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Abstract

Objective—Previous studies have indicated a link between speech-language and literacy
development. To add to this body of knowledge, we investigated whether lexical and grammatical
skills from toddler to early school age are related to reading competence in adolescence.

Methods—Twenty-three typically developing children were followed from age 1;6 to 13;6.
Parental checklists and standardized tests were used to assess the development of mental lexicon,
grammatical and reading capacities of the children.

Results—Direct assessment of early speech-language functions positively correlated with later
reading competence, whereas lexical skills reported by parents were not associated with this
capacity. At (pre-)school age, larger vocabulary and better grammatical abilities predicted
advanced reading abilities in adolescence.

Conclusion—Our study contributes to the understanding of typical speech-language
development and its relation to later reading outcome, extending the body of knowledge on these
developmental domains for future early identification of children at risk for reading difficulties.

Keywords
Grammar; longitudinal; mental lexicon; reading; speech-language development; vocabulary

Correspondence: Dr Peter B. Marschik, Institute of Physiology, Center for Physiological Medicine, Medical University of Graz,
Harrachgasse 21/5, A-8010 Graz, Austria, Tel: +43 316 380 7629, Fax: +43 316 380 9630, peter.marschik@medunigraz.at.
Declaration of interest

The authors report no declarations of interest.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Bartl-Pokorny et al. Page 2

Introduction

The relationship between speech-language development and reading competence is
commonly acknowledged across scientific disciplines [e.g. 1-6]. The underlying nature of
this association is however matter of debate within and between disciplines. Language
competence comprises of several different aspects of linguistic levels such as phonological
awareness, vocabulary, grammatical, and narrative competency. Among these linguistic
levels, phonological awareness has been intensively studied and hypothesized to be a
precursor for successful reading acquisition or, if deficient, a potential marker for later
difficulties in this domain [e.g. 3, 7, 8-10]. Vocabulary, grammatical and narrative
competency was also discussed to potentially predict later reading competence [e.g. 3, 4, 6,
11-13].

In particular, early vocabulary competence in its receptive and expressive modalities has
been of interest not only to studies focusing on reading outcomes, but is also one of the main
topics of research on speech-language development itself. The toddler’s vocabulary
competence has been associated with the trajectory of subsequent speech-language
development and achievement of milestones and skill levels [e.g. 14; for German: 15-17].
For example, it was demonstrated by several studies on children with typical or delayed
language development, that vocabulary competence at two years of age correlated with
vocabulary and grammatical competency a few years later [6, 16, 18, 19].

There is evidence that vocabulary competence and other aspects of language competence
may be related to different parameters of reading competence such as word decoding,
reading comprehension and reading speed at different stages of reading acquisition [2, 13].
Phonological awareness was found to be an important precursor for reading competence in
early elementary school when children started to decode written words [2, 13]. Vocabulary,
grammatical and narrative competency has been significantly associated with advanced
stages of reading acquisition, that is, when reading tasks increasingly require reading
comprehension skills [2-4, 13]. Among others, reading speed has been associated with
mainly rapid automatized naming, that is, the ability to rapidly name serially presented
familiar stimuli [8, 20, 21].

To date, only a handful of studies have investigated language development from toddler age
to late elementary school age and beyond. Most longitudinal research has focused on the
relationship between language competence at preschool age and reading competence in the
first few years of formal reading instruction. However, previous studies have not taken into
account the onset and trajectory of vocabulary acquisition. In addition, most of the studies
on reading outcomes have focused on restricted samples such as children with a lower socio-
economic background [2], children with a delay in early language development [18, 22, 23]
and specific language impairment (SLI) [24], or children at familial risk for reading
disorders [25-28] rather than typically developing children.

We are currently carrying out a prospective follow-up study on various domains in typically
developing children. In this context we have the unique possibility to observe and delineate
language and reading development over a period of 12 years, that is, from the first spoken
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words to a relatively advanced level of reading competence. This study aims to enhance the
understanding of the relation between early language and later reading competence by
answering the following questions: Is reading comprehension and reading speed at age 13
related to: (a) lexical skills during the second year of life; (b) the productive vocabulary at
preschool age; (c) the receptive vocabulary at preschool age; and (d) the reception of
grammar at early school age?

Sixty-two infants were enrolled in the Developmental Physiology & Developmental
Neuroscience study that was launched in 1998 and focused on various aspects of
neuromotor, cognitive and speech-language development. The participants were recruited at
the Department of Obstetrics and Gynaecology at the University Hospital of Graz, Austria,
and at three private maternity clinics in Graz. The inclusion criteria were singleton birth at
term, normal birth weight, absence of pre- or perinatal complications, normal neonatal
neurological findings [29, 30], middle- or upper-class social background (defined by
parental education and living conditions) and living in or in the close surroundings of Graz.

The present study focused on various aspects of language and reading competence over a
period of 12 years, i.e. from the participants’ age between 1;6 and 13;6 (years;months). Out
of the initial cohort of 62 children, we had complete data on all study-relevant age-specific
language and reading assessments (see below) from 23 monolingual Austrian-German
speaking participants (14 girls, nine boys). None of the children experienced life events or
severe medical problems that could have affected their language or reading development.
The remaining 39 children did not participate in all assessments, but their core data collected
up to preschool age did not significantly differ from the data of the participating girls and
boys.

The longitudinal study was approved by the ethics committee of the Medical University of
Graz, Austria. All children assented to participate and their parents gave their written
informed consent for inclusion in the study and for publication of results. All assessments
took place at the BRAINtegrity Laboratory at the Institute of Physiology, Medical University
of Graz.

Reading competence at age 13;6

The Reading Speed and Reading Comprehension Test for Classes 6 to 12 (LGVT) [31] was
used to assess reading competence at age 13;6. Furthermore, each participant’s school grade
in German (range 1-5; 1 reflecting the highest level of achievement, 5 equivalent to failing)
at age 13;6 was collected. The first author, who was the conductor of the LGVT, was naive
to the history of language acquisition and general development of the participants.

Lexical skills during the second year of life

To assess the participants’ lexical skills at ages 1;6 and 2;0, we asked the parents to fill in the
toddler form of the Austrian Communicative Development Inventories (ACDI [15], adapted
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from the MacArthur-Bates CDIs [32]), an age-related parental report form to assess
receptive and productive lexical, grammatical and communicative capacities. In addition,
Subscale C of the Griffiths Developmental Scales (German version) [33] on “hearing-and-
speech” abilities was applied at the same ages.

Productive vocabulary at preschool age

In order to assess productive vocabulary in response to pictorial stimuli we applied the
following assessments: the Productive Vocabulary Test for Children Aged 3 to 6 Years
(AWST) [34] at ages 3;5 and 4,7, the productive task of the subtest hypernyms (subtest 10)
of the Patholinguistic Assessment of Developmental Language Disorders (PDSS) [35] at age
4;7 and the Noun-Verb-Test (NVT) [36] consisting of a subtest to label nouns and a subtest
to label verbs at ages 4;7 and 5;7.

Receptive vocabulary at preschool age

Receptive vocabulary was assessed by the third edition of the Peabody Picture Vocabulary
Test (PPVT-111) [37] at ages 4,7 and 5;7.

Reception of grammar at early school age

Grammar skills were derived from the German version of the Test for the Reception of
Grammar (TROG-D) [38] at age 7;2.

Statistical analyses

Results

Statistical analyses were conducted using SPSS 18 (SPSS Inc., Chicago, IL) with p <0.05
considered to be significant. The data were not normally distributed. Pearson product
moment correlation coefficient was applied to calculate the correlation between two
continual variables.

Reading competence at age 13;6

The participants achieved a median percentile rank (PR) of 57 (interquartile range (IQR):
26-87, Range: 5-100) in reading comprehension and a median PR of 44 in reading speed
(IQR: 33-75, Range: 9-97), as assessed with the LGVT. One participant had a PR<20 in both
reading comprehension and speed; three other participants had a PR<20 in reading
comprehension and another three participants had a PR<20 in reading speed. Pearson
correlation coefficient between LGVT reading comprehension and LGVT reading speed was
r=0.72 (p < 0.001).

The participants’ median school grade in German was 3 (IQR: 1-3, Range: 1-4). Participants
with higher grades in German (higher corresponding to lower level of performance)
achieved significantly lower PRs in LGVT reading speed than did those with better grades
(Pearson correlation coefficient r =-0.42, p < 0.05).
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Lexical skills during the second year of life and reading competence at age 13;6

ACDI scores at ages 1,6 and 2;0 were neither related to LGVT reading comprehension nor
to reading speed at age 13;6 (r-values and p-values are provided in Figure 1a). No
association was found between the participants’ performance in Subscale “Hearing and
Speech” of the Griffiths Developmental Scales at ages 1;6 and 2;0 and their reading
comprehension at age 13;6 (see Figure 1a). Likewise, the participants’ performance in
Subscale “Hearing and Speech” of the Griffiths Developmental Scales at age 1;6 was not
related to their reading speed at age 13;6 (see Figure 1a). However, participants with lower
scores at age 2;0 had a lower reading speed at age 13;6 (see Figure 1b).

Productive vocabulary at preschool age and reading competence at age 13;6

The percentage of correct items achieved in AWST at ages 3;5 and 4;7 correlated
significantly with the performance in LGVT reading comprehension (see Figure 1b), but not
with reading speed (see Figure 1a) at age 13;6. Participants who scored lower in the
productive task of the subtest hypernyms of the PDSS at age 4,7 achieved lower PRs in
reading comprehension (see Figure 1b), but not in reading speed (see Figure 1a). As seen in
Figure 1a, performance in NVT subtest nouns at ages 4;7 and 5;7 were neither related to
reading comprehension nor to reading speed at age 13;6. Performance in NVT subtest verbs
at age 4;7 was similarly not found to be associated with reading comprehension (see Figure
1a), but it correlated significantly with reading speed (see Figure 1b). Figure 1b shows that
participants who scored lower on subtest verbs at age 5;7 performed worse in both reading
comprehension and reading speed at age 13;6. NVT composite scores at age 4,7 correlated
with reading speed (see Figure 1b), but not with reading comprehension (see Figure 1a);
composite scores at age 5;7 correlated with both reading speed and reading comprehension
(see Figure 1b).

Receptive vocabulary at preschool age and reading competence at age 13;6

Participants with lower PRs in PPVT-I1I at age 4;7 performed lower in LGVT reading
comprehension (see Figure 1b), but not in reading speed (see Figure 1a). Figure 1a shows
that PRs in PPVT-111 at age 5;7 were not related to PRs in LGVT at age 13;6.

Reception of grammar at early school age and reading competence at age 13;6

As seen in Figure 1b, PRs achieved in TROG-D at age 7;2 were significantly associated with
both reading comprehension and reading speed at age 13;6.

Discussion

To the best of our knowledge, this study is among the first to investigate the relationship
between early language development and reading outcome focusing on typically developing
children from toddlerhood to adolescence. There are, however, a number of studies relating
speech-language capacities at preschool or early school age with later literacy proficiencies
[e.g. 4, 8, 13, 39-41]. Similar to these studies we found an association of various aspects of
lexical competences at preschool age and syntactical competences at early school age with
later reading comprehension and/or reading speed. In particular, our results demonstrated a
correlation between the productive mental lexicon at the ages 3;5, 4;7 and 5;7 and reading
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comprehension at age 13;6. Early semantic abilities assessed by the AWST (a vocabulary
test predominantly focusing on objects) and the PDSS (subtest 10 to assess the ability to
correctly name hypernyms) appeared to be an indicator for the comprehension of written
information in adolescence. The ability to correctly name pictures showing actions (in order
to elicit the productive lexicon of verbs, applying the NVT) at age 4,7, on the other hand,
was only related to reading speed later on. A year later, at age 5;7, the same assessment was
associated with both reading speed and reading comprehension in adolescence. In addition,
the second modality of the mental lexicon investigated also revealed a positive correlation
between receptive vocabulary competence (PPVT-111 at age 4;7) and reading comprehension.
Our findings are in line with a very comprehensive longitudinal study on more than 600
participants that showed a relation between preschool vocabulary competence and later
reading comprehension up to the tenth grade [12, 42]. Almost 40% of poor readers in this
study had preceding vocabulary deficits, whereas only 9% of the good readers had deficits in
this domain [12]. Similar results have been shown by numerous studies focusing on
productive and/or receptive vocabulary development [e.g. 4, 13, 39, 41]. These studies
revealed that preschool vocabulary competence in typically developing children was related
to later reading competence. Although our data showed a correlation between semantic/
lexical abilities at preschool age and later literacy achievements, our study did not find a
relation between these capacities and reading speed with the exception of one assessment,
NVT, at ages 4;7 and 5;7. Currently, we do not have an accurate explanation for why this
assessment at age 4,7 is only related to reading speed, whereas at age 5;7 it is related to both
reading speed and comprehension. The study of Puolakanaho and colleagues [27] also
revealed a weak correlation between expressive vocabulary and reading fluency.
Puolakanaho et al., however, assessed reading fluency (counting the correctly read words
and pseudo-words within a given time) whereas our design checked for silent reading.

In addition to preschool vocabulary/semantic abilities and their substantial relation to
reading competence, grammatical abilities of our participants also seemed to facilitate later
reading competence. We found an association between receptive grammatical skills at early
school age and reading speed as well as reading comprehension at age 13;6. This is again in
line with Muter and colleagues’ study [13] who reported that grammatical competence at
school entry was related to reading competence two years later. Also, more than half of the
poor readers in second grade of Catts and colleagues’ study [12] had a history of
grammatical deficits at preschool age, whereas only 10% of good readers had deficits in this
domain. This was confirmed by Liu and colleagues [43] who found a significant relationship
between reading competence and receptive grammar skills at age 4. These findings describe
a developmental pathway, which assumes that a critical mass of lexical items are required in
order to establish more significant grammatical abilities, that are in turn needed to develop a
high level of reading competence [e.g. 44].

Our study extends the current evidence on the relationship between early language
development and reading outcomes to the toddler period and aspects of speech-language
development at this age. However, the gain of knowledge is limited as we only found a
correlation between the Griffiths Subscale C “Hearing and Speech” at age 2;0 and reading
speed at age 13;6. Lexical skills during the second year of life, as reported by the parents,
were not associated with later reading competence. This is in contrast to Lee’s [6] finding in
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an English speaking cohort. Lee reported a correlation between CDI scores at age 2 and
certain parameters of reading competence such as word recognition and reading
comprehension at age 11. It is unclear whether our extended follow-up (i.e. an additional
two years) may explain the different results, but we are almost certain that the different
inclusion criteria influenced different outcomes. Lee [6] excluded children scoring around
the median at age 2 and focused on children with CDI scores in the top and in the bottom
one-third of CDI percentiles. Also, Rescorla [18, 22, 23] followed a group of typically
developing children and late talkers (i.e. children identified with a delay in expressive
language at age 2) up to age 17. The late talkers scored significantly lower than the control
group in a considerable amount of language and literacy assessments throughout the study
suggesting that weak language skills at age 2 reflect persistent lower performance in several
aspects of language and literacy competence up to adolescence. In this study, typical talkers
and late talkers differed in reading competence at ages 8, 9 and 13 but not at ages 6, 7 and 17
[18, 22, 23]. There are several limitations to the present study. First, comparing of present
results to previous research assessing similar parameters is difficult due to differences in
languages, differences in assessments and tests and differences in entry and outcome ages.
Furthermore, our findings are based on a small sample (n = 23) focusing only on vocabulary
and grammatical competency. Additional assessments of other aspects of language
competence, such as phonological awareness, rapid automatized naming or narrative
competence might confirm other studies indicating a relation to reading acquisition [2—4, 7,
8, 10, 13, 45, 46]. Because the present study was part of a comprehensive project on typical
development focusing also on the gross and fine motor domains, time was restricted to
assess only the parameters reported above. The application of parental report forms has
additional limitations such as parental over- and underestimation of the toddler’s lexical
capacities [14]. Still, there is a large body of evidence on the validity of the CDI from
comparisons of parental checklists and children’s performances on direct language
assessments [e.g. 15, 47-49]. An advantage of parental report forms is that the child’s
cooperation is not required unlike laboratory assessments. Further, the toddler’s language
used in his/her natural surroundings forms the basis for the completion of the parental report.

The present study found that early vocabulary and grammatical competency was related to
certain parameters of reading competence in typically developing girls and boys as old as
age 13;6. Reading competence is, however, a complex phenomenon that cannot be (easily)
predicted by a single aspect or the assessment of one specific linguistic level. It might be
valuable to combine a larger variety of domains and linguistic levels to strengthen these
findings in future research. Importantly, vocabulary and grammatical competency at
preschool age has been discussed to be more powerful in the prediction of reading
competence at advanced stages of reading acquisition, whereas phonological skills were
identified as predictors for reading competence at early stages of reading acquisition [e.g. 2—
4, 13]. Our study contributes to the understanding of typical speech-language pathways and
their relation to later literacy development thereby extending the broad body of knowledge
on these developmental domains for future early identification of children at risk for reading
difficulties.

Dev Neurorehabil. Author manuscript; available in PMC 2018 May 14.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Bartl-Pokorny et al.

Page 8

Acknowledgements

We especially thank all participants and parents for their ongoing participation in our longitudinal study. We are
grateful to Professor Christina Kauschke, University of Marburg, Germany, for providing the NVT and to Professor

ul
ou
Vo
P2

References

1

10

11.

12.

13.

14.

15.

16.

rike Willinger, Medical University of Vienna, Austria, for providing the German PPVT item list. We further give
r thanks to all colleagues who helped to conduct the study, especially Florian Pokorny BSc and Ing. Gunter
grinec for technical assistance. Parts of the study were supported by the Austrian Science Fund (FWF — P16984,
5241), the Country of Styria and the Lanyar Foundation (P337).

. Scarborough, HS. Early identification of children at risk for reading disabilities: Phonological

awareness and some other promising predictors. Specific reading disability — A view of the
spectrum. Shapiro, BK.Accardo, PJ., Capute, Al., editors. Timonium; York: 1998. p. 75-119.

. Storch SA, Whitehurst GJ. Oral language and code-related precursors to reading: Evidence from a

longitudinal structural model. Developmental Psychology. 2002; 38:934-47. [PubMed: 12428705]

. Dickinson DK, McCabe A, Anastasopoulos L, Peisner-Feinberg ES, Poe MD. The comprehensive

language approach to early literacy: The interrelationships among vocabulary, phonological
sensitivity, and print knowledge among preschool-aged children. Journal of Educational
Psychology. 2003; 95:465-81.

. National Institute of Child Health and Human Development Early Child Care Research Network.

Pathways to reading: The role of oral language in the transition to reading. Developmental
Psychology. 2005; 41:428-42. [PubMed: 15769197]

. Preston JL, Frost SJ, Mencl WE, Fulbright RK, Landi N, Grigorenko E, Jacobsen L, Pugh KR. Early

and late talkers: School-age language, literacy and neurolinguistic differences. Brain. 2010;
133:2185-95. [PubMed: 20826428]

. Lee J. Size matters: Early vocabulary as a predictor of language and literacy competence. Applied

Psycholinguistics. 2011; 32:69-92.

. Castles A, Coltheart M. Is there a causal link from phonological awareness to success in learning to

read? Cognition. 2004; 91:77-111. [PubMed: 14711492]

. Schatschneider C, Fletcher JM, Francis DJ, Carlson CD, Foorman BR. Kindergarten prediction of

reading skills: A longitudinal comparative analysis. Journal of Educational Psychology. 2004;
96:265-82.

. Bartl-Pokorny KD, Landerl K, Einspieler C, Enzinger C, Gebauer D, Fink A, Zhang D, Kozel N,

Kargl R, Seither Preisler A, Vollmann R, et al. Dyslexia and its neural signature. Klinische
Neurophysiologie. 2011; 42:166-71.

. Kim Y-S, Pallante D. Predictors of reading skills for kindergartners and first grade students in
Spanish: A longitudinal study. Reading and Writing. 2012; 25:1-22.

Tunmer, WE. The role of language-related factors in reading disability. Phonology and reading
disability: Solving the puzzle. Shankweiler, D., Liberman, IY., editors. Ann Arbor: University of
Michigan Press; 1989. p. 91-131.

Catts HW, Fey ME, Zhang X, Tomblin JR. Language basis of reading and reading disabilities:
Evidence from a longitudinal investigation. Scientific Studies of Reading. 1999; 3:331-61.
Muter V, Hulme C, Snowling MJ, Stevenson J. Phonemes, rimes, vocabulary, and grammatical
skills as foundations of early reading development: Evidence from a longitudinal study.
Developmental Psychology. 2004; 40:665-81. [PubMed: 15355157]

Fenson L, Dale PS, Reznick JS, Bates E, Thal D, Pethick SJ. Variability in early communicative
development. Monographs of the Society for Research in Child Development. 1994; 59:1-173.
Marschik PB, Einspieler C, Garzarolli B, Prechtl HFR. Events at early development: Are they
associated with early word production and neurodevelopmental abilities at the preschool age?
Early Human Development. 2007; 83:107-14. [PubMed: 16876340]

Sachse, S. Neuropsychologische und neurophysiologische Untersuchungen bei Late Talkers im
Quer- und Langsschnitt. Munchen: Verlag Dr. Hut; 2007. p. 262

Dev Neurorehabil. Author manuscript; available in PMC 2018 May 14.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Bartl-Pokorny et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 9

Sachse S, von Suchodoletz W. Prognose und Mdglichkeiten der Vorhersage der Sprachentwicklung
bei Kindern mit verzogertem Sprechbeginn (Late Talkers). Kinderarztliche Praxis. 2009; 80:318—
28.

Rescorla L. Language and reading outcomes to age 9 in late-talking toddlers. Journal of Speech,
Language, and Hearing Research. 2002; 45:360-71.

Moyle MJ, Ellis Weismer S, Lindstrom M, Evans J. Longitudinal relationships between lexical and
grammatical development in typical and late talking children. Journal of Speech, Language, and
Hearing Research. 2007; 50:508-28.

Landerl K, Wimmer H. Development of word reading fluency and spelling in a consistent
orthography: An eight-year follow-up. Journal of Educational Psychology. 2008; 100:150-61.
Moll K, Fussenegger B, Willburger E, Landerl K. RAN is not a measure of orthographic
processing. Evidence from the asymmetric German orthography. Scientific Studies of Reading.
2009; 13:1-25.

Rescorla L. Age 13 language and reading outcomes in late-talking toddlers. Journal of Speech,
Language, and Hearing Research. 2005; 48:459-72.

Rescorla L. Age 17 language and reading outcomes in late-talking toddlers: Support for a
dimensional perspective on language delay. Journal of Speech, Language, and Hearing Research.
2009; 52:16-30.

Van Weerdenburg M, Verhoeven L, Bosman A, van Balkom H. Predicting word decoding and word
spelling development in children with specific language impairment. Journal of Communication
Disorders. 2011; 44:392-411. [PubMed: 21251668]

Lyytinen H, Aro M, Eklund K, Erskine J, Guttorm T, Laakso M-L, Leppanen PHT, Lyytinen P,
Poikkeus A-M, Richardson U, Torppa M. The development of children at familial risk for
dyslexia: Birth to school age. Annals of Dyslexia. 2004; 54:184-220. [PubMed: 15741935]
Snowling MJ, Muter V, Carroll J. Children at family risk of dyslexia: A follow-up in early
adolescence. Journal of Child Psychology and Psychiatry. 2007; 48:609-18. [PubMed: 17537077]
Puolakanaho A, Ahonen T, Aro M, Eklund K, Leppé&nen PHT, Poikkeus A-M, Tolvanen A, Torppa
M, Lyytinen H. Developmental links of very early phonological and language skills to second
grade reading outcomes: Strong to accuracy but only minor to fluency. Journal of Learning
Disabilities. 2008; 41:353-70. [PubMed: 18560022]

Torppa M, Lyytinen P, Erskine J, Eklund K, Lyytinen H. Language development, literacy skills,
and predictive connections to reading in Finnish children with and without familial risk for
dyslexia. Journal of Learning Disabilities. 2010; 43:308-21. [PubMed: 20479461]

Prechtl, HFR. The neurological examination of the full term newborn infant. Clinics in
Developmental Medicine 63. 2nd ed. London: Heinemann; 1977.

Einspieler C, Prechtl HFR. Prechtl’s assessment of general movements: A diagnostic tool for the
functional assessment of the young nervous system. Mental Retardation and Developmental
Disabilities Research Reviews. 2005; 11:61-7. [PubMed: 15856440]

Schneider, W., Schlagmiiller, M., Ennemoser, M. LGVT. Lesegeschwindigkeits- und
verstandnistest flr die Klassen 6-12. Géttingen: Hogrefe; 2007.

Fenson, L., Dale, PS., Reznick, JS., Thal, D., Bates, E., Hartung, JP., Pethick, SJ., Reilly, JS.
MacArthur communicative development inventories. User’s guide and technical manual. San
Diego: Singular Publishing; 1993. p. 114

Brandt, I. Griffiths Entwicklungsskalen (GES) zur Beurteilung der Entwicklung in den ersten
beiden Lebensjahren. Weinheim, Basel: Beltz; 1983.

Kiese, C., Kozielski, PM. Aktiver Wortschatztest fir 3- bis 6-jahrige Kinder, AWST 3-6. 2nd ed.
Gottingen: Beltz Test; 1996.

Kauschke, C., Siegmiller, J. Patholinguistische Diagnostik bei Sprachentwicklungsstérungen.
Miinchen: Urban & Fischer; 2002.

De Bleser R, Kauschke C. Acquisition and loss of nouns and verbs: Parallel or divergent patterns?
Journal of Neurolinguistics. 2003; 16:213-29.

Dunn, LM., Dunn, LM. Peabody Picture Vocabulary Test - Third Edition (PPVT-111). Circle Pines:
American Guidance Service; 1997.

Dev Neurorehabil. Author manuscript; available in PMC 2018 May 14.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Bartl-Pokorny et al.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Page 10

Fox, A. TROG-D. Test zur Uberpriifung des Grammatikverstandnisses. ldstein: Schulz-Kirchner;
2006.

Roth FP, Speece DL, Cooper DH. A longitudinal analysis of the connection between oral language
and early reading. Journal of Educational Research. 2002; 95:259-72.

Hooper SR, Roberts J, Sideris J, Burchinal M, Zeisel S. Longitudinal predictors of reading and
math trajectories through middle school for African American versus Caucasian students across
two samples. Developmental Psychology. 2010; 46:1018-29. [PubMed: 20822220]

Zhang Y, Tardif T, Shu H, Li H, Liu H, McBride-Chang C, Liang W, Zhang Z. Phonological skills
and vocabulary knowledge mediate socioeconomic status effects in predicting reading outcomes
for Chinese children. Developmental Psychology. 2012; doi: 10.1037/a0028612

Catts HW, Sittner Bridges M, Little TD, Tomblin JB. Reading achievement growth in children with
language impairments. Journal of Speech, Language, and Hearing Research. 2008; 51:1569-79.
Liu PD, McBride-Chang C, Wong AM, Tardif T, Stokes SF, Fletcher P, Shu H. Early oral language
markers of poor reading performance in Hong Kong Chinese children. Journal of Learning
Disabilities. 2010; 43:322-31. [PubMed: 20445202]

Olofsson A. Early language development and kindergarten phonological awareness as predictors of
reading problems from 3 to 11 years of age. Journal of Learning Disabilities. 1999; 32:464-72.
[PubMed: 15510436]

Wimmer H, Mayringer H, Landerl K. The double-deficit hypothesis and difficulties in learning to
read a regular orthography. Journal of Educational Psychology. 2000; 92:668-80.

Wimmer H, Mayringer H. Dysfluent reading in the absence of spelling difficulties: A specific
disability in regular orthographies. Journal of Educational Psychology. 2002; 94:272-7.

Dyer Ring E, Fenson L. The correspondence between parent report and child performance for
receptive and expressive vocabulary beyond infancy. First Language. 2000; 20:141-59.

Pan BA, Rowe ML, Spier E, Tamis-LeMonda C. Measuring productive vocabulary of toddlers in
low-income families: Concurrent and predictive validity of three sources of data. Journal of Child
Language. 2004; 31:587-608. [PubMed: 15612391]

Sachse S, von Suchodoletz W. Early identification of language delay by direct language assessment
or parent report? Journal of Developmental and Behavioural Pediatrics. 2008; 29:34-41.

Dev Neurorehabil. Author manuscript; available in PMC 2018 May 14.



s1dLIosNUBIA JOLINY SI8pUNH DN 8doinT

-
31z g
8 2115
3l115]12
Bllz115
oll>
al|e 7]
—
@
.-. " <5 a' 's. P >
~‘-.~ > 4 L e P ",'
m—aa g Tl S
by * s ¢ AR e T e,
P ey Cegg’ ‘}{‘ "
R S R
i e T A, o gl
o" o~ a"‘ o‘*' :.=‘-" Ve,
- " - P P " '~.~
f f of f " i | bl
. .
. .
. .
. .
. .
- - - - - - -
] 1} 1] " " " "
© oo b0 0 o
H WO = = O W
N 20 0e O N
E - M - DR - B - Y - NOR - S -
i " ] 1} ] " 1]
© oo 0090 90 ©
8 - O U OO o O
N a4 5 0 a @

s)dLIOSNUBIA JOUINY S18puUN4 DN edoin3

Bartl-Pokorny et al.

ACD] et r= 0.10; p=0.69

-
''''''
-

Griffiths C =%

-
-
-----
-
ad

ACDI XY = 043,9=0.10
m‘ -‘ :&" - r= 0.07; p= 0.75

»’\,— ! "- S
Griffiths C it £ punes r= 025 p=0.27

AWST h ..i ." " l" ' ey r= 021v p= 0'35

AWST

PDSS 10

T r i S —— r= 0.11;p=061

Figure la.

Page 11

LGVT
reading
comprehension

LGVT
reading
speed

Non-significant correlations (p > 0.05) between the participants’ (n = 23) performance in
language assessments between ages 1;6 and 5;7 (years;months) and reading comprehension
and reading speed at age 13;6 as assessed by Reading Speed and Reading Comprehension
Test for Classes 6 to 12 (LGVT) [31]. ACDI = Austrian Communicative Development
Inventories [15], Griffiths C = subscale “Hearing and Speech” of Griffiths Developmental
Scales [33], AWST = Productive Vocabulary Test for Children Aged 3 to 6 Years [34], PDSS
10 = subtest hypernyms of the Patholinguistic Assessment of Developmental Language
Disorders [35], NVT = Noun-Verb-Test [36], PPVT-111 = Peabody Picture Vocabulary Test

[37], r = Pearson correlation coefficient.
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LGVT
reading
comprehension

LGVT
reading
speed

Significant correlations (p < 0.05) between the participants’ (n = 23) performance in
language assessments between ages 2;0 and 7;2 (years;months) and reading comprehension
and reading speed at age 13;6 as assessed by Reading Speed and Reading Comprehension
Test for Classes 6 to 12 (LGVT) [31]. Griffiths C = subscale “Hearing and Speech” of
Griffiths Developmental Scales [33], AWST = Productive Vocabulary Test for Children
Aged 3 to 6 Years [34], PDSS 10 = subtest hypernyms of the Patholinguistic Assessment of
Developmental Language Disorders [35], NVT = Noun-Verb-Test [36], PPV T-111 = Peabody
Picture Vocabulary Test [37], TROG-D = Test for the Reception of Grammar [38], r =

Pearson correlation coefficient.
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