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ABSTRACT

Background: Understanding the different factors that determine vocabulary
development in young children is essential for the diagnosis and rehabilitation
of language disorders in children. Language development is closely related to
other cognitive processes such as auditory verbal learning and memory. This
research focuses on the development of a novel auditory verbal learning test
(AVLT) for 4- and 5-year-old children within the Dutch population. This new test
is an adaptation of the common AVLT for both older children and adults, usually
including a list of 15 words. Considering the lower attention span and limited
executive functioning in young children, the word list of this new instrument is
reduced to 10 words. Besides, a second recognition form has been developed
to improve the ability to distinguish between possible underlying learning and
memory deficits.

Method: Ninety-five preschool children (ages 4;0-5;12 [years;months]) were
tested with this new AVLT 10-word test for kids (10WT-K), yielding different
measures of verbal auditory memory. Forty-eight of 95 children received a rec-
ognition task with semantically unrelated items, and 47 of 95 received a recog-
nition task with semantically related items. Three additional language skills were
assessed to establish test validation: receptive and expressive vocabulary per-
formance and nonword repetition. Outcome of the 10WT-K was related to
scores on the language measures.

Results: Positive correlations were found between the total score of the 10WT-K
and all three aforementioned language skills. We found no correlations between
frequency of error types (intrusions and repetitions) and language measures. Fur-
thermore, children who were administered the recognition list with semantically
related items showed fewer correct answers and more false-positive and false-
negative responses than children who received a recognition list with semantically
unrelated items.

Conclusions: The 10WT-K for young children can be used to (a) measure differ-
ent aspects of auditory verbal learning and memory, (b) clarify the nature of
possible verbal learning difficulties, and (c) identify a possible nature of lan-
guage disorders. The word recognition task tested with semantically related
items provides a more accurate measurement of individual differences, namely,
in distinguishing retrieval and storage abilities. The significant relation found
between auditory verbal short-term memory capacity and vocabulary perfor-
mance in preschool children is a first step toward establishing test validity.

Active word learning in children mostly seems an
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easy or even “automatic” process, although typically
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and number of words they acquire during the preschool
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period (Klee & Harrison, 2001). Around the age of 2 years,
the average amount of vocabulary knowledge corresponds
to 200 words. Around the age of 3 years, the estimated
average is 1,000 words, and at the end of the preschool
period (5 years old), it is 3,000 words (Schaerlackens,
2008). During the grades from kindergarten to Grade 2,
the difference between children with small and large
vocabularies continues to get larger, and this gap is sel-
domly eliminated by education alone (Stone, 2004).

The acquisition of receptive and expressive vocabu-
lary, both in children and in adults, does not stand alone
but shows interaction with other cognitive processes such
as auditory verbal short-term memory (STM; Buchsbaum,
2016) but also long-term memory, controlled attention,
and fluid intelligence (Gillam et al., 2021). Different
assessments have been developed to specifically examine
receptive and expressive vocabulary in young Dutch chil-
dren, but these tests measure generally vocabulary size,
rather than the learning process (Schlichting & Spelberg,
2012; Schlichting, 2004; Semel et al., 2012). Implementing
verbal memory tests (both with known words and non-
words) in the assessment of language and developmental
disorders can also provide a wealth of information on
how familiar and novel verbal material is processed. By
assessing this memory capacity before children start in ele-
mentary school, strengths and weaknesses in children’s
skills can be observed and intervention programs can be
installed where needed. In appraising the literature on ver-
bal memory assessment in young children, however, we
found that assessment of word list learning, for the Dutch
population, starts at the age of 6 or 7 years (Kemp, 2011;
Kingma, 2021; Van den Burg & Kingma, 1999), with no
norms available for younger children. This study addresses
this gap. We developed and validated a novel auditory
verbal learning instrument for 4- and 5-year-old children
that may help clinicians in diagnosing and treating chil-
dren with language impairment and/or deficits in verbal
learning and memory.

From Memory to Word Learning in Typically
Developing Children

Human memory can be described as an information-
processing system where new memories are created based
on three main mechanisms: encoding, storage, and retrieval.
In modern cognitive psychology, STM is defined as “a cog-
nitive faculty that enables humans and other complex ani-
mals to temporarily store, process and manipulate impor-
tant pieces of information that are no longer readily avail-
able in the sensory environment” (Buchsbaum, 2016,
p. 863). Whereas phonological STM refers to the simple
storage of information in phonological form, it can be par-
tially equated to the phonological loop described within

Baddeley’s working memory system (Baddeley, 2000),
comprising four important elements. The phonological
loop is responsible for storage and maintenance of infor-
mation in a verbal form. This phonological loop consists
of a phonological short-term store and a subvocal
rehearsal process. Before 7 years of age, however, spon-
taneous rehearsal does not reliably occur. In younger
children, the phonological loop therefore consists of the
phonological store only (Gathercole et al., 2004). The
phonological loop was initially termed the articulatory
loop by Baddeley and Hitch (2019); later, they aban-
doned the term since they regarded articulation as the
method of rehearsal rather than the storage medium
itself. The visuospatial sketchpad is dedicated to the stor-
age and maintenance of visuospatial information. The
episodic buffer combines all verbal and visuospatial
information into complex multimodal representations
linking working memory to long-term memory (Repovs
& Baddeley, 2006). The “central executive” is seen as a
control system of limited attentional capacity that coor-
dinates and controls these three slave systems.

Memories encoded can be translated onto the long-
term memory system. This system has two components:
Explicit/declarative memory refers to memories involving
personal experiences (episodic memory) and factual infor-
mation that we can consciously retrieve and intentionally
articulate (semantic memory); implicit memory refers to
perceptive and emotional unconscious memories that
influence our behavior (Dew & Cabeza, 2011). Memory
retrieval is the process of remembering information stored
in long-term memory.

How does this memory system support word learn-
ing? Words are the core elements of language, represented
in at least three components: meaning (or concept), lemma
(grammatical characteristics), and word form (how the
word sounds; e.g., Levelt et al., 1999). In order to learn a
new word and assign a meaning to it, children have to
complete at least the following three tasks: (a) perceive
and segment a string of sounds (phonological form) from
the stream of speech they hear, (b) hold this phonological
form in STM while the lexicon is searched, and (c) iden-
tify a meaning and pair that to the new word form
(Brackenbury & Pye, 2005). According to Martin and
Gupta (2004) and Gupta and Tisdale (2009), the learning
of phonological word forms depends on phonological
STM and on the contribution of semantic memory. These
links will be further detailed in the following paragraphs.

The first process named by Brackenbury and Pye
(2005), perceiving and segmenting a string of sounds,
relies mainly on processes of auditory perception and rec-
ognition of acoustic and prosodic patterns. These are criti-
cal to generate the input to Step 2 mentioned by the same
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authors. Here, the contribution of phonological STM to
learning a new word is critical. As a string of sounds is
heard, there is an automatic lexical search (Dell, 1997)
during which the phonological information has to remain
actively available in STM (Gupta & Tisdale, 2009; Martin
& Gupta, 2004).

Importantly, forgetting of all or a part of the infor-
mation kept in phonological STM during word learning
means that the new lexical form cannot be stored correctly
in the lexicon. In line with this, studies on the relation
between vocabulary development and STM in preschool
children between 4 and 6 years old (Majerus et al., 2006;
Messer et al., 2010) have shown an important bidirec-
tional influence between STM capacity and vocabulary
development. A strong STM enables the child to form sta-
ble and precise long-term phonological representations.
Conversely, as a child’s vocabulary knowledge increases,
the phonological representations of words become more
fine-grained (more segmental rather than holistic in form),
a process known as lexical restructuring (Metsala, 1999).
This enhanced phonological awareness allows a more
accurate encoding of new words in STM.

Continuing to Step 3 described by Brackenbury and
Pie (2005), existing strings of sounds are identified as
existing lexical (vocabulary) units and can be linked to
their respective meanings, both of which are stored within
semantic memory (Gupta & Tisdale, 2009; Martin &
Gupta, 2004). However, strings of sounds that cannot be
found in the phonological lexicon (novel words or non-
words) trigger the search for a meaning. Carey and Bartlett
(1978) originally stated that the mapping process required
to assign a heard word form to a meaning occurs in two
phases: (a) the initial mapping of a linguistic label to a
real-world entity (fast mapping) and (b) the subsequent
retention and development of the initial representation
(extended mapping; Vlach & Sandhofer, 2012). Fast map-
ping thus requires some kind of world knowledge (i.e.,
semantic memory), which will be linked to a new label.
However, extended mapping enriches the semantic repre-
sentation of the concept with critical distinctions between
ordinate and subordinate entities, thus determining its cor-
rect category extension (Carey, 2010). Critically, in order to
use either of these processes to learn words successfully,
access to and retention in semantic memory are needed.

Given that novel words with their respective phonol-
ogical and semantic information are stored in vocabulary
in an interactive network (McClelland et al., 1995), the
number of nouns a children already have in their vocabu-
lary affects their ability in comprehension and expression
tasks. The larger and more robust the network, the more
easily new memories are encoded and retained. Walker
and McGregor (2013) emphasize that the vocabulary size

has a causal effect on learning new words: A good word
learner builds a large vocabulary, which, in turn, enables
additional learning. The concept of “lexical restructuring”
(Metsala, 1999) provides a clear rationale for how the
developmental refining of phonological knowledge may
support learning. When children first encounter new
words, they are represented in a holistic manner at the lex-
ical level. As their vocabulary grows, children develop
phonotactic knowledge, which makes them more sensitive
to the phonologically finer grained structures within
words, and they adopt the phoneme as the basic unit of
oral language processing. Even in preschool children, who
have no literacy experience, phonological representations
become more accurate and more segmented as they
develop (Ainsworth et al., 2016), leading to more durable
representations in the phonological loop.

Assessment of Vocabulary Knowledge and
Verbal Memory

Assessment of vocabulary knowledge in a clinical or
educational setting is typically done through static assess-
ments, where children name images (Semel et al., 2012) or
point to images that correspond to verbally presented
words (e.g., Schlichting, 2004). While these tools are
important to measure the vocabulary size and can give a
good indication of a child’s capacity compared to peers,
they give little information about the child’s potential
learning ability or about which aspects of learning may be
difficult. Furthermore, such assessments are influenced by
linguistic and cultural biases, being less suitable for
socially diverse settings, second-language learners, and
bilingual individuals (Hasson et al., 2013). A different
approach is dynamic assessment. Here, a child is given the
opportunity to learn a certain behavior during a learning
phase of the assessment. Subsequently, and usually within
the same session, the product of that learning is tested.
Because the learning process, and not prior knowledge, is
the assessed function, this type of examination is less
affected by cultural or linguistic biases.

Verbal learning is, by definition, a dynamic concept
and thus is examined by using dynamic assessment. To
understand the nature of novel word learning, different
approaches exist. Yu and Ballard (2007), for example,
developed a unified model of early word learning, more
specifically a computational model that is able to discover
spoken words from continuous speech and associate them
with their perceptually grounded meanings. In the field of
linguistics and language development, verbal learning is
often studied using tasks where a novel word (e.g., pilking)
is presented within a specific experimental manipulation
(e.g., Arunachalam & Waxman, 2011). Often, the focus is
on examining what information children use to derive
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initial (fast mapped) word meanings (e.g., syntactic and
semantic contexts) or what variables affect the success in
learning a new word (e.g., number and frequency of expo-
sure; Carey, 2010). Only recently did these types of tasks
transfer to clinical practice within the Quick Interactive
Language Screener (Levine et al., 2020).

The latest version of the Wechsler Intelligence Scale
for Children—Fifth Edition (WISC-V; Wechsler, 2014) pro-
vides a symbol translation test aimed to detect difficulties
in visual-verbal associative memory (visual-verbal pairs
have to be learned), measured in an immediate, delayed,
and recognition trial. This task differs from a word list
learning task. As described in the WISC-V Technical and
Interpretive Manual (Wechsler, 2014), visual-verbal asso-
ciative memory tasks similar to the symbol translation
subtests are closely associated with reading decoding skills,
word reading accuracy and fluency, text reading, and
reading comprehension. They can support the nature of
diagnosing learning disabilities but are less appropriate in
defining the nature of developmental language disorders.

Another strategy to examine verbal learning is via
an auditory verbal learning test (AVLT), an approach ini-
tially developed by Rey (1941, 1958) and adapted widely
in different forms and languages (Vakil et al., 2012; Van
den Burg & Kingma, 1999, 2021). In the Dutch adapta-
tion of the AVLT for children aged 6-13 years, children
are presented with 15 existing nouns, over five learning
trials (Van den Burg & Kingma, 1999, 2021). Each time,
the child is asked to recall as many words as possible. Fol-
lowing a 25-min interval, the child is again asked to com-
plete a delayed recall trial and, after that, a recognition
trial. During the recognition trial, the words learned are
presented along with distractors, and the child indicates
whether or not those words were part of the learning set.
This task is well known and widely used in the Netherlands
both in clinical practice and in research.

Novel word learning and verbal list learning share
several processes; both tasks require the perception of a
phonological form and the storage of that form in the
phonological STM. Furthermore, both tasks prompt a
search in the lexical-semantic system. In the context of
verbal list learning, the lexical search leads to reactivation
of the existing lexeme, which corresponds to the concept,
making it easier to activate (Paradis, 2009). In the case of
novel word learning, a lexical search does not identify
existing lexemes directly, although when presented along
with existing concepts, a semantic representation can be
retrieved. The new lexeme can then be mapped onto the
existing concept (Green, 1998).

Implementing an auditory-verbal memory test in the
diagnostic process of young children with language prob-
lems can lead to a better understanding of encoding,

storage, and retrieval abilities necessary for word learning
(Archibald, 2017; Jackson et al., 2021). The administration
of an AVLT provides a wealth of information (Lezak,
1995): immediate word span under overload conditions
(Trial 1), final acquisition level (Trial 5), total acquisition
and learning curve (Trials 1-5), delayed recall after 20—
30 min, recognition out of a list with distractor items, num-
ber of repetitions, and number and types of intrusions.

Several word list tasks have been designed and vali-
dated for younger children, including normative data for
immediate and delayed recall and recognition. The Cali-
fornian Verbal Learning Test for Children (CVLT-C;
Delis et al., 1994) is an examination of auditory and ver-
bal learning for children between the ages of 5 years and
16 years 11 months. Goodman et al. (1999) presented
normative data for 4-year-old children on the CVLT-C.
The Wide Range Assessment of Memory and Learning
(Sheslow & Adams, 1990) also includes a verbal list learn-
ing task starting at the age of 5 years. The Children’s
Memory Scale (Cohen, 1997) assesses auditory-verbal
learning from ages 5 through 16 years. The three foremen-
tioned list learning tests all make use of 15 words or more
in their list learning task (Kreutzer et al., 2011). They
were developed for a large age span, which makes the test
potentially less suitable for the youngest age groups. By
reducing the number of words for the 10-word test for kids
(IOWT-K), this task is better suited to young children who
have a lower attention span, among other yet immature
cognitive functions, compared to older subjects. We also
choose not to administer an interference list, given the lim-
ited executive functioning abilities in young children.

In this study, in comparison to the standard AVLT
for children and adults, a new recognition format is
added. In neuropsychological assessment, the recognition
score can be used to distinguish between retrieval and
storage limitations. Children who encounter difficulties in
storage generally show an insufficient score on both
delayed recall and recognition, whereas children who
exhibit retrieval difficulties show a better score on recogni-
tion than on delayed recall. Kok and Kingma (2009)
administered the recognition trial as part of the Dutch
AVLT for children aged 6-13 years in 90 participants.
The recognition lists included 15 distractor words with
low association apart from the 15 stimulus words of the
AVLT. An important finding of this study was the ceiling
effect: 89% of the children obtained a high to maximal
score (> 28/30). The 11% of the children who obtained
low scores (< 27/30) also had low delayed recall scores,
indicating storage problems. The ceiling effect for the rec-
ognition trial raised the question if this score is a valid
measure to detect retrieval difficulties. These findings
prompt the need to develop a recognition test with higher
discrimination value. Lezak (1995) emphasizes that use of
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words (and not digits for example) in AVLTs introduces
the possibility to study effects of word properties on ver-
bal learning. Following this suggestion, we added a second
recognition trial to the 10WT-K with a high degree of
semantic association between words that may provide a
more valid approach than the current test.

An additional approach to assessment of storage
and manipulation of phonological information is using
unknown words, also known as nonwords. A task such as
nonword repetition has shown high diagnostic accuracy to
discriminate both monolinguals and bilinguals with devel-
opmental language disorder from typically developing
children (Boerma et al., 2015). Nonword repetition ability
is the ability to repeat possible but nonoccurring word
forms and, just like list learning, is a good measure of
phonological STM capacity (Coady & Evans, 2008), hence
of an important aspect of the ability to learn new words.
Furthermore, because nonwords are designed in such way
that the phonological structures included in stimuli abide to
the phonotactic characteristics of the language (e.g.,
Boerma et al., 2015), performance can be facilitated by this
knowledge, just like in list learning tasks. Importantly, pho-
notactic knowledge is an important predictor of vocabulary
in monolingual and bilingual children (Messer et al., 2010).

For nonwords and existing words, the knowledge
about the phonological structure of the native language
appears to influence STM performance (Majerus et al.,
2006). However, nonword repetition tests also differ from
word list tests. First, in nonword repetition tests, only the
recall immediately after each individual item is examined,
and children are exposed to the nonwords only once. Fur-
thermore, lexical characteristics of the word other than pho-
notactic structure (e.g., lexical frequency and age of acquisi-
tion) and semantic properties (imageability and semantic
category) do not play a role in performance on nonword
repetition tests. This way, their potential contribution to ver-
bal learning cannot be measured. In the CVLT-C (Delis
et al., 1994), for example, several words of one semantic
category are included in order to measure clustering strate-
gies. In our own proposed 10-word test, distractors in the
recognition test include semantically related words in order
to test recognition in a more complex setting.

Research Questions and Predictions

In this study, we describe the development of a
novel version of the existing Dutch AVLT for children
aged 6-13 years. This novel 10WT-K, including 10 instead
of 15 words, is aimed to study learning, memory, and rec-
ognition in 4- and 5-year-old children. With this verbal
(list) learning test for young children, we aim to evaluate
both linguistic and learning abilities. The initial learning
provides a good index of phonological STM, while learning

across five trials reflects initial learning and memory con-
solidation. By including a recognition test, possible deficits
in storage and retrieval ability can be distinguished. Fur-
thermore, we designed two versions of the recognition test,
with and without semantically related distractors, in order
to examine recognition within a more demanding setting,
thereby aiming to avoid ceiling effects observed in the
aforementioned Ducth AVLT for children aged 6-13 years
(Kingma et al., 1993). The primary aim of this study is to
investigate the concurrent validity of different measures of
the 10WT-K with three language measures (receptive
vocabulary, expressive vocabulary, and nonword repeti-
tion). We address the following questions:

1. Are quantitative measures of the 10WT-K related to
expressive and receptive vocabulary knowledge and to
nonword repetition in 4- and 5-year old children? Given
the important role of phonological STM in the vocabu-
lary development of typically developing children
(Gathercole & Baddeley, 1989; Gupta & Tisdale, 2009),
a significant correlation is to be expected between the
total acquisition score and language measures.

2. Is the occurrence of certain error types (repetitions
and intrusions) in the 10WT-K related to vocabu-
lary knowledge in 4- and 5-year old children? We
expect no correlations between these measures and
language measures. Research by Van den Burg and
Kingma (1999) revealed that the occurrence of cer-
tain error types (repetitions and intrusions) is not
related to verbal learning and memory per se.

Furthermore, the two versions of the recognition
task (with semantically related or unrelated distractors)
are distinguished in order to improve the psychometric
properties of this aspect of the 10WT-K, and thus the fol-
lowing question is addressed:

1. Is recognition with semantically related distractors
more demanding than recognition with semantically
unrelated distractors? We predict that the recogni-
tion in the presence of semantically related distrac-
tors is more difficult compared to the task with
semantically unrelated distractors. This may provide
a better measurement of recognition, avoiding ceil-
ing effect reported in earlier studies.

Method
Participants

Ninety-five monolingual children, 47 boys and 48
girls, participated in this study (see Table 1 for characteris-
tics). All subjects had no history of sensory deficits, lan-
guage disorders, or other developmental disorders, as
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Table 1. Participant characteristics.

List version AVLT Age 4;0-4;6 Age 4;7-4;12 Age 5;0-5;6 Age 5;7-5;12
10A 12 (6 F, 6 M) 11 (6 F, 5 M) 12 (6 F, 6 M) 12 (6 F, 6 M)
10B 126 F, 6 M) 126 F,6 M) 126 F,6 M) 126 F, 6 M)
Total 24 24 24

Note. Age in years;months. AVLT = auditory verbal learning test; F = female; M = male.

confirmed by consulting the children’s school information
sheet. They were recruited in elementary schools in the
province of East-Flanders, Belgium, by means of an infor-
mation letter. Informed consent was given by all parents.
The education level of the mother was used as reference for
the socioeconomic background of the children (see Table 2).
Parents were asked to fill out the Children’s Communica-
tions Checklist-2-Dutch Version (CCC-2-NL) questionnaire
(Geurts, 2007) by means of an online platform (Praktikon,
n.d.). Eighty-two of 95 valid responses were received, five
parents did not respond, and eight parents gave inconsistent
responses to the CCC-2-NL questionnaire.

Materials

Two parallel versions of the 10WT-K were devel-
oped (Versions A and B) to exclude test—retest effects in a
scheduled follow-up assessment. The two versions of the
10WT-K developed for this study are similar to the lists
of Van den Burg and Kingma (1999, 2021), but the
10WT-K was specifically developed for this younger popu-
lation. For further scientific information on the word lists,
the authors should be contacted.

Word selection started with short-listing 141 words
that children acquire before they start primary school from
the following sources: NCDI (MacArthur Communicative
Development Inventories, Dutch version; Zink & Lejaegere,
2002), Taalachterstand en Taalverwerving (Schlichting & de
Koning, 1998), Duizend-en-een-woorden (Bacchine et al.,
2005), and Basislijst Amsterdamse Kleuters (Mulder et al.,
2009). The following criteria for word selection were
applied: Both word lists should equally include both con-
crete and abstract nouns, words with short and long vowels
and diphthongs, and words belonging to the following

Table 2. Education level of the mother.

Age Age Age Age
Education level 4;,0-4;6 | 4;7-4;12 | 5;0-5;6 | 5;7-5;12
Lower secondary 0 0 2 1
education
Higher secondary 7 7 4 8
education
Bachelor’s or 16 16 18 15
master’s degree

Note. Age in years;months.

semantic categories: food, animals, nature, body parts, toys,
places, persons, transport, abstract words, and items
around the house. These criteria were also used in the
development of the 15-word versions of Van den Burg and
Kingma (1999, 2021). As the 10 words came from 10 dif-
ferent semantic categories, children could not benefit from
semantic clustering strategies in the encoding, storage, and
retrieval process.

Furthermore, it was ensured that Lists A and B
were matched in length in phonemes (Marian et al., 2012),
frequency (Marian et al., 2012), phonological neighbor-
hood (Marian et al., 2012), arousal (Moors et al., 2013),
Age of Acquisition of a word (Moors et al., 2013), con-
creteness (Brysbaert et al., 2014), and semantic association
(Grave et al., 2018). The means and standard deviations
of the psycholinguistic variables in both word lists are pre-
sented in Table 3. Averages were compared by means of a
t test. No significant differences were found between the
two word lists for any of these variables (p > .3 for all
comparisons).

In the recognition trial, the 10 words presented in
the earlier five trials are presented again along with dis-
tractors. The child has to recognize the earlier words
among the new distractors. One set of distractors consists
of 10 words that are semantically similar to the 10 target
words (List A/SR and List B/SR), while the other set of
distractors consists of 10 words that are semantically dif-
ferent from the 10 target words (List A/NSR and List B/
NSR). The words in the distractor lists are matched to the
target learning items in both versions (A or B) in the fol-
lowing aspects: number of words with long vowels, num-
ber of words with diphthongs, length in phonemes, AoA,
frequency, arousal, phonological neighborhood, and con-
creteness. Semantic relatedness between the set of distrac-
tors and the target words is similar across the A and B
versions, as measured using semantic vectors (Grave et al.,
2018; p = .435). Furthermore, between related and unre-
lated distractors, there is a significant difference in seman-
tic relatedness: for both Lists A and B (p = .000).

Receptive vocabulary knowledge was assessed by means
of the Receptive Vocabulary subtest of the WPPSI-III-NL
(Wechsler Preschool and Primary Scale of Intelligence—
Third Edition, in Dutch; Wechsler, 2010). The item “to
pay” was removed as there were two possible answers
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Table 3. Comparison of psycholinguistic variables between Word Lists A and B.

Length in Phonological Age of Semantic

phonemes Frequency neighborhood Arousal Acquisition Concreteness association
Word list M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
A 3.90 (1.20) 79.44 (145.55) | 9.20 (8.30) 3.88 (1.00) 4.34 (0.63) 4.41 (0.84) 0.56 (0.04)
B 4.00 (1.15) 194.37 (430.80) | 9.60 (11.84) 3.65 (0.94) 4.08 (0.49) 4.65 (0.33) 0.56 (0.05)

(“money” and “a computer”); this led to confusion in our
group of children. To measure expressive vocabulary, the
Expressive Vocabulary subtest of the Clinical Evaluation of
Language Fundamentals Preschool-Second Edition (CELF
Preschool-2) was used (Semel et al., 2012). Nonword
repetition ability was measured by means of the Proef
Fonologisch Bewustzijn (PFB; Eelen, 2006). As a nonver-
bal task to fill in the interval between Trial 5 and the
delayed recall trial 20-30 min after that, Beery’s Develop-
mental Test of Visual-Motor Integration (VMI) was
administered (Beery et al., 2010).

Procedure

Data were collected in schools, during school hours
in a quiet room with as little distractors as possible. Due
to the coronavirus pandemic, a transparent screen was
used between the examiner and the child. No face mask
was worn as this could influence intelligibility. The chil-
dren were selected at random from each class and were
instructed not to speak about the tests on return to their
class. Forty-seven children were tested with Version A of
the 10WT-K, and 48 children were tested with Version
B. The use of both versions was equally distributed
between age and gender. We preserve the procedure and
measures employed for the abovementioned Dutch AVLT
for 6-13 years. First, the list of 10 nouns was presented
over five learning trials, with immediate recall tested fol-
lowing each presentation. The words were presented by
means of an audio recording with an interval of 1 s
between the words. All answers were written down,
including repetitions (correct words that are mentioned
several times) and intrusions (words that are not in the
target list).

After a short conversation with the child to make
them feel at ease, the following instructions were given at
the beginning of the task (Trial 1): “You are going to hear
a list of words. Listen carefully because when I stop, you
have to tell me as many words as you can remember. It
doesn’t matter in what order you say them, just tell me as
many words as you can. This is a difficult task, so don’t
mind if you remember only a few words.” The list was
then readministered for Trials 2-5 with a second set of
instructions presented before Trial 2: “You are going to
hear the same list again. When I stop, you have to tell me

as many words as you remember. You must also say the
words you have mentioned before. It doesn’t matter in
what order you say them. Just say as many words as you
can remember.” Taking into account the age and atten-
tion span of the children, instructions were repeated once
if needed. When the child asked if they already said a spe-
cific word, this was not considered a repetition.

Following the fifth trial, there was a 20- to 25-min
interval in which two nonverbal tasks were administered.
First, the VMI (Beery et al., 2010) was assessed. The VMI
is a nonverbal assessment helping to identify deficits in
visual perception, fine motor skills, and hand-eye coordina-
tion. The second nonverbal task was a “movement snack”
(the child had to perform motor exercises that were
depicted on cards, together with the examiner; TOP tot
TEEN beweegspel, 2015). By adding this active task to our
protocol, motivation and sustained attention were aided.
Then, after this interval, and with no further presentations
of the list, delayed recall was assessed. The child was not
informed before that this task would occur. The following
instruction was given: “A little while ago, I presented a
series of words you had to remember. Can you tell me all
the words that you still remember now?”

After the delayed recall, the recognition task was
presented. The examiner read aloud 20 words (10 target,
10 distractors). The following instructions were given: “I
am going to read aloud several words. If the word was in
the list I read earlier, you can say ‘yes,” if not, you can
say ‘no.” Listen very carefully because I will read the
words only once.” Following, three language tests were
administered. The Receptive Vocabulary subtest of the
WPPSI-III-NL measures an individual’s ability to identify
correct responses to spoken words, for instance, at a pic-
ture that represents the word spoken by the examiner. The
Expressive Vocabulary subtest of the CELF Preschool-2-
NL assesses the child’s ability to name illustrations of peo-
ple, objects, and actions. The PFB nonword repetition test
consists of 10 nonwords that have to be repeated by the
child. The words were randomly chosen from the stan-
dardization study of Belis et al. (1997), based on the
Nonword Repetition Test—an adaptation of a test by
Gathercole and Baddeley (1989) by De Jong (Department
of Pedagogy, Vrije Universiteit Amsterdam; cited in Elen,
2004). The items consist of one-, two-, three-, and four-
syllable words (Elen, 2004).
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Scoring

Regarding the 10WT-K, the scoring procedure as
described by Lezak and used by Kingma was adopted
(Kingma, 2021; Van den Burg & Kingma, 1999). For each
trial, all words were written down in the order in which they
were recalled, including repetitions and intrusions. All cor-
rect answers received 1 point. The total score for each trial
(Trials 1-5 and recall) and the sum of Scores 1-5 were
written down on the score form. As for the recognition
task, the scoring procedure as described by Kok and
Kingma (2009) was followed by counting the number of
correct answers (true positives and true negatives), the
number of false negatives, and the number of false posi-
tives. The following scores were obtained:

° total score: the sum of all correct words a child
recalled throughout the five trials;

° learning rate: the difference between the number of
correct answers between Trial 5 and Trial 1;

° the number of words recalled after a 20-min interval;

° recognition score: the sum of correct answers in the
recognition task (true positives and true negatives);

° recognition false-positive score: the number of false-
positive answers, that is, words identified as present
in the learned list, which were not presented; and

° recognition false-negative score: the number of false-
negative answers, that is, words classified as absent
in the learning list, when they were in fact presented.

The WPPSI-III-NL Receptive Vocabulary subtest,
the CELF Preschool-2-NL Expressive Vocabulary subtest,
and the PFB nonword repetition test were scored follow-
ing the respective instruction manuals. In the nonword
repetition task, phoneme substitutions that were consistent
(and that were also noticed in spontaneous speech) were
considered to be related to articulatory difficulties rather
than difficulties with encoding. These substitutions were
therefore not counted as errors.

Data Analysis

First, normality of data was examined by means of
the Shapiro—Wilk test. Nonparametric tests were used to
compare different measures in case of nonnormality. All
analyses were done using IBM SPSS, Version 26.0 (IBM
Corp., 2017). Spearman’s rho correlations were used to
answer the first and second research questions (correla-
tions between quantitative and qualitative measures of the
10WT-K and the scores on the Receptive Vocabulary sub-
test of the WPPSI-III-NL, the Expressive Vocabulary

subtest of the CELF Preschool-2, and the PFB nonword
repetition task). To answer the third research question, the
total score, the false positives, and the false negatives of
the two groups (children tested with semantically related
vs. semantically unrelated recognition trials) were calcu-
lated and compared by means of a Mann—Whitney U test.

Results
Descriptive Data

Figure 1 shows the distribution of the norm-
referenced scores for the item “semantic development™” in
our participants, as evaluated by the CCC-2-NL. A high
norm-referenced score corresponds to a higher rate of
observed language difficulties by the parent (M = 10,
SD = 3). In the group of respondents, the semantic devel-
opment, as observed by their parents, can be described as
“average” in 70 out of 82 children, “above average” in
four out of 82 children, and “below average” in eight out
of 82 children.

Table 4 gives an overview of the means, standard
deviations, and medians of the relevant measures per par-
ticipant group (receiving semantically related or semanti-
cally unrelated test versions) regarding the accuracy
scores. Table 5 shows the error type data per participant
group (intrusions and repetitions).

Research Question 1: Are Quantitative
Measures of the New 10WT-K Related to
Receptive and Expressive Vocabulary
Knowledge and to Nonword Repetition
in 4- and 5-Year-Old Children?

After applying a Bonferroni correction, o levels
were established at .003 (.05/18). Results are presented in
Table 6. Significant positive correlations were found
between 10WT-K total score and CELF Preschool-2-NL

Figure 1. Distribution of norm-referenced scores: Children’s Com-
munications Checklist-2—-Dutch Version (CCC-2-NL; Geurts, 2007),
item semantic development.
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Table 4. Descriptive data of the 10-word test for kids relevant measures per participant group (scores).

Recognition Expressive Receptive Nonword
Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Total score | Recall score score? Vocabulary® | Vocabulary® repetition®
List version M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

List A/SR 3.09 (0.93) | 4.30 (1.40) | 4.87 (2.15) | 5.52 (1.53) | 5.78 (1.47) | 23.57 (5.46) 4.65 (2.03) 8.87 (1.15) 26.52 (5.72) 26.87 (3.23) 5.52 (1.56)
(n =23)

List A/SNR 3.17 (1.18) | 4.63 (1.25) | 5.13 (1.42) | 5.71 (1.79) | 5.79 (1.94) | 24.42 (6.14) 5.08 (1.50) 9.58 (0.57) 26.42 (4.43) 26.04 (3.72) 5.58 (1.11)
(n =24)

List B/SR 3.63 (1.32) | 5.21 (1.47) | 5.42 (1.96) | 6.29 (1.51) | 6.58 (1.61) | 27.13 (6.30) 5.54 (1.61) 9.25 (0.97) 26.25 (5.23) 26.83 (3.89) 5.67 (1.14)
(n =24)

List B/SNR 3.29 (1.02) | 4.38 (1.52) | 5.29 (1.93) | 5.92 (2.12) | 6.58 (1.98) | 25.46 (7.04) 5.54 (2.14) 9.38 (1.28) 26.33 (4.18) 26.29 (3.40) 5.46 (1.35)
(n =24)

Note.

SR = semantically related; SNR = semantically nonrelated.

aRecognition score corresponds to true positives. "Expressive Vocabulary score from Clinical Evaluation of Language Fundamentals Preschool-Second Edition. “WPPSI-III-NL
Receptive Vocabulary. 9proef Fonologisch Bewustzijn nonword repetition.
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Table 5. Descriptive data of the 10-word test for kids relevant measures per participant group/list version (error types).

Intrusions Intrusions Repetitions Repetitions False positives False negatives
Trials 1-5 Recall Trials 1-5 Recall Recognition Recognition
List version M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
List A/SR 1.61 (3.54) 0.87 (1.23) 2.09 (2.24) 0.30 (0.62) 1.17 (1.52) 1.13 (1.15)
(n =23)
List A/SNR 1.71 (2.72) 0.58 (1.41) 1.88 (2.62) 0.21 (0.64) 0.50 (1.15) 0.42 (0.57)
(n = 24)
List B/SR 1.67 (1.55) 0.50 (0.65) 2.54 (3.55) 0.58 (1.08) 0.79 (0.96) 0.75 (0.97)
(n = 24)
List B/SNR 0.83 (1.07) 0.38 (0.75) 2.00 (3.38) 0.92 (2.71) 0.13 (0.44) 0.63 (1.28)
(n =24)
Note. SR = semantically related; SNR = semantically nonrelated.

Expressive Vocabulary, #(94) = .517, p = .000; between
10WT-K total score and WPPSI-III-NL Receptive Vocab-
ulary, r(94) = .322, p = .001; and between 10WT-K total
score and PFB nonword repetition, (94) = .302, p = .003.
In all cases, this indicates that higher scores for auditory
verbal learning are associated with better receptive and
expressive vocabulary capacities in 4- and 5-year-old chil-
dren and a higher nonword repetition ability. Furthermore,
we found significant positive correlations between 10WT-K
recall score and PFB nonword repetition, 1(94) = .302, p =
.003, and between 10WT-K Recognition total score and
PFB nonword repetition, (94) = .316, p = .002, indicating
the importance of phonological STM to support the en-
coding process in transferring information to long-term
memory.

Research Question 2: Is the Occurrence of
Certain Error Types (Repetitions and Intrusions) in
the 10WT-K Related to Vocabulary Knowledge in
4- and 5-Year-Old Children?

After applying a Bonferroni correction, o levels
were established at .004 (.05/12). Results are presented in
Table 7. No significant correlations were found.

Research Question 3: Is Recognition With
Semantically Related Distractors More Difficult
and Therefore a More Valid Recognition
Measure Than a Version With Semantically
Unrelated Distractors?

The recognition total score of participants who
received semantically unrelated words was significantly
higher than the recognition total score of participants
who received semantically related words, U(nunrelated = 48,
Hrelated = 47) = 669.00, z = =3.60, p = .000 (see Figure 2).
Second, we found that the recognition false-positive ratio
of participants who received semantically unrelated words was
significantly lower than that of participants who received
semantically related words, U(tunrelated = 48, Prelated = 47) =
1,550.00, z = 3.75, p = .000 (see Figure 3A). Finally, the
recognition false-negative ratio of participants who
received semantically unrelated words was lower than that
of participants who received semantically related words,
Ununrelated = 48, Nielaea = 47) = 1,416.50, z = 2.40, p =
.016, as shown in Figure 3B. These results show that a
recognition trial with semantically related distractors
is more demanding compared to unrelated distractors in
4- and S-year-old children.

Table 6. Correlations between quantitative measures of the 10-word test for kids (10WT-K), Clinical Evaluation of Language Fundamentals
Preschool-Second Edition (CELF Preschool-2-NL) Expressive Vocabulary, Wechsler Preschool and Primary Scale of Intelligence—Third
Edition (WPPSI-III-NL) Receptive Vocabulary, and Proef Fonologisch Bewustzijn (PFB) nonword repetition.

CELF Preschool-2-NL

WPPSI-llI-NL Receptive

Measure

Expressive Vocabulary

Vocabulary

PFB nonword repetition

10WT-K total score

r=.517%, p = .000

r=.322%, p = .001

r=.302%, p =.003

10WT-K learning rate

r=.217,p = .035

r=.262,p=.010

r=.301, p = .003

10WT-K recall r=.231,p =.024 r=.224,p = .023 r =.302%, p =.003
10WT-K recognition r=.299%, p =.003 r=.127,p =.219 r=.315% p =.002
Total score

10WT-K recognition
False positive score

r=-.261,p =.011

r=-.189, p = .067

r=-.298, p = .003

10WT-K recognition
False negative score

r=-.19, p =.064

r=.003, p = .970

r=-214,p = .037

*Correlation is significant at p < .003.
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Table 7. Correlations between qualitative measures of the 10-word test for kids (10WT-K), Clinical Evaluation of Language Fundamentals
Preschool-Second Edition (CELF Preschool-2-NL) Expressive Vocabulary, Wechsler Preschool and Primary Scale of Intelligence—Third
Edition (WPPSI-III-NL) Receptive Vocabulary, and Proef Fonologisch Bewustzijn (PFB) nonword repetition.

Measure

CELF Preschool-2-NL Expres-
sive Vocabulary

WPPSI-llI-NL Receptive
Vocabulary

PFB nonword repetition

Intrusions Trials 1-5

r=-.197,p = .055

r=-162,p=.116

r=-.040, p = .698

Intrusions recall

r=-.089, p = .393

r=-.037,p = .721

r=-.117,p = .257

Repetitions Trials 1-5

r=-.120,p = .246

r=-.239,p=.019

r=-.063,p =.546

Repetitions recall

r=.142,p=.170

r=.158,p=.129

r=-.123,p = .237

Note.

Discussion

Using an auditory verbal learning task specifically
developed for 4- and 5-year-old children, significant corre-
lations were found between auditory verbal learning and
three language measures: receptive vocabulary, expressive
vocabulary, and nonword repetition. Different from
already existing verbal learning tests such as the CVLT-C
(Delis et al., 1994), all 10 words in our parallel tasks came
from a different semantic category, diminishing the oppor-
tunity to use semantic clustering strategies. This makes it
possible to examine the child’s learning ability in this
auditory-verbal learning task with less possibility for the
development of strategies that rely on other aspects of

Figure 2. Distribution of recognition total score between list ver-
sions. NSR = recognition list with semantically nonrelated items;
SR = recognition list with semantically related items.
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The p values in the table are uncorrected. An adjusted alpha level was used (.004).

cognition. Furthermore, implementing a recognition trial
with semantically related distractors can facilitate the detec-
tion of individual differences in this group of children. In
the following paragraphs, we will further discuss the find-
ings of our research, limitations, and future directions.

Relation Between Auditory-Verbal Learning/
Memory and Vocabulary Achievement

The results of the first research question reveal sig-
nificant positive correlations between receptive and expres-
sive vocabulary knowledge and the total acquisition score
on the verbal learning task, which is a measure of initial
learning and consolidation. In the case of verbal list learn-
ing, we mainly measure the capacity of phonological
STM. However, given the supraspan nature of the 10WT-
K, attentional control provided by the working memory
central executive is also activated (McCabe et al., 2010).
We found no correlations between vocabulary knowledge
and the score on the delayed recall task.

Figure 3. Distribution of recognition false positives and false nega-
tives between list versions. NSR = recognition list with semanti-
cally nonrelated items; SR = recognition list with semantically
related items.
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The relationship we found between the auditory
verbal learning process and vocabulary knowledge is
known to be bidirectional. The better a new word can
be rehearsed in phonological STM, the higher the prob-
ability that it will be transformed into a stable and pre-
cise long-term phonological representation (Gathercole
& Baddeley, 1989). On the other hand, vocabulary
growth itself is also a causal factor responsible for the
developmental increase in verbal STM capacity (Martin,
2009; Metsala, 1999).

In young developing children, results of this study
also show a positive correlation between nonword repeti-
tion (PFB score) and the total acquisition score of the
I0WT-K reflecting the importance of phonological STM
as a language learning device. Especially in young chil-
dren, this phonological component is of great importance
in developing their vocabulary (Baddeley, 2010). As the
lexical representation of words in young children develop
from a more holistic form to a more segmented form
(Iexical restructuring), phonological STM gains accuracy.
Second, as children grow older, auditory verbal informa-
tion becomes more semantically encoded because of the
growth of their semantic network; they can associate new
verbal material to already existing knowledge. Therefore,
older children will be able to retain more auditory verbal
material in their STM (Njiokiktjien, 2020). This growth
in STM capacity is reflected in our descriptive data of
the 10WT-K average total acquisition score, which
shows an increase between 4- and S5-year-olds (from
20.92 to 29.29). The findings of correlations between the
I0WT-K and the three aforementioned language mea-
sures support the construct validity of this new test to
evaluate word learning mechanisms important for vocab-
ulary development.

The positive correlation found between the ability
of a child to repeat nonwords and the total score on the
IOWT-K recall emphasizes that phonological STM
capacity is important to support the encoding process
in order to recall information correctly after a short
period of time. Children who obtained a high score on
the recognition task also performed better at repeating
nonwords.

The Role of Error Types

The second research question focused on the occur-
rence of errors, more specifically intrusions and repeti-
tions. No correlations were found between these error
types and scores on expressive or receptive vocabulary.
There is thus no evidence that these measures reflect pro-
cesses important for language development, as previously
shown by Van den Burg and Kingma (1999). Rather,
these parameters are often interesting to study executive

functioning (Kittler et al., 2006; Lezak, 1995). If it is
indeed the case that intrusions and repetitions occur more
frequently in children with poor executive abilities, the
normative data of the 10WT-K can be helpful in the dif-
ferential diagnosis of this clinical group.

An important remark to make here is that the
occurrence of repetitions might be, to a certain extent,
generated by the instructions given, as children heard the
following message: “You must also say the words you
have mentioned before.” Although this statement refers to
words recalled in previous trials, this time reference may be
unclear to some children. This is because the abstract sense
of time starts to develop as from the age of 4-5 years and
continues to develop until the age of 11 years (Njiokiktjien,
2020). Hence, some children may have interpreted this to
mean that they could say words mentioned earlier during
the same trial.

Recognition Trial: Toward a More
Valid Approach

When we encode known verbal information (such
as the 10 words in our word list), we predominantly
encode the meaning/concept of the word (Cremona
et al., 2020; Jefferies et al., 2006; Meltzer et al., 2016).
This concept is defined by its relationship to other con-
cepts in the semantic network, which give the concept
its meaning (Vingerhoets & Lannoo, 1998). Difficulties
between encoding and retrieval of these concepts can
be observed by means of the recognition trial of an
AVLT.

In the current Dutch AVLT for 6-13 years of age
(Van den Burg & Kingma, 1999, 2021), children often
perform at ceiling level on the recognition trial, making
it difficult to discern between encoding and retrieval diffi-
culties. Therefore, in this study, a different approach was
explored by comparing two types of recognition tests:
one list with items that are semantically related to the
target words and one list with items that have no seman-
tic relationship with the target words. Comparing the
results of both lists revealed significant differences as well
in total score (sum of correct answers) as in false-positive
and false-negative ratio. Children who received a recogni-
tion task with semantically related items obtained a
lower number of correct answers and showed more fre-
quent false-positive and false-negative answers than chil-
dren who received a recognition task with semantically
unrelated items. As observed in the abovementioned
Dutch AVLT for 6-13 years of age (Van den Burg &
Kingma, 1999, 2021), most scores in the version with
semantically unrelated items reached ceiling level. These
results indicate that when a word has to be selected
among semantically related distractors, there is greater
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activation of shared semantic features, posing greater
demands.

By introducing a recognition task that is more
demanding for children, a greater variability was seen in
test results, making it possible to detect individual differ-
ences. Future studies should address the question if valid-
ity is higher with this approach. Also, it can be interesting
to observe if these differences in performance between
both recognition trials also exist in older children, between
6 and 12 years old.

When reviewing similar recognition tasks used for
memory assessment in children such as the CVLT-C
(Delis et al., 1994; Fahrer & Drozdick, 2020; Goodman
et al,, 1999), no ceiling effects in recognition tasks are
reported in younger age groups. A possible explanation is
that the recognition trial of the CVLT-C is more demand-
ing due to the use of an interference list (List B). Hence,
the total amount of words in their recognition list is lon-
ger compared to our recognition task. Furthermore, by
calculating a “total recognition discriminability score,”
they combine both hits and false-positive scores, leading
to a more accurate measure to examine whether the exam-
inee could distinguish between target and nontarget words
from List A (Farrer & Drozdick, 2020).

Limitations

Limitations to our study can be found in assessing
the youngest group of children (4;0-4;6 [years;months]).
As we administered the I0WT-K by means of an audio
recording, some of these children experienced difficulties
in auditory discrimination (e.g., park/ark/hark). Observing
a speaker’s articulatory patterns substantially improves
the intelligibility of spoken speech; multisensory integra-
tion of speech inputs is important to effective communica-
tion (Ross et al., 2011). Although the use of an audio
recording is necessary in terms of standardization, the
option of reading the words out loud can be considered as
this is a more natural way to present the words.

Second, a low sustained and/or focused attention
sometimes interfered with performance throughout the
group. Controlling for this factor in our group of partici-
pants could be an option, although attention is difficult to
measure in this young age and would have to rely on
questionnaires.

Furthermore, a remark can be made regarding the
use of the receptive vocabulary items of the WPPSI-III-
NL. We noticed that certain items are outdated, leading
to errors that may be acceptable. For example, when a
child has to select the target word “to pay,” several chil-
dren pointed at a person facing the computer, which is
also a possible way to pay. We have removed this item in

our test sample. As an alternative, we could choose a
receptive and expressive vocabulary task that belongs to
the same assessment battery, for example, the Schlichting
Test for Language Reception and Production (Schlichting
& Spelberg, 2012).

We note that the use of Bonferroni corrections may
increase the possibility of beta error. Therefore, we advise
caution in interpreting nonsignificant results.

Implications and Future Directions

First, this study contributes to the pediatric neuro-
psychological practice by developing a feasible auditory
verbal learning task for young children. The vast majority
of the participants understood the purpose of the task and
cooperated well. Reliable results could be obtained in
almost all children. Only one participant was excluded
from the study due to a recently detected hearing disorder.
Furthermore, this test could be used in older children who
cannot pass the standard Dutch AVLT for children. Par-
ticularly in 6-year-old children, a list including 15 words
occasionally seems too long. Although no normative data
were acquired in 6 years olds part of the I0OWT-K data
can be used in a relative way in slightly older children, such
as slope of the learning curve, difference between the score
on learning Trial 5 and delayed recall, and the difference
between the total score and the recognition score. Such rel-
ative use of normative data can also be considered in chil-
dren with attention disorders or lower verbal intelligence.

This tool can be helpful in evaluating children with
different neurological diseases, developmental disorders,
or learning disabilities who often show deficits in
auditory-verbal learning (Archibald & Gathercole, 2006;
Kingma et al., 1993; Nagel et al., 2006; Riccio et al.,
2007). By characterizing difficulties in phonological STM
in children with language difficulties at a young age, more
efficient manners of instruction can be implemented in
educating these children.

Not only in clinical populations, but also in typically
developing children, the 10WT-K can contribute to under-
standing the relation between language and memory func-
tions. Longitudinal monitoring of the children in this study
could shed light on the predictive value of the present
10WT-K regarding school results that are related to lan-
guage skills at a later age (e.g., reading comprehension, crit-
ical listening, or spelling). Over the past years, early child-
hood education is increasingly faced with children speaking
multiple languages, resulting in new challenges to ensure
their inclusion and learning opportunities in the classroom
(Langeloo et al., 2021). Future research could explore if this
10WT-K can be implemented in the longitudinal, dynamic
assessment of multilingual children (Hasson et al., 2013).
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Construct validity was established by correlating the
total acquisition score with relevant language measures
such as receptive and expressive vocabulary. Furthermore,
by developing a recognition trial that is more demanding
for children, differentiation between encoding and retrieval
deficits will be easier to detect compared to when using
existing instruments. Of course, in order to use this test in
clinical settings, further research on validity and reliability
is necessary.

Conclusions

By developing a 10-word AVLT for young children,
an important contribution is made to the assessment of
children who present with emergent language and/or
learning problems. Language problems are often associ-
ated with academic, socioemotional, and psychiatric prob-
lems (Beeghly, 2006); therefore, there is a pressing need
for early and accurate identification within this age group.
Furthermore, the implementation of a recognition trial
with semantically related distractors appeared to be more
demanding for children of this age, leading to a poten-
tially more valid approach compared to a recognition trial
with semantically unrelated items only.
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