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Linguistic: Application of LSA to Predict <z
Linguistic Maturity and Language Disorder

in Children

Kristina Hansson, Birgitta Sahlén, Rasmus Baath, and Sverker Sikstrom

¢ Application of LSA to quantify semantics in oral narratives

* Semantic/lexical difficulties are often part of developmental language disorder in
children

* Oral narratives from 108 children with typical language development and 54 chil-
dren with developmental language disorder were analysed using LSA

¢ Two measures were created, an index of semantic linguistic maturity (SELMA)
and a semantic language impairment index (SELIMI)

e The results from SELMA and SELIMI suggest that the semantic representation of
the narratives contain information on semantic maturity and suggest that semantic
quality is different in children with language disorder

Introduction

In this chapter we will describe applications of latent semantic analysis to assess
semantic linguistic maturity in children and how well the method can predict
whether a child has developmental language disorder (DLD), based on orally
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produced narratives. Assessment of narrative ability in preschool years captures
important cognitive, linguistic and socio-pragmatic skills and is an important prog-
nostic tool for later academic success. We discuss the usefulness and potential of
computerized methods to quantify semantics in research on typical and disordered
language development. More importantly, we also discuss if and how such methods
can be applied in clinical or educational contexts for diagnosis of language disorder
in different populations, as an objective measure to complement standardized and
decontextualized tests and assessment methods.

Research on language development and language disorders in children most often
address issues of linguistic form. Studies addressing aspects of content and seman-
tics usually focus on the lexicon, at the word level, not on content at the text level. As
a consequence, very little is known on semantic content in the language use in
typical and disordered language development. One reason for this may be a lack of
methods to study semantics at the text level. The latent semantic analysis paradigm
has the potential to fill in the gap.

Developmental Language Disorder in Children

Children with developmental language disorder (DLD, earlier referred to as specific
language impairment, SLI; see Bishop 2014; Bishop et al. 2017) are children who do
not develop language as expected, given their age, in spite of normal hearing and
otherwise typical development (e.g., Bishop et al. 2017; Leonard 2014). The disorder
can affect different aspects of language comprehension and production (phonology,
grammar, vocabulary/semantics and pragmatics). Lexical/semantic difficulties are
often involved in DLD, in particular in more severe cases. DLD is persistent and does
not resolve even if an individual’s language profile changes over time (Conti-
Ramsden and Durkin 2012; Conti-Ramsden et al. 2009; Sandgren et al. 2015). An
early sign of language disorder is late onset in combination with slow vocabulary
learning, both with respect to word production (Leonard 2014; Leonard et al. 1999;
McGregor 2009) and word comprehension (Bishop 1997). In school age, a substan-
tial proportion of children with DLD are described to have problems with word-
finding (Dockrell et al. 1998; German and Simon 1991; Leonard et al. 1983) and to
have difficulties with semantic representations (Kail and Leonard 1986; McGregor
and Appel 2002; McGregor et al. 2002). In spite of this most research on DLD focuses
on form (phonological and syntactic processing), rather than on content, i.e., seman-
tics, and reliable and valid procedures for assessment and analysis are lacking.
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Assessment of Lexical/Semantic Skills in Children with DLD

So far, most assessment methods related to semantic skills used in clinical or
pedagogical settings focus on vocabulary, that is, the single word level. For assess-
ment of younger children parents might be asked to report on what words their
children use and understand by using for example a checklist or a questionnaire
(Fenson et al. 1993, 2007). A range of standardized tests of word comprehension or
word production are also in use to assess the breadth of the child’s vocabulary (i.e.,
the number of words; for a comprehensive overview, see McGregor 2009). For the
assessment of the depth of vocabulary knowledge (i.e., the knowledge of each word)
different non-standardized tasks are used, like for example asking for definitions
(McGregor et al. 2002) and word-to-picture matching with phonological and seman-
tic distractors in forced choice test paradigms (e.g., Chiat and Frazier Norbury 2000).
In research the ability to learn novel words has also been explored in experimental
studies (e.g., Dollaghan 1987; Hansson et al. 2004; Rice et al. 1990; Sahlén and
Hansson 2006).

In a study of children with DLD and age matched and vocabulary matched
controls Sheng and MacGregor (2010) found that the children with DLD showed a
lexical-semantic organization deficit exceeding what would be expected given their
vocabulary level. The interpretation was that the main problem is not having fewer
words in the vocabulary, but missing or weaker links between representations in the
semantic network, where words that share semantic relations are connected. Slower
and less precise word mobilisation in word fluency tasks would therefore be
predicted in children with DLD, but convincing evidence is so far lacking (Weckerly
et al. 2001).

Corrigan (2008) points out that most research on lexical acquisition focuses on
early development. We know very little about subtler aspects of semantics in older
children where the learning of new words and expressions is based on making
inferences of their meaning from the spoken or written context they occur
in. Children “learn about words through their co-occurrence with other words”
(Corrigan 2008: 109) and the meaning of a word consists of all information from
the contexts where a child has heard or read this word (Corrigan 2008). Language is
learned in a cultural, social and linguistic context (Tomasello 2003). Research on
language maturation and language learning difficulties must therefore necessarily
take contextual influences into consideration.

We thus have to venture beyond the word level. Still, standardized measures of
lexical/semantic skills are based on decontextualized tasks. For more ecologically
valid measures it is urgent to find measures which are closer to the children’s actual
use of their vocabularies in, for example, elicited or naturalistic language samples
and to study how words as used together. Language samples have been used to
assess semantic development, applying measures of lexical diversity like number of
different words (Klee 1992; Watkins et al. 1995), the measure D (McKee et al. 2000;
Owen and Leonard 2002) or lexical density (i.e., the ratio of content words to
function words) and its relation to lexical diversity (Johansson 2009). However,
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these analyses still relate more to counting frequencies of specific words rather than
to the semantic content that is conveyed by the text. In order to achieve a wider
communicative perspective in clinical and pedagogical assessments, it is important
to develop valid and reliable tools that capture content on the text level, that is, to
measure semantic development in children with DLD at the text level, not only (but
also) on the word and sentence levels.

Taking context dependency into account in studies of phonological and syntactic
processing in children with DLD is of great importance. These basic language areas
were the first to be ventured in DLD-research. Children with DLD are also at high
risk for difficulties with complex language tasks, e.g., reading and writing. Vocab-
ulary and semantics are crucial for the two factors without which reading compre-
hension and academic success may be severely hampered, namely correct and fluent
decoding of written words, and language comprehension (Gough and Tunmer 1986).

Narratives in Children with DLD

Narrative knowledge and structure are established early in life and develop over the
school years, concerning structure and cohesion (Appelbee 1978), variation in
lexicon (Johansson 2009), and sentence types (e.g. Myhill 2008). Supporting narra-
tive skills is an important content already in the pre-school curriculum (before age 6)
in Sweden. In narrative tasks, even when the child is asked to tell a story from given
pictures, s/he is required and given the possibility to select and create content.
Narrative tasks are very useful as assessment instruments and in diagnosing lan-
guage disorder (Botting 2002; Fey et al. 2004; Norbury and Bishop 2003;
Miniscalco et al. 2007). They are used to provide information about grammatical
skills, the ability to use cohesive devices, the ability to organise content (story
grammar), and linguistic productivity as well as about pragmatic ability (adapting
to the needs of the listener). Narratives also have a potential to provide information
about the quality of content, thus to measure linguistic maturity from a semantic
perspective.

Two Studies Applying LSA to Narratives from Children

We will summarize two studies where we used LSA to analyse picture-elicited
narratives from children with typical and disordered language development. The
research questions had two dimensions: a longitudinal and a cross-sectional. The
purpose was to investigate if measures generated by lexical semantic analysis can
reflect lexical-semantic development in children and if they can identify children
with and without language disorder. Picture elicited narratives were used, because
this is an easier task. It has also turned out to be a more attractive task for children,
because the content is easier to control and input is similar for all children compared
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to for example personal narratives. Furthermore, we have long experience of this
type of data from children in different clinical groups. There is also a large body of
international and cross-linguistic research using the same paradigm (Berman and
Slobin 1994).

Data

The narratives were elicited using a selection of pictures from the story One frog too
many (Mayer and Mayer 1975). The pictures were laid out, one at a time, and the
child was asked to look carefully at each picture. The examiner pointed to the first
picture and provided the following sentence: “This story is about a boy and his pets,
who are going out on a raft”, and asked the child to continue the story. The procedure
was audio- and video recorded and later transcribed orthographically.

Participants

Narratives were obtained from 108 Swedish-speaking children, who, according to
parents and teachers, had typical development in all respects, including language,
hearing and nonverbal IQ. Age and gender distribution are presented in Table 14.1.
They were recruited from intermediate socio-economic status areas. Clinical data
were collected from 54 children with DLD. All had a non-verbal IQ above 70, only
few performed below 1Q 80. Age and gender distribution are presented in Table 14.1
for this group too. All participants received or had received language intervention.

An Index of Semantic Linguistic Maturity (SELMA)

The first application of LSA to these narrative data was to see if the LSA measure was
sensitive to quality differences due to age, i.e., whether it could reliably index typical
development (Hansson et al. 2016). Thus LSA was used to generate a measure of

Table 14.1 Age and gender distribution of the participant groups

Mean
Group N Girls (N) | Age range (months) | age
Children with typical language 108 |40 48-154 110

development
Children with DLD 54 |22 98-153 117
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semantic linguistic maturity (SELMA) based on the analysis of narratives from the
108 children with typical language development in the age range 4—11.

Applying the standard LSA algorithm (Landauer and Dumais 1997) a semantic
space was created based on more than 100,000 Swedish newspaper articles from
2007 (see Chaps. 2, 3 and 4 for details on the creation of the space, Nielsen and
Hansen 2020a, 2020b; Kjell et al. 2020a, 2020b). The 108 narratives were summa-
rized in this semantic representation, by adding the semantic vectors representing
each word in a narrative, so that each narrative was summarized in one vector, and
then the length of the resulting vector was normalized to one. The basic assumption
was that age correlates with linguistic maturity. A logistic regression analysis
generated the linguistic maturity measure. We used a leave-one-out cross validation
approach, so that the age of each child was predicted using a data set including all
narratives except that from the child whose age was being predicted. This was
repeated for all subjects (for details, see Chap. 5). The analysis was conducted in
Semanticexcel.com (see Chap. 6, Sikstrom et al. 2020).

The variable generated by LSA, i.e., SELMA, had 55% agreement with chrono-
logical age and 62% with number of words. To check validity, we also collected
ratings made by humans. Raters were asked to make an overall holistic judgement
about which one in a pair of narratives was the more linguistically mature. The
agreement between rater judgements and SELMA values was 75%. Thus SELMA
had higher agreement with the maturity ratings made by the human raters than with
chronological age or number of words. This finding was not surprising. Given the
great inter-individual variation in language development a 100% agreement between
chronological age and quality of narratives is not to be expected. Our conclusion was
that LSA was useful for measuring the semantic maturity of the children.

An Index of Language Disorder (SELIMI)

To complement SELMA, and to focus more directly on children with language
disorder our next step was to see if LSA can be used for diagnostic purposes, i.e., if it
can also identify children with language disorder (Baath et al. 2019).

The 54 children with DLD in the data set originated from two different samples
from studies of DLD in Swedish populations. One sample, group A, consisted of
36 children with DLD of non-specified severity attending main stream schools
(Asker-Arnason et al. 2012; Hansson et al. 2004). The other sample, group B,
consisted of 18 children with severe DLD attending school language units (Kalnak
2014). Due to the difference in characteristics and an age-difference (the children in
group A were 1-2 years older than the children in group B) we treated them
separately in the analyses.

Using the same semantic space as for the SELMA-measure, a logistic ridge
regression (Le Cessie and Van Houwelingen 1992) was trained to discriminate
between children with DLD and children with typical language development,
separately for group A and group B, again applying a leave-one-out cross validation
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scheme. Each child’s narrative was represented by a semantic vector. Thus the
Semantic Linguistic Impairment Index (SELIMI) was created.

In group A 68% of the participants were correctly identified as having or not
having DLD, as compared to 81% in group B. Sensitivity (i.e., the ability of the
measure to correctly identify a child as having DLD) was 64% and 78% respectively
and specificity (i.e., the ability of the measure to correctly identify a child as not
having DLD) 72% and 83% respectively. Thus, when using SELIMI to predict DLD
the results for group A are below or slightly below, and results for group B are close
to, what has been described as a fair level of sensitivity (Plante and Vance 1994). The
conclusion was that LSA seems useful also for distinguishing between children with,
or without language disorders. The fact that significant results were found in rather
small data sets suggests that the proposed method has a promising potential.
Typically, a larger dataset leads to better training, and higher accuracy in the
predictions. Thus, having a larger number of participants is desirable to reach higher
certainty.

Conclusions

We have presented two applications of LSA. One is a method to quantify semantic
linguistic maturity (SELMA) and the other a method to identify narratives produced
by children with language disorder (SELIMI). Both methods are built on the
theoretical assumption that meaning resides in how words co-occur. The results
from the comparison with other variables (chronological age and number of words)
in the first study indicate that SELMA contains additional information on semantic
maturity. In particular, the results suggest that the semantic representation of the
narratives contains information on semantic maturity. Several other methods (Blei
et al. 2003; Sahlgren 2007; Shaoul and Westbury 2010) use semantic spaces to
assess text complexity, text quality or other aspects of verbal data. The unique
property of SELMA is that it is directly related to semantic development. This
makes it a tool that is particularly relevant to use in studies of child language
development.

The findings from the first study were followed-up by creating a new LSA based
method, SELIMI, to discriminate between children with DLD and typically devel-
oping children. The results suggest that SELIMI can identify children with and
children without DLD with fairly good accuracy. Thus, in both studies the LSA
based scores show good correspondence with outcome, in the first study regarding
developmental maturity, and in the second regarding clinical diagnosis. The results
indicate that semantic difficulties in children with DLD can be shown to be
manifested at the text level by SELIMI. Awareness of the importance of hearing
and reading words in context for learning their meaning will have theoretical
implications for research in these areas and practical implications for intervention
and advice to parents. Our experience from close-to-practise teacher intervention
programs indicate that words are still taught in isolation (glossary, synonyms,
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antonyms) and that teachers need instruction on how to expand word knowledge in
sentence contexts (Dockrell et al. 2015). SELIMI has not been applied in clinical
settings, but has the potential to contribute to semantic assessments to incorporate a
measure of the quality of semantic networks in addition to traditional measures
focusing on the word level in the assessment (McGregor 2009; Sheng and
MacGregor 2010).

Further studies to replicate the results on larger samples are needed, with the aim
to create a clinical application. Also, further studies based on other types of data
(e.g., word fluency or word association tasks; Roll et al. 2011) and with more
specific semantic questions would be very interesting. Applications in educational
contexts, to measure written text quality have been made (e.g., Landauer et al. 1997,
Landauer et al. 2003), but more studies are needed on clinical samples in the written
modality. Furthermore, individual variation is large within the group of children with
DLD. For this study the only criterion was that the children had a diagnosis of
language disorder, there were no criteria as to difficulties within specific aspects of
language. Investigating children with documented difficulties in lexical-semantic
skills specifically might also add important insights.

This implies that LSA offers a range of future possibilities for children with
immature and vulnerable language. A more accurate judgement of the need for
special services to children with semantic immaturity would be within reach. It is
well-known that receptive language immaturity or semantic difficulties are often
hard to detect, in particular if expressive language and speech production is accurate.
Research also shows that receptive and semantic language difficulties are associated
with more severe difficulties and worse prognosis (e.g., Bishop and Edmundson
1987) compared with isolated expressive difficulties, and are thus more detrimental
to children’s academic and social success as well as mental health (e.g., Conti-
Ramsden et al. 2016). Methodological advances in research on semantic maturity
and vulnerability in school-age children are few and there is a need for frameworks
representing ‘out of the box’ thinking, as in the work reported here.

LSA also offers new opportunities to assess semantic maturity in multilingual
children, with or without language disorder. Currently we are collecting longitudinal
data from schools with a majority of multilingual children in a community of
Southern Sweden. In future studies tools like SELMA, will make it possible to
explore whether second language learners’ semantic maturation differs from first
language learners with or without vulnerable or disordered language.

To conclude, the analysis of narrative skills and the analysis of text complexity
must include several domains (Graesser et al. 2011; Manhart and Rescorla 2002)
with respect to form as well as to content. With computer-generated measures of
semantic-linguistic quality in texts we hope to contribute a new dimension to the
analysis of content focussing on the meaning relations between words and see great
opportunities for the future.

Take-Home Messages
* Semantic maturity at the text level in children’s narratives can be fairly reliably
assessed using computer based methods/LSA.
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* A computer-based method can with fair accuracy distinguish between children
with and without language disorder.

* The method has a potential to be a valuable tool to assess objectively an ability
which has been largely neglected because it is difficult to catch.

* The method needs to be used on larger data sets and to be validated against other
measured of language skills.
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