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Abstract

Backgroumg, There is no sufficiently accurate short language measure that could be used by
speech-language pathologists, teachers or paraprofessionals to screen young school-aged
those requiring in-depth language evaluations. This may be due to poor
developmé&nt ailable measures, which have omitted crucial test development steps.

“language services.

Methods & Procedures: The study consisted of two phases. In Phase one (measure creation),
56 childre@ were assessed with 160 direction-following and sentence-recall test items and a
referenceL, the Clinical Evaluation of Language Fundamentals-fourth edition (CELF-
4). Items wg en examined for their individual characteristics (validity, reliability,
difﬁcultyimination) via item analysis and the highest quality items were selected to
form the S anguage Measure (SLaM). In Phase two (measure validation), 126 children

were asse ith the SLaM and the reference measure (CELF-4) to determine SLaM’s
accuracy, §alidity and reliability.

Outco ts: Forty test items were selected to form SLaM in Phase one. Findings

from P icated that SLaM had an accuracy of 94% (sensitivity = 94%, specificity
=93%), 0.89 and reliability of 0.93. These values remained relatively consistent
across both phas

Conclusio, lications: Results indicated that SLaM has excellent psychometric

properties. SL an be used to identify children who need further evaluation by a speech-
langua ogist.

What this paper adds?
What is already known on this subject?
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Prior research suggests that combining a direction-following and a sentence-recall task has
sufficient discrimination accuracy and agreement with an omnibus language measure.
Trialling a large set of direction-following and sentence-recall test items to select those with
the highest individual characteristics could result in an effective short language measure.
What this study adds?

A short language measure (SLaM) was created and validated on two independent samples of
children. Items with the highest validities, reliabilities and discrimination capacities were
selected to form SLaM. This procedure resulted in a measure with high validity and
reliability, that exceeded the criterion for adequate discrimination accuracy.

Clinical implications of this study?

SLaM is an effective measure that can accurately identify children who require detailed
evaluations by speech-language pathologists.

A 4

Introducti

Approxim! % of children begin school without the necessary oral language skills
required fg learning (Norbury et al. 2016). Language skills are essential for educational
attainmen provide a foundation for literacy development and learning. Children
experiencm\age difficulties have a greater risk of low academic achievement and
subsequently? poorer vocational opportunities (Johnson, Beitchman & Brownlie 2010).
Ensuri ate provision of services for children with language difficulties in their
first year isehool may prevent children from falling behind in their learning and literacy

developme

The provision of services for children with language difficulties relies on accurate
detectiﬁwal to speech-language services. However, studies indicate high rates of
misclaswmd under-identification of language difficulties in school-aged children
(Bishop &Eald 2009, Broomfield & Dodd 2004, Curran et al. 2015, Poll, Betz &
Miller 201 lin et al. 1997). Bishop and McDonald (2009) reported that over half of

nine-year- adentified with language difficulties, via the use of a range of measures, had

not previously been referred to services despite experiencing literacy difficulties.

This article is protected by copyright. All rights reserved.
3



The high rates of inaccurate language referrals and under-identification of language

difficulties in school-aged children could be explained by a gap in teacher knowledge.

Teachers ar: rimary referrers of school-aged children to speech-language services
(Curran e Yet, a large proportion (88%) rate their knowledge of language

) N .
difficultieggas ‘limited’ or “very limited’ (Sadler 2005) and 76% acknowledged the need for
additional gminimg and support to identify children with poor language skills (Mroz 2006).
Hence, it rgpeculated that the inaccurate detection of language difficulties may be

mitigated ate teacher training. However, studies indicate that educating teachers

about language Sﬁculties and training them to identify children via communication

checklists ﬁlts in unacceptably poor detection rates of children who score below

expected rdised language measures (Antoniazzi, Snow & Dickson-Swift 2010,

pr
Jessup et ¢ w )

ufion to the inaccurate detection of language difficulties, could be to screen the
langua 1es of children via the administration of a short language measure. A short
language measure (requiring 10 minutes or less to deliver) may be administered by speech-

language hists, teachers or paraprofessionals (trained staff), to indicate children

requiring language evaluations. Such a measure could be used across schools to

screen chi rting their formal education to facilitate the timely identification and
supporgith language difficulties. Screening children at the beginning of school
would en sed targeting of language difficulties within the school system, at the
crucial ti oral language skills become essential for learning and literacy

develo et, the feasibility and benefits of using a measure in this way would depend

on its psychom&tic properties.
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The psychometric properties of an assessment relate to a measure’s reliability and
validity (Kline 2013). Reliability refers to the extent to which an assessment gives consistent
results. In thi er, reliability is considered to be the degree to which a measure’s items
produce si s (internal consistency). Validity refers to the extent to which an

 EE— . ) .
assessmer!measures what it intends to measure. As the intention of a short language measure
is to asseswge ability, validity is considered in terms of a measure’s relationship to,

and agreem ith an omnibus language measure (concurrent validity).

AndtfierTmportant aspect of validity is a measure’s accuracy (Betz, Eickhoff &
Sullivan 2013 ; ;curacy refers to the percentage of children correctly classified by a

measure E language difficulties or normal-range language skills. The accuracy of a

measure can be evaluated by its sensitivity and specificity rates. To be clinically useful, a
short langmasure must correctly identify children with language difficulties

(sensitt and children with age-appropriate language skills (specificity). Any short
measur, meet acceptable accuracy standards, as misclassifying children can lead to a
lack of appropriate support or the misuse of resources. Plante and Vance (1994)
recommeh language assessments should have an accuracy (sensitivity and specificity)

0f90% o ence, this criterion was adopted for the current study.

Vilous short language measures that could be used to assess young school-aged

childretm developed (Dockrell & Marshall 2015, Law et al. 2000). However, use of
these meagults in high misclassification rates as their accuracy, sensitivity and/or
specificity valueggare below the acceptable standard. For example, the Grammar and

Phonol ening (GAPS) test was developed as a short language measure to be
administered by speech-language pathologists or paraprofessionals (Gardner et al. 2006). A

subsequent validation study indicated high specificity (96%) but substantially lower
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sensitivity (20%) in comparison to diagnosis made using a standardised language measure

(Nash, Leavett & Childs 2011).

Tl@nt accuracy of existing measures may be attributed to their included
langua%e t& ost short language measures only assess single language tasks. These
include semecall (Seeft-Gabriel, Chiat & Dodd 2010, Sturner et al. 1993), direction-
following@ Fewell 1983) and nonword repetition tasks (Dollaghan & Campbell 1998,
Gathercoleggt 994). Yet, single language tasks are at best, moderately accurate at
distinguismWesence and absence of language difficulties (Pawlowska 2014). Other

measures combi; two or three tasks (e.g. Fluharty 1973, Gardner et al. 2006) but do not

include a Ebination empirically found to be sufficiently accurate.

Tmcient accuracy of available measures may also be due to inadequate
developmertt. properties of assessments are related to the quality of their individual test
items (Klin . A critical step in measure development is individual item evaluation and
selecti al items can be examined for their validity, reliability, difficulty and

discrimini on capacity via item analysis. When constructing an assessment, it is imperative
to trial a l:mof test items, in order to discard items that do not meet minimally

acceptabl ds and select items that make the greatest contribution to an assessment’s

validity aﬂ reliability (Crocker & Algina 1986). This process can maximise an

asseserometric properties, while reducing its length, and may result in a short

language \Twith sufficiently high accuracy, validity and reliability.

Sho age measures that could be used to assess young school-aged children
have often veloped without particular attention to the properties of their individual
test items (Cole & Fewell 1983, Dollaghan & Campbell 1998, Fluharty 1973, Gardner et al.

2006, Gathercole et al. 1994, Seeff-Gabriel, Chiat & Dodd 2010, Sturner et al. 1993). They

This article is protected by copyright. All rights reserved.
6



have been constructed via writing a set of test items followed by measure standardisation and
validation to evaluate a measure’s overall psychometric properties. No published study
aiming to !ﬁi a short language measure for young school-aged children has trialled a

large set in order to select those with the highest individual characteristics.

 EE—
ThMLanguage Measure (SLaM) Creation Project was initiated in 2016

(Murdoch@i’s Research Institute/ The University of Melbourne) to attempt to produce

a sufficie rate short language measure for children in their first year at school.
0

Preliminar explored the components (constructs) of language and identified the most

effective combination of tasks to assess language by analysing results from a large-population
longitudiﬂ‘(Matov et al. 2018). Participants (n=995 at age 5 and n=1217 at age 7)
were assessed with eight language tasks from commercially-available measures for speech-
language mists. The agreement and accuracy of task combinations were investigated in
compa 0 the results from an omnibus language measure (the Clinical Evaluation of
Langu amentals-4" edition) (Semel, Wiig & Secord 2006). The results indicated that
one main component of language was assessed by all tasks, indicating that a short language
measure shsess general language ability by combining scores from included tasks.

Combinition—following and a sentence-recall task resulted in the greatest agreement

with the o easure and exceeded the criterion for good discriminant accuracy

(sensitt S specificity=91%, accuracy=91%). These findings warrant the production of

T

a novel mﬁomprising a direction-following and a sentence-recall task, with a simple

marking s that it may be administered by teachers and paraprofessionals, as well as
speech- e pathologists.
The current study

This article is protected by copyright. All rights reserved.
7



The current paper presents the subsequent phases of the Short Language Measure Creation
Project. The purpose of this study was to create and validate a short language measure for
children in their first year at school that (1) can accurately distinguish children who require
further asa) requires around 10 minutes or less to administer and, (3) is easy to
admini;e!mnd interpret. The specific study aims were to evaluate the individual item
characterisics large sample of direction-following and sentence-recall test items, select
the highesg test items to form the Short Language Measure (SLaM), and evaluate the
properties eSLaM in an independent sample to determine whether it is suitable for
clinical us@-aim of the study was to investigate the accuracy of parent and teacher
concern tE children with low language ability to draw conclusions about the benefits

of the SLaiig to support language referrals in comparison to referrals based on parents

or teacherm.

Metho

The sh measure (SLaM) was developed and validated across two phases,
following ghe preliminary study that determined the measure’s content (Matov et al. 2018).
The SLaM eated during Phase one and validated during Phase two, using two
independe@es. Refer to Figure 1 which details Phase one and two participant
recmitrﬂase one, 160 test items were written and trialed in 56 participants, who
were alw with a reference measure, the Clinical Evaluation of Language
Fundame - h edition (CELF-4). Participants were selected from an initial

representative sagaple of 73 recruited children to obtain a final sample with comparable

propo ‘@ low and normal-range language abilities. Comparable proportions were
desired to ensure that each test item had a sufficient representation of responses across

varying language ability levels (Kline 2013). The language abilities of participants were

This article is protected by copyright. All rights reserved.
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estimated during recruitment via parent and teacher report and were later determined by their
performance on the reference measure. Traditional item analysis was conducted to review the
individual ¢ teristics of test items and 40 of the highest quality items were selected to
form SLa two, a different representative sample of 126 children was assessed

. —— . N
with SLa!and the reference measure (CELF-4) to evaluate SLaM’s validity, reliability and

accuracy. O
Insert Fim
le Language Measure (SLaM)

The SLal\r/['ﬁrt measure designed to briefly evaluate a child’s English language ability

in their fi f school and determine whether they require further evaluation by a

speech-laathologist. It requires approximately 10 minutes to administer and score
and ca miescd by a speech-language pathologist or education professional. The
assessment | osed of 40 test items, made up of two language tasks. The direction-
following items ask children to point to pictures on a stimulus card. The sentence-recall items
require ch¥dren to repeat sentences verbatim. Children receive a point for each item they
answer co 1l items are administered and the final score is derived by adding all item
points. Children scoring below a certain score are advised to receive additional testing by a

speechs athologist. The SLaM was designed to assess the English language ability

n

L

of child ¢, it 1s likely to underestimate the true language ability of dual language

learners. The SLaM was developed by the primary author, a speech-language pathologist,

2

with guida an expert panel (remaining authors): a speech-language pathologist,

A

biostatistic 1ologist, child health expert and academic. An independent linguist, Dr
Coleen Holt, reviewed the final measure for grammatical correctness and appropriateness.
The following outlines the SLaM’s development and validation phases.

This article is protected by copyright. All rights reserved.
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Phase one (measure creation)

Particszent
Participanruited from Foundation year (the first year of formal education in

Victori® fi@@slifee primary schools in Melbourne, Australia (age range = 5 years, 1 month
to 6 years, s). Foundation year teachers (n=12) from participating schools handed out

recruitme to all families in their classes. These included parent questionnaires which

obtained WOgraphic information and ascertained whether parents were concerned

about theimelm language. Basic demographic questions determined a child’s level of
English e; exposure to a language other than English, school background, and
whether a'ghild had received speech-language therapy. Two hundred and forty-one

recruitme were distributed across participating schools and 89 of these were returned.
Teachers mn asked to indicate whether they had concerns about a participating child’s
language anllowing an initial introduction session on language. Children were

exclud d been assessed in the last 12 months with the CELF-4 (n=5) or had less
than two )sars of full-time exposure to English in early education if a child was born in a

non-Englis king country (n=11). Consequently, 73 children were eligible to participate.

Participant selection and assessment procedure

Fifty-smo% eligible children were selectively assessed. Children were selected for
assessme in a final sample with even proportions of children with low- and normal-
range lan ilities to ensure that each test item had a sufficient representation of
respon{bﬂity levels (Kline 2013). During recruitment, parents and teachers
indicated whethefthey had any concerns about participating children's language skills. This
occurred following a brief written explanation of language, which was referred to as ‘the way

This article is protected by copyright. All rights reserved.
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they use or understand spoken words or sentences’. Based on these concerns, 25 children
with parent and/or teacher concern and 25 children without concern were selected for
assessmen!. ercentage of children with low and normal-range language skills was
confirme ing participant’s reference measure (CELF-4) results. Low language

L. W .
ability Wagategorlsed if a child scored less than or equal to 1.25 SD (< 81) below the mean
on the Remnd/ or Expressive Language Scores of the CELF-4. A further 6 children
without pa teacher concern were assessed to increase the number of children with

normal-ra anguage skills in the final sample, to ensure a relatively even distribution of

abilities.

Us

s were assessed by an examining speech-language pathologist across one or

3

two assessment sessions (within a week of each other) in a quiet room at their primary school

d

with 160 and the CELF-4. The order of assessment presentation was alternated to

reduce cl1cCts.

Measu

oF M

Based on @ ngs of prior research, one hundred and sixty direction-following and

sentence-1; t items were created for initial testing (Matov et al. 2018). The direction-

1

i

following 1tems asked children to follow instructions by pointing to pictures on a stimulus

card. Bef iting, two direction-following stimulus cards were created. Each contained

U

nine pictu mmon objects (card 1) or animals (card 2). Common nouns were included

so that tions measured understanding of instructional concepts and ability to process

A

and retain verbal'tnformation, rather than the semantic understanding of nouns.

This article is protected by copyright. All rights reserved.
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Forty-five direction-following items were written for each stimulus card. To write

these items, the authors constructed a table of specifications that listed all direction class

{

types (posi temporal, conditional, sequential, choice, exclusion and inclusion),

subdivide ional concepts. For example, temporal directions were subdivided into

. . . . .
directionalconcepts ‘before’, ‘after’, ‘while’ and ‘same time’. At least two items were

constructedgfor Rgch directional concept. These usually varied in their direction level (one-,

C

two- and ep directions), the inclusion of additional elements, such as plurals and

modifiers, sgfond directional concept. An additional stimulus card and two basic

S

direction-follo items were constructed as instructional items. Participants were asked to

U

identify the s in each stimulus cards before beginning to ensure they were recognised.

rE_

The sentence-recall items required children to repeat sentences verbatim. A diverse

a

range of es were created to assess key morphosyntactic structures and linguistic
aspect ildren are expected to have acquired prior to school entry. Sentences were

const include the full range of sentence categories (active/passive declarative,

M

imperative and interrogative) and structures (simple, compound and complex sentences,

I

including nd subordinate clauses). Before writing, a table was created to list possible

combinati @ pntence categories and structures. Several items were then written for each

of these s ions, varying by their inclusion of grammatical components (prepositions,

N

pronoufis; ifiers), inflection (regular and irregular plural and past tense, third person

{

singular a t, possessive nouns and contractions) and grammatical person.

u

As Poliseaska, Chiat and Roy (2015) recommended minimizing the impact of cultural

bias an tic familiarity by use of familiar words in sentence-recall items, sentences

A

were constructed to exclude proper names and include common vocabulary that was specific

to Australian English. The content of the items was reviewed to ensure diversity of

This article is protected by copyright. All rights reserved.
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grammatical components via the construction of content analysis tables. Tables listed

included pronouns, prepositions and conjunctions and categorised sentences by person, tense

{

and plurali by sentence category, type and the inclusion of grammatical components.

Two simp were constructed as trial items for inclusion in the task’s instructions.

s . .
The instrugtions and content of the items was then further reviewed by the authors and an
independep@spégch-language pathologist for grammatical and semantic correctness, gender

balance an eived administration ease.

G

Te administration

)
Q

U

The order irection-following items assessed by each stimulus card was randomised

for each participant to reduce order effects. The order of the sentence-recall items was

)

similarly 1 ed and split into two separate tests. Consequently, participants completed

d

two directi owing and two sentence-recall tests, which were presented in random order.

All test ite scored as correct or incorrect to ensure marking ease.

\Y

Reference measure and defining low language ability (LL)

The CEL]*\sed to determine the language ability of children and categorise them into

low langu and normal-range language (NL) ability subgroups (Semel, Wiig &

Secord 2096%" CELF-4 is a clinical tool used to identify and evaluate language disorders
in chiloreng ii:ars old. It was selected as a reference measure because it has Australian
norms andgi hometric properties exceed those of other available language measures
(Betz, Eicdﬁ Sullivan 2013). The CELF-4 only measures a child’s English language
ability t culturally or linguistically adapted for groups from diverse backgrounds.

Hence, the meastte can overidentify dual language learners (DLLs) as having a language

disorder. The assessment was developed for the US population and then adapted and

This article is protected by copyright. All rights reserved.
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standardised for the Australian population on 825 randomly recruited children, excluding
those with a diagnosed condition or whose primary language was not English. Its internal

consistency. ﬁ bility ranged from 0.72-0.92 between subtests. Its sensitivity and specificity

were 83% spectively, at a score of 1SD or more below the mean, when
1nvest1gat!g a small sample of 49 children with clinically diagnosed language disorders. Yet,
the authoru sensitivity of 100% at a score of 1 and 1.5SD or more below the mean in

the US samp¥@When investigating a larger sample of 136 children with language disorders.

Sim4 subtests were administered: Concepts and Following Directions, Word
Structure, Recalis g Sentences, Formulated Sentences, Sentence Structure and Word Classes.

A raw CEBF= posite score was created to determine the English language ability of

children (irreSfective of their ages) by adding the percentage of correct responses for each

subtest. T sed in all analyses except when children were dichotomized into LL and
NL su s using the CELF-4 normative data. To define LL/NL, the scores from subtests
were ¢ to scaled scores and used to form three composites: Core Language Score

(CLS), Expressive Language Score (ELS) and Receptive Language Score (RLS), as per the
directionshELF—4 manual. Children were defined as having LL in English if they

scored les equal to 1.25 SD (< 81) below the mean on their Receptive and/ or

Expressiv ge Scores. A cut-off point of 1.25 standard deviations below the mean was
adopte een widely used in several prominent epidemiological studies (Johnson,
Beitchma nlie 2010, Matov et al. 2018, Tomblin et al. 1997).

Analysis
The chﬂ of each test item were examined through a series of calculations known as

item analysis (Kline 2013). These evaluated the validity, reliability, difficulty, and

This article is protected by copyright. All rights reserved.
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discrimination capacity of each test item. Table 1 describes the calculation and interpretation

of each characteristic.

T

Insert Taﬂ

W cmseledtion

A stepwis@ure was used to select the final SLaM test items (Crocker & Algina 1986).
c

Initially, eacli'ftem’s characteristic values were reviewed. Items that did not meet the

5

minimall le standards were excluded from item selection (Ebel & Frisbie 1991).

These were item§jthat had validity, reliability or discrimination values below 0.30 or items

Ul

with total ifficulty values below 0.20 (considered too difficult) or above 0.80

N

(consider sy). To evaluate the functioning of remaining items, items were ranked by

highest validi llowed by highest discrimination and highest reliability.

a

mber of items to include in SLaM was explored by evaluating the overall
perfo validity, reliability and accuracy) of different-size groups of the highest ranked
items by analysing their total item scores. Validity was calculated by evaluating the Pearson’s

correlatioxhient between total item scores and raw CELF-4 scores. Kuder-Richardson

(KR-20) ¢ @ )ns were performed to investigate the reliability of item groups. The KR-20
calculatio gates the internal consistency of items groups, which is the extent to which
groups #ie correlated. The calculation is similar to Cronbach alpha but is used for
dichotom red items (Crocker & Algina 1986). The accuracy of item groups was
estimated, ence to the LL/NL subgroups, using receiver operating characteristic
(ROC) @si& ROC curve analysis plots sensitivity against 1- specificity for a range
of different cut-0ff points. The area under the curve (AUC) represents the probability that a
child will be categorised as having LL/NL correctly by a group of items.

This article is protected by copyright. All rights reserved.
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The content of the chosen items was reviewed. Including items that assess the same
content reduces the number of items that can effectively contribute to a measure’s validity,
therefore an item that assessed the same concepts (e.g. directional concept and level) as a
higher fu item was substituted with the next highest priority item (Clark & Watson

H ) . . .

1995). Itess were also scanned to ensure they contained a range of difficulties with an
approximw of 0.5, which is considered most useful at differentiating between
individuals

assessment with dichotomously scored items (Ebel & Frisbie 1991). Final

items werwrted based on descending item difficulties and collated to create SLaM.

Phase tw@ (measure validation)

Participar! recruitment and procedure

Subsequemcompletion of Phase one, a second sample of Foundation year participants
(agera rs to 6 years, 8 months) was recruited from three primary schools in
Melbourne, \ae®otia. Two-hundred and twelve recruitment packs were distributed across
participating schools by nine teachers and 126 of these were returned. Recruitment packs
included tRg same parent questionnaire from Phase one, used to obtain demographic
informatiq @ etermine whether parents were concerned about their child’s language
skills. The same question was asked of teachers for participating children via administration
ofate jonnaire. The same inclusionary criteria were used as in the first sample. All
participMssessed by the same speech-language pathologist across one or two
assessment sessi;s (within a week of each other) in a quiet room at their primary school
with the S d CELF-4. The order of assessment presentation was alternated for each

child.

Analysis
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SLaM’s properties were reviewed with respect to its validity, reliability and accuracy.
Validity was calculated by evaluating the Pearson’s correlation coefficient between the SLaM
and raw CE scores. Internal consistency reliability was estimated using KR-20 and the
accuracy s calculated using ROC curve analysis. SLaM’s properties were

N .
evaluated py examining the results from all Phase two participants (n=126) and a sub-sample
who were qual English speakers (n=101). The second analysis was conducted to
determine r SLaM’s properties varied with the exclusion of DLLs, given that the

CELF-4 aWaM are designed to assess English and are not always appropriate to

assess the language ability of DLLs.

Ul

Results C
Particmnaracteristics (Phase one and two)

All partues re born in Australia and were in their first year of formal schooling. Table
2 shows th raphic data for participants. There were no significant differences in
participant characteristics between the LL and NL subgroups in Phase one. In Phase two, the

LL subgrc& had a significantly higher rate of children who spoke a language other than
English (l@'\'hen comparing Phase one and two participants, Phase one participants
were significantly more disadvantaged, spent significantly less time in early education, had a
higher &king a LOTE and were significantly less likely to have previously seen a
speech-Mathologist. This is likely to reflect the different demographics of
participating schsls across study phases. The prevalence of LL was 52% in Phase one (due
to selective ng) and 27% in Phase two. Table 3 depicts the CELF-4 composite score
distriblrck){articipants. Both samples had total composite score means below the
population mean (100) due to a higher rate of participation of children with LL (more

prevalent in Phase one).
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Insert Table 2.

Insert W
H
Pt!se one (measure creation)

Item anal‘is ’

All but o%d positive item characteristic values (validity, reliability, difficulty and
discrimin is indicates that NL participants were more likely to get each item correct
and that p nts who were more likely to get an item correct, tended to have higher
CELF-4 a@ll item scores. The remaining item, a sentence-recall item which required
children t ‘the father bought a game for his daughter who had her birthday on
Friday”, had iteth characteristic values of 0 as all participants scored incorrectly. Item
reliabilities 1 from 0-0.80, discrimination values ranged from 0-0.75 and validities
ranged “76. Items with the highest validities tended to have the highest reliabilities
(relationslg' to overall item scores) and discrimination (capacity to differentiate between LL
and NL), presading evidence for a strong relationship between the CELF-4 and trialed test
items. FOIQ9%) of the 160 test items were excluded from item selection: 11 items had
Validiti@m, 10 had reliabilities below 0.30, 40 had discrimination values below
0.30, IW p-values (difficulties) below 0.20 and 15 items had p-values above 0.80.
For example, dirgction-following item two (point to the small fish) had a p-value of 0.98.
Only two childrga got this item incorrect. As a majority of children (n=54) scored correctly, it

had a discrimination value (0.04), validity (0.15) and reliability (0.13) and was

therefore excluded from item selection.
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Item selection

Figure We validity, reliability and accuracy of different-size groups of top

perfomin@ctioning items. Assessing all 160 test items resulted in a validity of 0.95

and reliability and area under the ROC curve (AUC) of 0.98. The top 55 performing items
iabitity (AUC) p35p g

had the sawity, reliability and AUC, suggesting that administering the lowest

performin@ms provided little additional value for language assessment and LL/NL

discriminam
Insert Fis

Pe&e values were relatively high for all groups of test items investigated. Yet,

these valu likely to change in the subsequent trial (especially for small groups of
items) dumrent sampling characteristics, test-retest reliability and measurement error
(Smith y 1995). Kruyen, Emons and Sijtsma (2012) advised retaining at least 40
test items f table decision quality regarding individuals, based on empirical
simulations. The AUC (related to a measure’s accuracy) reached its maximum of 0.98 at 40
items. Fors i’tems were also the minimum number of items with the ideal mean item

difficulty where the highest discrimination between LL and NL is expected due to

the sample containing 48% of children with NL. Hence, 40 test items were retained for

SLaM.

Tlﬁ of the highest performing direction-following (10 from each stimulus card)
and sente | items were scanned for their content. Five pairs of items amongst the top
20 ass same directional concepts. For example, two items assessed the directional

concept ‘furthest™ The second ranked item within these pairs was substituted for the next

highest functioning item that assessed a different directional concept to those already
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included in the top 20. Three sentence-recall items were also substituted to include a greater
variety of sentence structures (e.g. passive sentences), sentence elements (e.g. irregular noun,

negative) a ses (e.g. future).

;Fhe ran%e of content assessed by selected items was deemed to be clinically
appropriatm authors and an independent linguist. Chosen direction-following items
contained@ven range of possible direction levels and assessed all but two (choice and
conditionalg digegtion class types. Chosen sentence-recall items contained a range of different
sentence m There were considerably more sentences that assessed simple sentence

structures but th; items all contained a range of different sentence elements (including

coordinati ositions, pronouns, noun and verb modifiers, irregular verbs and nouns, and

possessive nouns) and tenses. The higher number of simple sentence structures is likely to

reflect the vel of the age group and the dichotomous item scoring method. The
senten o1 sentence-recall items was normally distributed, ranging from 4-12 words
with m gth of 8 words.

Characters’ tics of the final test items

Y
@

0.98, respective f All items were considered ‘good’ quality as their validities, discrimination

bility and AUC of assessing the chosen 40 test items were 0.93, 0.97 and

values iabilities were well above the minimum requirement (0.30) for a ‘good item’
(Crockw 1986, Ebel & Frisbie 1991). Item validities ranged from 0.47-0.76,
discrimination V;ws ranged from 0.44-0.75 and reliabilities ranged from 0.49-0.80. The
chosen ite consisted of a range of difficulties (p—value range = 0.26-0.66) with a mean
p-value of O¢ esults from Phase one indicated high functioning of SLaM but these values

needed to be replicated in a second sample to ensure consistency (Smith & McCarthy 1995).
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Phase two (measure validation)

Measurmmics
The Validbility of the SLaM in the Phase two sample (n=126) were 0.89 and 0.93,

respecticIR@@ curve analysis, depicted in Figure 3, indicated an AUC of 0.98, with a
sensitivityh, specificity of 93% and accuracy of 94% at a cut-off point of scoring less
than or eq (specified as it resulted in the highest accuracy, followed by sensitivity).
At this sp%—off point, 32 out of 34 participants with LL and 86 out of 92 participants
with NL ectly classified by the measure. Table 4 lists the range of cut-off points and
\;nsitivity, specificity and accuracy values. Administration and scoring of the

their resp
SLaM req@proximately 10 minutes. The validity and reliability of SLaM in the Phase
two sub-s o were monolingual (n=101) were 0.87 and 0.91, respectively. ROC curve
analysis irm:n AUC of 0.97, with a sensitivity of 91%, specificity of 94% and accuracy
of93% ata point of 22 or less. The same cut-off point was identified in both samples
as havi est accuracy, followed by sensitivity. SLaM’s properties only differed
slightly when DLLs were excluded (validity and reliability reduction of 0.02, accuracy

reduction b%). The slight changes in exact values were likely to reflect greater

uncertainl rease in measurement error) as the number of participants reduced.
Including gLLs also increased the classification accuracy of the SLaM as DLLs were more
likely tWed into the LL subgroup based on their CELF-4 results and score below
the cut-ofm'n the SLaM. Yet, without an appropriate battery of assessments which

considers the language ability of children in all their spoken languages, it is unknown which

of thesé ‘m n truly have low language ability.

Insert Figure 3.
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Insert Table 4.

W teacher low language ability detection
The sensiﬁcity and accuracy of LL/NL detection by parents and teachers was

investi FatS@HSERp lore the capacity of referrers to detect children with low English language
ability. T es are presented in Table 5 and were measured by comparing

parent/tea cern about children’s language skills (from parent questionnaire data) to
children’sWCELFA) categories. The results from both study phases indicate that
parents a rs were moderately accurate at detecting low and normal-range language
ability. P“aPhase one and two had a relatively high specificity for NL detection (96%

and 89%, fespectively), as parents were in most cases, not concerned about a child with NL.

Conversel sensitivity for LL detection was very low (31% and 23%), indicating that

dll

parents participating in both study phases were unlikely to be concerned about the language
skills of a cE’th LL. Teachers had higher sensitivity (69% and 50%), signifying they
were be concerned about a child with LL than parents. However, teachers had
a lower spgiﬁcity for NL detection (74% and 87%), so they were more likely to be

concernecm child with NL than parents. The classification accuracy for true low

language

the CELFS as the sole indicator of low language ability.
Insert Ta:

Discus<

this analysis was confounded by the inclusion of DLLs due to the use of
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The present study created and evaluated the reliability and validity of a short language

measure (SLaM) for children in their first year at school. Results indicate that SLaM has

excellent ps metric properties and is suitable for clinical use to identify children needing
further la ation.

H I

Imws for practice
Current a;@s for detecting children with language difficulties rely on parent and/or
teacher re@ncem, and subsequent referral to speech-language services. However,
results fro:esent study confirm previous findings, which indicate that parents and

teachers a fficiently accurate at identifying children who require referral (Antoniazzi,

Snow & I!ckson-Swift 2010, Bishop & McDonald 2009, Broomfield & Dodd 2004, Jessup

et al. 200 arents and teachers were only moderately accurate at identifying children
with normal'o language ability based on concern. This indicates that many children
scoring low nguage assessment would not be considered by their parents or teachers as
having ifficulties, and that teachers are sometimes concerned about the language

skills of children with normal-range language ability. As SLaM’s detection rate of children
identified a ing language difficulties was substantially higher than that of parents and
teachers, 1 istration could improve the future accuracy of language referrals and
ensure thichildren with language difficulties are appropriately identified and supported. The
use of Walso afford speech-language pathologists with more time to manage those
in need bgg the rate of inappropriate language referrals. Hence, speech-language

pathologists could spend more time organising language intervention programs for children.

Stu easure development strengths
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SLaM was developed by including a task combination found to be sufficiently accurate at
identifying low language skills (Matov et al. 2018). It was also developed using item analysis

and selectloﬁcedures that were omitted in previously published short language measure

developm Dollaghan & Campbell 1998, Gardner et al. 2006, Gathercole et al.

N i . ..
1994, SeegGabrlel, Chiat & Dodd 2010, Sturner et al. 1993). Application of these additional

measure d@em steps may explain SLaM’s high psychometric properties.

ijneasures are often designed to identify children who score at the lower end
distr

of the no ibution based on arbitrary cut-off points (Plante & Vance 1994, Spaulding

et al. 2006 ; The SJrrent study used ROC curve analysis to determine a specific cut-off point

that ensur¢nal effectiveness in differentiating children, prioritising accuracy, followed
by sensitivity. Use of ROC curve analysis also ensured that the distinct characteristics of
participan ample, the proportion of LL) had minimal impact on cut-off point

calcula cr cut-off points, along with their sensitivity and specificity rates, are also
reporte ¢ 4). Administrators may wish to choose a different cut-off point depending on

SLaM’s intended purpose. For example, clinicians using the measure as confirmatory

screening gassess referrals) may choose a cut-off point with higher specificity (rate of

children c
referrals; administrators using the measure as a general screener (to assess all
childre de to use a cut-off point with higher sensitivity (detection of children with

languag@es).

The numpber of items to include in SLaM was investigated by exploring the overall

dentified as having age-appropriate language skills) to combat over-

prope fferent-size groups of high functioning items. Forty items were selected
because this was the minimum number of items with the highest area under the ROC curve

(which corresponds to a measure’s accuracy). Kruyen, Emons and Sijtsma (2012) also
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determined that measures should include at least 40 items for acceptable decision accuracy.

However, this study was not specific to language ability assessments.

Lid suggestions for future research

More ré8caFf@imiSceded to investigate the ideal length of a short language measure that
considers wromise between administration time and its effects on the psychometric
properties sessment. SLaM requires significantly less time to administer than an
omnibus lw measure but could still be considered too time consuming for certain

language Q programs. Hence, it would be beneficial to trial a shorter version of the

assessme future, given that the assessment of fewer items in Phase one still resulted

in acceptage accuracy levels.

A eech-language pathologist conducted all of the assessments in Phase one

and tw i dy to ensure consistency of assessment delivery. However, further study is
needed to e SLaM’s effectiveness when administrated by different assessors, such as
teachers and teaching aides. This would establish the degree to which different administrators
might infl8gnce test results. Permitting teachers and paraprofessionals to administer SLaM
would pro ech-language pathologists with more time to deliver therapy. Sturner et al
(1993) previously found that paraprofessionals were able to achieve high degrees of

agree i eech-language pathologists when investigating the effectiveness of a
sentencMeasure. Hence, it is assumed that sufficient training of professionals would

not affect childrei’s SLaM results, but this will need to be determined in future trials.

ple size used to validate SLaM in Phase two (n=126) was larger than the
samples in each dge group that are used to validate omnibus language measures (e.g. the

CELF-4). However, future SLaM studies will benefit from including a larger sample of
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children from a range of different schools. The ages of children in their first year at school

can vary substantially. Investigation in a larger sample would enable examination of the

impact of a SLaM’s accuracy rates and cut-off scores. In addition, while including 30-

50 particimcient for an item trial, including a larger sample (of over 100) is often
 E— . . ,

recommengded and should be considered in future development studies (Johanson & Brooks

2010). O

SLmychometric properties were investigated with respect to children’s
on

performan single omnibus language measure. Yet, the identification of language

difficulties requig@s the collection and integration of information from multiple sources,

el

including Ez of functional impact (Bishop et al. 2017). Future investigation of SLaM’s

effectiveness warrants comparison to a range of language measures, including clinician

diagnosis mage difficulties.

1

SLa developed and validated using samples of children that included DLLs.
This w d to respond to the current climate in Australia, in which 21% of
Australiar! speak a language other than English at home (Australian Bureau of Statistics
2016). The i ion of DLLs had little impact on SLaM’s final properties and no impact on
the interp f its final scores because of the specific analyses applied. There are,
however, limitations to solely relying on the SLaM’s results to make referrals and get
indicatWhe language skills of DLLs. DLLs may experience language delays and
warrant re a speech-language pathologist if they fall outside of the normal range.
However, the tryg language ability of DLLs (determined by the comprehensive evaluation of
langua@English and any other spoken language(s)), is likely underestimated by the
SLaM — just as the language ability of DLLs is underestimated by other screeners and

assessments designed primarily for monolingual, English speakers. This is because the SLaM
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and the CELF-4 only measure a child’s English language ability. SLaM administrators must

be mindful of a child’s level of English exposure and proficiency in their other spoken
language(s re considering their suitability for in-depth language evaluation. The impact
of admini LaM to children who speak a language other than English warrants
fut in tigati

uture 1nvs igation.

Summar@nclusions

Identifyinw)porting young school-aged children with language difficulties may

improve t ing opportunities. The current study developed and evaluated the
effectiven short language measure (SLaM) for children in their first year at school

which could improve the accurate identification of children needing language support. The
SLaM hasmlidity, reliability and discrimination accuracy when compared to a readily-

used omnibts #figuage measure. It is an effective measure that is suitable for clinical use to

assess lang ility and determine whether children need additional consultation with a
speech athologists.
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Figure 1. Sar;la ant recruitment and selection for assessment flowchart, Phase one and
two

Note: LL = low langtidge ability = less than or equal to 1.25 SD below the mean (< 81) on the Receptive and/ or Expressive
Languag ELF-4; NL = normal-range language ability.
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Figure 2. Validity, reliability and area under the Receiver Operating Characteristics

curve (Mop performing test items
> N

1.00

0.50 0.75
1 1

0.25
1

0.00

T T
0.00 0.25

T T T
0.50 0.75 1.00

1 - Specificity

Area under ROC curve = 0.98

Figure 3. i
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Table 1. Mlysis calculations with item exclusion and selection criteria

r Operating Characteristics (ROC) curve for the Short Language

Validity

Hesults

Reliability

1tem and total item
cores?
Difficu Difficulty level of an
(p-value) item

Discrimination Item’s capacity to

terpretation Calculation Item Item
exclusion selection
apacity to measure Point-biserial correlation <03 Highest
guage ability/ the coefficient' between a test value (first
relationship between an  item and raw CELF-4 priority)
m and overall CELF- scores
Internal consistency of  Point-biserial correlation <0.3 Highest
item/ the coefficient! between a test value
ationship between an  item and overall test item (third
scores® priority)
Proportion of correct item  <0.2 & > Range of
responses. Calculated for 0.8 values, with
the total sample and LL and a mean ~0.5
NL subgroups
Subtracted proportion of <0.3 Highest
differentiate between correct responses of LL value
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NL and LL participants from NL subgroup (second
priority)

Note: 'Point biserial correlation coefficient is used to calculate correlations between dichotomous and continuous variables.
2Total teswlculated by adding scores from 160 test items. Item exclusion = items were excluded if their
characteristic Score fell within this value. Item selection = values of a characteristic prioritised for item selection.

Table 2. hy of participant characteristics (Phase one and two)

Characte&tic , Phase one sample Phase two sample
Total LL NL Total LL NL

Participant 56 29 27 126 34 92
Percentageftatélof Subgroup ¢ 100 52 48 100 27 73
Age (mean, SD) 57(04) 5.6(03) 57(0.4) 5305 55(0.5) 5.3(0.5)
Male, n (¢ 55 66 44 56 71 51
Mean SEIFA inde 977 971 983 1060 1069 1056
English m;age (%) b 77 76 78 87 76 91
LOTE (%) 45 52 37 20 32 15
Kindergartgn attendance (%) 95 90 100 97 97 97
Mean year education® 2 1.8 2.2 2.9 2.6 3
Previously se T (%)« 7 11 4 29 35 26
Parent con b 18 31 0.04 13 26 11
Teacher conGeri@) * © 48 69 26 23 50 13
Note: LL= ability; NL = normal-range language ability; Mean SEIFA index = Socio-Economic Index for
Areas (S 1sadvantage (Australian population mean=1000, SD=100) (Australian Bureau of Statistics 2011); English
main language = main language spoken at home; LOTE = language other than English spoken at home; parent

concern = cerned about their child’s language skills, teacher concern = classroom teacher concerned about a
child’s la indicates significant difference between LL and NL subgroups (Phase one) at p<0.05; ® indicates
significant difference between LL and NL subgroups (Phase two) at p<0.05; ¢ indicates significant difference between Phase
one and Phase two total samples at p<0.05.

Table 3. e measure (CELF-4) composite score distributions
Phase one sample Phase two sample
! Total LL NL Total LL NL
N 29 27 126 34 92

CLSmeanﬁDz Q3.5(17.3) 70.6 (10.7) 97.4(11.0)  92.7(17.2) 71.5(10.0) 100.5(11.9)

min/max 5/126 45/84 84/126 45/135 45/87 82/135

RLS mean 5(17.0) 76.4(8.9) 103.6(11.3) 93.5(15.1) 77.3(11.7) 99.5(11.4)
min/max /127 60/94 82/127 51/130 51/100 82/130

ELS mean :2.5 (17.0) 69.9 (11.2) 96.0(10.8) 91.7(16.8) 70.7(9.1)  99.5 (11.6)
min/max /122 47/86 82/122 51/132 51/89 82/132

Note: LL = age ability = less than or equal to 1.25 SD below the mean (< 81) on the Receptive and/ or Expressive

the CELF-4, NL = normal-range language ability, CLS = Core Language Score, RLS = Receptive

Language Score, Expressive Language Score. Population mean=100, SD=15.
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Table 4. Sensitivity, specificity and accuracy for various Short Language Measure
(SLaM) cut-off points (n=126)

% Sensitivity Specificity Accuracy % scored
<26 100% 75% 82% 45
<25 97% 82% 86% 36
<24 % 87% 90% 35
<23 94% 90% 91% 32
<pp W WSS 949, 93% 94% 30
<21 s 88% 95% 93% 28
<20 88% 96% 94% 27
<19 82% 97% 93% 24
<17 79% 97% 92% 23
<16 71% 97% 90% 21
<15 62% 98% 88% 18
<14 59% 98% 87% 17
<13 50% 99% 86% 14
<12 3 50% 100% 87% 13
Note: % scored = percelitage of children scoring this value. Mean=25, SD=10.

ers
Sensitivity Specificity Accuracy
95% CI 95% CI
Phase one Parents 31.0% (15.3,50.8) 96.3% (81.0,99.9) 62.5%
s Teachers 69.0% (49.2,84.7)  74.1% (53.7,88.9)  71.4%
Phase two ts 23.5% (10.7,41.2)  89.1% (80.9,94.7)  71.4%
Bachers  50.0% (32.4,67.6) 87% (78.3,93.1)  77.0%
Note: CI =93 @ ce interval. Sensitivity, specificity and accuracy were calculated in relation to low language ability
detection based dren’s CELF-4 (full language measure) results.
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