
Results: The scalability of the final scale of fourteen milestones was strong (H = 0.95), its
reliability was high (Rho = 0.96), and it satisfied the assumptions of the Mokken model.
Implications: A single, unidimensional scale of diverse milestones that taps lexical, syntac-
tic, and phonological skills, as well as both receptive and expressive language skills, is well
suited for mapping progress in language ability.

5.1 Introduction

Primary healthcare providers are often called upon to screen young children for possible
language problems. Early detection of language problems is important, as they influence
the overall development of a child. Language problems may be due to other problems, in-
cluding mental retardation, pervasive developmental disorder or autism, physical handicaps,
hearing loss, environmental deprivations, neurological problems, or a combination of these
factors (Bishop 1997; Chapman 2000; Goorhuis-Brouwer and Schaerlaekens 2000; Hall
1997; Pinker 1994; Tomblin et al. 1996; Whitehurst and Fischel 1994). These contributing
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factors —as well as the language problems themselves— should be addressed and resolved,
if possible, in order to preclude further problems, including difficulties in verbal, emotional,
and educational development (Coster 2001; Silva et al. 1987). Other influences on language
development are parental education and socio-economic status (SES). Many studies have
concluded that SES is likely to be related to language development (Hack et al. 1992; Smith
et al. 1994; Tomblin et al. 1997; Wright et al. 1983). To obtain the widest possible view of
the possible causes of a language problem, it is important to conduct diagnostic evaluation
according to an interdisciplinary perspective. After screening, which distinguishes only be-
tween normal and deviant (or delayed) language development, extensive testing of language
profiles and examination of related causes as well as SES is recommended as a means of
making appropriate choices for therapy. The aim of this study was to scale language mile-
stones and to provide an instrument for screening language development based on parental
report. The screening instrument is intended for use by primary healthcare professionals.

A screening instrument should be simple, quick, and easy to interpret (Fletcher and Hall
1992). Furthermore, the use of parental report in tests for young children is very practi-
cal, as the language of young children primarily refers to concepts that can be found in
the environment at home (e.g., “daddy book”). A child’s language abilities may therefore
be difficult to observe in an artificial testing situation. Moreover, the use of parental re-
port eliminates the need to involve children in the screening, thus facilitating the screening
process by removing the necessity of scheduling and transporting children.

A number of Dutch language-screening instruments currently exist within the primary
healthcare system (De Ridder-Sluiter 1990; Gerritsen 1988; Goorhuis-Brouwer and Van der
Lucht 1995; Van Wiechen 1988; Verkerk et al. 1993a, 1993b, 1994; Zink and Lejaegere
2002). Most of the instruments are very time-consuming to administer, because they are
based on observation. Direct testing and play-based assessments of the language skills of
young children have limited utility for general screening (Rescorla and Alley 2001). Fur-
thermore, the Dutch Health Insurance Board has doubts about the efficiency of screening; in
short, too many children are referred for speech therapy (The Health Insurance Board 1993,
1999). Moreover, Van der Ploeg et al. (2005) stated that there is no useful screening instru-
ment with good psychometric properties in the Netherlands for the screening of children
with possible language problems. In order to optimize the process of diagnosing language
problems in children, the Health Insurance Board asked us to develop a language-screening
instrument for children from one to six years of age.

There are a number of sensitive English-language screening instruments, which use lan-
guage milestones to identify children with language problems. Language milestones are
apparently appropriate indicators for detecting language problems (Diedrich and Carr 1984;
Hall 1997; Kelly and Sally 1999; Stott et al. 2002; Stromswold 2000). The Clinical Linguis-
tic and Auditory Milestone Scale (CAT/CLAMS) (Wachtel et al. 1994) has been validated
for children from birth to three years of age; the Early Language Milestone Scale (ELM)
(Coplan et al. 1982) consists of milestones in the expressive, receptive, and visual language
skills of children from zero to three years of age. The Language Development Survey (LDS)
(Rescorla and Alley 2001) is also a screening tool for identifying expressive language de-
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lays in twenty-four-month-old children, and the General Language Screen (GLS) (Stott et al.
2002) is appropriate as the initial stage of a two-stage screening process for children in pri-
mary care settings. One of these instruments could be translated in Dutch. Even if these
instruments are well-constructed, however, direct test translations without language-specific
investigation is not an acceptable practice. Therefore, several language milestones from the
literature as well as from the above mentioned English screening instruments were collected
in order to create a new scale for the measuring of language development in Dutch children
from one to six years of age.

The development of a uniform language-screening instrument for identifying language
problems is complicated by the fact that the meaning of “language problem” is unclear
Luinge et al. 2002; Stott et al. 2002). Law et al. (1998) reviewed many studies about
language problems and found a wide range of estimates (from 0.6% to 33.2%) for the
prevalence of language problems in pre-school children. These rates are consistent with
estimates provided by Dutch primary healthcare professionals, which range from one to
forty percent (Luinge et al. 2002). Variations in the estimates of prevalence may be due
to ambiguities in the definition, cut-off scores, and the nature of language problems. There
are different orientations on language and language problems. Discussions about language
abilities from a multidimensionality perspective often distinguish among various language
modalities: phonology, semantics, syntax, morphology, or pragmatics (American Psychi-
atric Association 1994; Bishop 1997; Eyer and Leonard 1995; Gavin et al. 1993; Hall
1997; Leonard 1998; World Health Organization 1993). Furthermore, a distinction is fre-
quently made between receptive and expressive language abilities (Bishop 1997; Diedrich
and Carr 1984, Tomblin et al. 1997; Whitehurst and Fischel 1994). Rescorla and Roberts
(2002) suggested, however, that specific language impairment (SLI) and late talking should
be considered within a spectrum of language impairment, which is a unidimensional per-
spective of language. If these children are delayed in some skill (e.g., word acquisition), it
is likely that they are (or will be) delayed in other skills (e.g., syntax) as well.

Following the notion that language can be conceptualized as a unitary dimension, in
this study, several milestones in language development that can be used to detect possible
language problems were selected from several modalities in both expressive and receptive
language abilities. There appears to be consensus among researchers concerning the mile-
stones in language development (Foster 1990; Goorhuis-Brouwer and Schaerlaekens 2000;
Hendriks et al. 1997; Kohnstamm 1993; Kelly and Sally 1999; Krug and Mikus 1999; Kuhl
2000; Luinge et al. 2002; Mayeux and Kandel 1999; Needlman 2000; Pinker 1994; Zuck-
erman et al. 1999). The hierarchical ordering of the achievement of language milestones
within descriptive stages in language development may be consistent across various popu-
lations. The ordering of language milestones should therefore be the same for all children,
and deviations or delays in this ordering should be accordingly easy to detect.

A scale of language milestones can be constructed according to the Mokken Item Re-
sponse Theory Model (Mokken 1997). The Mokken model is based on the principles of the
Item Response Theory and is appropriate for measuring latent traits (e.g., language ability)
(Baker 2001; Molenaar and Sijtsma 1982). This theory was used to test the theoretical no-
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tion of unidimensionality. A similar ordering (SO) of the milestones for every child could
indicate the presence of a uniform concept underlying the achievement of language mile-
stones. According to Mokken (1997), p. 353, “The SO property of a set of items with
respect to a set of persons reflects the possibility of a unidimensional representation of the
persons in terms of an ability supposed to underlie their response behavior.”

One can conceive of language ability as a unitary latent trait, which can be visualized
by a heterogeneous collection of items drawn from different modalities and domains of lan-
guage that can be ordered in terms of difficulty level. The Mokken model can subsequently
be used to verify the sequence of these milestones. The Model assumes that the latent trait
expresses the development of an ability (e.g., language development) A corollary of the la-
tent trait idea is that children of the same age who have “more” ability on the latent trait
will have mastered more skills on the scale than children of the same age who have less
of the trait. Therefore, the model addresses both developmental progression and individual
differences.

Further, Mokken scales are based on the idea that such latent traits can be measured
according to subject responses to test items (e.g., language milestones), assuming that a cer-
tain mathematical relationship exists between the responses on the items and the latent trait.
Item Response Theory models describe respondent behavior and permit model-deviation
errors in measurement that may arise from idiosyncratic individual factors that are indepen-
dent of the underlying dimension.

The Mokken model is not the only Item Response Theory model. For example, the
stringent Rasch model and the less stringent Birnbaum model both parametrically define
the relationship between a latent trait and the responses of subjects to items. In contrast,
the non-parametric Mokken model describes the relationship between the latent trait and
the subject responses in terms of order restrictions. It is easier to meet the assumptions of
a non-parametric model than it is to meet those of a parametric model, as the assumptions
of a non-parametric model are less strict. According to Mokken, there is a lack of knowl-
edge about psychological concepts, which makes it difficult to use the restrictive Rasch and
Birnbaum models (Drenth and Sijtsma 1990). One consequence of using the non-parametric
Mokken model is that it involves only ordinal information. Nonetheless, ordinal information
is sufficient for a screening and to differentiate between “normal language development” and
a “possible language problem.” Within elaborate language tests, ordinal information is too
rough to diagnose language problems. A language test that is intended to diagnose language
problems should provide a standardized test score, and this is only possible with parametric
information about the latent trait and the responses of the subjects.

A scale that satisfies the assumptions of the Mokken model has good psychometric prop-
erties, including high reliability and sample independence. In this study, sample indepen-
dence means that various subgroups of children (e.g., boys and girls or various age groups)
acquire language milestones in the same order. The advantage of a sample-independent
scale is that the same ordering of milestones can be used for various subgroups, allowing
levels of difficulty to be compared both across subgroups and across repeated measurements
for the same person (Mokken 1997). Another advantage of an Item Response Theory model
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is that it does not require a fully developed theoretical framework of language development
or language problems in order to construct a language-screening instrument.

An earlier study demonstrated that the Mokken model could be applied to scale mile-
stones in the language development of Dutch children between the ages of twelve and
twenty-four months (Luinge et al. 2005b). The aim of the study was to examine whether
a non-parametric Item Response Theory-model was useful for constructing a scale of lan-
guage milestones for children from twelve to twenty-four months of age. The results showed
that language milestones were ordered according to increasing complexity.

The first question of this paper was if a scale of several milestones from different modal-
ities and domains of language could be constructed to measure language development of
children between the ages of twelve and seventy-two months. Secondly, sample indepen-
dence was assessed for different age groups, for boys and girls, and for children from dif-
ferent parts of the Netherlands. The hypothesis was that all subgroups acquire language
milestones in the same order, due to a uniform underlying concept. The third question
was whether the constructed scale of language milestones satisfied the assumptions of the
Mokken Item Response model, that is, whether the items of the constructed scale increased
as a function of increasing levels of language ability and if the hierarchical ordering of the
milestones was the same for all children from 12 to 72 months. Finally, the reliability of the
scale was examined and it was evaluated how well the responses on the items of the scale
measured the underlying construct.

5.2 Methods

Participants

Data were collected according to district and city size, type of agency (i.e., school), and re-
spondent characteristics (e.g., age and sex). Children from one to six years of age originated
from day nurseries; two to four-year-olds originated from playgroups, and children between
the ages of four and six originated from various types of primary schools (public, Christian,
and special education). The selection of the agencies was carried out as follows. First, we
divided the Netherlands in four parts: North, East, South, and West. Second, within these
regions, we selected cities of various sizes at random. Third, within the selected cities, we
selected agencies at random.

Participants were further selected according to sex and specific age (e.g., a boy of 1 year
and 2 months), in order to create a well-balanced distribution in the research population and
to avoid bias (e.g., no selection based on language development). Selection of the partici-
pants took place in three phases: (1) After a short explanation, informants in the agencies
concerned received information about the investigation, and information was sent to those
who expressed interest. (2) Informants who wished to participate were asked to distribute
brochures containing information and reply forms to the parents of children of specific ages.
(3) Informants sent the reply forms (with the permission and telephone numbers of the par-
ents) to the researcher. Parent response from each agency varied from fifty to one hundred
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percent. Some informants suggested that lower responses (50%) may have been due to the
participation of parents and children in other studies.

Table 5.1 shows the distribution of these characteristics in the sample for different age
groups (12–23, 24–35, 36–47, 48–59, and 60–73 months) proportional to the population of
the North, East, South, and West of the Netherlands and from various city sizes (popula-
tion of <10,000; 10,000–50,000; 50,000–150,000; and >150,000). The final representative
sample of 527 children consisted of 260 boys (mean = 42 months; SD = 16; range = 15–70
months) and 267 girls (mean = 41 months; SD = 16; range = 12–70 months) between the
ages of twelve and seventy-two months. The children originated from a full ability range
with no exclusions other than that their parents understood the Dutch language for answer-
ing the questions.

Our procedure of selecting the 527 participants consisted of explicit selections and sev-
eral randomizations. We did not check for background variables like parental education and
SES, but we expect to have been provided with a good randomized sample.

Table 5.1: The demographic characteristics of the sample participants

12 to 23 24 to 35 36 to 47 48 to 59 60 to 72 Total
months months months months months

Region:
North 8 14 14 15 12 63
East 20 21 28 22 25 116
South 10 29 27 17 23 106
West 42 61 68 41 30 242

City size:
< 10,000 23 29 30 27 24 133
10,000–50,000 20 30 32 28 27 137
50,000–150,000 19 30 33 27 29 138
> 150,000 18 36 42 13 10 119

Gender:
Boys 39 58 72 43 48 260
Girls 41 67 65 52 42 267

Instrument Development

To create an instrument for measuring language development, we derived language mile-
stones from the literature, descriptive stages, and from existing screening instruments that
are based on milestones (Breeuwsma 1994; Coplan et al. 1982; Gilles and Schaerlaekens
2000; Hall 1997; Kelly and Sally 1999; Krug and Mikus 1999; Kuhl 2000; Luinge et al.
2002; Mattson et al. 2001; Mayeux and Kandel 1999; Needlman 2000; Rescorla and Alley
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2001; Wachtel et al. 1994; Zuckerman et al. 1999). The collected milestones originated
from various aspects of various expressive and receptive language modalities.

We formulated the questions about the selected language milestones in order to deter-
mine whether a child reached a particular milestone. Dichotomous response options (yes
or no) were chosen to facilitate interpretation. We administerd a pilot version of the ques-
tionnaire was to fifty-eight parents of children between the ages of twelve and twenty-four
months. We conducted this pilot investigation with the goal of answering the following
questions: (1) Are all questions understandable? (2) Is it possible for all respondents to
answer the questions with either “yes” or “no”? (3) Is it possible to arrange the language
milestones in order of complexity? The parents judged most questions as unambiguous and
understandable. Some questions about vocabulary were too difficult to answer with either
“yes” or “no” (e.g., Does your child say about 100 words?). As a result, we eliminated these
questions. We included also examples to clarify the questions. Analysis revealed that it was
indeed possible to arrange the milestones in order of complexity.

The constructed questionnaire can be found in Appendix B. The questions were asked in
Dutch and were divided into five age groups (12–24; 24–36; 36–48; 48–60; 60–72 months).
The aim of the questionnaire was to screen for language comprehension, as well as for
the production of single-word and multi-word utterances, naming of objects and abstract
concepts, grammatical development (e.g., inflection, production of interrogative sentences),
intelligibility, and narrative capacities of young children. Some sections of the question-
naire included multiple questions about the same milestone, as it was not clear whether
parents understood what those particular milestones meant. Some milestones were asked in
a variety of ways in order to verify the best formulation. For example, a question about the
milestone “production of adjectives” was translated as follows: “Does your child know the
correct names of some colors?” and “Does your child say words that tell something about
other words, such as ‘large’ in the utterance ‘a large house’?” Questions like “Does your
child produce adjectives?” may not have made sense to parents.

Procedure

The researcher questioned the parents or caretakers about the language development of their
children by telephone. The telephone conversation followed a fixed protocol, and lasted
about three minutes. For each interview, the researcher noted the answers to the questions,
as well as the age and gender of the respondent’s child, on a scoring form. The age of the
child determined the questions that were asked in a given interview (see Appendix B). A
positive response to a question was coded as 1, and a negative response was coded as 0. The
final score on the questionnaire was determined by adding up the coded responses.

The scaling of the language milestones was based solely upon this screening. To vali-
date the language-milestone scale, further research will involve the administration of other
elaborate language tests as well.
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5.3 The Mokken model

The Mokken model is based on the principles of Item Response Theory, and it is appropriate
for measuring latent traits (e.g., language development) (Baker 2001; Molenaar and Sijtsma
1982). This paper discusses the Mokken model for binary responses. In other words, it dis-
cusses the model in terms of items for which the responses are either positive (yes = 1) or
negative (no = 0) (e.g., a certain language milestone has or has not been reached). Each pos-
itive response indicates the presence of the latent trait to some extent (in our case, language
development). In this study, the extent to which the latent trait is present is defined by the
total score on the scale (the number of positive responses). In this way, each respondent can
be seen as occupying a distinct position along the scale (Baker 2001). The scale positions
of several respondents can be compared, and the scale position of a single respondent can
be measured repeatedly.

Items in a Mokken scale should satisfy the following assumptions:
(1) Unidimensionality of the construct (UD): the latent trait must consist of a single

dimension; all items must measure the same latent trait (e.g., language development).
(2) Stochastical (local) independence (LI): given a respondent’s total score for the latent

trait, that individual’s responses to the various items are independent; for example, there is
no learning effect.

The probability that a subject will respond positively to an item as a function of the latent
trait is denoted by P(θ), where θ represents the latent trait. In Item Response Models, the
relation between responses to items and the latent trait is defined by item characteristic
curves (ICC), as illustrated in Fig. 5.1. Each item has its own ICC. The following two
assumptions concern properties of ICCs.

(3) Monotonicity (M): For each item, the ICC is a non-decreasing function of the latent
trait. This means that, in this study, the probability of a positive response to an item increases
with more extensive language development. For example, there are two children A and
B. Child A has a larger language ability as child B, and therefore, child A has a larger
probability to produce two-word sentences (item g) than child B. Under this condition,
the probability that child A should also have acquired a more difficult milestone such as
producing three-word sentences (item h) is also larger than for child B. In fact, if language
milestones form a Mokken scale in this order, this ordering of child A compared to child B
should hold for all other items. For all items the probability of a positive response on each
item is larger (or equal) for A than for B. A set of items that satisfies these assumptions (UD,
LI, M) is known as a monotonically homogeneous item set, and it orders all respondents.

(4) Non-intersection (NI): For all values of the latent trait, and for the condition that item
h is more difficult than item g, the probability of a positive response to item g is greater than
the probability of a positive response to item h. For example, a certain child has a larger
probability to acquire an easy item g (e.g., milestone: two-word sentences) than to acquire
a more difficult, item h (e.g., milestone: three-word sentences). This ordering of the items
(g,h) should hold for all other children. All items should be ordered in the same way in level
of difficulty by the persons.

A set of items that satisfies all four assumptions (UD, LI, M, and NI) is known as a
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Figure 5.1: Two ICCs for items g and h with probability P as a function of trait θ . In this paper,
the term “items” refers to language milestones and “trait” refers to language development. (a) Two
non-decreasing ICCs for items g and h. (b) Two non-decreasing ICCs for items g and h, which do not
intersect.
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double monotonic item set. The assumptions of monotonicity and non-intersection are ex-
plained in Fig. 5.1. Figure 5.1a shows the ICCs for items g and h, which are both non-
decreasing, and they satisfy the assumptions for monotonicity. An ICC with a steeper slope
discriminates better than does an ICC with a flat slope. Item g discriminates better than
does item h. Respondents with scores of 1 or 2 on the latent trait have essentially the same
probability for item h, while the probability for item g increases between scores of 1 and
2. As shown in Fig. 5.1a, the ICCs of g and h do not satisfy the additional assumption of
non-intersection.

Figure 5.1b shows the ICCs of items g and h, which satisfy the assumptions for both
monotonicity and non-intersection. Both ICCs are non-decreasing and non-intersecting.
The difficulty of an item (i.e., its location) is defined as the value of the trait for which this
probability is 0.5. In Fig. 5.1b, item h is more difficult than is item g, and both items have
comparable discrimination.

Scale construction

We used the software package MSPWIN 5.0 (Molenaar and Sijtsma 1982) to construct
measuring instruments and to evaluate the assumptions of a Mokken model. The scale was
constructed following the diagnostic criteria of MSPWIN 5.0. A bottom-up strategy of
automatic item-selection procedures was used to construct one or more scales of a set of
items. The item-selection procedure started at a pair of items with the highest significant
positive H-value (see below) and continued until the scale satisfied the scale definitions,
according to various diagnostic and statistical criteria.

Sample independence was assessed by evaluating whether the same scale holded for
various subgroups in the population, in other words, whether the positions of the items
in the developmental sequence were consistent across various subgroups. In this study,
we assessed sample independence according to age, sex, and geographic location in the
Netherlands.

Evaluation of the assumptions for monotonicity and non-intersection

We evaluated the assumptions for monotonicity (see Fig. 5.1a) by inspecting the ICCs ac-
cording to the H-coefficient. H-coefficients indicate how well the items form a unidimen-
sional construct, and they indicate the scalability of items along the scale. The Guttman
error is a basic concept in defining a scalability coefficient (H). Children who have acquired
a certain item (h) should have also acquired an easier item (g). Some of the children in this
study, however, had acquired the more difficult item (h) but not the easier item (g). This is
an example of a Guttman error. A deterministic model without Guttman errors is called a
Guttman model. The Mokken model is a probabilistic version of the Guttman model, and it
therefore allows the possibility that a subject may respond positively to a difficult item (h)
and negatively to an easier item (g). In the Mokken model, the deviation of the observed
data structure from the perfect scalogram structure is expressed as the scalability coefficient
H. This coefficient can be defined for the entire scale (H), for each item (Hg), and for each
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pair of items (Hg,h). The following interpretation of the results is based on the value of the
H-coefficient: strong scale (H > 0.5); moderate scale (0.4≤H ≤ 0.5); weak scale (H < 0.4)
(Mokken and Lewis 1982). A negative H-value (H, Hg,h of Hg) indicates a decreasing ICC
and therefore violates the assumption of monotonicity.

After evaluating monotonicity, we evaluated non-intersection (see Fig. 5.1b) according
to the Ht-coefficient (H transposed). The Ht-coefficient is comparable to the H-coefficient
for monotoncity (H refers to the degree in which the responses of subjects can be ordered
according to a single latent trait). The Ht-coefficient is a global indicator for the degree to
which the ordering of the items (e.g., language milestones) is the same for every subject, ac-
cording to their responses (non-intersection). In this case, subject responses order the items.
Non-negative values of the Ht-coefficient form a necessary condition for non-intersection.
As a general guideline, , Ht must be greater than or equal to 0.30, and the percentage of
negative H-values should be equal to or less than ten percent of all subject responses.

Criteria (or “crit values”) functioned as general guidelines for detecting items that partly
satisfy the assumptions for monotonicity (see Fig. 5.1a) and non-intersection (see Fig. 5.1b).
For each item, this diagnostic value combines the H-coefficient, the frequency and size of
the violations, and their significance. The crit value for each item should be less than 40
(a crit value of 0 is optimal) for each assumption. A crit value greater than 80 is a strong
indication that an item has violated the assumption (Molenaar and Sijtsma 1982).

Reliability

The internal consistency of a scale was indicated by Rho, which can be interpreted as the
Item Response Theory-based equivalent of Cronbach’s alpha. Cronbach’s alpha indicates
how well responses to items measure the underlying construct. A scale was interpreted as
reliable if Rho was greater than or equal to 0.90 (Nunnally and Bernstein 1994).

5.4 Results

The section to follow (Part 1) describes the scale construction of the language milestones
(items). The items were first ordered in terms of difficulty for five different age groups.
After sequencing the items according to difficulty for each age group, the scaled items
were added together. Part 2 subsequently discusses the sample-independence assessment
for the scaled items, addressing the question of whether the same item sequence holds for
different subgroups or samples. Part 3 shows the ICCs for each of the fourteen milestones
and evaluates the assumptions for monotonicity and non-intersection of the Mokken model.
The final part (Part 4) reports about the reliability of the final sample independent scale.

Part 1. Scale construction per age group

Tables 5.2a through 5.6b show the proportions of children in each age group for which
positive responses were given to the questions about language milestones, ordered from
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easiest to most difficult. The tables provide both the scaled and the rejected milestones. The
numbers next to the items in the tables refer to the questions in Appendix B.

The rejection of items was primarily because of negative H-coefficients in relation to
one of the other milestones or because of violations of monotonicity and non-intersection.
A negative H-coefficient for a particular item provided clear proof that it does not measure
a unidimensional construct; in other words, it does not measure the same latent trait as the
other items measure. Additionally, violation of monotonicity means that an item showed no
monotonic increase in the likelihood of being passed according to increasing levels of lan-
guage ability (latent trait). Furthermore, violation of the non-intersection assumption means
that the ordering of items was not the same for every respondent. Violation of the assump-
tions monotonicity and non-intersection was detected by inspecting the crit values of the
items. A crit value above 40 provided strong evidence that an item violates an assumption.

Table 5.2a shows the scaled language milestones for children from twelve to twenty-four
months of age. The scaled items had both high scalability (H = 0.91) and high reliability
(Rho = 0.91), indicating that the items form a unidimensional construct. According to
the Mokken model, the scale was strong. Furthermore, Ht was 0.95, and the percentage
of negative Ht-values was less than ten percent, indicating that the ordering in this scale
held for most of the subjects. In particular, items concerning sentence length in language
comprehension and language production were scaled.

Table 5.2a: Scaled milestones for children from 12 through 23 months of age (H = scalability coeffi-
cient, Rho = reliability).

Milestones for 12 to 23 Months (n = 80) % yes H

Comprehension of 2-word sentences (9) 89% 0.88
Pointing at body parts (5) 81% 0.95
Production of 10 words (6) 65% 0.93
Comprehension of tasks involving 3-word sentences (11) 49% 0.95
Production of 2-word sentences (8) 47% 0.93
Production of 3-word sentences (10) 20% 0.92
Naming of colors (13) 10% 0.73
Production of 3-to-4-word sentences (12) 9% 0.83

H = 0.91, Rho = 0.91, Ht = 0.95, % Negative Ht(a)-values = 0.0

Table 5.2b shows the milestones that were rejected for children from twelve to twenty-
three months of age. “Production of variation in noise” was excluded from this scale because
all subjects responded positively to this milestone. “Comprehension of 2-word sentences”
therefore served as an initial discriminating point for the scale. All other items were re-
jected because they violated the assumptions for monotonicity (crit value greater than 40).
They showed no monotonic increase as a function of the latent trait. The rejected items
included items regarding the production or comprehension of fewer than ten words, as well
as “production of questions” and “production of sentences using correct word order.”
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Table 5.2b: Rejected milestones for children from 12 through 23 months of age.

Rejected Milestones Reason

Production of variation in noise (1) All respondents answered with “yes”
Comprehension of “no” (3) Violation of monotonicity (crit = 62)
Production of “mama” and “papa” (2) Violation of monotonicity (crit = 43)
Production of single words (4) Violation of monotonicity (crit = 55)
Pointing at called object (7) Violation of monotonicity (crit = 41)
Production of questions (14) Violation of monotonicity (crit = 50)
Sentences in right word order (15) Violation of monotonicity (crit = 56)

The milestones for children from twenty-four to thirty-five months of age also had strong
scalability H (0.89) and moderate reliability Rho (0.87) (see Table 5.3a); Ht was 0.89, and
the percentage of negative Ht(a)-values was less than ten percent. In addition to the items
about sentence length in language comprehension and language production, the item con-
cerning intelligibility and items involving narrative capacity (e.g., spontaneous storytelling)
were scaled. Table 5.3b shows the milestones that were rejected for children from twenty-
four to thirty-five months of age. All rejected items “naming colors,” “production of sen-
tences using correct word order,” and “production of questions” violated the assumption of
non-intersection (a crit value above 40).

Table 5.3a: Scaled milestones for children from 24 through 35 months of age (H = scalability coeffi-
cient, Rho = reliability).

Milestones for 24 to 35 Months (n = 125) % yes H

Comprehension of tasks involving 3-word sentences (11) 99% 1.00
Production of 2-word sentences (8) 98% 1.00
Production of 3-word sentences (10) 90% 0.95
Production of 3-to-4-word sentences (12) 84% 0.91
About 50% intelligible (20) 76% 0.93
Spontaneous storytelling (18) 66% .088
Storytelling in response to pictures (17) 56% 0.83
Production of compound sentences (22) 18% 0.83

H = 0.89, Rho = 0.87, Ht = 0.89, % Negative Ht(a)-values = 0.0

Tables 5.4a and 5.4b show the scaled and rejected milestones for children between the
ages of thirty-six and forty-seven months. The H and Ht coefficients were 0.68 and 0.84,
respectively. Rho was 0.78, indicating moderate reliability. Additionally, the percentage of
negative Ht(a)-values was 3.9 (less than 10%). The items concerning sentence length and
narrative capacity, one item about intelligibility, “production of adjectives,” and “overgen-
eralization of verb conjugations” were scaled. “Naming colors,” “production of questions,”
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Table 5.3b: Rejected milestones for children from 24 through 35 months of age.

Rejected Milestones Reason

Naming of colors (13) Violation of non-intersection (crit = 108)
Production of sentences using correct Violation of non-intersection (crit = 70)
word order (15)
Production of questions (14) Violation of non-intersection (crit = 42)

and “about 50% intelligible” were rejected because of negative H-values, which may indi-
cate that these items did not measure the same latent trait that the other items of the scale
measured. “Production of sentences using correct word order” was rejected because it vi-
olated the assumptions of monotonicity (crit value = 104) and non-intersection (crit value
= 56). Furthermore, the production of plurals (e.g., “Does your child make correct plurals,
such as ‘mice’ instead of ‘mouses’?”) was excluded from the scale for thirty-six to forty-
eight-month-olds, because MSPWIN 5.0 identified this item as the worst milestone, even
though its crit values did not violate the assumptions. “Overgeneralization of verb conju-
gations” violated the assumption of monotonicity, however, and eliminating “production of
plurals” caused this violation to disappear. In addition, the Ht of the scale increased. In
contrast to the items for twenty-four to thirty-five-month olds, “production of compound
sentences” was rejected because of a violoation of non-intersection (crit value = 68).

Table 5.4a: Scaled milestones for children from 36 through 47 months of age (H = scalability coeffi-
cient, Rho = reliability).

Milestones for 36 to 47 Months (n = 137) % yes H

Production of 3-word sentences (10) 99% 1.00
Production of 3-to-4-word sentences (12) 97% 0.63
Production of adjectives (16) 97% 0.70
Spontaneous storytelling (18) 88% 0.49
Storytelling in response to pictures (17) 88% 0.71
About 75% intelligible (23) 80% 0.88
Overgeneralization of verb conjugations (21) 50% 0.83

H = 0.68, Rho = 0.78, Ht = 0.84, % Negative Ht(a)-values = 3.9

The scaled milestones for children between the ages of forty-eight and fifty-nine months
are shown in Table 5.5a. They had high scalability (H = 0.85) and moderate reliability
(Rho = 0.81). The Ht coefficient was 0.86, and the number of negative Ht(a)-values was
2.3. In contrast to the second and third age categories (24–35 months and 36–47 months,
respectively), but consistent with the youngest group (12–23 months), the item “naming
colors” was scaled for this group. “Production of compound sentences” also had a good fit
within this scale, and “adult-like language production” was added to the scale. Although
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Table 5.4b: Rejected milestones for children from 36 through 47 months of age.

Rejected Milestones Reason

Naming of colors (13) Negative H-value with 1 of the other milestones
Production of questions (14) Negative H-value with 1 of the other milestones
About 50% intelligible (20) Negative H-value with 1 of the other milestones
Production of sentences using correct Violation of monotonicity (crit = 104) & non-
word order (15) intersection (crit = 56)
Production of plurals (19) Worst milestone
Production of compound sentences (22) Violation of non-intersection (crit = 68)

some of the rejected milestones fitted well within other scales, they were rejected in this
scale because they violated the assumption of non-intersection, they had negative H-values
in relation to other milestones, or they violated the assumption of monotonicity (Table 5.5b).

Table 5.5a: Scaled milestones for children from 48 through 59 months of age (H = scalability coeffi-
cient, Rho = reliability).

Milestones for 48 to 59 Months (n = 95) % yes H

Naming of colors (13) 99% 1.00
Storytelling in response to pictures (17) 95% 0.92
Production of compound sentences (22) 88% 0.75
About 100% intelligible (26) 79% 0.84
Adult-like language production (24) 55% 0.90

H = 0.85, Rho = 0.81, Ht = 0.86, % Negative Ht(a)-values = 2.3

The scaled milestones for children from the oldest age group (60–72 months) had strong
scalability (H = 0.73), but their reliability (Rho = 0.74) was the lowest of all scales (see Ta-
ble 5.6a). Furthermore, Ht (0.98) was very high, and the percentage of negative Ht(a)-values
was zero, indicating that the order of the scaled milestones held for nearly every subject.
The new item, “comprehension of two or more tasks,” was rejected because of a violation
of monotonicity (see Table 5.6b). In addition, the fit for the item “about 100% intelligi-
ble” was worse within this scale (it was scaled in the previous scale), and “production of
compound sentences” was again rejected.

In summary, each scale had satisfactory scalability scores H (H > 0.5) and Ht (Ht > 0.3),
and the percentage of negative H-values was always less than ten percent of all subjects. The
scaled milestones for the youngest group had the highest reliability (Rho = 0.91), and the
scaled milestones for the oldest group had the lowest (Rho = 0.74).

In the final step, the eighteen different language milestones from all five scales were
added together and tested for all children of all age groups (see Table 5.7). The numbers
next to the items in Table 5.7 refer to the questions of Appendix B. For children from
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Table 5.5b: Rejected milestones for children from 48 through 59 months of age.

Rejected Milestones Reason

Overgeneralization of verb Violation of non-intersection (crit = 63)
conjugations (21)
Production of plurals (19) Violation of non-intersection (crit = 54)
Spontaneous storytelling (18) Negative H-value with 1 of the other milestones
Production of sentences using correct Violation of monotonicity (crit = 66)
word order (15)
Production of adjectives (16) Negative H-value with 1 of the other milestones
About 75% intelligible (23) Negative H-value with 1 of the other milestones

Table 5.6a: Scaled milestones for children from 60 through 72 months of age (H = scalability coeffi-
cient, Rho = reliability).

Milestones for 60 to 72 Months (n = 90) % yes H

Spontaneous storytelling (18) 98% 0.71
Storytelling in response to pictures (19) 97% 0.57
Production of adjectives (16) 97% 0.57
Production of sentences using correct word order (15) 93% 0.82
Adult-like language production (24) 57% 1.00

H = 0.73, Rho = 0.74, Ht = 0.98, % Negative Ht(a)-values = 0

Table 5.6b: Rejected milestones for children from 60 through 72 months of age.

Rejected Milestones Reason

Overgeneralization of verb conjugations (21) Violation of monotonicity (crit = 450) &
non-intersection (crit = 143)

Comprehension of 2 or more tasks (25) Violation of monotonicity (crit = 49)
About 100% intelligible (26) Violation of monotonicity (crit = 53)
Production of compound sentences (22) Violation of non-intersection (crit = 41)
Production of plurals (19) Violation of non-intersection (crit = 81)
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twelve to seventy-two months of age, the scalability score for the total scale was 0.87, with
reliability of 0.96. The Ht value for the entire group was 0.85, the lowest H(g) value was
0.69, and the highest H(g) value was 0.99.

Table 5.7: Scaled milestones for children from 12 through 72 months of age (H = scalability coeffi-
cient, Rho = reliability).

Milestones for 12 to 72 Months (n = 527) % yes H

1. Comprehension of 2-word sentences (9) 98% 0.97
2. Pointing to body parts (5) 97% 0.99
3. Production of 10 words (6) 95% 0.99
4. Comprehension of tasks involving 3-word sentences (11) 92% 0.99
5. Production of 2-word sentences (8) 92% 0.99
6. Production of 3-word sentences (10) 85% 0.96
7. Production of 3- to 4-word sentences (12) 82% 0.93
8. About 50% intelligible (20) 79% 0.91
9. Production of sentences using correct word order (15) 76% 0.69
10. Naming colors (13) 74% 0.81
11. Spontaneous storytelling (18) 72% 0.84
12. Storytelling in response to pictures (17) 70% 0.85
13. Production of adjectives (16) 60% 0.88
14. About 75% intelligible (23) 56% 0.91
15. Production of compound sentences (22) 54% 0.85
16. Overgeneralization of verb conjugations (21) 33% 0.77
17. About 100% intelligible (26) 31% 0.87
18. Adult-like language production (24) 20% 0.89

H = 0.87, Rho = 0.96, Ht = 0.85, % Negative Ht(a)-values = 0.4

Part 2. Sample independence

To determine whether the item sequence shown in Table 5.7 was consistent across all sub-
groups or samples, we assessed sample independence for the eighteen scaled language mile-
stones. The ordering of the items was assessed for each of the five age groups, for boys and
girls, and for the northern, eastern, western, and southern regions of the Netherlands.

Sample independence was assessed first for the various age groups. The ordering of the
items for each of these five groups was essentially the same. We verified this by comparing
the ordering of the items in Table 5.7 with the ordering of the items in Tables 5.2a through
5.6b. The following items were variable in the scales for specific age groups, in comparison
with the sample as a whole: “Naming colors” (12–23 months), “production of adjectives”
(36–48 months), and “production of sentences using correct word order” (60–72 months).
For example, “naming colors” was easier than “production of 3-to-4-word sentences” in
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the scale for the youngest age group (12–23 months) (see Table 5.2a), but more difficult
than “production of 3-to-4-word sentences” in the scale for the entire group (see Table 5.7).
Tables 5.2a through 5.6b show the H-coefficients (H) and reliability (Rho) for each of the
five age groups.

After considering age, sample independence was assessed according to sex. The order-
ing of the eighteen items was the same for boys, girls, and for the entire group. The H and
Rho values for the separate scales (boys and girls) were 0.95 and 0.96, respectively. The
lowest H(g) value was 0.89 for both scales, and the highest H(g) value was 0.98 for boys and
1.00 for girls.

Finally, sample independence was assessed according to geographic region. The order-
ing of “production of sentences using correct word order,” “naming colors,” and “overgen-
eralization of verb conjugations” was variable across regions, in comparison to the entire
group. “Production of sentences using correct word order” was variable for the West, “nam-
ing colors” was variable for the North and the South, and “overgeneralization of verb con-
jugations” varied for the North and the East. The H-values and Rho-values were 0.87 and
0.96, respectively, for the North; 0.91 and 0.96, respectively, for the East; 0.92 and 0.97,
respectively, for the West; and 0.90 and 0.96, respectively, for the South. The lowest H(g)

values were 0.71 (North), 0.73 (East), 0.84 (West), and 0.82 (South), while the highest H(g)

value was 1.00 for all regions.
In summary, the worst milestones in terms of sample independence were “naming col-

ors,” “production of sentences using correct word order,” “production of adjectives,” and
“overgeneralization of verb conjugations.” Because these items had no consistent posi-
tions in the developmental sequence across age groups and/or the four regions, they were
eliminated, yielding a final sample-independent scale of fourteen language milestones (see
Table 5.8). The numbers next to the items of Table 5.8 refer to the questions in Appendix B.

Part 3. Evaluation of the assumptions for monotonicity and non-intersection
for the final sample-independent scale

Table 5.8 shows the final sample-independent scale of fourteen language milestones. The
scores for scalability was very high (0.95). Figure 5.2 shows the ICCs that were assessed for
each of the fourteen scaled milestones from Table 5.8. For each milestone, the percentage
of a positive score was plotted as a function of the total score on the final scale (language
development). Figure 5.2 was realized by setting a significance level of 0.05 and a minimum
violation of 0.03.

The ICC assessments shown in Fig. 5.2 were monotonically increasing; they increased
as a function of increasing levels of language ability. Various statistical diagnostics showed
that there were no violations of the assumptions for monotonicity. The H-coefficient for
scalability of the final scale was very high, the H-coefficient for each milestone was above
0.88, and the H-coefficient for all milestone pairs was positive, indicating a strong scale
according to the Mokken model. The slopes of the ICCs for various language modalities
were comparable, indicating that discrimination and reliability were also comparable.
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Table 5.8: Final sample-independent scale for children from 12 through 72 months of age (H =
scalability coefficient, Rho = reliability).

Milestones for 12 to 72 Months (n = 527) % yes H

1. Comprehension of 2-word sentences (9) 98% 0.97
2. Pointing at body parts (5) 97% 0.99
3. Production of 10 words (6) 95% 0.98
4. Comprehension of tasks involving 3-word sentences (11) 92% 0.99
5. Production of 2-word sentences (8) 92% 0.99
6. Production of 3-word sentences (10) 85% 0.99
7. Production of 3- to 4-word sentences (12) 82% 0.97
8. About 50% intelligible (20) 79% 0.97
9. Spontaneous storytelling (18) 72% 0.91
10. Storytelling in response to pictures (17) 70% 0.92
11. About 75% intelligible (23) 56% 0.91
12. Production of compound sentences (22) 54% 0.89
13. About 100% intelligible (26) 31% 0.95
14. Adult-like language production (24) 20% 0.98

H = 0.95, Rho = 0.96, Ht = 0.94, % Negative Ht(a)-values = 0.5
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Figure 5.2: Assessed ICCs of the 14 scaled milestones for 527 children ranging in age from 12 to 72
months, with a positive response as a function of the scores on the scale (language development).



78 The ordering of milestones

The set of milestones also satisfied the assumptions for non-intersection; H transposed
(Ht) was 0.94 (which is greater than 0.30), and the percentage of negative Ht(a)-values was
0.5. The hierarchical ordering of the milestones was the same for all children (from 12 to
72 months old). According to various statistical diagnostics, the ICCs did not violate the
assumption of non-intersection. The milestones appeared to be very consistent in discrim-
ination and differed in difficulty. In other words, the slopes of all ICCs were similar, and
they were dispersed along the latent trait dimension.

Part 4. Reliability

The reliabilitiy of the final sample independent scale was very high (0.96; see Table 5.8).
The scale is interpreted as reliable as it is greater than or equal to 0.90. Milestones from
various modalities in language production and language comprehension form a high internal
consistency, which means that the responses to the items measure the ability very well.

5.5 Discussion

The objective of this study was to develop a scale of language-development milestones for
use with children from twelve to seventy-two months of age. The expectation that language
milestones would serve as good measures for language development was confirmed by the
good fit that the scaled milestones demonstrated with monotonicity. The fourteen scaled
milestones showed a monotonic increase in the likelihood of being passed at increasing lev-
els of language ability, and all milestones fitted along a unidimensional scale. Furthermore,
the hierarchical ordering of the scaled language-development milestones was confirmed by
the good fit demonstrated for non-intersection. The ICCs that were assessed did not in-
tersect, and the ordering of the scaled milestones was therefore the same for all persons.
In addition, the sequence of milestones was the same for all subgroups and samples. The
fourteen scaled language milestones differed in difficulty, discriminated well among various
levels of language ability, and seemed to measure one construct.

The language milestones for children in the third and fifth age groups (36–48 and 60–
72 months, respectively) were less scalable than were the milestones for the remaining age
groups. This may have been due to a pattern of systematic language acquisition in the first
years of life, followed by a period of fine-tuning in later years (Van Dijk 2004). Language
development improves very quickly in the first years of life, progressing from nonverbal
to verbal communication and from babble to sentences (Foster 1990). This progression
may lend itself better to measurement than do the features of later language development,
which become more detailed. The items on the scale are distributed throughout the descrip-
tive stages of language acquisition (prelinguistic stage, early linguistic stage, differentiation
stage, and completion stage; Ingram 1989) that are customarily identified in children.

The item “overgeneralization of verb conjugations” was most deviant item in this study
and it had the highest violation of the assumptions according to the crit values. It was
scaled for children from thirty-six to forty-seven months of age, but not for their older
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counterparts (48–59 months and 60–72 months). This finding is consistent with the idea
that children acquire verb flexion according to a U-shaped curve (Hendriks et al. 1997;
Pinker 1994). Children first use correct forms of the past simple tense of strong verbs (e.g.,
went, came). Subsequently, they may discover a rule for inflecting weak verbs into past
simple tense and may use this rule for strong verbs as well (e.g., singed, comed). In this
study, this phenomenon was scaled for children from thirty-six to forty-seven months of age.
Finally, children discover exceptions to regular conjugations, and they learn to produce the
correct past simple tense of strong verbs. The fact that the item “overgeneralization of verb
conjugations” was not scaled for the older children in this study (48–59 months and 60–72
months), may indicate that children of this age are already able to produce the correct past
simple tense of strong verbs. The precise rules that are involved in the language acquisition
of young children, however, and the processes through which children discover these rules
remain unclear (Gomez and Gerken 1999; McClelland and Seidenberg 2000).

The assessment of sample independence revealed that four of the eighteen scaled mile-
stones had variable ordering. The milestone “naming colors” was excluded from the scale,
as its ordering varied for children in the northern and southern regions of the Netherlands.
Several parents remarked that they had or had not yet taught their children the names of
the colors. This learning aspect may deviate from the other milestones. “Production of
words” is a more general category; “naming colors” is a subcategory of word production
(Pinker 1994). Furthermore, the contrast between “naming colors” and the “production of
adjectives” is likely to make sense for parents, even though it makes no sense linguistically.
Some parents also remarked that their children produced some color names, but that they
could not identify the colors that these words represent. Why this milestone differed only
between children from the northern and southern regions of the Netherlands, and not for the
other two regions, remains unclear.

The acquisition of adjectives was thought to begin around the age of thirty-six months.
The data showed, however, that the development of adjectives had already reached a ceiling
effect by that age. About ninety-seven percent of the children between the ages of thirty-six
and forty-eight months had mastered the production of adjectives, which is the same as the
percentage among the oldest children in the study (60–72 months). This milestone may
therefore be too easy for 36 to 48 month-olds, as compared to the other scaled milestones
for this age group.

The milestone “production of sentences using correct word order” was excluded because
its ordering varied for the oldest age group (60–72 months) and for subjects in the northern
and western regions of the Netherlands. Although this item may contain no valid linguistic
explanation, it may reflect a problem in the discourse fluency of children between the ages
of sixty and seventy-two months. This may explain the deviant ordering of the milestone
in this group. Furthermore, word order is thought to be a parameter of language that must
be determined by the environment (Pinker 1994). Although all parents participating in this
study spoke and understood standard Dutch, dialect may have had some influence, as word
order differs across various dialects of Dutch.

Finally, “overgeneralization of verb conjugations” (e.g., “Does your child form the cor-
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rect past tense, such as ‘sat’ instead of ‘sitted’?”) varied for respondents from the North and
from the East. The reasons for this variation are unclear, but it is possible that the milestone
is somewhat ambiguous, as children acquire verb flexion skills according to a U-shaped
curve, see above.

Reliability of the final sample independent scale

It is assumed that parents are better able to report on language production than they are
on comprehension (Goorhuis-Brouwer and Schaerlaekens 2000). Bishop (1997) presumes
that parents and teachers are easily able to detect language problems that involve reduced
intelligibility or immature-sounding sentence structures, but that they are less sensitive to
language problems that affect comprehension, vocabulary size, or verbal memory. This
assumption was not confirmed by the data gathered in this study. Both types of items (lan-
guage production and language comprehension) were scaled.

Parent reports concerning language production may be more reliable, however, than are
their reports about language comprehension, as language production is more overt. For in-
stance, while the scaled item “production of 2-word sentences” would be very difficult to
misjudge, the scaled item “comprehension of tasks involving 3-word sentences” calls for
considerable inference on the part of the parent. The items concerning language compre-
hension may have been reported less frequently than were the items concerning language
production, thus compromising their reliability.

Reliability was assessed in several ways, however. As shown in Fig. 5.2, the ICCs for
language production and language comprehension had comparable slopes, which is a good
indicator of a reliable scale. In addition, all scaled items had a crit value less than 40, which
means that the scaled items satisfied the assumptions of monotonicity and non-intersection.
Neither subsets of milestones (e.g., the scalability of each item and of item pairs) nor sub-
sets of the participants (e.g., sample independence) showed violations in the final scale.
This means that both dimensions survived the evaluation process, and comprehension items
remained in the final version.

An additional issue is that some questions were consciously formulated to be under-
standable for the parents. The aim of this study was to visualize underlying stages in lan-
guage development as milestones, based on parental reports. Questions about milestones
must therefore be understandable for parents, and the questions should be able to be an-
swered with either “yes” or “no.” For instance, we asked parents if their children could
place three or four words in succession. This question does not imply that sentences are
merely sequential strings; sentences must be organized hierarchically. Had we asked, “How
many syntactic units does your child produce?” however, that would not have made sense
to most of the parents.

The comprehension items concerning the number of words in an utterance differed well
in difficulty (e.g., 89% of 12–23-month-olds were reported to have achieved the milestone
“comprehension of 2-word sentences,” whereas 49% were reported to have achieved the
milestone “comprehension of tasks involving 3-word sentences”). This indicates that asking
parents about the number of words in comprehension may offer a means of differentiating



5.5 Discussion 81

among various stages of underlying ability. External validation of the scale, however, should
demonstrate whether the scale actually measures language ability (i.e., comprehension and
production).

Furthermore, screenings based on parental report measure the language ability of a child
as observed by the parents. Validation based on an elaborate language-comprehension test,
instead of relying on parental report, should be used to examine the external reliability of
parental reports.

Unidimensional scale

The fourteen scaled language milestones reflect a unidimensional representation of language
ability. The hierarchical ordering in the acquisition of language milestones seems to be con-
sistent for boys and girls between the ages of twelve to seventy-two months from various
regions in the Netherlands. The ordering of several milestones is predictable, as they reflect
increases in the same underlying measure, such as increasing intelligibility. In addition to
the fact that this study confirmed that language milestones are very useful for constructing
instruments for measuring language development, one important finding of this study is that
the scale taps multiple domains. The scale encompasses lexical, syntactic, and phonolog-
ical skills, as well as both receptive and expressive skills. Both language production and
comprehension seem to be located along a single, unidimensional scale, which means that
they are assumed to measure the same underlying concept. Additionally, receptive language
milestones precede expressive milestones in the scale. For instance, “comprehension of 2-
word sentences” precedes “production of 2-word sentences,” and “comprehension of tasks
involving 3-word sentences” precedes “production of 3-word sentences.” Accordingly, the
perception of grammatical structures seems to precede the production of grammatical struc-
tures (Saffran et al. 1996; Saffran et al. 2001).

Furthermore, the milestones “spontaneous storytelling,” “ storytelling in response to
pictures” and “pointing to body parts,” as well as milestones concerning intelligibility were
all scaled on the final scale (see Table 5.8). The former two milestones reflect narrative
abilities, while the latter two are more indicative of lexical, phonological, or motor abilities.
In children with language disorders, different language modalities can be affected (Bishop
1997; Eyer and Leonard 1995; Fletcher and Hall 1992; Gavin et al. 1993; Leonard 1998).
The external validity of the scale should be used to evaluate whether the scaled milestones
are able to identify children in whom different language modalities are affected.

In summary, the results of this study suggest that a single, unidimensional scale of di-
verse items tapping all of the various aspects of language that have been discussed works
very well for mapping progress in the latent trait of progress/ability.

Further research and clinical application

The language milestone scale that was developed in this study is intended as a screening
instrument for use by teachers and primary healthcare practitioners. The questionnaire con-
sists of “yes/no” questions, and it can be completed by parental report, eliminating the need
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for trained observers. Administration of the scale takes about three minutes. After deter-
mining the ages belonging to particular scores in the scale, different percentiles of the scores
will be determined. In further research, we will examine the external validity of the scale
based on elaborate language tests in a normal population and in a clinical population. We
will use these results to determine the sensitivity, specificity, and predictive value of the
scale for detecting deviations or delays in the ordering of language milestones. In addition,
precursors for language development should be examined. If the test properties are satisfac-
tory, the primary healthcare authority in the North of the Netherlands will implement this
instrument within a primary healthcare protocol (Groningen Public Health Service 2004).
The instrument will serve as a device for identifying children who require further assess-
ment of probable causes of language problems.

Conclusion

This study has produced a scale of language milestones with excellent scaling character-
istics. The scaled milestones are considered strong according to the Mokken model, and
have high internal reliability. Furthermore, the ordering of language milestones is the same
across categories of sex, age, and geographic region. The study has shown that it is possible
to construct a single, unidimensional scale from diverse items that tap lexical, syntactic, and
phonological skills, as well as both receptive and expressive language skills. These results
suggest the presence of a single, unidimensional ability that can be assumed to underlie the
hierarchical acquisition of milestones in language development.

The scaled milestones will be the basis of a normative screening instrument for the
Dutch language of children between the ages of twelve and seventy-two months. The
screening instrument is intended for primary health care that is short and easy to admin-
ister based on parental report.



Chapter 6

The language-screening instrument
SNEL

Abstract

The aim of this study was to design a valid and accurate language-screening instrument
(SNEL) for identifying possible language problems in children from one to six years of age,
which is intended to improve the referral of at-risk children for further diagnosis.

A scale of several language milestones was constructed according to the nonparamet-
ric Mokken Item Response Model for dichotomous responses. The external validation of
the scaled language milestones of the SNEL scale was examined by means of sample in-
dependence, the relationship between age and scaled language milestones, the relationship
between age and SNEL scores, and the relationship between SNEL and the gold standard.
The ability of SNEL to identify children with language problems in both the normal popu-
lation and in a clinical population was also examined.

The scaling results showed that the scalability of the SNEL-scale was strong (H = 0.95)
and its reliability was high (Rho = 0.96). The external validation showed that the ordering
of milestones was the same for both boys and girls and that it did not differ across either
age groups or geographical regions in the Netherlands. The results showed further that the
scaled language milestones as well as the SNEL scores increased with age, and that SNEL
measured the same construct, language production, that was measured by the reference test.
Accuracy measured against parental reports of the language development of children be-
tween the ages of twelve to seventy-two months was satisfactory. SNEL proved sufficiently
sensitive to detect children with possible language problems. In conclusion, the unidimen-
sional and sample-independent SNEL scale constitutes a new screening instrument that is
short, sensitive, and easy to use.
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6.1 Introduction

The success of therapy for children with speech and language disorders depends heavily
on early identification, accurate diagnosis, and the implementation of appropriate ther-
apy (Blackman 1999). The identification of language disorders involves primary health-
care workers (e.g., health visitors, general practitioners, school nurses, and nursery staff),
whereas diagnosis and therapeutic advisement involves secondary healthcare workers (i.e.,
multidisciplinary teams). Screening instruments create an effective link between primary
and secondary healthcare practitioners. A fast, simple, sensitive, and positively predictive
language-screening instrument can make a valuable contribution to the process of screen-
ing children for language problems. The detection of language problems among children
between one and six years of age is particularly important, as the neurological system of
speech and language develops during the first years of life (Mayeux and Kandel 1999;
Mehler and Christophe 2000; Stromswold 2000). Contributing factors (e.g., mental retar-
dation, hearing loss) —as well as the language problems themselves— should be addresses
and resolved, if possible, in order to preclude further problems, including difficulties in
verbal, emotional, and educational development (Coster 2001; Silva et al. 1987).

Dutch practitioners currently have no uniform instrument for screening children from
one to six years of age for language problems (Luinge et al. 2002). The Health Insur-
ance Board asked us to develop a language-screening instrument to facilitate the referral of
children with possible language problems to secondary healthcare. Secondary healthcare
practitioners can diagnose factors that contribute to language problems in children, includ-
ing hearing disorders and psychological, psychiatric, motor, or neurological problems. It
must be clear which children should be referred to secondary healthcare for the application
of accurate diagnostic procedures. This article reports on the external validation of a new
measurement instrument (SNEL1) for the early identification of speech and language disor-
ders in the primary health care. If its test properties are satisfactory, the Groningen Public
Health Service intends to implement the SNEL instrument within the primary healthcare
system (Groningen Public Health Service 2004).

It is not always clear what is meant by a language problem (Stott et al. 2002; Luinge
et al. 2002). Law et al. (1998) reviewed many studies about language problems and found
a wide range of estimates (from 0.6% to 33.2%) for the prevalence of language problems
among pre-school children. These rates are consistent with estimates provided by Dutch pri-
mary healthcare professionals, which range from one to forty percent (Luinge et al. 2002).
Variation in the estimations of prevalence may be due to ambiguities in definition, cut-off
scores, and the nature of language problems.

Despite ongoing discussions concerning language problems, there is consensus among
researchers concerning milestones in language development (Foster 1990; Kohnstamm 1993;
Krug and Mikus 1999; Kuhl 2000). A previous study showed that milestones in the language
development of Dutch children from twelve to seventy-two months of age could be scaled
according to the assumptions of a Mokken Item Response Model (Luinge et al. 2005c).

1Spraak- en taalNormen EersteLijns gezondheidszorg (speech and language norms for the primary healthcare).
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The results showed that a single, unidimensional scale of diverse milestones that taps lex-
ical, syntactic, and phonological skills, as well as both receptive and expressive language
skills, is well suited for mapping progress in language development. The internal validation
of the scaled language milestones (i.e., SNEL) was satisfactory. SNEL is based on the hier-
archical ordering of milestones in the Dutch language, and it is expected that delays in the
course of achieving language milestones are easy to detect. We further expect that primary
healthcare practitioners can use such delays, in cooperation with parental report, to identify
children from one to six years of age who are at risk for language problems (Law et al.
1998).

This study examines the external validation of SNEL by means of sample independence,
the relationship between the scaled language milestones and age, the relationship between
SNEL and age, and the relationship between SNEL and the gold standard. The study also
investigates the ability of SNEL to identify children with language problems from within
both the normal population and a clinical population.

For the purposes of this study, sample independence means that various subgroups of
children (e.g., boys and girls, and children from different geographic regions) achieve lan-
guage milestones in the same order. The advantage of a sample-independent scale is that
the same ordering of milestones can be used for different subgroups, allowing levels of
difficulty to be compared across subgroups (e.g., different age groups) and across repeated
measurements for the same person (Mokken 1997). Repeated measurements are necessary
to provide insight into the course of development, as the development of a child is a dynamic
process.

The gold standard (i.e., the reference test) examines whether the scale of language mile-
stones used in the SNEL instrument measures the construct of language and whether it is
able to identify children who are at risk for language problems from within weighted sam-
ples drawn from both the normal population and a clinical population. The reference test
(the Schlichting Test for Language Production) is a diagnostic test for language production,
and its test properties are good (Schlichting et al. 1995). SNEL and the reference test are in-
dependent, as they assess language ability in two different ways. The reference test consists
of elicitation procedures, most of which are based on imitation.

Sensitivity and specificity are basic concepts in the accuracy of screening instruments.
These properties describe how well the test discriminates between children who do and
do not have language problems, based on the reference test. The criteria for identifying
language problems should not be too strict; they should also not exclude children who could
benefit from additional assistance with language learning (Bishop 1997). To examine the
relation between sensitivity and specificity, we will plot a Receiver Operating Characteristic
(ROC) (Macmillan and Creelman 1991; Obuchowski 2003).

This study consists of two parts. First, it reports on the scaling results of the language
milestones addressed in the previous study. Second, it examines the external validation
of the SNEL language-screening instrument. The aim of SNEL is to identify language
problems in children between the ages of one and six years, in order to facilitate referral to
secondary healthcare.
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6.2 Materials and methods

6.2.1 Scaling of milestones in language development

Participants

Data were collected from several sources. Children from one to six years of age were se-
lected from day nurseries, playgroups, and primary schools in different parts of the Nether-
lands for the scaling of the milestones. Participants were further selected according to sex
and specific age (e.g., a boy of one year and two months), in order to achieve a well-balanced
distribution in the research population and to avoid bias (e.g., no selection based on lan-
guage development). The final representative sample of 527 children consisted of 260 boys
(mean = 42 months; SD = 16; range: 15–70) and 267 girls (mean = 41 months; SD = 16;
range: 12–70) between the ages of twelve and seventy-two months. The children originated
from a full ability range with no exclusions other than that their parents understood the
Dutch language for answering the questions.

Measures

The language milestones used in the scale were derived from literature, descriptive stages,
and from existing screening instruments that are based on milestones (Breeuwsma 1994;
Coplan et al. 1982; Gilles and Schaerlaekens 2000; Hall 1997; Kelly and Sally 1999;
Krug and Mikus 1999; Kuhl 2000; Luinge et al. 2002; Mattson et al. 2001; Mayeux and
Kandel 1999; Needlman 2000; Rescorla and Alley 2001; Wachtel et al. 1994; Zuckerman
et al. 1999). The milestones that were collected originate from various aspects of language
comprehension and production (e.g., single-word and multi-word utterances, the naming
of objects and abstract concepts, grammatical development [e.g., inflection, production of
interrogative sentences], intelligibility, and the narrative capacities of young children).

A questionnaire for assessing language milestones was developed in order to determine
whether children have achieved particular milestones. The questions in the questionnaire
were classified into five different age groups. The researchers questioned parents or caretak-
ers about the language development of their children by telephone. Parents were required to
state only whether their children had achieved particular milestones. Dichotomous response
options were chosen to facilitate interpretation. The questions were asked in Dutch.

Diagnostic statistics

A scale of several language milestones (the items) was constructed according to a non-
parametric Mokken Item Response Model for dichotomous responses (Mokken 1997). The
items were scaled according to the diagnostic criteria of MSPWIN 5.0, a program for
Mokken scale analysis (Molenaar and Sijtsma 1982). A bottom-up strategy of automatic
item-selection procedures was used to construct a scale of language milestones. The item-
selection procedure started with a pair of items with the highest significant positive H co-
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efficient and continued until the scale satisfied the scale definitions according to various
diagnostic and statistical criteria.

H coefficients indicate how well items form a unidimensional construct, and they in-
dicate the scalability of items along the scale. The following interpretation is given to the
value of H: strong scale (H > 0.5), moderate scale (0.4 ≤ H ≤ 0.5), weak scale (H < 0.4)
(Mokken and Lewis 1982). The dimensionality of the scale was evaluated by calculating
the scalability coefficient (H).

The Ht value (i.e., the H value on a transposed data order) is a global indicator of the
degree to which the ordering of the items (e.g., language milestones) is the same for every
subject, according to their responses. As a general guideline, Ht must be greater than or
equal to 0.30, and the percentage of negative H values should be equal to or less than ten
percent of all subject responses.

The internal consistency of the scale was indicated by Rho, which can be interpreted as
the IRT-based equivalent of Cronbach’s alpha, which indicates how well responses to items
measure an underlying construct. A scale is considered reliable if Rho is greater than or
equal to 0.90 (Nunnally and Bernstein 1994).

6.2.2 External validation of SNEL

Participants

The sample of 527 participants that was used for the scaling of the milestones was also
used for examining sample independence, the relationship between the scaled milestones
and age, and the relationship between SNEL and age.

In addition, a weighted sample (n = 84), based on about ten percent of the 527 partic-
ipants with the lowest score and about ten percent of the 527 participants, was selected at
random from the normal population, in order to examine the relationship between SNEL
and the reference test. The participants with the lowest scores were selected because we
were particularly interested in whether low scores on the SNEL would also indicate low
scores on the reference test. In total, 34 girls (mean = 46 months, SD = 16, range: 14–70)
and 50 boys (mean = 42 months, SD = 15, range: 11–70) were selected from the normal
population in the Netherlands.

Finally, a sample was drawn from a clinical population whose participants had been
diagnosed as having language problems (11 boys and 3 girls; mean = 49 months, SD = 9,
range: 33–72) and children from the weighted sample were used to examine the accuracy of
SNEL (ROC) and to assess the ability of SNEL to detect children with language problems.

Measures

The Schlichting Test for Language Production was used as a gold standard (reference test)
in this research. The sub-tests for sentence development and word development in the
Schlichting Test have a mean reliability (coefficient α) of 0.83 (range: 0.75–0.91) and 0.85
(range: 0.71–0.76) respectively for the norm groups of 1.25 years to 6.25 years, and their
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correlation with other tests is high (Schlichting et al. 1995). Reliability was lowest (0.76)
for the norm groups of the youngest (1;3) and the oldest children (6;3). The sub-tests are
standardized for children between the ages of one year and three months to six years and
three months. In this paper, participants are diagnosed as having language problems if their
scores on the reference test deviate by 1.3 SD. A deviation of 1.3 SD is used in the Dutch
clinical setting to diagnose language problems, and was therefore used in the validation of
SNEL.

Sample independence

Sample independence was examined with reference to the sample of 527 participants. Scal-
ability was assessed, and the applicability of the same scale to different subgroups in the
population (i.e., whether items had a consistent position in the developmental sequence
across different subgroups) was evaluated. Sample independence was assessed for different
age groups, for boys and girls, and for children from different parts of the Netherlands.

The relationship between the scaled language milestones and age

The relationship between the separate scaled milestones as a function of age was based on
the sample of 527 participants. For each scaled milestone, fractions were calculated for age
groups of 6 months (12–17, 18–23, 24–29, 30–35, 36–41, 42–47, 48–53, 54–59, 60–65,
and 66–72 months). Further, a figure was plotted for the ages at which each milestone was
acquired by 10%, 50%, and 90% of the total number of children.

The relationship between SNEL and age

The relationship between SNEL and age was examined by plotting the SNEL scores of the
participants as a function of age, based on the sample of 527 participants. A SNEL score
was determined by counting the number of positive responses to the questions regarding the
scaled language milestones.

The relationship between SNEL and the reference test

The weighted sample of 84 participants was used for the examination of the relationship
between SNEL and the reference test. This relationship was examined by plotting the SNEL
scores as a function of the raw scores on the reference test.

The relationship between sensitivity and specificity (ROC) and the accuracy of SNEL (AU-
ROC)

Firstly, the SNEL scores of 527 participants were ranked for five age groups (12–23, 24–35,
36–47, 48–59, and 60–72 months) in order to determine percentile rankings for the SNEL
scale (i.e., the 1st, 3rd, 5th, 10th, 15th, 20th, 25th, 50th, 75th, 95th, and 100th percentiles).
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Secondly, the sensitivity and specificity of all of the above-mentioned percentiles were
determined with reference to the weighted sample (n = 84) and the clinical sample (n = 14)
(= 98 participants in total). The clinical population was also taken into account, in order to
obtain additional information about the detection of the true positives (i.e., participants with
language problems). Sensitivity was calculated with:

Sensitivity =
TP

TP+FN
, (6.1)

where the symbol TP (test positives) was used to denote participants who were diagnosed
as having language problems according to the reference test and SNEL, and the symbol FN
(false negatives) was used to denote participants who were diagnosed as having language
problems according to the reference test but not according to SNEL. A SNEL score indi-
cates a language problem correctly when the SNEL score of a participant with a language
problem is less than or equal to the examined percentile (e.g., 1st, 3rd, 5th). Specificity was
calculated with:

Specificity =
TN

TN+FP
, (6.2)

where the symbol TN (test negatives) was used to denote participants who were diagnosed
as having language problems according to SNEL but not according to the reference test,
and the symbol FP (false positives) was used to denote participants whose scores on both
SNEL and the reference test indicated no language problems. A SNEL score indicates
no language problem correctly when the SNEL score of a participant without a language
problem is greater than the examined percentile.

Thirdly, the Receiver Operating Characteristic (ROC) was determined for all percentiles.
This curve describes the sensitivity of a test (in this case, SNEL) as a function of its rate of
false positives for different cut-points (the percentiles), based on the reference test (Schlicht-
ing test). The ROC curve was plotted based on the true-positive rate (i.e., the sensitivity of
all examined percentiles) as a function of the false-negative rate (i.e., 1–specificity of all
examined percentiles).

Finally, the area under the ROC curve (AUROC) was calculated to measure the accu-
racy of SNEL. The AUROC was calculated with the following formula (Macmillan and
Creelman 1991):

Ag = 0.5∑(Fi+1−Fi)(Hi+1 +Hi) , (6.3)

where Ag is the AUROC, Hi is the Hith point on the ROC curve (true-positive rate), and
Fi is the Fith point on the ROC curve (false-positive rate). The closer the area is to 1.0,
the better the test. As a general guideline, AUROC values are interpreted as follows: 0.50–
0.60 = fail, 0.60–0.70 = poor, 0.70–0.80 = fair, 0.80–0.90 = good, and 90–1.00 = excellent
(Tape 2004).

The ability of SNEL to detect children with language problems

The percentile with the greatest sensitivity and most satisfactory specificity was plotted
based on the SNEL score as a function of the age corresponding to this percentile. Test posi-
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tives (children who are correctly identified as having language problems) are more important
than are test negatives (children who are falsely identified as having language problems). To
show which of the participants who had been diagnosed as having language problems were
situated at, below, or above the selected percentile, several cut-off scores (SD > 1 and SD >
1.3) on the reference test of participants in the weighted sample and of the participants from
the clinical population were determined. The standards of SNEL were calculated using the
inverse of the function for the chosen percentile.

6.3 Results

6.3.1 Scaling of milestones in language development

Table 6.1 contains eighteen scaled milestones of the SNEL scale. The scalability of the
SNEL scale for children between the ages of twelve and seventy-two months was 0.87, and
its reliability was 0.96. The Ht value for the entire group was 0.85; the lowest H(g) value
was 0.69, and the highest H(g) value was 0.99. All diagnostic statistics were satisfactory
(see Luinge et al. 2005b).

Table 6.1: Scaled milestones (18) of the SNEL-scale based on 527 children from 12 through 72
months of age (H = scalability coefficient, Ht = H on the transposed data order, Rho = reliability).

Milestones for 12 to 72 Months (n = 527) % yes H

1. Comprehension of 2-word sentences 98% 0.97
2. Pointing to body parts 97% 0.99
3. Production of 10 words 95% 0.99
4. Comprehension of tasks involving 3-word sentences 92% 0.99
5. Production of 2-word sentences 92% 0.99
6. Production of 3-word sentences 85% 0.96
7. Production of 3- to 4-word sentences 82% 0.93
8. About 50% intelligible 79% 0.91
9. Production of sentences using correct word order 76% 0.69
10. Naming colors 74% 0.81
11. Spontaneous storytelling 72% 0.84
12. Storytelling in response to pictures 70% 0.85
13. Production of adjectives 60% 0.88
14. About 75% intelligible 56% 0.91
15. Production of compound sentences 54% 0.85
16. Overgeneralization of verb conjugations 33% 0.77
17. About 100% intelligible 31% 0.87
18. Adult-like language production 20% 0.89

H = 0.87, Rho = 0.96, Ht = 0.85, % Negative Ht(a)-values = 0.4



6.3 Results 91

6.3.2 External validation of SNEL

Sample independence

Sample independence was examined with reference to the sample of 527 participants. The
applicability of the same scale (see Table 6.1) to different subgroups in the populations was
evaluated. Sample independence was assessed for different age groups (12–23, 24–35, 36–
47, 48–59, and 60–72 months), for boys and girls, and for participants from different parts
of the Netherlands (North, East, South, and West).

The milestones with the worst sample independence were as follows: “naming colors,”
“sentences using correct word order,” “production of adjectives,” and “overgeneralization
of verb conjugations.” Because these items had no consistent positions in the developmen-
tal sequence across age groups, the four regions, or both, they were eliminated. A final
sample-independent scale of fourteen language milestones remained (see Table 6.2). The
hierarchical ordering of the fourteen remaining items was consistent for boys and girls be-
tween the ages of twelve to seventy-two months from various regions in the Netherlands.

Table 6.2: Final sample-independent scale for children from 12 through 72 months of age (H =
scalability coefficient, Ht = H on the transposed data order, Rho = reliability).

Milestones for 12 to 72 Months (n = 527) % yes H

1. Comprehension of 2-word sentences 98% 0.97
2. Pointing at body parts 97% 0.99
3. Production of 10 words 95% 0.98
4. Comprehension of tasks involving 3-word sentences 92% 0.99
5. Production of 2-word sentences 92% 0.99
6. Production of 3-word sentences 85% 0.99
7. Production of 3- to 4-word sentences 82% 0.97
8. About 50% intelligible 79% 0.97
9. Spontaneous storytelling 72% 0.91
10. Storytelling in response to pictures 70% 0.92
11. About 75% intelligible 56% 0.91
12. Production of compound sentences 54% 0.89
13. About 100% intelligible 31% 0.95
14. Adult-like language production 20% 0.98

H = 0.95, Rho = 0.96, Ht = 0.94, % Negative Ht(a)-values = 0.5

Table 6.2 presents the final sample-independent scale (SNEL) of fourteen items, as well
as the percentage of positive responses and the H coefficient for each item. The lowest H(g)
value was 0.89, and the highest H(g) value was 0.99. Mokken Scale Analysis showed that
the total scalability (scale H) and the reliability (Rho) of the SNEL scale were satisfactory.
Scale H (0.95) was higher than 0.50, which indicates a strong scale. The Ht value of the
scale (0.94) was greater than 0.30, and the percentage of negative H values was 0.5%. The
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time required to administer the SNEL scale varied between two and three minutes.

The relationship between the scaled language milestones and age

Figure 6.1 shows the fraction of the total number of children that had reached a scaled
SNEL milestone as a function of age, based on a sample of 527 children from the normal
population in the Netherlands.

12 24 36 48 60 72
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Age (months)

F
ra

c
ti
o

n

Figure 6.1: The fraction of the total number of children that acquired a scaled milestone of SNEL as a
function of age, based on a sample of 527 children from the normal population in the Netherlands. For
each milestone, the fraction was obtained by a fit with 1/(1 +(x0/x)a) to the data points. From left
to right at fraction level 0.9: 1. “Comprehension of 2-word sentences,” 2. “Pointing at body parts,” 3.
“Production of 10 words,” 4. “Comprehension of tasks involving 3-word sentences,” 5. “Production of
2-word sentences,” 6. “Production of 3-word sentences,” 7. “Production of 3- to 4-word sentences,” 8.
“About 50% intelligible,” 9. “Spontaneous storytelling,” 10. “Storytelling in response to pictures,” 11.
“About 75% intelligible,” 12. “Production of compound sentences,” 13. “About 100% intelligible.”

For each milestone, fractions were calculated for six-month age groups (12–17, 18–23,
24–29, 30–35, 36–41, 42–47, 48–53, 54–59, 60–65, and 66–72 months). In the interest of
clarity, only the fitted curves are shown. Milestone 14 (“adult-like speech”) could not be
fitted by this function and was therefore omitted. It satisfied the assumptions of the Mokken
model, however, and was therefore included in the SNEL-scale. For each milestone, these
fractions were subsequently fitted with:

1
1+(x0/x)a , (6.4)
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where x denotes age, and x0 and a are parameters (Table 6.3). The symbol x0 represents the
age at which half of the children have achieved the corresponding milestone.

Table 6.3: Parameter values for the curves shown in Fig. 6.1.

Milestone a x0 (months)

1 38.6 14.5
2 10.5 14.5
3 8.6 16.5
4 8.3 18.5
5 7.8 18.8
6 8.7 22.7
7 10.1 24.7
8 9.0 26.2
9 5.7 27.4

10 5.8 29.7
11 7.5 34.8
12 6.7 37.4
13 6.7 43.6

Figure 6.2 shows the ages at which each milestone was achieved by ten, fifty, and ninety
percent of the children, based on the fitted curves shown in Fig. 6.1. The ages were ob-
tained by intersection of the fitted curves with horizontal lines at levels 0.1, 0.5, and 0.9,
respectively. These ages can be calculated with the following formula:

x = x0

(
f

1− f

) 1
a

, (6.5)

where x denotes age, f denotes the fraction (0.1; 0.5; 0.9), and a and x0 the parameters as
calculated above. This figure shows that the width of the distribution for a given milestone
as a function of age is greater for more difficult than for less difficult milestones. The ages
for the ninety-percent points are most interesting for language screening, as children who
have not achieved the scaled language milestones at the ages corresponding with the ninety-
percent points may be at risk for language problems. A SNEL score is based on the scores
for all of the milestones included in the SNEL scale.

The relationship between SNEL and age

Figure 6.3 shows the increase in SNEL scores as a function of age, based on a sample of 527
participants. A SNEL score was determined by counting the number of positive responses
to the questions regarding the scaled language milestones, as shown in Table 6.2.

The relationship between the SNEL scores and age is clearly non-linear, probably due
to ceiling effects, as there is a maximum score for each age group (12–23, 24–35, 36–47,
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48–59, and 60–72 months).
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Figure 6.2: The ages at which each milestone was acquired by 10%, 50%, and 90% of the total
number of children, based on the fitted curves of Fig. 6.1 vertical scale. : 1. “Comprehension of
2-word sentences,” 2. “Pointing at body parts,” 3. “Production of 10 words,” 4. “Comprehension of
tasks involving 3-word sentences,” 5. “Production of 2-word sentences,” 6. “Production of 3-word
sentences,” 7. “Production of 3- to 4-word sentences,” 8. “About 50% intelligible,” 9. “Spontaneous
storytelling,” 10. “Storytelling in response to pictures,” 11. “About 75% intelligible,” 12. “Production
of compound sentences,” 13. “About 100% intelligible.”

The relationship between SNEL and the reference test

Figure 6.4 shows the relationship between the SNEL scores as a function of raw scores on
the Schlichting test, based on the weighted sample of 84 participants. The SNEL scores in-
creased along with increases in the Schlichting scores. The relationship between the SNEL
scores and age is clearly non-linear, as a consequence of the ceiling-effect caused by the
maximum score on the SNEL scale, as mentioned above.

The relationship between sensitivity and specificity (ROC) and the accuracy of SNEL (AU-
ROC)

The percentiles of the SNEL scores were determined after ranking them for each age group
(12–23, 24–35, 36–47, 48–59, 60–72). Table 6.4 shows the SNEL scores for the examined
percentiles (1st, 3rd, 5th, 10th, 15th, 20th, 25th, 50th, 75th, 95th, and 100th) for five age
groups. The maximum scores (100th percentile) differ across age groups.
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Figure 6.3: The relation between the SNEL-scores and age (months) based on a sample of 527 partic-
ipants of 12 to 72 months. Only 215 points are visible, due to overlap. A SNEL score was determined
by adding the yes-responses at the questions regarding the scaled language milestones of Table 6.2.

Table 6.4: The SNEL-scores for the examined percentiles for five age groups based on a sample of
527 participants.

Percentiles 12–24 24-36 36–48 48–60 60–72

1st 0 3 6 9 10
3rd 0 5 8 9 11
5th 0 5 8 10 12
10th 1 6 9 11 12
15th 1 6 10 12 13
20th 2 7 11 12 13
25th 2 8 11 13 13
50th 4 10 12 14 14
75th 5 10 12 14 14
95th 7 11 12 14 14
100th 7 12 12 14 14
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Figure 6.4: The relation between the SNEL-scores and the raw scores of the Schlichting test based on
a weighted sample of 84 participants of 12 to 72 months. Only 67 points are visible, due to overlap.
A SNEL score was determined by adding the yes-responses at the questions regarding the scaled
language milestones of Table 6.2.

Table 6.5: The sensitivities and specificities of the SNEL-scale for the examined percentiles of Ta-
ble 6.4 based on a weighted sample (n = 84) and a clinical sample (n = 14) for children in the age from
12 to 72 months. The total sample (n = 98) included 18 children with a language problem. Sensitivity
was calculated by (test positives)/(test positives + false negatives) and specificity was calculated by
(test negatives)/(test negatives + false positives).

Percentiles Sensitivity Specificity

1st 0.44 0.98
3rd 0.83 0.95
5th 0.83 0.87
10th 0.94 0.83
15th 1 0.76
20th 1 0.61
25th 1 0.5
50th 1 0.18
75th 1 0.18
95th 1 0.11
100th 1 0.04
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Table 6.5 shows the sensitivity (TP /[TP + FN]; TP = test positives, FN = false negatives)
and specificity (TN /[TN + FP]; TN = test negatives, FP = false positives) of the percentiles
(1st, 3rd, 5th, 10th, 15th, 20th, 25th, 50th, 75th, 95th, and 100th), based on the weighted
sample (n = 84) and the clinical sample (n = 14). The total sample (n = 98) included eighteen
children with language problems.

Figure 6.5 shows the true-positive rate (sensitivity) as a function of the false-positive
rate (1–specificity) (see also Table 6.5), as well as the fitted ROC curve for these data points.
Using least squares procedures, the ROC data were fitted with:

y(x) =
x(1+a)

x+a
, (6.6)

where x = false-positive rate, y = true-positive rate, and a = 0.018.
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Figure 6.5: The empirical data of the true positive rate (sensitivity) as a function of the false positive
rate (1–specificity) as well as the fitted ROC curve for these data points (see also Table 6.5) of the
language milestones of the SNEL-scale (see Table 6.2). The data were fitted with y(x) = (1+a)x/(x+
a), wherein x = false positive rate and a = 0.018. Each data point of the empirical data represents a
different percentile.

The assessed area under the fitted curve is 0.94, indicating that the accuracy of SNEL
is very high. The area under the ROC curve can also be calculated directly from the data
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points as:
AUROC = 0.5∑(Fi+1−Fi)(Hi+1 +Hi) , (6.7)

in which Fi and Hi are the abscissa and the ordinate of the ith point, respectively. This
procedure yields a slightly larger value (AUROC = 0.95).

The ability of SNEL to detect children with language problems

The 10th percentile appeared to be the most appropriate percentile. It indicated high sensi-
tivity (0.94) and sufficient specificity (0.83). In addition, this percentile is frequently used in
healthcare to discriminate between children who are in the normal range of development and
those who are at risk for developmental problems (e.g., with respect to weight or length).
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Figure 6.6: The data points (+) for the 10th percentile (see also Table 6.4) based on the sample of
527 participants in the age from 12 to 72 months. These points are fitted with s = 14(1− e−a(x−x0)),
wherein s = SNEL-score, a = 0.04, and x0 = 16.1 (where x denotes age in months). Also the partic-
ipants diagnosed as having a language problem (n = 6) of the weighted sample are plotted for two
cut-off scores on the reference test (SD > 1: upward triangles, and SD > 1.3: downward triangles).
Furthermore, the clinical population (n = 14) diagnosed as having a language problem (cut-off score
SD > 1.3: circles) is inserted in the figure.

Figure 6.6 shows the data points for the 10th percentile (see also Table 6.4), the curve
that was fitted to these points, and the participants from both the weighted and the clinical
samples who were diagnosed as having language problems. The data for the 10th percentile
were fitted with:

s = 14(1− e−a(x−x0)) , (6.8)
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where s denotes the SNEL score, a is 0.04, and x0 is 16.1 (where x denotes age in months).
The scores of participants from the weighted sample whose cut-off scores were SD > 1
and SD > 1.3 on the reference test (n = 6) were inserted into the calculations illustrated
in Fig. 6.6, in order to determine whether SNEL should also detect participants with low-
average scores (SD > 1). Only one participant from the clinical population (SD > 1.3) had
a SNEL score above the 10th percentile (false negative). The SNEL scores of all of the
other participants who had language problems were at or beneath the 10th-percentile curve,
which indicates that these participants would have been detected by SNEL.

Table 6.6 shows the SNEL scores that should be achieved at specific ages, according to
the curve fitted to the 10th-percentile data presented in Fig. 6.6. The rounded-off ages are
determined using the inverse of the function for the fitted line presented in Fig. 6.6:

x =
1
a

ln
(

14
14− s

)
+ x0 , (6.9)

where x is age (months), s is SNEL score, a denotes 0.04, and x0 denotes 16.1. The symbol
“ln” represents the natural logarithm. For example, Table 6.6 shows that a SNEL score less
than or equal to 2 for a twenty-two-month-old child indicates a possible language problem.
This SNEL score is situated at or beneath the 10th-percentile curve presented in Fig. 6.6.
Figure 6.7 shows the SNEL score as a function of age for the 10th percentile (data points
from Table 6.6) (s = 14(1− e−a(x−x0))).

Table 6.6: SNEL-scores that should be achieved at several ages according to the curve in Fig. 6.6
fitted to the 10th percentile, based on a sample of 527 participants.

Age (months) SNEL-score

12–17 0
18–19 1
20–21 2
22–24 3
25–26 4
27–29 5
30–32 6
33–36 7
37–41 8
42–46 9
47–54 10
55–64 11
65–81 12
82 13



100 The language-screening instrument SNEL

12 24 36 48 60 72 84 96

2

4

6

8

10

12

14

Age (months)

S
N

E
L

-s
c
o

re

Figure 6.7: The SNEL score as a function of age for the 10th percentile (data points from Table 6.6)
(s = 14(1− e−a(x−x0))).

6.4 Discussion

This study has shown SNEL to be an accurate language-screening instrument that is sensi-
tive enough to detect language problems in children from twelve to seventy-two months of
age. The unidimensional and sample-independent SNEL scale constitutes a new instrument
that is short and easy to use. Scores can be derived from parental report. The hierarchical
ordering in the achievement of language milestones is consistent for boys and girls be-
tween the ages of twelve and seventy-two months from various regions in the Netherlands.
The scaled milestones can therefore make a valuable contribution to the development of a
universal screening instrument by translating them into other languages, testing them for
different populations, and validating them according to different reference tests and clinical
judgments.

Furthermore, the use of parental report is very useful for the screening of young chil-
dren, as the language of these children usually refers to concepts that are found within the
home environment (e.g., “daddy book”). Artificial test situations may therefore tend to un-
derestimate children’s language abilities. With parental report, it is not necessary to involve
children in the screening. This feature facilitates the completion of the screening, as it re-
moves the necessity of scheduling and transporting children. Finally, parental report may
allow the assessment of intra-individual variability in language development (Van Dijk et al.
2001), as the reports are based on longer periods of time.

The internal validation showed that both the scalability and the reliability of SNEL
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were good. In addition, the external validation of SNEL yielded satisfactory results. As
expected, SNEL scores increased with age. Furthermore, the standards for SNEL were
investigated according to percentiles and not according to the mean SNEL scores of each
age group. The mean scores may not have reflected language development accurately, as the
ceiling effects that were mentioned earlier could have lowered the standards for the SNEL
scale. Percentiles are less sensitive to ceiling effects. Furthermore, high SNEL scores (and
the accompanying ceiling effects) are not interesting for screening purposes, as language-
screening instruments should detect only children with low SNEL scores, which indicate
possible language problems.

The correspondence between the outcomes of SNEL and the reference test permits the
conclusion that SNEL and the reference test measure the same construct, language pro-
duction. The reference test was validated for children of fifteen months of age and older
(Schlichting et al. 1995), whereas the present study includes children from the age of twelve
months. For this reason, the external validation of SNEL for the youngest children should
be interpreted with caution. In addition, the score of one participant from the clinical pop-
ulation (n = 14) who was diagnosed as having a language problem was ambiguous. This
score fell on the 10th percentile, as shown in Table 6.5 (age = 54 months, SNEL score =
11), but it was still within the range of the data points.

The use of the ROC curve in this study also provided an elegant method that avoided
some of the problems that are associated with other methods (Mitchell 2003). Another
advantage of the use of ROC curves is that they allow straightforward conclusions to be
drawn from the positions of the data points (Obuchowski 2003).

This study provides neither estimates of the prevalence of language problems nor pre-
dictive values, as the weighted sample (n = 84) from the normal population includes five
percent of the lowest SNEL scores and a sample at random. Despite this weighted sample,
however, relatively few of the children (5.7%) had possible language problems. The preva-
lence of language problems among the participants in this study falls within the range of the
prevalence estimates developed by Law et al. (1998) (range 0.6–33.2%) and by the Dutch
primary healthcare professionals (range 1–40%) (Luinge et al. 2002).

In conclusion, the unidimensional and sample-independent SNEL scale constitutes a
new measurement instrument that is short and easy to administer. It appears sufficiently
sensitive to detect children who are at risk of language problems. The results of both the
internal and external validations were good. The scalability of SNEL was strong (H = 0.95),
its reliability was high (Rho = 0.96), and the concurrent accuracy measured against parental
report of language development for children between the ages of twelve and seventy-two at
months was excellent (AUROC = 0.94).

Limitations of this study and further research

SNEL is intended as a screening instrument for use in primary healthcare. It consists of
yes-or-no questions, and it can be completed by parental report. Administration of the scale
takes about three minutes. Although the psychometric qualities of SNEL are promising,
SNEL requires further examination in future research. The reference test is supposed to
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measure language production. Other language tests (e.g., language comprehension tests)
should be able to indicate whether SNEL also screens for other aspects of language devel-
opment. In addition, because the test sample in this study was representative of the Dutch
population, little can be said about the applicability of the results to other languages or to
language problems that are related to psychiatric disorders (e.g., autism). Another limitation
of this study is that the external validation was based on a relative small sample. A larger
sample from the normal population as well as the clinical population should provide more
evidence for the external validation results of this study. Additionally, the predictive values
of SNEL should be determined based on a large sample from the normal population.

The applicability of SNEL as a tool for primary healthcare practitioners is currently un-
der examination by the Groningen Public Health Service. They are also evaluating whether
SNEL is cost-effective as a language-screening instrument (Groningen Public Health Ser-
vice 2004).



Chapter 7

Summary and conclusions

The first question of this thesis was as follows: “What is language, and what is meant by
a language problem?” The answer to this question served as a starting point for develop-
ing a language-screening instrument for identifying children who are at risk for language
problems, which was the second aim of this thesis. After the general introduction (Chap-
ter 1), Chapters 2 and 3 provided a survey of what sources in the literature and in clinical
practice mean when referring to language or language problems. The objective of Chapter 2
was to catalogue how Dutch professionals define and diagnose language problems in young
children. Although respondents agreed on both the language-development milestones and
the percentages of intelligibility that children should have achieved by certain ages, their
opinions varied with regard to normal language “errors” that children can make in language
development. This result suggests that it is difficult to differentiate between language errors
that can be expected in normal language development and errors that may indicate language
problems. Normal language acquisition shows considerable variations; it is therefore diffi-
cult to differentiate between normal and deviant or delayed language development (Enderby
and Emerson 1995).

In general, language problems are defined in broad terms (e.g., “problems in language
production,” “language development is delayed compared to normal language develop-
ment,” or “problems in language comprehension”). In addition, there appears to be no
“gold standard” for screening or diagnosing language problems in children. The variety in
the standards that are used to define language problems and the language-problem descrip-
tions that are used by professionals of various backgrounds may explain the differences that
this study revealed in estimates of the prevalence language problems among children with
language problems (estimates ranged from 1% to 40%). This variation in prevalence esti-
mations is consistent with the outcome of the study by Law et al. (1998), who reviewed
many studies about language problems. They estimates that they found for the prevalence
of language problems among pre-school children ranged from 0.6% to 33.2%.

The literature is also ambiguous concerning the definition of language problems. It
is difficult to arrive at a single, unambiguous definition, as language problems in young
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children can be approached in several ways, depending upon professional background. Re-
view of the literature showed that language and language problems in young children can
be grouped according to different taxonomies, which usually focus on one of the follow-
ing: descriptive and explanatory stages in language development, the various factors that
influence language development, or linguistic categories (see Chapter 3). In our opinion,
these different orientations can be integrated into a general and clinical diagnostic model
for Screening, Testing, Examining, and Mapping (STEM). STEM describes the systematic
diagnosis of language problems and shows that the various orientations on language prob-
lems are useful at different diagnostic levels.

Screening is based on the descriptive orientation, the focus of which is on several de-
scriptive stages and explanatory stages. Descriptive stages are described in terms of lan-
guage milestones that characterize changes in developmental stages. The aim of explana-
tory stages is to describe the processes that underlie the changes that occur during these
descriptive stages. Language milestones seem to be good indicators of language problems
Stromswold 2000; Kelly and Sally 1999). Milestones that have not been achieved by certain
ages (e.g., the absence of babbling by 10 months, not using single words at 18 months, or not
using short utterances at 24 months of age) can serve as rough indicators of language prob-
lems (Kelly and Sally 1999), although elaborate tests should be used to determine whether
children actually have language problems.

Testing is based on the distinction between language production and language compre-
hension. In the diagnosis of language problems in children, it is essential to include mea-
sures of both language production and language comprehension (Bishop 1997). Receptive
language refers to the comprehension of symbolic information, primarily through auditory
and visual channels; expressive language refers to such components as morphology, syn-
tax, and semantics that are used orally (Diedrich and Carr 1984). To diagnose language
problems correctly, such tests should have good psychometric properties and meet gener-
ally accepted standards. Although language tests are used to diagnose language problems,
they say nothing about the etiology of such problems, nor do they provide information about
underlying failures in language and information processing.

Examining includes both the categorical and specific-abilities orientations. The cate-
gorical orientation focuses on the etiology of language problems (e.g., hearing problems,
psychiatric problems), and the specific-abilities orientation examines language problems in
terms of the relative strengths and weaknesses of certain processes or abilities (e.g., limited
information processing). Further, although the treatment of children with language prob-
lems focuses particularly on the diagnosed causes of the language problems, the language
problems themselves should also be considered.

Mapping is the final diagnostic level, and it is grounded in the linguistic orientation,
which describes language development and language problems in detail and focuses on
the manifestations of problems according to several language modalities (e.g., phonology,
syntax, and semantics). The STEM model can function as a protocol for identifying and
diagnosing children who have language problems. The four levels are interrelated; together,
they offer a complete approach to language problems in children.
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The second aim of this thesis was to develop and to validate a language-screening in-
strument for identifying children who are at risk for language problems. Detecting language
problems occurs at the screening level of STEM. Language milestones that have not been
achieved by certain ages serve as indicators of language problems. Chapters 4, 5, and 6 deal
with the development of a language-screening instrument for use with children from one to
six years of age. The aim of Chapter 4 (cf. Luinge et al. 2005b) was to examine whether
the non-parametric Mokken Item Response Theory model is useful for the measurement of
milestones in descriptive stages. The results of this pilot study showed that it is possible to
construct a Mokken scale of thirteen language milestones for children from one to two years
of age. The scalability and reliability of the scale were satisfactory, and the scale satisfied
the assumptions of the Mokken model. All of the subjects who participated in this study
reached the scaled language milestones in the same order. The scale, which consisted of
yes/no questions regarding language milestones, could be administered simply and quickly
(requiring about three minutes). Furthermore, the questionnaire regarding the scaled mile-
stones was completed verbally by parental report. The scaled milestones varied in difficulty
and discriminated well among various levels of language development. Based on these
findings, the Mokken model was applied to the construction of a language-screening instru-
ment for children from twelve to seventy-two months of age in Chapter 5 (cf. Luinge et al.
2005c).

This study showed that a single, unidimensional scale of various milestones that ad-
dresses lexical, syntactic, and phonological skills, as well as both receptive and expressive
language skills, is well suited for mapping progress in language development for children
ranging in age from 12 to 72 months. Various aspects of language development were situ-
ated along a unidimensional scale. This finding is consistent with the results of Rescorla and
Roberts (2002), which indicated that specific language impairment and late talking should
be considered within a spectrum of language impairment. In their study, children who were
delayed in some skill (e.g., word acquisition) were also likely to be delayed in other skills
(e.g., syntax). These results support the inclusion of all levels of STEM in the process of di-
agnosing language problems when a complete picture of the broad spectrum of all possible
language problems is desired.

The scalability of the final scale of fourteen milestones was strong (H = 0.95), its reli-
ability was high (0.96), and it satisfied the assumptions of the Mokken model. The scaled
milestones showed a monotonic increase in the likelihood of being reached at increasing
levels of language ability, and all milestones fit along a unidimensional scale.

Chapter 6 (cf. Luinge et al. 2005a) reports about the external validation of the fourteen
scaled milestones, SNEL, the new language-screening instrument for the early identifica-
tion of language problems in primary healthcare. SNEL refers to Spraak- en taalNormen
EersteLijns gezondheidszorg (speech and language norms for primary healthcare). The re-
sults of Chapter 6 showed that SNEL is a new, short, easy-to-administer, unidimensional,
and sample-independent language-screening instrument. The scale was found to be sensitive
enough to identify children who were at risk for possible language problems. The accuracy
measured against parental report of language development for children between the ages of



106 Summary and conclusions

twelve and seventy-two months was highly satisfactory (AUROC = 0.91). SNEL is intended
for use as a screening instrument for primary healthcare. It is composed of yes/no questions
and can be completed by parental report (see Table 7.1). Administration of the scale takes
about three minutes. The final SNEL-score is defined by the sum of the answers. The norm
table provides the information whether this score matches serious, moderate, or no language
delay (see Table 7.2).

Table 7.1: The SNEL form — Part I.

Name:
Age in months:
Questions for children from 12 to 72 months of age Yes = 1

No = 0

1. Does your child comprehend tasks of 2 words? (e.g., “sit down”) . . .
2. Is your child able to point at one or more body parts? (e.g., “Where is
your nose?”)

. . .

3. Does your child say about 10 words in sum? . . .
4. Does your child comprehend sentences of 3 words? (e.g., “on the chair”) . . .
5. Can your child combine two words such as “papa book” or “look cat”? . . .
6. Can your child make sentences of 3 words? (e.g., “car in garage”) . . .
7. Places your child 3 or 4 words in succession? (e.g., “I wanna have
biscuit”)

. . .

8. Do you understand about a half of your child’s speech? . . .
9. Does your child sometimes tell a story spontaneously? (e.g., something
about school)

. . .

10. Can your child repeat a story by some pictures? . . .
11. Do you understand about three-quarter of your child’s speech? . . .
12. Does your child make long sentences? (e.g., “when the sun sets, it gets
dark”)

. . .

13. Do you understand about everything of your child’s speech? . . .
14. Does your child talk like an adult (qua language use)? . . .

SNEL-score . . .

Future research

Future theoretical research should focus on interactions between the achievement of lan-
guage milestones, the consistent ordering of milestones in language development, and learn-
ing mechanisms. Explanatory stages should clarify how children achieve milestones in lan-
guage development. For instance, before children produce their first words, they should be
able to identify units belonging to their native language from a continuous stream of sounds
(Saffran et al. 2001). Furthermore, future research should address the hierarchical ordering



107

of the scaled milestones for several languages and the identification of language characteris-
tics that are important to the achievement of language milestones. Finally, studies focusing
on the identification of the learning mechanisms that are used to achieve these hierarchically
ordered milestones in language development may yield important insights.

Table 7.2: The SNEL form — Part II.

Age1 Age in months SNEL-score2 10th percentile

. . . 12–17 . . . 0

. . . 18–19 . . . 1

. . . 20–21 . . . 2

. . . 22–24 . . . 3

. . . 25–26 . . . 4

. . . 27–29 . . . 5

. . . 30–32 . . . 6

. . . 33–36 . . . 7

. . . 37–41 . . . 8

. . . 42–46 . . . 9

. . . 47–54 . . . 10

. . . 55–64 . . . 11

. . . 65–82 . . . 12

SNEL-score smaller than 10th percentile ⇒ Serious delay
SNEL-score equal to 10th percentile ⇒Moderate delay
SNEL-score larger than 10th percentile ⇒ No delay
1Fill in age (in months) matching next to age category
2Fill in SNEL-score next to appropriate age category

Future practical research should concentrate on the further external validation of SNEL.
Although the psychometric qualities of SNEL are promising, the instrument requires fur-
ther examination. It has already been compared with a reference test that was developed
and validated for measuring language production. Comparison with other language tests
(e.g., language comprehension tests) should also indicate whether SNEL is able to identify
children who are at risk for language problems. The test sample in this study was a rep-
resentative sample from the Dutch population. Little can be said about the applicability of
the instrument for other languages or for language problems that are related to psychiatric
disorders (e.g., autism). The results of this thesis showed that the ordering of milestones
in language development was the same for boys and girls, as well as across age groups
and geographical regions in the Netherlands. The results further showed that delays in the
achievement of language-development milestones indicate language problems. Deviations
that are not necessarily delays may indicate language problems in children who have psy-
chometric disorders. Additionally, the predictive values of SNEL, as well as possible con-
tributing factors to language problems (e.g., social economic status), should be determined
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within a large sample from the normal population. The Groningen Public Health Service
has already begun to investigate SNEL’s utility as a tool for primary healthcare practition-
ers, and whether it is cost-effective as a language-screening instrument (Groningen Public
Health Service 2004).



Hoofdstuk 8

Nederlandse samenvatting

Taal geeft toegang tot de interactieve wereld. Hiervan word je je bewust als je in een land
bent waarvan je de taal niet spreekt en daardoor bijvoorbeeld geen kranten kunt lezen, geen
sociaal praatje kunt maken, niet kunt vertellen over je eigen land en geen liefdesbrieven
kunt lezen. Wat is taal? Van Dale geeft de volgende beschrijving van taal:

taal (de, -tje) 1 (g.mv.) het op basis van een universeel, aangeboren vermogen ge-
vormde geheel van tekens en regels om deze tot betekenisdragende elementen te
combineren waarvan de mens gebruik maakt, om zijn gedachten te articuleren, zijn
wereld te ordenen en te communiceren, syn. taalvermogen: taal is een evolue-
rend, sociaal symbolencomplex, opgebouwd uit gearticuleerde intrinsiek-variabele,
arbitraire eenheden, waarmee de mens in en aan de periferie van sociaal verkeer
reageert [. . . ]

Wanneer het gelukt is om op basis van een aangeboren vermogen een geheel van tekens
en regels tot betekenisdragende elementen te combineren, en wel zodanig dat het voor “de
ander” begrijpelijk is, kan dit geheel omgezet worden in luchttrillingen in de vorm van
geluidsgolven door articulatie. Dit is het spreken. Deze geluidstrillingen in de lucht kunnen
vervolgens worden opgevangen door het oor van “de ander” en zo worden omgezet tot
betekenisdragende elementen op basis waarvan de ander zijn of haar gedachten daarover
kan vormen.

Het leren van taal

Het leren van taal is een omvangrijke taak en het is een wonder dat veel kinderen zich taal
in relatief korte tijd en als vanzelfsprekend eigen kunnen maken. Soms is het taallerend
kind echter niet in staat zich de taal voldoende eigen te maken en mist het daardoor de
mogelijkheid om ervaringen uit te wisselen en van anderen te leren. Tevens kan het niet goed
verwerven van de taal leiden tot problemen in de emotionele en cognitieve ontwikkeling.
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Om de taal tot wasdom te kunnen brengen, is het noodzakelijk dat het taallerend kind zich
motorisch, cognitief, auditief en sociaal en emotioneel goed ontwikkelt. Wanneer deze
gebieden zich onvoldoende ontplooien kan de taalontwikkeling stagneren. Een doof kind
zal bijvoorbeeld geen verbaal taalaanbod ontvangen en zal zich daardoor de gesproken taal
van de omgeving niet eigen kunnen maken.

Om mogelijke oorzaken van taalproblemen te identificeren en om te voorkomen dat
deze ingrijpen in andere ontwikkelingsprocessen van het opgroeiende kind, is het noodza-
kelijk om taalproblemen in een vroeg stadium op te sporen. Hiermee is de motivatie van dit
onderzoek geformuleerd. Het doel van dit proefschrift is om een taalscreeningsinstrument
te ontwikkelen voor de opsporing van taalproblemen bij jonge kinderen. Een taalscree-
ningsinstrument biedt de mogelijkheid om de taalontwikkeling van kinderen gestructureerd
en in korte tijd te beoordelen. Op basis van deze beoordeling kunnen kinderen zo nodig
doorgestuurd worden voor verdere taaldiagnostiek.

Wanneer is er sprake van een taalprobleem?

Alvorens taalproblemen op te kunnen sporen is het van belang om te weten wanneer er spra-
ke is van een “taalprobleem”.1 Men kan zich bijvoorbeeld afvragen wanneer een afwijking
in de taalontwikkeling nog binnen de normale variatie valt en wanneer er sprake is van een
taalprobleem. Het ene kind leert langzamer fietsen, zo zal een ander kind langzamer de taal
verwerven zonder dat er direct sprake hoeft te zijn van een taalprobleem.

Taalontwikkeling en taalproblemen zijn een bron van inspiratie voor veel onderzoek
en worden op verschillende manieren benaderd door hulpverleners en onderzoekers. Dit
proefschrift beschrijft de uitkomsten van een enquête die is gehouden onder Nederlandse
hulpverleners, zoals consultatiebureau-artsen, psychologen, logopedisten, orthopedagogen
en audiologen, om na te gaan hoe zij taalontwikkeling beschrijven, taalproblemen definiëren
en kinderen met taalproblemen diagnosticeren (hoofdstuk 2). Taalproblemen werden door
de verschillende respondenten beschreven in zowel globale als specifieke terminologie (bijv.
in termen van achterstand ten opzichte van leeftijdsgenootjes; maar ook moeilijkheden met
vervoegingen). De schattingen van het percentage kinderen met taalproblemen varieerden
sterk (van 1 tot 40% bij eentalige kinderen en van 1 tot 90% bij meertalige kinderen). Tevens
bleek het moeilijk om te beoordelen wanneer een “taalfout” duidt op een taalprobleem of
wanneer een “taalfout” onderdeel is van de taalontwikkeling. Een goed voorbeeld hiervan is
overgeneralisatie bij de verleden tijd van sterke werkwoorden. Mogelijk leert een taallerend
kind eerst de juiste verledentijdsvorm van lopen (liepen) uit het taalaanbod. Echter, op een
gegeven moment wordt de ontdekking gedaan dat zwakke werkwoorden worden vervoegd
door de regel, -te, -ten, -de, of -den achter de stam van het werkwoord te plaatsen en dus
wordt het werkwoord als loopte(n) vervoegd. De vorm loopte(n) lijkt op een achteruitgang
in de taalontwikkeling van het kind. Maar niets is minder waar; het ontdekken van een regel
duidt juist op een ontwikkelingssprong op het gebied van de vervoeging van werkwoorden.

1De term “taalprobleem” verwijst hier ook naar taalachterstand, taalstoornis, spraak- en taalprobleem en alle
andere termen die verwijzen naar problemen met de taal.
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Later leert het kind dat er uitzonderingen zijn op de regel, namelijk dat deze vorm van
vervoegen slechts geldt voor zwakke en niet voor de sterke werkwoorden.

Verder bleek uit de enquête dat over mijlpalen en over de volgorde daarvan in de taal-
ontwikkeling veel overeenstemming bestaat tussen de respondenten. Mijlpalen zijn mar-
keringspunten in de taalontwikkeling van een kind, zoals bijvoorbeeld het zeggen van het
eerste woordje of het maken van een eerste zinnetje. Uit de enquête bleek ook dat er veel
verschillende manieren worden gebruikt om taalproblemen op te sporen en te diagnosticeren
en dat de maat voor het vaststellen van een taalprobleem onduidelijk is. De onduidelijkheid
omtrent screenen en diagnostiek van kinderen met taalproblemen is niet zo verwonderlijk:
uit een recent verschenen TNO-rapport blijkt dat er momenteel geen goed gevalideerd scree-
ningsinstrument voorhanden is om kinderen met taalproblemen op te sporen.

Taalproblemen in de literatuur

Omdat er in de Nederlandse praktijk onduidelijkheid bestaat omtrent taalproblemen bij kin-
deren en omdat het concept taalprobleem van belang is om te weten wat een taalscreenings-
instrument moet opsporen, is nagegaan hoe taalproblemen worden beschreven in de litera-
tuur (hoofdstuk 3). Het aanvankelijke doel was, om op basis van literatuur, de verschillende
definities van taalproblemen te vangen in één eenduidige definitie. Dit bleek echter niet
goed mogelijk, aangezien kinderen met taalproblemen op verschillende manieren worden
benaderd, afhankelijk van de professionele achtergrond van de hulpverlener of onderzoe-
ker. Aannemend dat deze verschillende benaderingen van taalproblemen een duidelijk doel
dienen, is vervolgens onderzocht hoe deze verschillende benaderingen gegroepeerd konden
worden. Literatuuronderzoek wees uit dat benaderingen van taalproblemen kunnen worden
gegroepeerd op vier niveaus. De conclusie was dat deze verschillende benaderingen (die
ook al naar voren kwamen in de enquête in hoofdstuk 2) elkaar niet uitsluiten, maar kun-
nen worden geïntegreerd in een meer algemeen klinisch protocol voor de diagnostiek van
taalproblemen bij kinderen. Dit protocol hebben we STIA genoemd, te weten: Screenen,
Testen, Inventariseren en Analyseren:

Niveau 1. Screenen

Op het niveau van het screenen worden de verschillende fasen in de taalontwikke-
ling beschreven. Deze fasen kunnen worden beschreven met mijlpalen in de taal-
ontwikkeling. Dergelijke mijlpalen wijzen op een verandering (ontwikkeling) in de
taalontwikkeling van een kind. Mijlpalen in de taalontwikkeling lijken goede in-
dicatoren om taalproblemen op te sporen. Globale maten voor taalproblemen zijn
mijlpalen die nog niet zijn behaald op bepaalde leeftijden, bijvoorbeeld de afwezig-
heid van brabbelen met 10 maanden, of het achterwege blijven van de productie van
eenwoorduitingen rond 18 maanden. Hulpverleners in de eerstelijnsgezondheids-
zorg (bijv. consultatiebureau-artsen of wijkverpleegkundigen) zien grote groepen
kinderen en hebben daardoor de mogelijkheid om taalproblemen bij kinderen op te
sporen. Echter, screenen geeft een ruwe indicatie (bijv. “pluis” of “niet pluis”). Een
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uitgebreide taaltest moet vervolgens uitwijzen of er daadwerkelijk sprake is van een
taalprobleem.

Niveau 2. Testen

Op het niveau van het testen worden de taalproductie en het taalbegrip beschreven.
Globaal gezien verwijst taalbegrip naar het begrip van taal dat auditief en visueel
(bijv. op schrift) verworven wordt en verwijst taalproductie naar de vaardigheid om
taal verbaal te kunnen uiten. Taalproductie en taalbegrip kunnen worden getest op
basis van uitgebreide taaltesten. Voor het vaststellen van een taalprobleem is het
essentieel om zowel maten in de taalproductie als maten in het taalbegrip mee te ne-
men. Spraak- en taalpathologen, klinisch linguïsten en logopedisten zijn deskundig
op het gebied van taal en hebben daarom ook de juiste kennis om vast te stellen of er
sprake is van een taalprobleem. Ofschoon uitgebreide taaltests geschikt zijn voor het
vaststellen van een taalprobleem, zeggen ze niets over de mogelijke onderliggende
oorzaken.

Niveau 3. Inventariseren

Dit niveau richt zich dan ook op het onderzoeken van de vele factoren die van in-
vloed zijn op de taalontwikkeling. Mogelijk zijn er gehoorproblemen of problemen
door een beperkte informatieverwerking. Een multidisciplinair team, bestaande uit
bijvoorbeeld een KNO-arts, spraak- en taalpatholoog, audioloog, psycholoog, psy-
chiater, orthopedagoog en neuroloog, heeft de capaciteit om alle mogelijke oorzaken
voor taalproblemen in kaart te brengen. En hoewel de behandeling op dit niveau van
diagnostiek zich met name richt op de gebleken oorzaken van het taalprobleem (bijv.
het aanmeten van een hoortoestel), moet de aard van het taalprobleem ook uitvoe-
rig in kaart gebracht worden om te weten welke taalgebieden zo nodig gestimuleerd
moeten worden.

Niveau 4. Analyseren

Mapping vormt de laatste fase van STIA. In deze fase kunnen klinisch linguïsten en
logopedisten onderzoeken hoe het taalprobleem zich manifesteert op basis van een
taalanalyse van verschillende taalgebieden (fonologie, syntaxis, semantiek, etc.). Op
basis van een taalanalyse kan passende taaltherapie geformuleerd worden.

Meetlat voor taal

Aan het begin van de taaldiagnostische keten STIA staat het screenen van de taalontwikke-
ling van kinderen om mogelijke taalproblemen op het spoor te komen. Immers, pas wan-
neer taalproblemen zijn opgespoord kan verdere diagnostiek en behandeling worden inge-
zet. Voor het efficiënt verwijzen van kinderen met taalproblemen is een goed gevalideerd
screeningsinstrument nodig. De hoofdstukken 4, 5 en 6 van het proefschrift beschrijven
de ontwikkeling van zo’n taalscreeningsinstrument. Dit instrument heeft de naam SNEL
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gekregen (Spraak-en taalNormen EersteLijns gezondheidszorg).
Een bruikbaar screeningsinstrument moet beschikken over een goede sensitiviteit (wor-

den alle kinderen met een taalprobleem ook opgespoord met SNEL) en specificiteit (wor-
den er niet te veel kinderen zonder taalprobleem opgespoord met SNEL), betrouwbaarheid
(nauwkeurigheid van een meting) en steekproefonafhankelijkheid (geven verschillende me-
tingen in verschillende populaties dezelfde uitkomsten met SNEL). Omdat SNEL is bedoeld
voor de eerstelijnsgezondheidszorg is ook een snelle en gemakkelijke afname van het scree-
ningsinstrument van belang. Immers, meestal is er maar weinig tijd beschikbaar per consult
en moet de hulpverlener in korte tijd een oordeel geven over de taalontwikkeling van een
kind. Verder is het gemakkelijk dat herhaaldelijke afname tijdens de taalontwikkelingperi-
ode van een kind mogelijk is, zodat bij twijfel een meting herhaald kan worden op een later
moment.

Voor de constructie van SNEL zijn mijlpalen geselecteerd op basis van literatuur en
verschillende taalscreeningsinstrumenten voor andere talen. Uitgangspunt was dat de taal-
ontwikkeling in fasen verloopt en dat een overgang van de ene fase in de andere kan worden
beschreven door mijlpalen. Op basis van vertraging in de verwerving, of het achterwege
blijven van het bereiken van dergelijke mijlpalen, kunnen mogelijke taalproblemen gesig-
naleerd worden.

Voor elke mijlpaal is vervolgens een vraag geformuleerd. Ouders of verzorgers kunnen
door middel van een vragenlijst rapporteren over de taalontwikkeling van hun kind. Het
voordeel van ouderrapportage is dat het oordeel over de taalontwikkeling van een kind niet
is gebaseerd op een momentopname tijdens de periode waarin de hulpverlener het kind ziet.
Het is immers de vraag of een kind tijdens een consult iets zegt. Om na te gaan of de aan
de ouders gestelde vragen begrijpelijk waren, met “ja” of “nee” beantwoord konden worden
en of de mijlpalen discrimineerden tussen verschillende fasen in de taalontwikkeling is een
pilotstudy gedaan bij 50 kinderen. Uit de pilotstudy bleek dat sommige vragen over de
woordenschat moeilijk met “ja” of “nee” beantwoord konden worden (bijv. “Zegt uw kind
al 100 woordjes?”) en dat de vragen over mijlpalen opgehelderd konden worden door het
geven van voorbeelden.

Uiteindelijk zijn 26 vragen geformuleerd voor 26 mijlpalen in de taalontwikkeling van
kinderen van 1 tot 6 jaar. Vervolgens is de “normale” taalontwikkeling in kaart gebracht
op basis van een steekproef van 527 kinderen uit verschillende delen (noord, oost, zuid en
west) van Nederland door middel van een vragenlijst met deze 26 vragen. Een schaalana-
lyse van de antwoorden op deze vragenlijst op basis van de aannames van het zogenoemde
Mokkenmodel resulteerde uiteindelijk in een schaal bestaande uit 14 vragen over mijlpalen
in de taalontwikkeling. Deze 14 vragen vormen het in dit proefschrift beschreven scree-
ningsinstrument SNEL (zie Tabel 8.1). Deze 14 vragen waren volgens de schaalanalyse
goed schaalbaar en discrimineerden goed tussen verschillende fasen in de taalontwikkeling.
Tevens hadden deze vragen een goede interne consistentie. Interne consistentie is een maat
voor de betrouwbaarheid van een test en meet de samenhang tussen de verschillende onder-
delen ervan.

Voor de validatie van SNEL is onderzocht of de uitkomsten van SNEL overeenkwamen
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met de uitkomsten van een uitgebreide taaltest (Schlichtingtest voor Taalproductie) bij 84
kinderen uit de steekproef. Bij 14 kinderen met een taalstoornis, afkomstig van het kinder-
spreekuur van de afdeling KNO van het UMCG is ook de vragenlijst SNEL afgenomen; de
diagnose taalstoornis is gebaseerd op de uitkomst van de Schlichtingtest voor Taalproductie.

Tabel 8.1: Het SNEL-formulier — Deel I.

Naam:
Leeftijd in maanden:
Vragen voor kinderen van 12 tot 72 maanden Ja = 1

Nee = 0

1. Begrijpt uw kind opdrachtjes van 2 woorden? (bijv. “jas aan”, “papa boek”) . . .
2. Kan uw kind 1 of meer lichaamsdelen aanwijzen (bijv. “Waar zit je neus?” . . .
3. Zegt uw kind in totaal ongeveer 10 woordjes? . . .
4. Begrijpt uw kind zinnetjes van 3 woorden (bijv. “op de stoel”, “in de tuin”) . . .
5. Kan uw kind twee woordjes combineren zoals “papa boek” of “kijk poes”? . . .
6. Kan uw kind zinnetjes van 3 woorden maken? (bijv. “popje muts opheb-
ben”, “auto in garage”)

. . .

7. Zet uw kind 3 tot 4 woorden achter elkaar? (bijv. “ik koekje wil hebben”,
“wij gaan ook zingen”)

. . .

8. Kunt u ongeveer de helft van uw kind verstaan? . . .
9. Vertelt uw kind weleens spontaan een verhaaltje? (bijv. over wat uw kind
die dag heeft gedaan)

. . .

10. Kan uw kind een verhaaltje navertellen bij een aantal plaatjes? . . .
11. Kunt u ongeveer driekwart van uw kind verstaan? . . .
12. Maakt uw kind ook heel lange zinnen? (bijv. “Als ik later groot ben, dan
wil ik graag kok worden.”)

. . .

13. Kunt u bijna alles van uw kind verstaan? . . .
14. Praat uw kind als een volwassene qua taalgebruik, vindt u? . . .

SNEL-score . . .

Uit de resultaten van de validatie bleek dat de samenhang tussen SNEL en de Schlich-
tingtest voor Taalproductie goed was. Ook de sensitiviteit, specificiteit en de accuraatheid
om taalproblemen op te sporen waren hoog. Er bleek dat een snelle afname van SNEL mo-
gelijk was (ca. 3 minuten) en dat de vragen gemakkelijk te beantwoorden waren (gesloten
vragen). Tevens bleek het mogelijk om de taalontwikkeling van kinderen van verschillende
leeftijden (1 tot 6 jaar) uit verschillende delen van Nederland te meten.

SNEL is een screeningsinstrument voor de opsporing van taalproblemen bij kinderen
van 1 tot 6 jaar. Op basis van de uitkomst ervan kunnen kinderen worden doorgestuurd naar
de andere niveaus van STIA voor verdere diagnostiek. SNEL bestaat uit een vragenlijst met
14 gesloten vragen aan ouders/verzorgers. De vragen gaan over mijlpalen in de taalont-
wikkeling. SNEL is bedoeld voor de eerstelijnsgezondheidszorg, zoals consultatiebureaus,
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huisartsenpraktijken, wijkverpleegkundigen en de gemeentelijke gezondheidsdiensten. Een
score voor de taalontwikkeling kan verkregen worden door het invullen van “1” (= ja) of
“0” (= nee), waarbij de som van het aantal keren “ja” de uiteindelijke score is. Met behulp
van de normtabel kan dan worden bepaald of er sprake is van een goede, twijfelachtige of
vertraagde taalontwikkeling (zie Tabel 8.2).

Tabel 8.2: Het SNEL-formulier — Deel II.

Leeftijd1 Leeftijd in maanden SNEL-score2 10e percentiel

. . . 12–17 . . . 0

. . . 18–19 . . . 1

. . . 20–21 . . . 2

. . . 22–24 . . . 3

. . . 25–26 . . . 4

. . . 27–29 . . . 5

. . . 30–32 . . . 6

. . . 33–36 . . . 7

. . . 37–41 . . . 8

. . . 42–46 . . . 9

. . . 47–54 . . . 10

. . . 55–64 . . . 11

. . . 65–82 . . . 12

SNEL-score kleiner dan 10e percentiel ⇒ Ernstige achterstand
SNEL-score gelijk aan 10e percentiel ⇒Matige achterstand
SNEL-score groter dan 10e percentiel ⇒ Geen achterstand
1Leeftijd in maanden invullen bij de juiste leeftijdscategorie
2SNEL-score invullen bij de juiste leeftijdscategorie



116 Nederlandse samenvatting



Dankwoord

Een aantal jaren onderzoek heeft uiteindelijk geleid tot één A4’tje met 14 vragen over de
taalontwikkeling van kinderen van 1 tot 6 jaar. Dit resultaat is tot stand gekomen met behulp
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Appendix A

Literature-based categories of
language problems

I General terms

1 Communication disorders
2 Language development is delayed compared to normal language development
3 Language development deviates from normal language development
4 Not speaking or hardly speaking
II Language production and language comprehension

1 Problems with language production
2 Problems with language comprehension
III Influencing factors on language development

1 Language problems/disorders related to other developmental problems
2 Aphasia
IV Language modalities

1 Problems with syntax
2 Problems with semantics
3 Problems with phonology
4 Problems with pragmatics

Syntax
5 Mixing period: mixing of lexical and syntactical elements of two languages
6 Problems with sentence production (diversity and language utterances)
7 Problems with phrase combinations
8 Problems with sentence structure
9 Problems with sentence comprehension
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10 Problems with comprehension of word order
11 Problems with inflection
12 Problems with the processing of sentences
13 Problems with reflexives

Semantics
14 Small vocabulary
15 Vocabulary of one language of a multilingual child is smaller then the vocabulary of

a Dutch child
16 Code switching; using words of one language in another language
17 Problems with comprehension of words
18 Problems with the meaning of words
19 Problems with word retrieval
20 Problems with naming-flexibility
21 Problems with the relations between meanings
22 Derivation morphology

Phonology
23 Problems with the discriminations between phonemes
24 Problems with the production of phonemes
25 Omissions of phonemes
26 Substitution of phonemes
27 Cluster reduction
28 Changing of phonemes
29 Repetition of phonemes
30 Problems with articulation
31 Stuttering

Pragmatics
32 Problems with the understanding of the correspondence between verbal and non-

verbal information
33 Problems with language use in social context

Meta-linguistics
34 Problems with reflection about language
35 Problems with syntax judgements
36 Problems with self-corrections
37 Dyslexia

Multilingualism
38 Absorption of two languages
39 Consequences of multilingualism

40 No information
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Translated questionnaire

The translated Dutch questionnaire for 5 different age groups of children from 12 to 72
months. The symbols “×” and “+” indicate which questions were asked per age group.
The symbol “×” refers to milestones which were always asked per age group, they form
category A. The symbol “+” refers to milestones which were only asked if parents responded
less then two times with “no” on the first category; they form category B.

Questions 12-23 24-35 36-47 48-59 60-72

1. Does your child produce variation in noise? ×
2. Does your child say “mama” or “papa”? × ×
3. Does your child comprehend “no”? ×
4. Does your child produce single words? ×
5. Is your child able to point at one or more
body parts? (e.g., “Where is your nose?”)

×

6. Does your child say about 10 words in sum? ×
7. Is your child able to point at an object if you
name it?

×

8. Can your child combine two words such as
“papa book” or “look cat”?

× ×

9. Does your child comprehend tasks of 2
words? (e.g., “sit down”)

× ×

10. Can your child make sentences of 3
words? (e.g., “car in garage”)

× × ×

11. Does your child comprehend sentences of
3 words? (e.g., “on the chair”)

+ × × ×

12. Places your child 3 or 4 words in succes-
sion? (e.g., “I wanna have biscuit”)

+ × × × ×

13. Does your child give some colors the cor-
rect name?

+ × × × ×
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Questions 12-23 24-35 36-47 48-59 60-72

14. Does your child make questions? (e.g.,
“What is that?”)

+ × × × ×

15. Does a sentence mostly have the right
word order?

+ × × × ×

16. Does your child say words that say some-
thing about other words, such as “large” in the
sentence “a large house”?

× × ×

17. Can your child repeat a story by some pic-
tures?

+ × × ×

18. Does your child sometimes tell a story
spontaneously? (e.g., something about school)

+ × × ×

19. Does your child generally make correct
plurals, such as “mice” instead of “mouses”?

+ × ×

20. Do you understand about a half of your
child’s speech?

+ ×

21. Does your child make correct past tense,
such as “sat” instead of “sitted”?

+ × ×

22. Does your child make long sentences?
(e.g., “when the sun sets, it gets dark”)

+ × × ×

23. Do you understand about three-quarter of
your child’s speech?

+ ×

24. Does your child talk like an adult (qua lan-
guage use)?

+ ×

25. Does your child comprehend 2 or more
tasks in succession? (e.g., “First, you have to
tidy your toys before you can play outside”)

×

26. Do you understand about everything of
your child’s speech?

+ ×
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