
 

 

 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: 25-05-2023

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


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



4.3 The Mokken model 47

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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