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Background: Little is known about the natureangeand prevalencef different subgroups in
language trajectories extant in a populafimm 4 — 11 yearsThis hindersstrategictargeting and
design of interventiongarticulaly targetng thosewhosedifficulties will likely persist Methods:
Children’s Bnguage abilitiebom 4-11 yearsvere investigatgin a specialist language longitudinal
community cohort (N=1910). Longitudinal trajectory latent class modelling was used to
characterise ‘trajectories and identify subgroups. Multinomial logistic regression was used to
identify predictorsassociated witlthe language trajectories children follesv Results. Three
language trajectorgroups were identified: ‘stable’ (94% of participants); idecreasing (4%) and
low-improving,(2%). A range of child and family factors were identitieat were associated with
following either thelow-improving or lowincreasinglanguagetrajectory many of them shared
The lowimproving group was associated with mostly environmental ristts:Englishspeaking
background, social disadvantage, few children’s books in the home. Tdetreasing group was
associated wittmainly biological risks:low birthweight, socieemotional problemdpwer family
literacy, learning disabilityConclusions. By 4 yearsservices can be confident most dnén with
low languagewill=remain low to 11 years. Wing rigid cutpoints in language abilityo target
interventions;issnetsrecommended due to continued individual variability in lgagievelopment.
Service delivery models should incorporate monitoring over time, targeting agdodianguage
abilities and associated risks amelivery of a continuum of interveots across theontinuum of

need K eywords. language development, Language Disorder, longitudiiagctory latent class

There isgrowingrecognition thairhited language abilities childhood can have lifelong
implications The associatedifficulties with forming and maintaimg peerrelationships (Conti-
Ramsden & Botting, 2008), and wiiteracy, andeducational attainmeii&nowling, Adams,
Bishop, & Stothard, 2001) haweeasurable downstream consequenceadalt menthhealth
social inclusiomndiemployment (Law, Rush, Schoon, & Parsons, 200@promotion of robust
child language developmenttlserefore recognised agkbalpriority in many educational and
social policiesThis paper characteristhe prevalencand natural history of developmental
trajectorysubgroups in child language development between 4 - 11 ipemspecialist language

longitudinal community cohort of children Victoria, Australia
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Instability in language profiein the preschool yeards well recognised(Bornstein, Hahn, &
Putnick, 2016) Longitudinal populatiosampleshave demonstratemiostchildren who experience
early ‘delays’ catch up with thepeers(Ghassabian et al., 2014; Henrichs et al., 2011; Reilly et al.,
2010; Zambrana, Pons, Eadie, & Ystrom, 20BHnversely thesstudies alsaevealthat after a
positive starsome childrerdevelop later language difficulti€&Shassabian et al., 2014; Zambrana
et al., 2014)Approximately 7% of 46 yearold children are estimated to have language problems
(Norbury et al., 2016and dthough instabilityis more pronounced in the prechoolthan school
years (Bornstein_et al., 2I6) a significant proportion of children continue to move between
impaired and nofmpaired categories aftschootentry (McKean et al., 2017; Zubrick, Taylor, &
Christensen, 2015).

Current knowledgeegarding children’s language trajectories means intervention services are likely
to both over and undeervie some children.ldentifying and understanding the differences
between children_likely to have persistihgngterm difficulties, those whosdifficulties may
resolve and those for whom language difficulties emerge later in developménéresorean
important research: prioritySuch analysis could inform public policy aiming to miet needs of
this population=with respect to supporting laage development and intervention targeting
(Bishop, Snowling, Thompson, Greenhalgh, & CATALIBEonsortium, 2016; ConRamsden,

St. Clair, Pickles,;"& Durkin, 2012).

Previous studies have explored subgroups in language trajectboesgver methodological
limitations exist"with respect to both analytical approach and samplifige most common
approach to defining subgroups in language isategorical’ one; assignig children to either
impaired or unimpaired groups at specific-potnts in language scores at two or more time points
(Beitchman et al., 1996; Bishop & Edmundson, 1987; Law, Rush, Anandan, Cox, & Wood, 2012;
Snowling, Duff, Nash, & Hulme, 2015; Zambrana et al., 2014; Zubrick et al., 201biJst
providing impertant insights this approadtas significant disadvantages. Measurement error
inevitably leads-to-instability in group membership for children whose scoleséala cupoint.
Regression“to“the"mean can suggest changes in children’s profile that are, in fact, artefacts of
repeated measuremerrthermorethe cutpoint at which ‘impairment’ is defined is necessarily
arbitrary in such approaches aréate a biasa-priori to finding a ‘disordered’ pathway.

Advanced @nalytical approach&sch as longitudinalajectorylatentclass analyseand the mult
level model of changéave been appliedo understandingschoolage language trajectories
However studies haveeither used clinical samples of children with Developmental Language
Disorder (DLD)and considered trajectories within that group (Law, Tomblin, & Zhang, 2008)
usedmatched cohortsf children with DLD andtypically developing childreriBeitchman et al.,
2008; Rice & Hoffman, 2015)or havenot identifed subgroupgMcKean et al., 2015; Tdéor,
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Christensen, Lawrence, Mitrou, & Zubrick, 2013)hus estimates of prevalence dafifferent
subgroupshave not beemadenor are wecertainthat the full range of schoedge trajectories
extant in a population have beencoveredWe address thsechallenges through the application of
longitudinal trajectory latent class analysis, a method whictinimisesissues associated with
measurement error and repeated measurenerdata from a specialist language longitudinal
community cehort (the Early Language in Victoria StudylLVS) considering childremged4 to

11 years.

Predictors of prognosis
Recently, Zambrana et @014)and Snowling et a2015)examined ‘trajectories’ of DLD in early
to middle childhood (35 and 38 years respectively). They suggest a ‘late emerging’ trajectory
may be most influenced by genetic mechanisms, as indicated by family histaggofge or
literacy difficulties, and a ‘persisting ’ trajectory may reflecting multiple accumulative risks
(Zambrana et al.,. 2014ncluding social disadvantage (Snowling et al.,, 2015). In addition to
characterisingsthaature of subgroups in language trajectories this paper also aims to build on these
previous studiessto, identify the specificity with which predictors are associated with the language
trajectories that children will follow. In thispecial editionBishop andcolleagues advocate the
term Language Border be used for children who are likely to have language prob&rdaring
into middleehildhood and beyond” (p. x). Bishop acknowledge major challenge in
operationalising thisor practice ighe“relatively limited evidence regarding prognostic indicators
(p. x) makingidentification ofchildren likely to have ‘enduring’ difficulties challengingdeed, as
children transition into formal schooling even those who may go on to receive diagnases of
occurring conditions such as Autistic Spectrum Disorder (ASD) or Attention Deficit Hyperactivity
Disorder ADHD often have not been identified. Clinicians and educators may remaia aggsar
which of thegchildren they support are most at ridke theefore examine whether clinically
applicable spredictors can be identified which indicate whether children’s difficulticlikake to
persist or indeed'worsen over time to support implementation of Bishop et alsmeadations to
practice.
Empirical analysesusing ELVS
Given thelimited knowledge of thesubgroupsof trajectores in schoolagelanguage development
across the range of language abilitg adoptedan exploratory approactn a community sample
beginning as children transition into formal schooling and endirtge thresholdf high school
and adolescenceje asked

- What are theubgroups in trajectories of language development from 4-11 yearghat may

be identified withina community sample using longitudinal latent class analysis?
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- What are theredicbrs ofthe trajectories childrefollow thathence can be used as

indicators of prognosis?
Methods
Participants and procedures

Participants werdrom the ELVS cohort, a specialist language longitudinal community cohort
which is largely representative of children in Victofizetailed recruitmentsampling procedures
and exclusionrcriteriare provided elsewhere (Reilly et al., 2Q08) baseline 1910 childreaged
7.5-10 monthswere recruitedsee AppendixS1 for participantflowchart anddemographic data
Parents completed questionnaires at basedimeually from 1 to 7 years, and thetr® and 11 years.
Direct child assessments were carried out at 4, 5, 7 and 11 years. @&tlagal approval was
provided by theHuman Research Ethics Committees at the Royal Children’s Hospital, Melbourne
and La TrobesUniversity.
Measures

Language
The Clinical Evaluation of Language Fundamentals (CEA#tralian Standardised Editiomas
administeredrat 4CELF P2)(Wiig, Secord, & Semel, 2006p, 7 and 11 years of ag€ELF 4)
(Semel, Wiigs=& Secord, 2006[ror the statistical analyses, the CELF raw score was standardized
to a zscorewith respect to the sample at each wgean (M)=0; Sandard Deviation (SD)=1) to

ensure consistency and ease of interpretability across waves.

Predictors

Child factors
At baseline parents reportedrgler,low birth weight(<2500 gramsandbirth positionand from 6
yearsindicated whether their child had ever been diagnosed with ADHD, a learning disability, or
ASD. All ASD diagnoses were latgalidated through telephone intervievith a qualified clinician
experienced in ASD At 4 years on-verbal cognitiorwas assessl Kaufman Brief Intelligence
Test (K-BIT) (Kaufman & Kaufman, 2003)screening foispeech disordervas undertakef< 10™
centile (Goldman & Fristoe, 200Q)and parents completed the Strengths and Difficulties
Questionnaire (SDQ). Clinical cpbints were used to determine the presence of ®soational
problems (Goodman, 1997).

Maternal and family factors
A range offamily and naternal factorsvere determined by parent repaitt baselinencluding:

whether languages other than English were spoken in the hom&ifigtish speaking background
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NESB); family history of language and/or literacy difficultié®. whether the mother, father or
siblings had been late to talk, had ongoing problems with speech or language, stuttergd or ha
problems learning to regdmaternal ag at birth (> 24 years; 24 years); and maternal education
(completed < year 12thelast year oformal schooling in Australia> year 12). At 4 years parents
reported whether the main language spoken to the child was not Engliskr(glssh speaking
backgroundNESB).

Socioeconomic disadvantage was calculated using baseline postecutidise acensuslerived
SEIFA Index of Relative Disadvantag&ustralianBureau of Statistics, 2001M=1000 SD=100:

a lower score, representing greater disadvantage). Family literacgesi@sd usinga composite
score calculatettom mothers’ and fatherd¥ill Hill Vocabulary Scaleat child age 2 yeard&aven,
Court, & Raveny1998and theWide Range Achievemeiitest Reading subteat child age 4 years
(WRAT-4) scores(Wilkinson & Robertson, 2006 Measures were each scaleda z score then
summedandafurtherz score calculated frothe sum.

Home learning environment factorsincludedthe number of books ithe home (at 2 years:X0; 16
20; 21-30; >30-books)the frequency the child was read to (measured at allsMage 8months -
4 years usinghesBrigance Infant and Toddler Screen (BITS)ascoe & Brigance, 2002em “I
look at or read children’s bosko my child” (hot very dten; sometimespften); andaverage child
television exposure (hourser week) measured at 4 ygarfo aid data analysis, quiles were
derivedfromacomposite scoref the BITS item across data wawesd from theaverage eposure

to television.each week.

Support/intervention factors
At each wave_parents reported any additional helpoughtrelating to the child’s speech and
language in the last 12 months.

Satistical analysis

Latent'trajectories
For the latent class trajectory analysis miwgl was conducted on the subset of children
completing at least twtanguage assessmentsdab, 7 and 11 years, consisting of 1,279 children
(from the total of 1,910)Using the statistical software package ‘(R Core Team, 2014), the
‘himée function of‘the “Icmm’ packag@rousttima, Philipps, Diakite& Liquet, 2015)was used
to model the language scores across time, identifying groups of children with similar patterns or
trajectoriesParameter estimates were derived using a full information maximum likelihood (FIML)

estimator which is a commonly accepted way to handle missing®&tafer & Graham, 2002).
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Latent class growth modelling was completed usitagdardize@ELF Corez score(M=0, SD=1)
as the outcomePreliminary analysis of the distribution of scores at each time muipported
assuminghe groups weraormally distributed. Aquadratic trend over time all@al for curvilinear
trajectoriesModels wereun with 1, 2, 3 and 4 groupsith each groumllowed to have different
parameters (e.glifferent intercept, linear, quadratic trend and variand®) .additionally examined
a number of alternative modelling approaches, including random effects modelsingll
individual trajectories to be more vasla than the group mean) and those allowing for
autocorrelation_(due to the repeated nature of the measurem@tigsen, Sharples, &
Spiegelhalter,, 2007; Wraith & Wolfe, 2014Ylodel fit statistics for the alternative modelling
approaches are presented in Appendix S2.
For further analysis, we selected the best model using both statistical goodness of fit criteria and
interpretability, the latter taking into account the size of the groups, the complexity of the model
and the size of the difference between the groups. To assess the statistical goodness of fit we used
estimates of the letikelihood (LR), the Akaike Information CriteriaAlC) and the Baysian
Information Criteria (BICYAkaike, 1974; Lo, Mendell, & Rubin, 2001; Schwartz, 1978)ower
estimates of.all-these measures indicate better fitting and in the case of AIC and BIC, more
parsimonious'model$ollowing thesecriteria, the fixed effects model allowing for autocorrelation
andincluding three trajectory groups was chosen. This medsl then used to calculate for each
participant the,posterior probability of following each language traje@nody identify the most
likely trajectory

Bivariable models

To identify predictor variables associated with group membership a sebieadble multinomial
logistic regressions were completadStata(StataCorp., 2013)he results are presented as relative
risks (RR) in our analysesvhich may be similarly interpreted to standard odds ratios in logistic
regressionTo account foruncertaintyin groyp memberships we us&geightingwith the posterior
probabilities of group membership representing the weights (Wraith & Wolfe,.2014)

Multivariable model

To examinethe_unique impact of individual risks and possible effects of accumulatike ris
exposures“a, multivariable multinomial logistic regression analsis cmducted. Variables
significant at< 0.05 level in thebivariabke multinomial logisticegressioranalyseswere included

To account for collinearity, minimise the effect of missing predictors, and notfioie model

given thesmallsample sizes in some of the groups a highly conservative approach was taken. First
variables mostikely to account for differences itrajectories were included (NESB, and the

neurodevelopmental disorderkearning disability, ADHD and ASD)Wethen identified the
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minimum number of predictors whichpesergd factors fromthe Child, Family, Maternal and
Support/interventiorategories whilst alsconsideringcollinearity and missing datét each stage

the multivariabé model was assessed using modeirieria, LR tests and pseuel?’ values.

Results

Participants

Compared_to_theentire ELVS cohort(N=1910) mrticipant &miliesin the latent class analysis
(N=1,279) vere nore likely to have higher SEIFA, artd more highly educated and old@others
(Appendix S1):

Language trajectories

Figure 1lillustratesithendividual growth trajectoriesand Tablel presents thaumbers otchildren
within the ELVS'sample classified according to their most likely trajectory group.

Figurel

Tablel
Between 4 11 years~ 4% of children were classified dsving alow-decreasing trajectory and
2% a low-improving trajectory. The remaining childrenhad a stable trajectory (~94%) with
language scoresranging fron82 below or above the mean.
The majority..of thelow-decreasing groupnd all the low-increasing groughad languagecores
below the mean at lears Approximately 50% of children in the ledecreasing class had either a
learning disability;,ASD or ADHD diagnosis and 50% of the -iowproving class were frona
NESB.

Bivariable analyses

Tables 2 and_present the findings ofivariableanalyses testinthe assoetion between child,
family and support/interventidiactorsand group membership using the stable group as the
referenceandincludingthose factors which reach or approach significance at the p < .05 level.
A large number offactors placed children at increased risk of besithen the low-decreasing or
low-increasing.group rather than the stable group. These includekilthéactors of speech
disorder, peer problems, learning disability diagnosis, and lower non-verbal cogrutiggthe
family factors family history of language difficulties, lower family literacy and SEJAR-30 books
in the hone (relative to having 30); higher average hours of TV viewing per wesdeking
additional support & years.For these factors RRere usually similaacross the two groups
except in the case of learning disability diagn@ew-decreasing RR = 12.96,<.001; low-
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increasing RR = 2.6 = .01), andhelp-seeking (lowdecreasing RR = 8.54,< .001; low-

increasing RR = 2.1 = .04).Factors associatamhly with an increased risk ddéw-decreasing

group membershipverelow birth weight, emotional problems, conduct problems, inattention and

hyperactivity, ADHD or ASD diagnosis, and seeking help forctinéd’s difficulties at ages 4, 9 and

11 yearsFactors associatamhly with an increased risk ddw-increasing group wereNESB (RR =

41.25,p < .001), a younger mother and < 10 children’s books in the home (RR = 454@01).
Tables2,3& 4

Multivariable analysis

A multivariable analysiexamined the unique impact and possible effects of accumulative

exposures of individual factors on group membership. Analyses should be interpreteditioth ca

givensmallgroupssizes. Children were at increased risk of being memberslofwaecreasing

group if they had lower non-verbal cognition, low birth weight, a learning disability diagnosis

lower family literacy,10-20 children’s books in the home amgbarents had sought atdnal

support(age 6 years)Children were at increased risk of being inltvincreasing group if they

wereNESB, had-lewer non-verbal cognition and SEIFA scores, <10 children’s books in the home

andwere notlow:birth weight.

Discussion

This study applied longitudin#dajectorylatent class modellingp a community sample with
repeated direct testing of children’s langusm@lentify subgroups itrajectories of language
developmentifrom 4Kl years across the full range of abilithree groups were identified:large
‘stable’ group wih.wide rangng but relatively stable languagéility which included the majority

of children (94%) 5% of whom had language abilities falling > 1.25 SD below the nagkwy-
decreasinggroup;and a ‘lowincreasinggroup. Of significant concern was the small group of
childrenfollewing-a-low-decreasing trajectory, starting with below average language abilities at 4
years and falling'substantially over time so that all children in the group exqextgsvere

language difficulties by age 11. Over the course of the study approximatedy trasfgroup

received a diagnosis tdarning disability ASD or ADHD. In contrast lg 11 years all of the

children inghe Tow-increasing groyihe smallest groug)ad language scor@sthin the typical

range, and by yearswereindistinguishable from the stable group (McKean et al., 2015). Around
half were from a NESBrovidingfurther support for the argument that children from NESB require
prolonged exposure to the language of instruction in preschool and school to consoligate skil

both languages.
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In terms of identifying which children are likely to have enduring langpagielems theseada

suggest thaherelative position in language abilibf most childreris establishetby 4 years of

age those with low language at 4 years are likely to stayto®l yearsThe clear exceptiowere
children from a NESB whwerelikely to catch up with their peetsy 7 years Although he mean
trajectory in the ‘stable’ trajectory group was flasmalldegree owariability in rate of progress

was present such that childreould continue to move above and below any given cut-point over
time (McKean et al., 2017). Indeed ~ 22% of the ‘stable’ group had a difference in score from 4 -11
yearsof > 75 SD;ameaningful change in relative ability.

Early identification of thevulnerablechildren inthe low-decreasing group would be benefitoal
children and familiesenablingaccess to earlientervention and educational support. Children
following this lewsdecreasing trajectory were more likétyhavesocicemotional and behavioural
problems]jower family literacy andbe oflow birth weight.Thesemaybeimportant'signals of

risk’ for children _presenting with milchoderate language difficultied 4 yearsindicating the need

for monitoring, preventative interventions and mdiseiplinary assessmeiispecially given that

only half this groupsreceived a neurodevelopmental diagnosis over the course of the study, many
not doing so until-Z:years or older. Targeting interventions should be guided by cumulative risk
models based on child and family factors identified as important to proghbsesefactors are
consideredvhenchildren present to specialist services however many children with low language
do not (Morgan.et al., 2016; Skeat et al., 20T#e application of cumulative risk models to
targeting incommunities ‘at risk’ of both language difficultiead limited access to services should

be considered.

Despite the relatively larggudysampletwo subgroups contained small numbers. Combined with
missing data'for some predictors, this limited our ability to build a comprehensive multivariable risk
model and sosthesfindings regarding predictors of group membership should be intergreted wi
caution. Takingsthé@ivariableand multivariableanalysesogether there is tentative evidence to
suggest thathelow-decreasing growpasassociated withiological risks (i.e. low birth weight;
lower family literacy; neurodevelopmental diagnoses) and the low-increasingwith
environmental factors (i.e. NESB; young mother; few children’s books in the hones; SEIFA
scores)Snewling et al., 2015; Zambrana et al., 2014ygea samples, and/or metmalysesre

likely to be required to yield sufficient power to test these findings and those afysetudies.

As no previous studies have attempted to define subgroups in longitudinal trajeadssyaacr
community sample of school-age children the approach taken to the identificatidgodigps was
exploratory. Rplication in other samples is requiteddetermine whether similar trajectory groups

exist in differentpopulations.
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Conclusion

For most children individualifferences in relative language ability are established befpear
Those factors which drive individual differences would appearéa éxeir influences early or
continue to act across development, maintaining children’s relative poBijighyeas services
can be confident children with low language will remain low over the primary years. Howeve
using rigid cut-points in language abilitydetermine eligibility to access supp@iot
recommended due to continued individual variability. Our findings suggedte deliverynodels
should incorperate monitoring over time, targeting according to both language abildies

associated risks amttlivery of a continuum of interventions across a continuum of need.

Supporting Infor mation

Additional Supporting Information may be found in the online version of this article:
Appendix Sl..Participant Flow chart from 4 months to 11 years (denominator is number
participating at baseline 1910).

Appendix S2. Model fit statistics for the 3 modelling approaches applied.
Acknowledgements

The authors.wish to sincerely thank the participating parents and children and ladig®othie
contribution of the Victorian Maternal and Child Health nurses who supportedtneenti This
study was supported by the Australian National Health and Medical Researchl QgtiRC
grants: 237106,,9436958, 1041947and 1023493). NHMRC fellowships sup@ditel. (Centre
of Research Excellence in Child Langud@®23493)F.M. (1037449, 1111160R.W. (1035261)
andS.R.(491210)=Research at the Murdoch Childrens Research Institute is supported by the
Victorian Geverment's Operational Infrastructure Support Prograhe authors have declared

that they have'ne'competing or potential conflicts of interest.

Corresponding author

Cristina MeKean, School of Education, Communication and Language Sciknugs$;eorge VI
Building, Newcastle University, Queen Victoria Rd, Newcastle upon Tyne, NE1 7Rt&dUni

Kingdom; Phone: 0191 208 652Bmail: cristina.mckean@ncl.ac.uk

References

This article is protected by copyright. All rights reserved



Akaike, H. (1974). A New Look at the Statistical Model IdentificatiBEE Transactions on
Automatic Control, 19(6), 716-723.

Australian Bureau of Statistics. (2008ocio-Economic Indexes for Areas. Canberra: Australian
Bureau of Statistics.

Beitchman, J. H., Jiang, H., Koyama, E., Johnson, C. J., Escobar, M., Atkinson, L., . . . Vida, R.
(2008). Models and determinants of vocabulary growth from kindergarten to adulthood.
Journal of Child Psychology and Psychiatry, 49(6), 626-634.

Beitchman, J. H., Wilson, B., Brownlie, E. B., Walters, H., Inglis, A., & Lancee, W. (1996Q-L
term consistency in speech/language profiles: Il. Behavioral, emotional, anal soci
outcomes.Journal of the American Academy of Child and Adolescent Psychiatry, 35(6),
815-825:

Bishop, D. V. M., & Edmundson, A. (1987). Languag®aired 4yearolds: DOstinguishing
transient from persistent impairmedournal of Speech and Hearing Disorders, 52(2), 156
173.

Bishop, D. VaMu=Snowling, M., Thompson, P. A., Greenhalgh, P., & CATAL2SEbNnsortium.
(2016):»CATALISE: a multinational and multidisciplinaryelphi consensus study of
problems “with language development. Phase 2. Terminolétgerd Preprints(4),
e2484v2481.

Bornstein, MwH., Hahn, C. S., & Putnick, D. L. (2016). Lagegn stability of core language skill
in children with contrasting language skilBevel opmental Psychology, 52(5), 704-716.

Conti-Ramsden, G., & Botting, N. (2008). Emotional health in adolescents with and without a
historyiof specific language impairment (SL1purnal Of Child Psychology And Psychiatry
and Allied,Disciplines, 49(5), 516-525.

Conti-Ramsden, G., St. Clair, M. C., Pickles, A., & Durkin, K. (2012). Developmental tvag
of verbal-and nonverbal skills in individuals with a history of specific language rimiai:
From=childheod to adolescencl®urnal of Speech Language and Hearing Research, 55(6),
1716=1735:

Ghassabian, A., Rescorla, L., Henrichs, J., Jaddoe, V. W., Verhulst, F. C., & Tiemg2014).
Early lexical development and risk of verbal and nonverbal cognitive delay at -sgjeol
ActasPaediatrica, 103(1), 70-80.

Glascoe, F. P., & Brigance, A. H. (200Brigance infant and toddler screen: parent-child
interactions form. North Billerica, MA: Curriculum Associates.

Goldman, R., & Fristoe, M. (2000%koldman Fristoe 2: Test of Articulation: Pearson.

Goodnan, R. (1997). The Strengths and Difficulties Questionnaire: a researchlowteal of
Child Psychology and Psychiatry, 38, 581-586.

This article is protected by copyright. All rights reserved



Henrichs, J., Rescorla, L., Schenk, J. J., Schmidt, H. G., Jaddoe, V. W. V., Hofman, A, . . .
Tiemeier, H. (2011). Examining continuity of early expressive vocabulary development:
The generation R studyournal of Speech Language and Hearing Research, 54(3), 854
869.

Kaufman, A. S., & Kaufman, N. L. (2004aufman Brief Intelligence Test, Second Edition (KBIT-

2). Bloomington. MINN: Pearson.

Law, J., Rush, R., Anandan, C., Cox, M., & Wood, R. (2012). Predicting language change between
3 and 5 Years andsiimplications for early identificatio®ediatrics, 130(1), 132-137.

Law, J., Rush, R., Schoon, I., & Parsons, S. (2009). Modeling developmental language difficulties
from school, entry into adulthood: Literacy, mental health, and employment outcomes.
Journal“ef+Speech Language and Hearing Research, 52(6), 1401-1416.

Law, J., Tomblin, J. B., & Zhang, X. (2008). Characterizing the growth trajectoriengidge
impaired children between 7 and 11 years of agarnal of Speech Language and Hearing
Research, 51(3), 739-749.

Lo, Y., Mendellz=N: R., & Rubin, D. B. (2001). Testing the number of components in a normal
mixturesBiometrika, 88(3), 767-778.

McKean, C.,Mensah, F. K., Eadie, P., Bavin, E. L., Bretherton, L., Cini, E., & Reilly, S. (2015).
Levers forilanguage growth: Characteristics and predictors of language trajectories between
4 and“/.yeard?LoS ONE, 10(8).

McKean, C.Reilly, S., Bavin, E. L., Bretherton, L., Cini, E., Conway, L., ... Mensah, F. (2017).
Language Outcomes at 7 Years: Early Ptedscand Ceoccurring Difficulties.Pediatrics.

Morgan, P. Ly, Hammer, C. S., Farkas, G., Hillemeier, M. M., Maczuga, S., Cook, M., & Morano,
S. (2016).Who receives speech/language pathology services by 5 years of age in the United
StatesAmerican Journal of Speech-Language Pathology, 25, 183-199.

Norbury, C. Es=Goeoch, G., Wray, C., Baird, G., Charman, T., Simonoff, E., . . . Pickles, A. (2016).
Thewimpact: of nonverbal ability on prevalence and clinical presentation of language
disorder:“evidence from a population studtyurnal of Child Psychology and Psychiatry.

Ohlssen, D. I., Sharples, L. D., & Spiegelhalter, D. J. (2007). Flexible rarffents models using
Bayesian semparametric models: Applications to institutional comparis@atistics in
Medicine, 26(9), 2088-2112.

Prousttima, C., Philipps, V., Diakite, A., & Liquet, B. (2015). Icmm: Extended Mixed Models
Using Latent Classes and Latent Processes. R package version 1.7.2. Retrieved

from http://CRAN.R-project.org/package=lcmm

R Core Team. (2014). R: A language and environment for statistical computing. Vienna: Rust

Foundation for Statistical Computing. Retrieved from http://wwastBject.org/

This article is protected by copyright. All rights reserved


http://cran.r-project.org/package=lcmm�
http://www.r-project.org/�

Rawen, J. C., Court, J. H., & Raven, J. (1998jll Hill Vocabulary Scale Oxford Pyschology Press.
Reilly, S., Eadie, P., Bavin, E. L., Wake, M., Prior, M., Williams, J., . . . Ukoumunne, O. C. (2006).
Growth of infant communication between 8 and 12 months: A population sknatyal of

Paediatrics and Child Health, 42(12), 764-770.

Reilly, S., Wake, M., Ukoumunne, O. C., Bavin, E., Prior, M., Cini, E., . . . Bretherton, L. (2010).
Predicting language outcomes at 4 years of age: Findings from the Early Language in
Victoria Study.Pediatrics, 126(6), e1530-e1537.

Rice, M. L., & Hoffman, L. (2015). Predicting Vocabulary Growth in Children With and Without
Specific Language Impairment: A Longitudinal Study From 2;6 to 21 Years ofJagenal
of Speech Language and Hearing Research, 58(2), 345-359.

Schafer, J. L.,"&Graham, J. W. (2002). Missing data: @aw wf the state of the afsychological
Methods, 7(2), 147-177.

Schwartz, G. E. (1978). Estimating the dimension of a médehls of Satistics, 6, 461-464.

Semel, E., Wiig, E. H., & Secord, W. A. (200€)inical Evaluation of Language Fundamentals -

Fourth Edition, Australian Sandardised Edition Sydney, NSW: Psychological Corporation.

Skeat, J., WakeyM., Ukoumunne, O. C., Eadie, P., Bretherton, L., & Reilly, S. (2014). Who gets
help far preschool communication problems? Data from a prospective community study.
Child: CareHealth and Development, 40(2), 215-222.

Snowling, M., Adams, J. W., Bishop, D. V. M., & Stothard, S. E. (2001). Educational attainments
of scheol leavers with a preschool history of spdaolguage impairmentd$nternational
Journal of Language & Communication Disorders, 36(2), 173-183.

Snowling, MiJ., Duff, F. J., Nash, H. M., & Hulme, C. (2015). Language profiles and literacy
outcomes,of children with resolving, emerging, or persisting language impairments. [Epub].
Journal of Child Psychology and Psychiatry.

StataCorp. (2013)=Stata Statistical Software: Release 13. College Station, TX: StataCorp LP.

Taylor, C. ks Christensen, D., Lawrence, D., Mitrou, F., & Zubrick, S. R. (2013). Risk faotors f
children's“receptive vocalary development from four to eight years in the longitudinal
study of Australian childrerRloSone, 8(9).

Wiig, E. H., Secord, W. A., & Semel, E. (200€)inical Evaluation of Language Fundamentals -
Preschool: Australian Sandardised Edition (2 ed.). Sydney, Australia: Harcourt
Assessment:

Wilkinson, G. S., & Robertson, G. J. (200&he wide ranging acheivement test-4th edition. Lutz,

FL: Psychological Assessment Resources.

Wraith, D., & Wolfe, R. (2014). Classifying patients by their characteristics and clinical

presentations; the use of latent class analRegpirology, 19(8), 1138-1148.

This article is protected by copyright. All rights reserved



Zambrana, I. M., Pons, F., Eadie, P., & Ystrom, E. (2014). Trajectories of language delagdrom a
3 to 5: persistence, recovery and late onsaternational Journal of Language and
Communication Disorders, 49(3), 304-316.

Zubrick, S. R., Taylor, C. L., & Christensen, D. (2015). Patterns and predictors of langdage an
literacy abilities 410 years inthe longitudinal study of Australian childreRLoS ONE,

10(9).

Figure 1. Plots of individual growth trajectories by class for Model M1 (on the x-axisis age
(years) and onthewy=axisisthe CELF score, Group 1 = Low-decreasing (n=50), Group 2 = Sable
(n=1199), Groeup-3= Low-Increasing (n=30))
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Table 1: Number of children by group and threshold (with percentages) and change in scores from

4to 11 years by group
n (%) Change in scores#1
All waves 4 yeas 5 yeass 7yeas 11 yeas yeas M(SD)
Overall (total sample) 1279 1239 978 1188 820
Above mean 717 (57.9) 496 (50.7) 627 (52.8) 413 (50.4)
Below mean 522 (42.1) 482 (49.3) 561 (47.2) 407 (49.6)
1.25 SD below mean 112 (9.0) 116 (11.9) 123(10.4) 63(7.7)
Low-Decreasing group 50 49 32 45 31 -1.51 (.76)
Above mean 6 (12.2) 1(3.1) 0 (0.0) 0 (0.0)
Below mean 43 (87.8) 31(96.9) 45(100.0) 31 (100.0)
1.25 SD below mean 25(51.0) 26(81.3) 41(91.1) 31(100.0)
Stable scores group 1199 1161 928 1115 773 -.20(.74)
Above:mean 711 (61.2) 494 (53.2) 618 (55.4) 405 (52.4)
Below mean 450 (38.8) 434 (46.8) 497 (44.6) 368 (47.6)
1.25 SD below.mean 61 (5.3) 80 (8.6) 74 (6.6) 32 (4.1)
Low-Increasing'group 30 29 18 28 16 1.96(.75)
Above mean 0 (0.0) 1(5.6) 9(32.1) 8 (50.0)
Below mean 29 (100.0) 17 (94.4) 19(67.9)  8(50.0)
1.25 SD below mean 26 (89.7) 10(55.6)  8(28.6) 0 (0.0
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Table 2 Resuls of kvariableanalysis child factors

Variables Groups Low-decreasing comparet
Stable group (referencd) Low-decreasing group Low-increasing group to low-increasing group
n (%) orM (D) n (%) orM (D) RR (95% ClI)p-value n (%) orM (D) RR (95% Cl)p-value RR (95% ClI)p-value
Gender
Female 615 (51.3) 20 (40.0) (base) 12 (40.0) (base) (base)
Male 584 (48.7) 30 (60.0)  1.39 (0.96, 2.03), p = 0.0: 18 (60.0)  1.54 (0.97, 2.45), p 6.07 0.91 (0.51, 1.61) p = 0.7
Low birth weight
No 1140 (96.5) 39 (81.3) (base) 28 (96.5) (base) (base)
Yes 41 (3.5) 9(18.7) 4.05(1.97, 8.34), p < 0.00 1(35) 0.78(0.19,3.24),p=0.7. 5.18 (1.12, 24.02), p=0.0-
Non verbal cogpnitiofi 0.12 (0.91) -0.92 (1.32)  0.48 (0.39, 0.58), p < 0.00 -0.81 (1.27)  0.53 (0.43, 0.66), p < 0.00 0.90 (0.70, 1.17), p=0.4
Speech disorder
> than 11th centile 1099 (94.9) 37 (80.4) (base) 25 (89.3) (base) (base)
10th centile or less 59 (5.1) 9(19.6) 3.22(1.73, 6.00), p < 0.00 3(10.7)  2.35(1.13,4.86), p = 0.0 1.37 (0.57, 3.33), p=0.4¢

Socio-emotional problems
Peer problems

No 1039 (91.1) 34 (73.9) (base) 20 (74.1) (base) (base)
Yes 101 (8.9) 12 (26.1) 2.90 (1.70, 4.97), p .001 7(25.9) 3.35(1.81,6.22), p<0.00 0.87 (0.41, 1.87), p=0.7:
Emotional problems
No 1077 (94.5) 39 (84.8) (base) 26 (96.3) (base) (base)
Yes 63 (5.5) 7 (15.2) 2.20 (1.13, 4.29), p=0.0: 1(3.7) 0.65 (0.23, 1.89), p=0.4. 3.36 (1.01, 11.20p=0.05
Conduct problems
No 1022 (89.7) 35(76.1) (base) 25 (92.6) (base) (base)
Yes 118 (10.4) 11 (23.9)  2.14(1.28, 3.57), p=0.00. 2 (7.4) 1.12 (0.53, 2.35), p=0.7" 1.91 (0.81, 4.54), p=0.1
Inattention/hyperactivity
problems
No 1043 (91.5) 32 (69.6) (base) 27 (100.0) (base) (base)
Yes 97 (8.5) 14 (30.4)  3.45 (2.04, 5.82), p< 0.00 0 (0.0) 0.73 (0.36, 1.47), p=0.3!  4.71 (2.07, 10.70), p < 0.00
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Neurodevel opmental

diagnoses
ADHD
No 1137 (98.8) 38 (84.4) (base) 27 (100.0) (base) (base)
Yes 14 (1.2) 7 (15.6) 8.78 (3.66, 21.06), p<0.00 0 (0.0) 1.21 (0.23, 6.37), p=0.8: 7.29 (1.27, 41.79), p=0.0:
Learning disability.diagnosis
No 1083 (95.0) 21 (47.7) (base) 23 (88.5) (base) (base)
Yes 57 (5.0) 23 (52.3) 12.96(7.99, 21.03), p<0.00: 3(11.5) 2.66 (1.26, 5.63), p=0.0:  4.87 (2.16, 10.98), p < 0.00
Autism
No 1175 (98.0) 42 (84.0) (base) 29 (96.7) (base) (base)
Yes 24 (2.0) 8 (16.0) 9.33(3.96, 21.98), p<0.00 1(3.3)  1.69(0.22,12.91), p=0.6 2.58 (0.808.34), p=0.11

a. stable group was the reference group against which the low-decreasing and low-increasing groups were compared in the weighted (multinomial) logistic regression expressed as relative risks (RR); b.

standardised (M=0, 5D =1)

Table 3 Resultsof bivariableanalysis: &mily and support/interventidiactors

Variable Classes Low-decreasing compare
Stable group (ref) Low-decreasing group Low-increasing group to low-increasing group
n (%) orM (D) n (%) orM (D) RR (95% CI),p-value n (%) orM (D) RR (95% Cl)p-value RR (95% CI)p-value

NESB No 1121 (98.7) 44 (95.7) (base) 13 (48.2) (base) (base)
Yes 15 (1.3) 2 (4.3) 3.14 (0.96, 10.23), p=0.0: 14 (51.9) 41.25(20.10, 84.77), p<0.0C  0.08 (0.02, 0.26), p 8.001
Social disadvantag¥ 1043.24 (53.64) 1010.49 (71.43) 0.99 (0.98, 0.99), p < 0.00 995.23 (75.91) 0.99 (0.98, 0.99), p < 0.00 1.00 (1.00, 1.01), p=0.3:
Family history No 906 (75.6) 35 (70.0) (base) 18 (60.0) (base) (base)
Yes 293 (24.4) 15 (30.0) 1.50 (1.00, 2.25), p = 0.0 12 (40.0) 1.75 (1.07, 2.85), p = 0.0: 0.86 (0.47, 1.58), p=0.6:
Family literacy* 0.19 (0.87) -0.36 (0.90) 0.57 (0.47, 0.70), p < 0.00 -0.83 (1.39) 0.43 (0.32, 0.58), p < 0.00 1.33 (0.95, 1.87), p=0.11

Home learning eavirenment
Books in the home

More than,30 books 824 (71.3) 20 (43.5) (base) 10 (35.7) (base) (base)
21t0 30 180 (15.6) 11 (23.9) 1.95 (1.17, 3.24), p = 0.0 4 (14.3) 2.01 (1.09, 3.70), p = 0.0: 0.97 (0.45, 2.08), p=0.9

10 to 20 135 (11.7) 13 (28.3) 2.72 (1.64, 4.53), p < 0.00 8 (28.6) 3.29 (1.74, 6.23), p< 0.00 0.83 (0.38, 1.80), p=0.6:
Less than 10 16 (1.4) 2 (4.4) 2.62 (0.69, 9.94), p=0.16 6(21.4)  15.44 (6.30, 37.85), p < 0.001 0.17 (0.04, 0.74), p=0.02
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Frequency child reatb ®

2 282 (26.7)
211 (20.2)
4 341 (32.6)
Low 211 (20.2)
TV watching/week
High 178 (15.9)
2 94 (8.4)
3 176 (15.7)
4 425 (38.0)
Low 246 (22.0)
Maternal factors
Maternal education
> yearl2 957 (80.0)
<year 12 240 (20.1)
Young Mum
Age=.24 years 1153 (96.4)
Age<24 years 43 (3.60)
Sought help last 12nths
4 years No 952 (84.0)
Yes 181 (15.9)
6 years No 815 (88.4)
Yes 107 (11.6)
9years No 918 (92.0)
Yes 80 (8.0)
11 years No 740 (95.2)
Yes 37 (4.8)

7 (18.4)
4 (10.5)
11 (29.0)
16 (42.1)

13 (29.6)
5(9.1)

4 (36.4)
16 (36.4)
6 (13.6)

35 (71.4)
14 (28.6)

45 (90.0)
5 (10.0)

34 (73.9)
12 (26.1)
13 (35.1)
24 (64.9)
22 (57.9)
16 (42.1)
15 (48.4)
16 (51.6)

(base)

0.89 (0.44, 1.78), p=0.7.
1.22 (0.68, 2.21), p= 0.5
2.60 (1.41, 4.78), p = 0.00

(base)

0.65 (0.30, 1.41), p=0.2'
0.45 (0.24, 0.84), p=0.0
0.52 (0.31, 0.87), p=0.0
0.32 (0.17, 0.63), p = 0.00

(base)
1.62 (1.06, 2.48), p = 0.03

(base)
2.11 (0.88, 5.04), p = 0.10

(base)

2.03 (1.29, 3.18p=0.002
(base)

8.54 (5.38, 13.56), p < 0.00
(base)

7.16 (4.37, 11.76), p < 0.00
(base)

18.51 (10.09, 33.96), p < 0.0C

1 (4.4)
2(8.7)

8 (34.8)
12 (52.2)

5 (20.0)
0

5 (20.0)
12 (48.0)
3(12.0)

23 (76.7)
7 (23.3)

27 (90.0)
3(10.0)

23 (85.2)
4 (14.8)
14 (73.7)
5 (26.3)
22 (95.7)
1(4.3)
14 (87.5)
2 (12.5)

(base)

1.43 (0.55, 3.70), p = 0.4
2.93 (1.37, 6.29) = 0.006
6.23 (2.90, 13.37), p < 0.00

(base)
0.37 (0.15, 0.90), p=0.0:
1.11 (0.51, 2.40), p=0.7!
0.81 (0.40, 1.62), p=0.5!
0.44 (0.20, 0.97), p=0.0:

(base)
1.14 (0.68, 1.92), p = 0.62

(base)
2.80 (1.23, 6.38), p=0.01

(base)

1.24 (0.71, 2.17), p=0.4!
(base)

2.17 (1.04, 4.54), p=0.0:
(base)

1.11 (0.48, 2.59), p = 0.8
(base)

2.72 (0.94,7.88), p = 0.0

(base)
0.62 (0.20, 1.96), p=0.4:
0.42 (0.16, 1.06), p=0.0"
0.42 (0.16, 1.07), p=0.0"

(base)
1.77 (0.57, 5.49), p=0.3;
0.41 (0.16, 1.05), p=0.0!
0.64 (0.28, 1.47), p=0.3(
0.73 (0.27, 1.99), p=0.5

(base)
1.42 (0.75, 2.70), p=0.29

(base)
0.75 (0.24, 2.31), p=0.62

(base)
1.64 (0.83, 3.24), p=0.1t
(base)

3.93 (1.72, 8.94), p=0.00.

(base)

6.44 (2.55, 16.24), p < 0.00

(base)

6.80 (2.18, 21.16), p=0.00

NESB = norEnglish speaking backgrounal;stable group was the reference group against which thedoveasing and lowncreasing groups were compared in the weighted (multinomial) logistic

regressiongressed as relative risks (RB) measured using SEIFA = soeégonomic index for areabE1000,SD=100); c¢ standardiset = 0; SD = 1; d quintiles

Table 4 Results of multivariablenodel
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Variables

Groups®

Low-decreasing group

Low-increasing group

Low-decreasing compared to

low-increasing group

RR (95% ClI), pvalue

RR (95% ClI), pvalue

RR (95% CI), pvalue

Child Factors Non-verbal cognitior?
Low birth weight
Neurodevelopmental diagnosis
ADHD
Autism
Learning disability diagnosis
Family Factors NESB
Social disadvantade
Family literacy”
Home learning environment
Books in the home
More than 30 books
21t0 30
10to 20
Less than 1C

Support/intervention factors Seeking help/extra support in last 12mths (6 \

0.60 (0.46, 0.77), p 6.001
2.98 (1.23,7.22), p = 0.0

2.07 (0.75, 5.71), p=0.1
1.00 (0.31, 3.24), p= 0.9
2.83 (1.35, 5.92), p=0.00

0.36 (0.06, 1.96), p=0.2:

1.00 (0.99, 1.00), p=0.1:
0.73(0.54, 0.98), p = 0.0

(base)

1.30 (0.68, 2.49), p=0.4
2.37 (1.19, 4.71p=0.01
0.62 (0.18, 2.20), p=0.4
2.99 (1.59,5.62) = 0.001

0.61 (0.45, 0.82), p = 0.00
0.09 (0.03, 0.26), p < 0.00

0.74 (0.09, 6.29%=0.78

1.15 (0.19, 7.08), p=0.8:

2.46 (0.52, 11.61), p=0.2
43.42 (14.68, 128.45), p < 0.0C
0.99 (0.99, 1.00), p=0.0;

1.01 (0.691.48), p=0.95

(base)
2.13(0.96, 4.70), p=0.0i
3.15(1.28, 7.77), p=0.0.

5.75 (1.55, 21.37), p=0.00
1.32 (0.42, 4.15), p=0.6

0.98 (0.71, 1.37), p=0.9
34.67 (9.21, 130.49), p < 0.0C

2.82(0.36, 21.73), p= 0.3
0.87 (0.12, 6.30), p=0.8
1.15 (0.23, 5.69), p=0.8
0.01 (0.00, 0.05), p < 0.00
1.00 (1.00, 1.01), p=0.2
0.72 (0.45, 1.14) , p=0.1

(base)

0.61 (0.23, 1.63), p=0.3.
0.75 (0.26, 2.21), p=0.6
0.11 (0.02, 0.54), p = 0.00
2.27 (0.65, 7.89), p=0.2

Note: a. stable group was the reference group against which the low-decreasing and low-increasing groups were compared in the weighted (multinomial) logistic regression expressed as relative risks (RR); b.

standardised M= 0; SD=1; c. measured using SEIFA = socio-economic index for areas (M=1000, SD=100);
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Key points

There is considerable instability in child language profiles over development.
This hinders the strategic targeting and design of interventions. There is
emerging evidence to suggest differing child, family and societal factors may be
associated with differing language trajectories

Three language trajectory groups were identified: a ‘stable’ trajectory (94% of
participants); a low-decreasing trajectory (4%) and a low-improving trajectory
(2%)

A very vulnerable low-declining group was associated with low birth weight,
socio-emotional and behavioural problems and lower family literacy

By four years of age services can be confident that most children with low
language abilities will remain low over the primary years. However using rigid
cut-paints.in language ability to target interventions is not recommended due to
continued individual variability in rates of language development

Service delivery models should incorporate monitoring over time, targeting
according to both language abilities and associated risks and delivery of a
continuum of interventions across a continuum of need.
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