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Abstract
Purpose: This longitudinal study examined the development of prelinguistic skills, and continuity of
communication and language from prelinguistic stage to school age.
Method: Prelinguistic communication of 427 Finnish children was followed repeatedly from 6 to18
months of age (n=203-322 at ages 6, 9, 12, 15, and 18 months), and its associations with language
ability at ages 2;0 (n=104), 3;0 (n=112), 4;7 (n=253), 5;3 (n=102) and 7;9 (n=236) were examined
using latent growth curve modeling.
Results: Prelinguistic development across several skills emerged as a rather stable intra-individual
characteristic during the first two years of life. Continuity from prelinguistic development to later
language ability was indicated. The common level and growth of prelinguistic skills were significant
predictors of language ability between ages 2;0-7;9, the percentage explained varying between 10.5-
53.3%. A slow pace of development across multiple skills, in particular, led to weaker language skills.
Conclusions: The results support the idea of a developmental continuum from prelinguistic to
linguistic ability, and the dimensional view of language ability, by indicating that individual
variations in early communication skills show consistency that extends beyond the toddler years. Our
results also advocate developmental surveillance of early communication by emphasizing the

significance of growth in predicting language development.

Keywords: communication, language, development
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Continuity from prelinguistic communication to later language ability: a follow-up study from
infancy to early school age

The development of communication skills starts long before children are able to use language as
their primary means of communication. The prelinguistic stage refers to the period during which
children use mainly nonverbal means of communication, and spans intentional preverbal
communication and the transition to first words (Watt, Wetherby, & Shumway, 2006). The first two
years of life is an important period in the development of these early communication skills. The way
infants communicate prelinguistically is thought to form a developmental continuum with later, more
language-based, communication (Bruner, 1983). Accordingly, Bates (2004) and Rescorla (2009, 2013)
have suggested that several interrelated but distinct early socio-cognitive skills serve as building blocks
for later language. That is, language emerges from the interactions of these early socio-cognitive
processes (Bates, 2004), and differences in language ability stem, in part, from the differential
endowment of these language-subserving skills (Rescorla, 2009).

These early socio-cognitive skills (i.e., prelinguistic means of communication) include joint
attention, gestures, early vocalizations, first words, language comprehension, and play (Watt et al.,
2006). Although these skills and their connections to later language outcome have been rather
extensively studied (for a review, see McCathren, Warren, & Yoder, 1996), studies examining several of
these skills together, their co-development over time and the implications that this co-development has
on later language, are lacking. Thus, it is not possible to ascertain whether it is the general level or pace
of early communication development (i.e., the variation that is shared across skills) that is predictive of
later language ability, or whether a specific skill, or a combination of skills, at a specific age makes a
unique contribution to language development over and above that of the general level. The present study
utilizes a longitudinal design to address how prelinguistic communication skills, assessed repeatedly
with a multifaceted parental screener covering relevant areas of social, speech, and symbolic skills,

develop during the first two years of life. The connections between this development and that of later
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language and communication are followed up to school age.
The development of prelinguistic skills

Language and communication development is characterized by substantial inter- and intra-
individual variation in the acquisition of different skills. However, despite this variation, both continuity
(i.e., group-mean-level consistency) and stability (i.e., consistency in the relative standing of individuals
over time) in language development have been reported (Bornstein, Hahn, Putnick, Suwalsky, 2013;
Bornstein & Putnick, 2012; Fenson et al., 1994; Thal, Bates, Goodman, & Jahn-Samilo, 1997). The
dimensional view of language ability (Rescorla, 2009, 2013) argues for the stability of individual
differences in language skills by suggesting that the rank order of children is partly determined by
differential endowment. According to Rescorla (2009, 2013) this endowment, that is, a spectrum of
language ability which she compares to that of intelligence, derives from variation in several language-
subserving socio-cognitive skills and is, at least partly, constitutionally based. These skills, such as
auditory perception and processing, verbal working memory, and joint reference are assumed to form
the base from which prelinguistic communication and later, language ability develops (Bates, 2004;
Rescorla, 2013).

Research on stability in the development of language and communication has tended to focus
more on older ages. For example, according to Bornstein and colleagues (2012, 2013), when multiple
domains, measures, and sources are used across age, child language emerges as a stable characteristic of
individual differences. The development of communication in the prelinguistic period has been less
extensively studied. The developmental sequences of separate prelinguistic skills such as gestures
(Bates & Dick 2002) and joint attention (Carpenter, Nagell, & Tomasello, 1998) have been studied, but
several prelinguistic skills have been included in the same analysis in only a few studies, while even
fewer have tracked the co-development of these skills in the prelinguistic period.

The few studies that have examined multiple prelinguistic skills simultaneously have reported

significant correlations between measures of different skills (e.g., Laakso, Poikkeus, Katajamaiki, &
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Lyytinen, 1999; Watt, et al., 2006), indicating that these measures partially tap the same underlying
functions (i.e. language endowment). For example, in Laakso et al. (1999) parental report on gestures
and concurrently observed joint attention correlated significantly (» =.21-.26) at age 14 months. Watt et
al. (2006) explored the concurrent correlations of several prelinguistic skills and reported that gestures (»
=.29-.46) and joint attention (r =.29-.47) were significantly correlated with most of the other measures,
especially early in the second year of life (a total of 22/36 correlations were significant, » =.01-.61 at 14
months, and 11/36, » =.00-.75 at 20 months).

Darrah, Hodge, Magill-Evans, and Kembhavi (2003), Reilly et al. (2006), Watt et al. (2006), and
Wetherby, Allen, Cleary, Kublin, and Goldstein (2002) have examined the development of the social,
speech, and symbolic skills of children using the Infant-Toddler Checklist (ITC) or the Behavioral
Sample of the Communication and Symbolic Behavior Scales Developmental Profile (CSBS DP,
Wetherby & Prizant, 2002). These studies have all reported significant longitudinal correlations between
assessments of joint attention, gestures, vocalizations, first words, and comprehension in the
prelinguistic period (13-21 months » =.46-.55 for the total score in Darrah et al., 2003; 8-12 months S
=.56 for the total score in Reilly et al, 2006; 14-20 months, » =.39-.59 in separate skills in Watt et al.,
2006; 13-20 months, r =.77-89 for the different composites, and » = .85-.91 for the total score in
Wetherby et al., 2002). These correlations indicate stability in individual differences in the development
of these skills over time whereas concurrent reports on increases in raw scores indicate fast growth in
these skills (Watt et al., 2006; Wetherby et al., 2002).

General level and pace of development or skill- and age-specific associations?

It has been shown that a major predictor of communication and language status at a given age is
the level of skills at an earlier age, both in the prelinguistic stage (Reilly et al., 2006, 2007) and during
later language development (Bornstein & Putnick, 2012). However, it has also been suggested that the
pace of development, rather than the level at any given age, might be more predictive of later

development (e.g. Rowe, Raudenbush, & Goldin-Meadow, 2012). This view has received support from
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studies examining vocabulary development (Rescorla, Mirak, & Singh, 2000), and early precursors of
literacy (Lyytinen et al., 2006). According to Rowe et al. (2012), it is plausible that “the rates of growth
likely contain more information about the child’s language acquisition potential than their ability at one
point in time” (p. 510). This could be the case, especially with respect to early communication
development, where growth depends also on the acquisition of new skills as well as augmenting existing
skills (Reilly et al., 2006).

Another relevant question is whether it is the general (i.e., common) level or growth of
prelinguistic development across several skills or a specific skill at a specific age that best predicts later
language ability. Research has established links between several early socio-cognitive and prelinguistic
communication skills and later language ability: for example, gaze following (Brooks & Meltzoff,
2008), and other forms of joint attention (Beuker, Rommelse, Donders, & Buitelaar, 2013), gestures
(Colonnesi, Stams, Koster, & Noom, 2010), deferred imitation (Heimann, et al., 2006), verbal
comprehension and symbolic play (Bruce, Kornfilt, Radeborg, Hansson, & Nettelbladt, 2003), and
frequency of intentional communication and reciprocity (Paavola, Kemppinen, Kumpulainen, Moilanen,
& Ebeling, 2006). However, the comparison of studies is difficult, as their measures, ages and
methodology vary considerably. In addition, multiple prelinguistic skills have been rarely addressed in
the same study.

The results reported thus far suggest that the proportion of shared variance between the different
prelinguistic measures is large relative to the unique contribution of single skills (Watt et al., 2006;
Wetherby et al., 2002). For example in the studies by Wetherby and colleagues (2002; Watt et al.,
2006), the joint contribution of gaze following, joint attention, gestures, vocalizations, first words,
comprehension, and play was large relative to the unique contribution of any of these skills for the
predicted variance. This led the authors to conclude that judgments about the relative importance of any
particular skill in predicting language outcome should be guarded, and that using an array of

prelinguistic measures strengthens their predictive value.
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However, despite the large shared variance, the studies by Wetherby and colleagues on the
different composites of the ITC have found specific associations between the social and symbolic
composites and receptive language (pr =.23-.62), the speech composite and expressive language (pr =
.17-.59, Wetherby et al., 2002), and the social composite and later autism spectrum disorder (Wetherby,
Brosnan-Maddox, Peace, & Newton, 2008). Heimann et al. (2006) tracked the development of deferred
imitation (early memory) and joint attention between ages 6-14 months and found that deferred
imitation at 9 months was the single strongest predictor of gestures (f =.53) at age 14 months. In
addition, Bruce et al. (2003) reported significant unique contributions of verbal comprehension (r =-.58)
and symbolic play (r = -.40) at age 18 months to language difficulties at age 4;5. However, despite a
rather comprehensive assessment of language at the follow-up, they reported the outcome results as
frequency of difficulties, thus rendering generalization to typical development difficult. In Lyytinen,
Poikkeus, Laakso, Eklund, and Lyytinen (2001), symbolic play at 14 months of age was found to
correlate significantly (» =.28-.39) with later receptive language skills in typically developing children.
However, when early comprehension was controlled for in regression models, symbolic play did not
uniquely predict language outcome (f =.13). Similarly, Salley, Panneton and Colombo (2013) found
that visual attention and joint attention made unique contributions to later vocabulary size (f = 0.278),
but when baseline communication was controlled for, joined attention was no longer a significant
predictor (= 0.093). Thus, the results on the unique predictive ability of different prelinguistic skills
remain inconclusive.

The predictive relations of different prelinguistic skills with language development have also
been found to show age-specificity. Watt et al. (2006) studied the different variables of the CSBS DP
and found that the predictive relations varied according to age: Early in the second year of life, specific
predictive associations were found between gestures and receptive language, and joint attention and
expressive language. Late in the second year, inventory of consonants contributed uniquely to

expressive language. Comprehension was predictive of later receptive and expressive language
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throughout the second year. Others (Brooks & Meltzoff, 2008; Heimann et al., 2006; Rose, Feldman,

Jankowski, & Van Rossem, 2008) have also suggested that the age at which early skills are assessed
might affect the way they relate to later abilities, that is, the predictive power of a certain skill might
vary depending on whether the skill is just emerging or already more established.
Goals of the present study
This study addresses the question of continuity and stability both within the prelinguistic period
and from the prelinguistic period to linguistic development. We examined the development of early
communication skills by repeatedly following, during the first two years of life, several of the relevant
developmental areas suggested by previous research. In addition, we explored the longitudinal
associations of this early development with later language ability. Following the premises of the
dimensional view of language (Rescorla, 2013) and the suggestions of Bornstein and Putnick (2012)
and Conti-Ramsden and Durkin (2012), a multiage, multidomain, multimeasure, and multisource
approach was adopted in the follow-up procedures of the present study. The complex nature of
language requires that both multiple dimensions of language and measures of working memory be
used in the assessment (Conti-Ramsden & Durkin, 2012). The associations between prelinguistic
development and subsequent language outcomes were studied in separate but largely overlapping
subsamples at five consecutive time points (at age 2, 3, 4;7, 5;3 and first grade, mean age 7;9, range
7;2 — 8;4). Three areas of language development (expressive, receptive, communicative/pragmatic),
along with verbal working memory, were explored using several different measures, including both
parental report and psychometric testing.
Specifically, we asked:
1. How is the development of prelinguistic communication skills depicted when three relevant areas of
development (social, speech, symbolic) are assessed longitudinally between 6 and 18 months of age? In
particular, we explored the stability of individual differences over time, and whether development in

these three areas is mainly overlapping (i.e., can be depicted by a model of common level and growth)
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or distinct (i.e., skill-specificity), and whether the course of development shows age-related differences
(i.e., age-specificity). Based on previous findings on early communication skills (Laakso et al., 1999)
and the ITC (Watt et al., 2006; Wetherby et al., 2002), we expected the three studied areas to show
significant shared variance and also, to some extent, skill- and age-specific variance. In addition, we

expected to find stability in development over time.

. Which aspects of early development (i.e., common level and growth or skill- or age-specific features)

best predict later language ability? In accordance with the dimensional view (Rescorla, 2009, 2013),
and earlier findings (e.g., Bornstein et al., 2013), we expected to find indications of continuity and
stability on the aggregate level (i.e., common level and growth predicting later abilities). Based on the
findings of Wetherby and colleagues (2002; Watt et al., 2006) in somewhat older samples, we
hypothesized that social and symbolic skills would show more predictive power early on in
development, whereas the role of speech skills might be more pronounced later on.
Method

Brief summaries of the methods follow; for a more detailed description of the participants, procedures,
and measures, see the online Supporting Material.
Participants and procedure

The participants of the present study represent subsets of a community-based sample collected in
a longitudinal study of early language and communication development conducted between the ages of
6 months and 8 years (see Méittd, Laakso, Tolvanen, Ahonen & Aro, 2012, 2014). Altogether, 508
children (50.2 % boys, 49.8 % girls) aged 6 to 24 months participated in the study. All of the families
were Caucasian, and all of the children spoke Finnish as their native language. At the initial assessment,
mothers’ mean age was 29.8 years (SD = 5.4), and fathers’ 32.1 years (SD = 6.3). Educational
attainment was assessed with a 7-point scale ranging from no vocational education (0) to a higher-level
university degree (6). The mean educational level was 3.9 (SD = 2.0) for mothers and 3.6 (SD = 2.0) for

fathers.
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The early questionnaire (ITC) data were collected repeatedly every three months until the
children were 24 months of age. The total number of questionnaires filled in by the parents depended on
the age of their child at recruitment and on how many of the subsequent forms they completed. In the
present study we used the data gathered on the children across ages 6 — 18 months. This yielded a total
sample of 427 children (n =229 at 6 months, n = 203 at 9 months, » = 322 at 12 months, n = 305 at 15
months, and n = 279 at 18 months of age). Of these 427 children 25.8 % had data from all five data
points, 9.6 % from four, 29.0 % from three, 23.4 % from two and 12.2 % from one data point. The last
two measurements of the early data, collected at 21 and 24 months, were excluded from the analyses
due to skewed and kurtic distributions (ceiling effect).

Subgroups of the original participants were followed after the ITC data collection phase at the
age of 2, 3, 4;7, and 5;3 years, and in the spring term of first grade (mean age 7;9, range 7;2-8;4). The
numbers of participants are described in Figure 1, subsample differences in the ITC scores in Table
SM1, and the demographic data of the different subsamples along with information on Finnish families
and family services in the online Supporting Material and Table SM2. In the follow-ups at ages 2, 3, and
5;3, we were not able to collect information from all the families, owing to time and resource
limitations. Thus, the subsamples were constructed so as to ensure that a sufficient number of at-risk
children would participate. At-risk status was defined as slow communication development in ITC at
ages 12, 15 and 18 months following the criteria suggested by Wetherby & Prizant (2002; follow-ups at
ages 2 and 3 years) or as a high score (90" percentile) in a parent report symptom questionnaire at age
4;7 (follow-up at age 5;3). In the follow-ups at age 4;7 and first grade, all the originally participating
families, excluding those who had declined to participate in further follow-ups in the previous data
collection phases, were attempted to contact. For the families that were not reached, we were unable to

find a valid address.

Insert Figure 1 about here.
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At age 2, a small subset of families (n = 143) was invited to fill in the MacArthur-Bates
Communicative Inventories (MBCDI; Fenson et al., 1994; Lyytinen, 1999). The participants included
65 children who were identified as being at risk based on their scores in the ITC, using the norms and
10™ percentile cut-off reported by the original authors (Wetherby & Prizant, 2002). These children
performed either in the lowest 10 percent in the social or symbolic composites at 12 or 15 months of age
or within the lowest 10 percent in the speech composite at 15 or 18 months of age. The rest of the
sample (n = 78) performed above the 10™ percentile in all three composites at all ages. In total, 104
families (72.7%, at risk n = 44, no risk n = 60) returned the questionnaire. The mean age of the children
at the time of the completion of the questionnaire was 25.3 months (SD = 1.2, range 24-30 months). The
ITC composite scores at 12, 15, and 18 months were compared between the children who had data at
age 2 (n=99, 101, and 98 respectively) and those who did not, (n = 223, 204, and 181). Effect sizes
were calculated using partial eta squared (npz). Significant differences between the children emerged in
the speech composite at 15 months, F(1, 302) = 17.557, 11,,2 =.055, p = .000 after controlling for
multiple comparisons (Table SM1).

At age 3, the same subset of families was invited for individual assessments of vocabulary. Of
these families, 112 (at-risk n = 56, no risk n = 56) agreed to participate. The mean age of the children at
the time of the assessment was 36.7 months (SD = 0.8, range 36-41). When comparing the children with
data at age 3 (n =109, 108, and 105 at 12, 15, and 18 months of age respectively) and those without (n =
213, 196, and 174), small but significant differences in the social composite at 15 months, F(1, 303) =
12.282, ;7,,2 =.039, p =.001, and speech composite at 15 months, F(1, 302) = 15.346, np2= .048, p =.000
and 18 months, F(1, 277) = 12.948, ’7p2= .045, p =.001 of age remained after controlling for multiple
comparisons (Table SM1). In both 2 and 3 year data comparisons, the significant differences resulted
from the participating children having lower mean and showing larger variation than the children

without follow-up data. In the present study all the available data from the assessments at ages 2 and 3
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years were used.

When the children were aged 4 years 7 months all the originally participating families were sent
a questionnaire concerning their child’s language and communication skills. Of the 508 families, 473
(93.1%) were reached, and 296 (62.6% of reached; 58.3% of the original sample; total attrition rate
41.7%) returned the questionnaire. The mean age of the children at the time of the completion of the
questionnaire was 56.9 months (SD = 4.0, range 52-69). There were no significant differences in ITC
scores at ages 12, 15, and 18 months between the children who participated in this follow-up and those
who did not. In the present study, children who had early data only from ages 21 and 24 months were
excluded, and thus data from 253 children were used.

At age 5 years 3 months (5;3), a subsample of 102 children were invited for individual follow-up
assessment. Primarily, children with full datasets from the previous assessment points (early
questionnaire data, vocabulary data from either age 2 or 3 or both, and questionnaire data from age 4,7,
n =70) were selected to ensure adequate data for studying development over time. The sample was
supplemented with children whose parents reported concerns related to language and communication,
hyperactivity, or executive functions in the previous follow-up stage at age 4;7 (n = 32). The mean age
of the children at the time of the assessment was 62.3 months (SD = 0.5, range 61-65 months). No
significant differences were observed in the ITC scores at ages 12, 15, and 18 months between the
children who participated in this follow-up (n = 93, 97, and 88, respectively) and those who did not (n =
229, 208, and 191). In the present study, all the available data were used.

The final follow-up was conducted during the spring term of the first grade (mean age = 93.3,
SD = 3.9, range 86-103 months). All the originally participating families were sent a questionnaire on
their child’s language and communication skills. Altogether, 453 families (89.2%) were reached and
273 (60.3 % of reached; 53.7 % of the original sample; total attrition rate 46.3%) returned the
questionnaire. There were no significant differences in ITC scores at ages 12, 15, and 18 months

between the children who participated in this follow-up and those who did not. In the present study,
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children with early data only from ages 21 and 24 months were excluded, resulting in a sample of 236
children.

Measures

Parents completed questionnaires every three months between the ages 6 to 18 months and at the
follow-ups at ages 2 years, 4;7, and first grade. Face-to-face assessments were administered at the ages

of 3 years, and 5;3 (see Table 1.).

Insert Table 1 about here.

Early development measure. The Finnish version of the Infant-Toddler Checklist (ITC) of the
Communication and Symbolic Behavior Scales Developmental Profile (CSBS DP, Laakso, Poikkeus, &
Eklund, 2011; Wetherby & Prizant, 2002) was used to obtain parental estimates of their children’s early
communication skills. The ITC is one of the most comprehensive parent-report screening tools for
prelinguistic and early language skills currently available (for a review of methods, see Crais, 2011).
The questionnaire covers three composites of development that address several relevant aspects of
prelinguistic communication, such as emotion and eye gaze, gestures, and communication (social),
sounds and words (speech), and understanding and object use (symbolic). Wetherby and Prizant (2002)
report Cronbach’s alphas (as) ranging from .87 to .99 for the three composites combined over the age
span of 6 to 24 months, which indicates a high degree of internal consistency. In the present data, the
Cronbach’s as over the age span of 6 to 18 months ranged from .80 to 89, and by age (6, 9, 12, 15, and
18 months; ns = 191-320) from .68 to .73 for the social composite, from .47 to .63 for the speech
composite, and from .38 to .58 for the symbolic composite.

The ITC has been shown to be able to detect developmental growth and produce relatively stable
rankings of children over short periods of time (Reilly et al., 2006; Wetherby et al., 2002), although

indications of instability in ITC rankings both between and within individuals have also been reported
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(Darrah et al., 2003). Longitudinal connections between ITC scores and receptive and expressive
language at 2 and 3 years of age (Wetherby, Goldstein, Cleary, Allen, Kublin, 2003), and between the
ITC and later communication difficulties, including autism spectrum disorders (Wetherby et al, 2008)
have been reported. However, studies extending the follow-up period beyond the toddler years remain
scarce (for exceptions, see Maitti et al., 2012, 2014; Reilly et al., 2006).

Follow-up measures

Measures at 2 years (n = 104). The vocabulary scale, sum of noun and verb inflections, and
maximum sentence length subscales of the Finnish version of the MacArthur-Bates Communicative
Development Inventories Words and Sentences (MBCDI; Fenson et al., 1994; Lyytinen, 1999) was used
as a measure of early expressive vocabulary. Cronbach’s o for the vocabulary scale was .95.

Measures at 3 years (n = 112). Children’s receptive vocabulary was assessed with the Peabody
Picture Vocabulary Test (PPVT; Dunn & Dunn, 1981) and expressive vocabulary with Boston naming
(Kaplan, Goodglass, & Weintraub, 1983). Cronbach’s as were .94 for PPVT and .82 for Boston naming.

Measures at 4,7 (n = 253). Children’s language-related difficulties were assessed using the
questionnaire Five to Fifteen (FTF; Kades;jo et al., 2004). As the FTF is a symptom questionnaire based
on parent report the results are regarded to represent parental concerns as opposed to clinically evaluated
difficulties. The language domain of the FTF includes three subscales that cover comprehension,
expressive, and communication skills. The Cronbach’s as for the scales were .66 for comprehension, .87
for expressive and .71 for comprehension.

Measures at 5,3 (n = 98-102). The language tasks were selected to measure a range of language-
based skills that tap different dimensions of language in both the receptive and expressive domains. The
Similarities subtest (SI, WPPSI-R; Wechsler, 1995) was used to assess verbal abstract reasoning and
conceptualization abilities. Single-word receptive vocabulary was assessed with a short version of
Peabody Picture Vocabulary Test — Revised (PPVT; Dunn & Dunn, 1981). As a measure of receptive

grammar, we used the Korpilahti Auditory Sentence Comprehension test (SC; Korpilahti, 1996), which
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assesses the ability to process semantic and syntactic information in sentences of increasing complexity.
The Verbal Fluency subtest of NEPSY-II (VF; Korkman, Kirk, & Kemp, 2008) was used to assess
verbal fluency and vocabulary through the ability to generate words within specific semantic categories.

The memory tasks were selected to measure different subsystems of Baddeley’s (2003) model of
working memory. The phonological loop (i.e., auditory short-term memory) was assessed with the Digit
Span- forwards subtest (DSf, WISC-III; Wechsler, 1999) and the Repetition of Nonsense Words task
(NWR, NEPSY; Korkman, Kirk, & Kemp, 1997). The Digit Span- backwards subtest (DSf, WISC-III;
Wechsler, 1999) was used to assess the central executive and the Sentence Repetition task (SR, NEPSY-
IT; Korkman et al., 2008) to assess the episodic buffer.

Measures in first grade (mean age 7,9, range 7;2-8,4, n = 236). The Finnish version of the
Children’s Communication Checklist-II (CCC-2; Bishop, 2003; 2014) was used to assess children’s
language and communication difficulties. The questionnaire includes four subscales evaluating
language-related abilities (speech, syntax, semantics, coherence; Cronbach’s a = .91) and four subscales
concentrating on pragmatics (inappropriate initiations, stereotyped language, use of context, nonverbal
communication; a = .92).

Data analyses

The repeated measures of early communication skills (the three composites of the ITC: social,
speech, and symbolic) were analyzed using a type of second-order multivariate Latent Growth Curve
modeling (LGC, Bollen & Curran, 2006; factor-of-curves, Duncan, Duncan, & Strycker, 2006). The
analyses were performed using the Mplus statistical package (version 7; Muthén & Muthén, 1998-
2010). The missing data function in Mplus enables all the observations in the data to be used in
estimating the parameters of the models. Because some of the variables were skewed, the robust MLR
estimation method was used (Muthén & Muthén, 1998-2010). The goodness-of-fit of the estimated LGC
models was evaluated using the ¥ test (p >.05), the Comparative Fit Index (CFI > .95), the Tucker-

Lewin Index (TLI > .95), the Root Mean Square Error of Approximation (RMSEA < .06), and
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Standardized Root Mean Square Error of Approximation (SRMR <.08) (Hu & Bentler, 1999; Muthén

& Muthén, 1998-2010). Instead of as definitive cut-off criteria, the values of the fit indices were used as
guidelines for evaluating the model fit (for a critical discussion, see Marsh, Hau, & Wen, 2004). Greater
weight was given to the other fit indices than to chi-square, as the chi-square value is known to be
sensitive to large sample sizes (Miles & Shevlin, 2007). The model modification indices, alongside with
theoretical considerations, were utilized in specifying the model.

In the analysis, the growth curves were first applied simultaneously to each ITC composite,
estimating the initial level of each composite (i.e., the level), the average rate of growth (i.e., the slope),
and individual variation in the initial level and growth. These first-order factors described individual
differences within each ITC composite. Second-order common factors (common level and common
growth) were then added to describe commonality (i.e., to model the correlation structure) among the
first-order factors. The associations of early communication development (the early LGC model) with
later language ability were explored by regressing the follow-up measures on the common level and
growth factors. Skill- and age-specific connections were tested by building the specific pathways
suggested by the model modification indices. The regressions were run separately for each follow-up
stage. Raw scores were used in all the analyses.

Results
A latent growth curve (LGC) model for early communication development
The means and standard deviations of the three ITC composites (social, speech, symbolic) between ages
6 and 18 months are shown in the upper part of Table 2. All three composites showed marked growth
throughout the assessment period and all the successive measurements within the composites correlated
significantly with each other (social » =47 - .72, p <.001; speech » =34 - .79, p <.001, and symbolic
=40 - .68, p <.001; for a full correlation matrix, see Table SM3) with a large effect size (Cohen, 1992).
However, there were also notable differences between individuals throughout the period. That is,

overlap in the scores was observed between the different age stages — the highest performing children at
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only 6 months of age scored almost as high as the lowest performing children at ages 15 and 18 months

(95 % confidence intervals).

Insert Table 2 about here.

A LGC model for each of the three early communication composites was estimated
simultaneously (see Figure 2). Altogether, 427 children were included in the analysis. The coverage of
the elements in the covariance matrix varied from 31.6 to 75.4 % (see Table SM4). Due to the sequential
nature of the data, all the successive measurements were allowed to correlate with each other within the
composites. Following the suggestions of the modification indices and visual inspection of the
individual growth curves, nonlinear growth was estimated: the first and last factor loadings on the
growth factors of each communication composite were fixed, and the factor loadings at ages 9, 12, and
15 months were estimated freely. The level and growth factors of the three composites were allowed to
correlate, and the correlations were high and significant both between the level factors (r =.57-.81, p
<.001), and the growth factors (» = .48 - .67; p <.001 - .010).

A second-order factor structure was then added to the previous model in order to model the
correlation structure between the first-order factors. The three first-order level factors were set to load
onto the second-order level factor (common level) and the three first-order growth factors were set to
load onto the second-order growth factor (common slope; see Figure 2). Because of high correlations
between the residuals of the different composites at ages 9, 12 and 15 months, specific factors by age
were added to explain the residual covariance. The loadings of the three composites were set equal
across the three measurements. The model fitted the data well: y*(73) = 87.405 , p =.120 , CF1 =991 ,

TLI =.987, RMSEA = .021 and SRMR =.083.

Insert Figure 2 about here.
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All loadings on the second-order level and growth factors were significant and positive, with
small differences in the magnitude of the loadings between the different composites. The second-order
level factor explained (R?) 74 % of the variance in the first-order level factor of the social composite, 72
% of that of the speech composite, and all of the variance in the level of the symbolic composite (due to
a small negative residual variance, the residue of the first-order level factor of the symbolic composite
was set to zero). The second-order growth factor explained 88 % of the variance in the first-order
growth factor of the social composite, and 91 % of the symbolic composite. For the speech composite,
the percentage explained was somewhat smaller (66 %), although significant. The second-order level
and growth factors correlated negatively (» = -.48), indicating that the rate of growth was steeper for
children who started at a lower initial level. The residuals of the first-order level factors of the social and
speech composites, and the first-order growth factor of the speech composite were significant (.26 - .34,
p =.010-.031). This indicates that, despite good model fit, there was skill-specific variation that was not
explained by the common level and growth factors. In addition, the presence of the age-specific factors
at ages 9, 12 and 15 months suggest that there is also age-specific variation, not captured by the growth
model.

In sum, the LGC model of early communication skills suggested that there is a large amount of
shared variance in the development of early social, speech, and symbolic skills. That is, individuals tend
to be on a similar level (i.e. to have similar ranking relative to others) across the different skills, and the
rate of development tends also to be similar across the skills, especially in social and symbolic
composites. However, despite the notable commonalities, there is also significant skill- and age-specific
variation, as indicated by the significant residual variances of the skill-specific factors, and the
emergence of the age-specific factors.

Early communication development and later language and communication skills

The longitudinal associations of the LGC model for early communication development with later
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language and communication development were explored separately for each follow-up measurement at
ages 2, 3, 4;7, and 5;3 years, and in first grade. The analysis was performed in two steps. First, the
follow-up measures were regressed on the second-order factors (i.e., common level and growth).
Second, in order to explore possible skill- and age-specific pathways, the specific associations suggested
by the model modification indices were tested. For a summary of the model fit indices see Table SM5 in
the online Supporting Material. The regression coefficients together with the tested specific associations

are summarized in Table 3.

Insert Table 3 about here.

LGC and vocabulary at 2 years (n = 104). The MBCDI vocabulary, inflections and maximum
sentence length (MSL) were used as the outcome measures. These data were available for 24 % of the
children in the early LGC model. The resulting model fitted the data well: y*(112) = 153.548, p =.0056,
CF1=.979, TLI=.971, RMSEA = .029, SRMR = .091. The level and growth of early communication
skills explained 32.4 % (5. =.32, g =.64) of the variance in the MBCDI vocabulary, and the growth of
early communication skills alone explained 41.1 % (8¢ =.69) and 46.7 % (fz=.74) of the variances of
the MBCDI inflections and MSL, respectively.

LGC and vocabulary at 3 years (n = 112). At three years of age, the Boston naming, and
PPVT were administered to a subsample of the children (26 % of the children in the LGC model). The
model fitted the data well: ¥*(99) = 119.435 , p = .0793, CF1 =.988, TLI = .984, RMSEA = .022 ,and
SRMR = .083. For Boston naming, the common growth in early communication skills explained 27.6 %
(fc=.58) of the variance. For the PPVT, both the common level and growth of early communication
skills together explained 10.5 % (5. =.29, fc=.33) of the variance.

LGC and parental concerns of language development at age 4;7 (n = 253). Parents reported

language related difficulties in the areas of expressive and receptive language and communication skills
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using the FTF when the children were aged 4;7. These data were available for 59 % of the children in
the LGC model. The model fitted the data well: y*(112) = 136.459, p = .0579, CFI1 = .987, TLI = .982,
RMSEA = .022, and SRMR = .078. Together, the common level and growth of early communication
skills explained 15.0 % (8. =-.28, f=-.43), 19.8 % (. =-.26, f5=-.50), and 20.9 % (. =-.32, fc=-.51)
of the variances of the parent-reported concerns in the areas of receptive and expressive language, and
communication, respectively.

LGC and language and verbal working memory skills at 5;3 (n = 102). Two factors were
constructed from the tasks administered at the age of 5;3 months to a subsample of the children (24 % of
the children in the LGC model). The language factor included the Similarities, PPVT, Verbal Fluency,
and Sentence Comprehension tasks. The memory factor included the Digit Span forwards and
backwards, Nonword Repetition, and Sentence Repetition tasks. The two parts of the Digit Span task
were allowed to correlate. The resulting model fitted the data well: ¥*(207) = 258.160, p =.0090, CFI
=.973, TLI =.967, RMSEA = .024,and SRMR =.089. The common growth factor of early
communication skills explained 33.4 % (f;=.65) of the variance in the language factor, and 53.3 % (f¢
=.74) of the variance in the memory factor. The at-risk status was added to the model as a covariate in
order to control for the possible effects it may have on the follow-up outcome. However, the
connections were not significant (language f -.02, p =.85; memory f --.09, p =.29).

LGC and communication skills in the first grade (n = 236). Parents reported strengths and
difficulties in language and communication using the Children’s Communication Checklist-II when
their children were in the first grade. These data were available for 55 % of the children in the LGC
model. Two factors were constructed from the CCC-II subscales based on their content. The language
factor included the subscales Speech, Syntax, Semantics, and Coherence. The communication factor
included the subscales Inappropriate initiation, Stereotyped language, Use of context, and Non-verbal
communication. Correlations were allowed within the factors for Speech and Syntax, and Stereotyped

language and Non-verbal communication. The correlation between the factors was .87 (p <.000). The
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resulting model fitted the data well: ¥*(206) = 236.476, p =.0714, CFI =991, TLI =.988, RMSEA =

.018, and SRMR =.071. The common level and growth factors explained 48.2 % (f,=-.31, fc=-.78) and
38.9 % (B =-.24, fc=-.70) of the variances in the language and communication factors.

Skill- and age-specific pathways. All in all, there were 108 possible specific pathways (12
outcome measures X 9 specific factors), and thus the significance level was set at p < .001. Of these
possible pathways, 17 were tested based on the model modification indices (see Table 3 and online
Supporting Material). None of these pathways were significant at the .001 significance level, while three
of these pathways approached significance: the growth factor of the speech composite to the memory
factor at age 4;7 (p =.002) and to the language factor in first grade (p =.007), and the age-specific factor
at 15 months of age to language in first grade (p =.007).

Summary of the common and specific connections. The initial level and, in particular, the
growth of early communication skills were significant predictors of later language ability. The children
who had a higher initial level of communication skills showed better productive vocabulary at 2 years
and better receptive vocabulary at 3 years, and their parents reported fewer language- and
communication-related concerns at age 4;7 and in first grade. Children who had a faster rate of growth
in early communication skills during the period from 6 to 18 months showed better vocabulary skills at
ages 2 and 3 years, had fewer parent reported concerns about language and communication development
at 4;7 and in first grade, and showed better language and verbal working memory skills at age 5;3. The
percentage explained by the level and growth factors varied from 10.5 to 53.3 %. The model
modification indices suggested several skill- and age-specific pathways, but none of these pathways
were significant at the .001 significance level, and thus, no specific paths were added to the regression
models.

Discussion
The aim of this study was to explore the co-development of several early communication skills during

the prelinguistic period, and the associations between this development and later language ability. Early
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communication skills showed fast growth throughout the ages from 6 to 18 months. There were large
individual differences in the development of these skills and these differences showed rather high
stability throughout the prelinguistic period. The development in different early communication skills
showed a large amount of shared variance which was indicated by the significant and high loadings on
the common level and growth factors. However, despite the notable commonalities in development
across skills, significant skill- and age-specific variance was also present. The follow-ups were
conducted at several time points using multiple measures and sources. The level and especially the
growth of early communication skills were significant predictors of later language ability, explaining
between 10.5 to 53.3% of the outcome variances. No reliable skill- or age-specific connections were
found. The results support a continuum from prelinguistic to linguistic ability (Bruner, 1983), and the
dimensional view of language ability (Rescorla, 2009, 2013), by indicating that the individual variations
in early language endowment show consistency that extends far beyond the toddler years.
The development of early communication skills between 6 and 18 months of age

Marked growth was evident in all three areas of early communication development (social,
speech, and symbolic) across the age span from 6 to 18 months. Also evident was large interindividual
variation in the development of these early skills, as shown by the overlap in scores across the different
ages. However, despite the change in the mean scores at group level and large interindividual variation,
both continuity and stability were present. The high correlations between the successive measurements
suggested continuity in individual differences in these skills over age, whereas the significant loadings
of the measurements at each age on the skill-specific level and growth factors indicated stability. That
is, within a composite, the relative standings of individuals in their development were rather consistent
over time.

As expected, the LGC model suggested a large amount of shared variance in the development of
early social, speech, and symbolic skills. The level factors of the three composites loaded significantly

on the common level factor, indicating that individuals tended to have a similar ranking relative to
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others across the three composites. In other words, individuals performing high in one composite were
also likely to perform high in the other two. Likewise, the three growth factors of the three composites
loaded significantly on the common growth factor, indicating that the relative pace of development was
similar across the composites. For example, individuals who showed slow development in one skill
composite tended to be slow in the other two as well. Development in the social and symbolic
composites, in particular, seemed to go side by side.

Thus, when multiple early communication skills were assessed repeatedly with a parental
screener, early communication ability emerged as a rather continuous and stable characteristic of
individual differences during the prelinguistic period, that is, the first two years of life. This is in line
with previous results on early communication skills obtained by observational methods (Watt et al.,
2006). However, the common level and growth factors did not explain all of the variation in
development, as shown by the significant residual variances of the skill-specific factors and the
emergence of age-specific factors. This indicates that notable skill- and age-specific variation was also
present in early communication development, an issue we will turn to later on.

The development of prelinguistic communication skills and later language ability

Both common level and growth of early communication were significant predictors of later
language and communication ability. Together, the common level and growth factors explained 10.5 to
53.3 % of the variance in the follow-up measures. These percentages are comparable to those obtained
by Wetherby et al. (2002; 2003), who found that the ITC, filled in between 12 and 24 months, explained
20-51 % of the variances in receptive and expressive language outcomes at 2 and 3 years of age. Our
results consolidate and expand these results by suggesting that the predictive relation between early
communication skills and later language ability is present as early as at 6 months of age, and holds
longitudinally up until § years of age.

The connection was stronger for the common growth factor, which was significantly connected

to all of the follow-up language and communication measures from age 2 years to first grade. A faster
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rate of growth in early communication skills consistently led to better language ability and fewer parent-
reported difficulties later on. Our results support the suggestion that the pace of development, rather
than the level at any given age, better reflects the language acquisition potential of the child, and thus
might predict later language development more accurately (Rowe et al., 2012). A slow pace of
development might be an indicator of risk for later language difficulties and could be useful in
identifying which children might go on to have persistent language difficulties (Lyytinen et al., 2006;
Rescorla et al., 2000).

The amount of variance explained by the early communication model did not decrease over time,
nor was it consistently the largest when the same source of information was used (parental reports). In
addition, it did not seem to be dependent on whether the follow-up sample was based on a selected
subsample (ages 2, 3, and 5;3) or the full sample (ages 4;7 and first grade). Thus, our results cannot be
accounted for solely by the temporal closeness of the assessments, shared source variance, or sampling
procedures. Interestingly, the strongest predictive relation was found between the growth of early skills
and later verbal working memory capacity. Although based on a selected subsample of children at age
5;3, we do not believe this finding results from sampling issues, since there were no significant
differences in early communication skills (the ITC) between the children who participated in the follow-
up at 5;3 and those who did not, and since the at-risk status was not a significant covariate. Instead of
being an isolated cognitive skill, language has been shown to be rather inextricably linked to a set of
processes shared with other realms of cognition early in life (including memory, attention, and
processing speed; e.g., Rose, Feldman, & Jankowski, 2009). Memory processes are considered to be an
important underlying component of language development (Gathercole, 2006; Heimann et al., 2006),
and have been shown to yield a significant level of consistency over time (Rescorla, 2013). Our results
seem to fit in with these findings. Thus, the development and application of infant measures that can tap
early memory skills more specifically than the ITC in order to provide more information about the co-

development of early language and memory, might prove worthwhile in trying to predict language
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outcome.
Skill- and age-specific factors and later language ability

The common level and growth factors captured the variance shared by the three composites
across age. However, as indicated by the significant residual variances of the skill-specific factors and
the emergence of age-specific factors at 9, 12 and 15 months of age, significant skill- and age-specific
variation was also apparent in early communication development. The contribution of these factors to
later language development was examined by testing the specific pathways suggested by the model
modification indices. Several such pathways were tested, but, contrary to our expectations, none of them
reached significance. These results seem to be in line with those of previous studies reporting that when
other aspects of communicative development are controlled for, the unique contributions of specific
skills diminish (Lyytinen et al., 2001; Salley et al., 2013) and that the amount of shared variance is
notably large relative to the unique contributions (Watt et al., 2006; Wetherby et al., 2002). However,
despite the large body of research on prelinguistic predictors of language development, studies that have
considered multiple concurrent predictors and their unique contributions to later development remain
scarce and the results are not able to lead to firm conclusions. While the tested pathways failed to reach
significance in the present study, they nonetheless raise interesting topics for future research.

There are several possible reasons we did not find any reliable specific associations. As indicated
by the significant correlations found between early socio-cognitive skills in earlier studies (Laakso et al.,
1999; Watt et al., 2006; Wetherby at al., 2002), these skills are highly interrelated, and thus specific
connections might be difficult to discern. It is possible that a broadband screener is only able to describe
the common trends in development, and that to be able to capture the more specific processes of
development, a more fine-tuned measurement is needed. For example, Laakso et al. (1999) found that
parental ratings of intentional communication yielded general associations to later language ability,
whereas the associations from observed joint attention to later language varied depending on the specific

aspects of the joint attention behaviors under observation. Watt et al. (2006) also found, using
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observational methods, that some skills make a unique contribution to language outcome despite sharing
a substantial amount of variance. In addition, Brooks and Meltzoff (2008) found that observed pointing
in an experimental setting, but not parental report of pointing, was a significant predictor of vocabulary
growth. Specific predictive relations might also be stronger when the focus of assessment is centered
more on domain-general skills, such as attention (Salley et al., 2013) and memory (Heimann et al.,
2006; Rose et al., 2009), which have been shown to show discreteness already early on in life (Rose,
Feldman, & Jankowski, 2005).

Strengths, limitations and further directions

This study examined the continuity and stability of language and communication development
from 6 months to first grade. So far, few studies have examined developmental continuity and predictive
relations starting from such an early age and extending over a notably long follow-up period (however,
see Reilly et al., 2006). The use of a rather large community-based sample, repeated assessment of early
communication skills during the prelinguistic period, the inclusion of social and symbolic abilities in
addition to oral communication in the early assessments, and a diverse assessment of language and
communication with the inclusion of working memory measures in the follow-ups are clear assets of the
study.

Although the present study established that strong longitudinal associations exist between
prelinguistic development and later language ability, several important limitations must be noted. First,
despite its initial size, our study is limited by the nature of the sample. Due to sampling decisions and
attrition, the number of children having data at each follow-up ranged between 23 — 26% in selected
subsamples, and between 60 - 63% in population follow-up samples. The variation in the subsample
sizes and measures makes comparison of the coefficients of determination (R challenging. However,
these values did not systematically vary according to the coverage of the initial sample or the source of
information (parent report or psychometric assessment). It is also important to bear in mind that in some

of the follow-up samples (2;0, 3;0, and 5;3) children with possible risks for language difficulties were
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% slightly oversampled and thus, inferences based on these follow-ups should be interpreted with caution.
g However, although there were some differences in the ITC composite scores between the children

s participating and not participating in these follow-ups, these differences did not seem to be systematic
§0 across the follow-ups.

g Second, our parental questionnaire on early communication skills was comprehensive in its

ﬁ contents, but nevertheless short and designed for screening purposes. Parent-report measures of

15

13 communication and language skills have been shown to be reliable and valid, and to correlate with

ig concurrent and subsequent behavioral measures (e.g., Feldman et al., 2005; Laakso et al., 1999).

gz However, more direct assessments of the possible (socio)-cognitive precursors of language, such as

gi working memory and processing efficiency (e.g., Fernald & Marchman, 2012), attentional capacity

gg (Rose et al., 2009), joint attention and gestures (Beuker et al., 2013), and symbolic play (Bruce et al.,
gé 2003) in infancy, would aid in better understanding the processes that underlie the emergence and

32 further development of language. Our results suggest that the role of early working memory especially
gé should be studied further. From a clinical perspective, however, studying feasible and implementable
gg methods is essential.

g; Third, we did not control for possible confounding variables related to the child (e.g., gender,
Zg nonverbal ability) or the family (e.g., parental age and education) that could affect the estimation of

41

jé stability (see, Bornstein et al., 2013; McKean et al, 2015). It has been shown that these variables show
jg little explanatory power in the early stages of development (5-6% in Reilly et al., 2006). At later ages,
%Z they have been shown to contribute more to later language status (19-21% in Reilly et al., 2010), but to
gg show only modest discrimination between children with and without low language ability. For the

g; current study, data related to birth and family are, however, reported in the Supporting material along
gz with descriptions of Finnish society. Fourth, it is likely that there are other important risk or resilience
gs factors that contribute to later language ability that we did not assess in this study. As language develops
gg in social interaction, factors related to the social environment might prove useful (Bruner, 1983; Paavola
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et al., 2006). For example, maternal responsivity has been shown to mediate the relation between early
communication and later language (Yoder & Warren, 1999). In addition, it is likely that the use of
speech and language therapy services affect children’s outcomes (Law, Garrett, Nye, 2003).
Unfortunately, we did not have this information for the whole sample, and thus could not control for it.

Finally, it is important to bear in mind that the results obtained in this study reflect predictive
relations at the group level. Studying stability and prediction at the individual level was not within the
scope of this study. However, examination of the persistency of at-risk status and estimations of
sensitivity, specificity and other predictive values is a natural next step in our research. The sensitivity
and specificity estimates obtained in previous studies using the ITC have been relatively good (81-89 %
and 70-79 %) up to three years of age (Wetherby et al., 2003).

The present study contributes to the literature on early language development by adducing
further evidence for the link between prelinguistic communication and later language ability. The results
support the dimensional view of language ability (Rescorla, 2009, 2013) by showing that instead of a
specific skill, the combined development of several early communication skills (i.e., the early language
endowment) is more predictive of later language ability. Our results conform to the views of Bates
(2004) and Rescorla (2009, 2013) that language ability builds up from the interactions of several
interrelated early communication skills that do not map one-on-one to later abilities. Our results also
advocate developmental surveillance of early communication skills by showing that the pace of
development, rather than the level at any given age, is more predictive of later development. In addition
to providing a better understanding of developmental processes in typical development, these results
have important implications for early screening procedures. By assessing multiple early communication
skills concurrently, and by following the development in these skills over short periods of time, we

might be able to identify at-risk children more accurately and at an earlier age.
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Figure captions.

Figure 1. Flowchart of the study participants. MBCDI = MacArthur-Bates Communicative
Development Inventories; PPVT = Peabody Picture Vocabulary Test.

' The numbers of participants in the present study are given in parentheses.

> The n for PPVT was 111.

3 Risk in language, attention or hyperactivity based on FTF 90" percentile cut-off,

Figure 2. Latent growth curve model for early communication skills. Standardized estimates are
presented. The first time points of the slope factors are fixed to 0 and, along with nonsignificant
paths, are omitted from the figure. Lev = level; Slo = slope (growth); Soc = social composite; Spe =
speech composite; Sym = symbolic composite; Sf = specific factor. Numbers after soc, spe, sym, and
sf represent age in months.
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Supplemental material includes a more detailed description of the study participants, measures, data,
and analysis methods.
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1
2
3
4 Table 1.
5
6 Communication and Language Measures Used in the Study in Each Age Stage
7
8 Age n Source Measure Components Scoring
96,9, 12, 203-  Parent Communication and Symbolic Behavior Social Sum of 13 ordinal items on the ITC measure (max. 26)
1 5,18,21, 322 report Scales — Infant Toddler Checklist (ITC) = Speech Sum of five ordinal items on the ITC measure (max. 14)
d24 . . T
. Symbolic Sum of six ordinal items on the ITC measure (max. 17)
1 énonths
14 years 104  Parent MacArthur-Bates Communicative Vocabulary Number of words from a pre-specified list of 595 that the child
15 report Development Inventories — Words and says
16 Sentences Inventory Inflections Sum of noun and verb inflections the child uses (max. 16)
ig Maximum sentence length Average morpheme length of three sentences
18 years 112 Individual Boston naming Expressive vocabulary Sum of 60 binary items
5(1) assessment Peabody Picture Vocabulary Test Receptive vocabulary Sum of 166 binary items
247 253 | Parent Five to Fifteen (FTF) — Language subscales = Comprehension Mean of five ordinal items on the FTF measure
23 report Expressive Mean of 13 ordinal items on the FTF measure
24 Communication Mean of three ordinal items on the FTF measure
253 98-  Individual WPPSI-R — Similarities Verbal reasoning Sum of 12 binary and eight ordinal items (max. 28)
26 102 | assessment Peabody Picture Vocabulary Test-Revised | Receptive vocabulary Sum of 30 binary items
gg Korpilahti Auditory Sentence Receptive grammar Sum of 30 binary items
29 Comprehension Test
30 NEPSY-II — Verbal Fluency Verbal productivity Sum of semantically correct words produced in 60 seconds
31 WISC-III — Digit Span Working memory Sum of 12 (forward) and 10 (backward) binary items
32 NEPSY — Repetition of Nonsense Words Working memory Sum of 16 binary items
33 NEPSY-II — Sentence Repetition Working memory Sum of 17 ordinal items (max. 34)
34* grade 236  Parent Children’s Communication Checklist - II Language: Speech, Four subscales, sum of seven ordinal items (5 addressing
35 report Syntax, Semantics, deficits, 2 strengths) in each scale (max. 112)
g? Coherence
38 Communication: Four subscales, sum of seven ordinal items (5 addressing
39 Inappropriate initiation, deficits, 2 strengths) in each scale (max. 112)
40 Stereotyped language,
41 Use of context, Non-
42 verbal communication
43 Note. WPPSI-R = Wechsler Preschool and Primary Scale of Intelligence —Revised, NEPSY(-II) = A Developmental
jg Neuropsychological Assessment (- Second edition); WISC-III = Wechsler Intelligence Scale for Children — Third edition.
46
47
48

10
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1

2

3

4 Table 2

5

6 Means and Standard Deviations of the Early Communication and Follow-Up Measures

7

8 Early communication 6 mo. 9 mo. 12 mo. 15 mo. 18mo.
0 measures n =229 n=203 n=322 n =305 n=279
1 Max. M (SD) M (SD) M (SD) M (SD) M (SD)
12 ITC Social 26 9.99 (2.78) 14.30 (3.63) 19.61 (3.42) 21.73 (3.01) 23.06 (2.59)
13 Speech 14 3.03 (1.75) 5.83 (2.30) 7.64 (2.34) 9.49 (2.26) 11.17 (2.12)
1‘51 Symbolic 17 3.72 (1.60) 6.32 (1.81) 9.60 (2.31) 12.88 (2.16) 14.94 (1.79)
16 Follow-up measures 2y. 3y. 4;7y. 5:3y. 1" grade
17 n=104 n=111-112 n=253 n=98-102 n=236
18 Max. M (SD) M (SD) M (SD) M (SD) M (SD)
-’213 MBCDI Vocabulary 595 325.10 (154.10)

21 Inflections 16 10.36 (4.90)

2o MSL 7.0 (3.62)

23 Boston naming 60 14.88 (5.30)

24 PPVT 166 23.87 (12.15)

25 FTF* Comprehension 2 0.23 (0.29)

26 Expressive 2 0.21 (0.28)

217 Communication 2 0.26 (0.39)

28 SI 28 16.42 (4.04)

?;8 PPVT-R 30 16.67 (3.63)

o SC 30 21.25 (4.17)

22 VF 15.56 (6.08)

33 DS 22 6.55 (2.41)

34 NWR 16 9.53(2.72)

35 SR 34 21.25 (4.68)

36 CCC-II" Language 112 5.07 (8.50)
37 Communication 112 7.75 (9.06)
38 Note. All means are calculated from nonstandardized sum scores with the exception of the FTF subscales that are calculated from scale
Zg means due to missing items (nine subjects, maximum of three missing values). ITC = Infant-Toddler Checklist; MBCDI = MacArthur-
a1 Bates Communicative Development Inventories; MSL = Maximum Sentence Length; PPVT = Peabody Picture Vocabulary Test; FTF =
42 Five to Fifteen; SI = Similarities; SC = Sentence Comprehension; VF = Verbal Fluency; DS = Digit span; NWR = Nonword Repetition;
43 SR = Sentence Repetition; CCC-II = Children’s Communication Checklist —Second Edition.

44 * = higher value represents more difficulties

45

46

47
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Table 3.

Summary of the Regression Analyses Predicting Later Language Ability from Early Communication Development

Page 40 of 65

Common Specific associations”
Social Speech Age specific
Follow-up measure Age Level Growth Level Growth Level Growth Level Growth Sf09 Sf12  Sf15
) B R* % B B
MBCDI Vocabulary 2 104 0.32" 0.64"" 32.4 0.29
Inflections 2104 0.12 0.69™" 41.1 -0.28 0.22 -0.26
MSL 2104 0.17 0.74™ 46.7
Boston naming 3912 0.17 0.58" 27.6 0.24
PPVT 3 mn 0.29" 033" 10.5
FTF Comprehension 47 253 -0.28" -0.43™" 15.0
Expressive 47 253 -0.26" -0.50™" 19.8 0.28 -0.23
Communication 4;7 253 -0.32" -0.51™ 20.9
(Lsa‘l"‘%,‘;f‘\g/?r’ SC.VE) ST 0.24 0.65"" 33.0
?gesnf“f’]gySb’ NWR. SR) 33102 0.03 0.74°" 533 050 047 045 047
CCC-1I Language IMgr 236 -0.31° -0.78" 48.2 024  -0.20 0.23
Communication 1% gr 236 -0.24 -0.70"™" 38.9 024 021 -0.17

Note. MBCDI = MacArthur-Bates Communicative Development Inventories; MSL = Maximum Sentence Length; PPVT = Peabody
Picture Vocabulary Test; FTF = Five to Fifteen; SI = Similarities; SC = Sentence Comprehension; VF = Verbal Fluency; DS = Digit

Span; NWR = Nonword Repetition; SR = Sentence Repetition; CB = Corsi Block task; CCC-II = Children’s Communication Checklist —

Second Edition; Sf = Specific factor (and age in months).

a. Each specific pathway was tested separately. The significance level was set to p<. 001.
*<.05. #*<.01. ***,001.



Page 41 of 65

0
1
2
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

PRPRPOO~NOOOPRAWDNPE

Journal of Speech, Language, and Hearing Research

Running head: CONTINUITY OF COMMUNICATION AND LANGUAGE DEVELOPMENT

Age 6-24 months, N = 508 (Present study used data from measurements at 6-18 months, n = 427)"

Parent questionnaire: Infant-Toddler Checklist

6 months 9 months 12 months 15 months 18 months
n=229 n=203 n=322 n=

305 =279

21 months
n=273

24 months
n=330

Subsample invited for follow-up,
n=143

No risk, n =78 ‘ ’

Risk, n= 65 ‘

Age 2 years, n = 104 (104)",
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Continuity from prelinguistic communication to later language ability: a follow-up study from infancy
to school age

Appendix S1

Method
Participants and procedure

The original sample of 508 children was recruited through community-based child health care
clinics in the city of Jyvéskyld, Central Finland. Child health care clinics provide free services for all
families with children between ages 0 to 6. The services are focused on health promotion, risk
assessment, and disease prevention. Visits are made to the clinic 10 to 15 times during the first two
years of life, and thereafter annually or at 18 month intervals. The clinics are regularly attended by
over 95 % of Finnish parents and their children (for a more detailed description of pre- and postnatal
care for families, see Callister, Lauri, & Vehvildinen-Julkunen, 2000). All the clinics in the area
(population base close to 100,000, and age cohort of about 900 at the time) volunteered to participate
in the study. The Infant-Toddler Checklist (ITC, part of the Communication and Symbolic Behavior
Scales — Developmental Profile, Wetherby & Prizant, 2002) was introduced to the families by the
nurses at the clinics. Children were eligible for participation if aged between 6 and 24 months at time
of recruitment.

After giving their consent and completing the first ITC questionnaire, parents were asked to
fill in a new questionnaire every three months until the child was 24 months of age (i.e., a maximum
of seven times; at ages 6, 9, 12, 15, 18, 21, and 24 months). The sample sizes for the measurement
points were n = 229 at 6 months, n = 203 at 9 months, » = 322 at 12 months, n = 305 at 15 months, n
=279 at 18 months, n =273 at 21 months, and n = 330 at 24 months of age. For the majority of the

sample (67.9%), data were available from at least three measurement points. The total number of
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forms filled in by parents depended on their child’s age at the time of completing the first
questionnaire and on how many of the subsequent questionnaires they completed. In the present study,
the data from the measurements conducted between 6 and 18 months were used, yielding a total
sample of 427 children.

After the early questionnaire data collection phase, subgroups of the original 508 participants
were followed at ages 2 and 3 years (parent report and individual assessments), 4;7 (parent report),
and 5;3 (individual assessment), and in the spring term of the first grade (age range 7;5 — 8;4, parent
report). During the follow-ups at 2, 3, and 5;3, only a small subset of families were contacted due to
time and resource limitations. Thus, the subgroups were constructed to include a sufficient number of
children showing possible risks for language and communication development. This form of data
collection enables also comparison of at-risk and typically developing children. At ages 4;7 and first
grade, all the originally participating families were contacted. The group differences in the early ITC
scores are summarized in table SM1. .

Demographic information by subsamples is presented in Table SM2. The Finnish population
of 5.4 million is relatively homogeneous in ethnicity, culture, religion, and language. All the
participating children were Caucasian and spoke Finnish as their native language. Data related to birth
and family were collected at the initial recruitment stage (data available for 472 - 485 children).
Fourteen children (2.9 %) had been born preterm (i.e., gestational age less than 36 weeks). Sample
mean birth weight was 3.5 kg (SD = 0.6, range 1.1 -5.4). Slightly over half (n = 267, 56.6 %) the
children were firstborns. At time of recruitment, 19 (3.9 %) families reported single parenthood. This
is a markedly lower percentage than in the general population (= 14% of families with children aged
0-7 years during 2003, when the initial data were collected; Statistics Finland, 2013). However, the
percentage of single parent families can be expected to be lower among the families of young infants.

Parental education was classified using a seven-point scale ranging from a basic level, 0 (no
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vocational education), to advanced educational training, 6 (higher-level university degree). The
sample was fairly representative of the Finnish population (Statistics Finland, 2013). The distribution
of family educational level in the sample was as follows: 7% of mothers and 6% of fathers (general
population 6%) had no vocational education, 58% of mothers and 66% of fathers (general population
64%) had at least some vocational degree, and 35% of mothers and 29% of fathers (general population
29%) had a master’s or higher university degree. Finnish families are typically dual-earner families
with both parents working full time (Salmi & Lammi-Taskula, 2014). State-funded parental leave lasts
up to 10 months of age, after which child home-care allowances are provided for the first 1 to 3 years.
Around 40% of mothers with children under the age of three years and 80% of mothers of children
aged between 3 to 6 years work outside the home (Salmi & Lammi-Taskula, 2014). Child care is
provided in day care centers or in family day care, the former of which is more commonly used (84%
vs. 16%; Kekkonen, 2014). Rates of day care attendance vary according to the child’s age. Around
30% of one-year-olds, 50% of two-year-olds, 70% of three-year-olds, 75% of four-year-olds, and 80%
of five-year-olds are in day care. Family day care is more common in the youngest age groups.
Children have a right to attend pre-school education the year before their compulsory education starts
(the year they turn 6). Pre-school education is provided in day care centers and primary schools. The
majority (98%) of children attend pre-school education (Statistics Finland, 2013). Compulsory
schooling starts in the year of the child’s seventh birthday.

There were small but significant differences in demographics between the children who had
data from the last two follow-ups at age 5;3 and first grade (n range 100-102 and 230-234) and those
who did not (n range 373-394 and 241-263): The participants in the last two follow-ups had slightly
older and more educated mothers (mother’s age: 30.9 vs. 29.6 at 5;3, p = .031, np2 =.009; 30.4 vs.
29.4 in first grade, p =.039, np2 =.009; mother’s education: 4.1 vs. 3.7 at 5;3, p = .050, np2 =.008; 4.1

vs. 3.6 in first grade, p = .002, np2 =.020 ). However, only maternal education in the sample at first
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grade remained significantly different after correcting for multiple comparisons (Bonferroni
correction, nine comparisons). These results are in line with previous observations reported by
longitudinal studies of language that attrition tends to be lower among children with older and more
educated mothers (e.g., Henrichs et al., 2011; Reilly et al., 2010). No other significant differences
between the subsamples were found.

By the end of the study, two children (information was available for 338 children) had
received a diagnosis of language impairment and three children were reported as having broader
developmental difficulties. In addition, based on parent report, health care providers had observed
indications of delayed language development in 17 children (5.0 %). Parents reported the use of
speech and language therapy services for language-related difficulties (excluding articulation and
stuttering problems) for 11 (3.3 %) children. The discrepancy between the number of children with
diagnosed language impairment and those attending speech and language therapy services is probably
due to the service structure in Finland. Children do not need a formal diagnosis to be eligible for
specialist services. Families are referred to these services if any concerns arise during their annual
check-ups at their local child health care clinics. Very often, the first step is to see whether a more
intensive follow-up together with family guidance or a few visits to a speech and language therapist is
enough before referring the child for further assessments and formal diagnostic procedures.

Measures

Early communication measure. Early communication skills were assessed using the Finnish
version of the ITC of the CSBS-DP (Laakso, Poikkeus, & Eklund, 2011; Wetherby & Prizant, 2002).
The ITC is a parent-report screening tool that consists of 24 questions designed to measure relevant
prelinguistic milestones of early communication and language development in children aged 6 to 24
months. The questions are organized into three composites and cover several areas of development,

such as emotion and use of eye gaze, communication, and gestures (social composite, 13 questions);
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sounds and words (speech composite, five questions); and understanding and object use (symbolic
composite, six questions). The ratings are either on a three-point scale (0 = not yet, 1 = sometimes, 2 =
often) or on scales that describe a series of numbers or ranges affording 0 to 4 points (e.g., 0 = none, 1
=1-3,2=4-10,3 = 11-30, 4 = over 30). The Cronbach’s as over the age span of 6 to 18 months
ranged from .80 to 89, and by age (6, 9, 12, 15, and 18 months; ns = 191-320) from .68 to .73 for the
social composite, from .47 to .63 for the speech composite, and from .38 to .58 for the symbolic
composite. The variations in the alpha values by age are probably due to the fact that the questions for
each age are the same, meaning that some of the questions might behave differently at different age
stages (such as the number of words spoken or understood).

Measures at 2 years of age. Children’s expressive vocabulary was assessed with the Finnish
version of the MacArthur-Bates Communicative Development Inventories Words and Sentences
(Fenson et al., 1994; Lyytinen, 1999). The checklist contains four subscales that measure vocabulary,
use of language, noun and verb inflections, and word combinations in children aged 16 to 30 months.
Three of these subscales were used in this study. In the vocabulary scale, the parent indicates which of
the predefined 595 words they have heard their child produce spontaneously. The words include
nouns, verbs and adjectives that are commonly used by children of this age. A total number of words
is calculated for each child. In the inflections scale, the parent indicates which of the 16 inflections
(e.g., plural, verb tenses) are present in the child’s spontaneous speech. The sum of the noun and verb
inflections that the child uses is calculated for each child. In the third section, the parent writes
verbatim the three longest sentences they have heard their child produce. Average sentence length,
measured as morphemes, is calculated based on these three sentences.

Measures at 3 years of age. The children’s single-word receptive vocabulary was assessed
with the Peabody Picture Vocabulary Test (PPVT; Dunn & Dunn, 1981). The PPVT consists of 166

words accompanied by black-and-white line drawings. The child hears a word and selects the picture
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that corresponds to the word from an array of four pictures. Total score of correct answers was used in
the analyses.

Boston naming (Kaplan, Goodglass, & Weintraub, 1983) was used as a measure of single-
word expressive vocabulary. The task consists of 60 pictures that the child has to name. If the child
does not produce a word for the picture, he/she is prompted with a semantic cue. If the child fails to
produce the word, a phonological cue is given (e.g., the first two sounds of the word). The total
number of correct productions is calculated from the words the child produces either spontaneously or
with the semantic cue.

Measures at 4;7. Language and communication related concerns were assessed with the Five
to Fifteen questionnaire (FTF; Kadesjo et al. 2004). The FTF is a parent questionnaire developed for
the elicitation of symptoms and problems typical of ADHD and its comorbidities. The FTF comprises
181 statements related to behavioral or developmental problems. The language domain of the
questionnaire consists of 21 questions divided into three subscales. The comprehension subscale (five
questions) measures difficulties in understanding words, explanations and stories. The expressive
subscale (13 questions) measures difficulties in fluency, word retrieval and complexity of speech. The
communication subscale (three questions) measures difficulties in social communication and
narration. Ratings are made on a three-point scale (0 = does not apply, 1 = applies sometimes or to
some extent, 2 = definitely applies). Due to missing values for some items, the means of the subscales
were used in the analyses. The Finnish validation of the FTF for 5-year-olds (n = 769) reported the
reliability of the whole language domain to be .89 (Korkman, Jaakkola, Ahlroth, Pesonen, & Turunen,
2004). Cronbach’s as of .84 for comprehension, .84 for expressive, and .75 for communication have
been reported (Kadesjo et al., 2004). In the present data the corresponding values were .66, .87, and
.71, respectively.

Language measures at 5;3. The language measures were selected to cover various areas of
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language ability in both the expressive and receptive domains, as suggested by Conti-Ramsden and
Durking (2012).

The Similarities (SI) subtest of the Wechsler Preschool and Primary Scale of Intelligence —
Revised (Wechsler, 1995) was used to assess verbal abstract reasoning and conceptualization abilities.
The test comprises three parts: In the first part, the child sees a stimulus picture and is asked to select a
compatible picture from an array of four pictures (six items); in the second part, the child completes a
sentence with an appropriate word (six items); and in the third part the child describes how two things
are alike (eight items).

A 30-item shortened version of the Peabody Picture Vocabulary Test — Revised (PPVT-R;
Dunn & Dunn, 1981) was used to assess the child’s single-word receptive vocabulary. The items were
selected on the basis of data drawn from another Finnish study, the Jyvéskyld Longitudinal Study of
Dyslexia (see Lyytinen et al., 2004; Lyytinen, Erskine, Tolvanen, Torppa, Poikkeus, & Lyytinen,
2006) where the full-scale version of the PPVT-R was administered to the control group.

The Korpilahti Auditory Sentence Comprehension test (SC; Korpilahti 1996) was used as a
test for receptive grammar. The test assesses the ability to process semantic and syntactic information
in sentences. The test comprises 30 sentences that increase in complexity and make increasing
demands on verbal reasoning and auditory short-term memory. After each sentence the child is
presented with three pictures and asked to choose the one that goes best with the sentence.

The Verbal Fluency, Semantic categories test (VFS; NEPSY-II; Korkman, Kirk, & Kemp,
2008) assesses verbal productivity and vocabulary. The child is asked to generate as many words as
possible within specific semantic categories (animals, foods) in 60 s.

Working memory measures at 5;3. The working memory measures were selected to cover
the relevant subsystems of Baddeley’s (2003; 2012) model of working memory, following the

conceptualizations of Archibald & Gathercole (2006) and Petruccelli, Bavin, & Bretherton (2012).
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The Digit Span subtest of the Wechsler Intelligence Scale for Children — Third Edition
(WISC-III; Wechsler, 1999) comprises two parts: In the first part, the child repeats a dictated series of
digits verbatim (forward part), and in the second part the child repeats the series backwards (backward
part). The series begin with two digits and increases in length with two trials at each length. As the
forward part is regarded as tapping the phonological loop and the backward part as tapping both the
phonological loop and the central executive (e.g., Vance, 2008), the two parts were treated as separate
measures in the analyses.

Nonword repetition (NWR) ability was assessed with the Repetition of Nonsense Words test
(NEPSY; Korkman, Kirk, & Kemp, 1997). In this test, the child imitates 16 nonwords that increase in
length from one (“nas”) to six (“skrikoflunaflistrop”) syllables. The nonwords conform to the
phonotactic rules of Finnish but are low in word likeness and phonotactic frequency. The test is
regarded as tapping the phonological loop along with other language-related processes such as speech
perception, phonological encoding and assembly, and articulation (Coady & Evans, 2008).

In the Sentence Repetition task (SR; NEPSY-II; Korkman et al., 2008), the child is read 17
sentences that increase in complexity and length, and asked to recall each sentence verbatim
immediately after it is presented. The task requires the integration of information from phonological
short-term memory with long-term linguistic knowledge, and thus is regarded as being a measure of
the episodic buffer, which is responsible for storing chunks of such integrated information (Baddeley,
2000; Boyle, Lindell, & Kidd, 2013).

Measures in the first grade. The children’s language and communication difficulties were
assessed with the Finnish version of the Children’s Communication Checklist — Second Edition
(CCC-2; Bishop, 2003; Norbury, Nash, Baird, & Bishop, 2004). The CCC-2 is a parent questionnaire
used to screen for general language impairments and pragmatic language impairment in children aged

4 to 16 years. The questionnaire includes four subscales that measure language abilities (speech,
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syntax, semantics, and coherence) and four areas of pragmatics (inappropriate initiations, stereotyped
language, use of context, and nonverbal communication). The two additional subscales (social
relations and interests) were omitted in this study. Each scale comprises 5 questions on difficulties,
and 2 questions on strengths (reversed scale). Parents rate the frequency of their child’s language and
communication behaviors on a four-point scale (0 = less than once a week, 1 = at least once a week,
not every day, 2 = once or twice a day, 3 = several times a day/always). The Cronbach’s as for the
separate subscales have been reported to be above .66 (Bishop, 2003). The as in the current sample
ranged between .57-.87 for the separate subscales and the as for the combined language scales and
combined pragmatics scales were .91 and .92 respectively.

Data analyses

The development of early communication skills was analyzed using a type of second-order
multivariate Latent Growth Curve modeling called the factor-of-curves model (Duncan, Duncan, &
Strycker, 2006, pp. 68-70; McArdle, 1988). Multivariate LGM is used to determine if development on
one behavior covaries with development in other behaviors and it provides a “more dynamic view of
the correlates of change, as development in one variable can be associated with development in
another variable” (Duncan et al., 2006, p.63). In the factor-of-curves model it is examined whether a
second-order factor adequately describes the covariances among lower order developmental functions
(Duncan et al., 2006, p.68).

The analyses were performed using the Mplus statistical package (version 7; Muthén &
Muthén, 1998-2010). The estimation method was the robust MLLR which corresponds to the full-
information maximum likelihood (FIML). In FIML there does not need to be the same number of
items, observations, or variables for every individual as the log-likelihoods are written for each
individual based on the individual’s observed data (e.g. see Enders, 2010, pp. 88-92; Graham &

Coffman, 2012, p. 282). The use of FIML over other methods such as listwise deletion is
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recommended as FIML preserves key relationships among variables and better estimates the
variability in the data yielding more valid results (see, Jeli¢i¢, Phelps, & Lerner, 2009). Thus, despite
having different amount of data at different age stages, all available data between the ages 6 to 18
months was used (n = 203-322 at different ages, n =427 in total) as it leads to improved accuracy of
parameter estimates (Enders, 2010, p.92). The coverage of the elements in the covariance matrix is
presented in Table SM4.

The goodness-of-fit of the estimated LGC models was evaluated using several fit indexes (y*
test, the Comparative Fit Index, the Tucker-Lewin Index, the Root Mean Square Error of
Approximation, and Standardized Root Mean Square Error of Approximation; Hu & Bentler, 1999;
Muthén & Muthén, 1998-2010). Specifications to the model were done based on the model
modification indices and theoretical considerations. Modification indices above 4 were taken into
account and each of them was considered from a theoretical standpoint. Only those indices that were
deemed appropriate both statistically and theoretically were added to the model.

All analyses were conducted with raw data. As the follow-up subsamples were only partially
overlapping, the regression analyses were conducted separately for each follow-up.

Results
A latent growth curve (LGC) model for early communication development

All correlations between the three ITC composites at different age stages are shown in Table
SM3. All the successive measurements within the ITC composites correlated significantly with each
other, as was expected due to the sequential nature of the data, and thus, were allowed to correlate
with each other within the composites in the LGC model.

A LGC model for each of the three ITC composites (social, speech, symbolic) was estimated
simultaneously. Based on visual inspection of the individual growth curves and the model

modification indices, nonlinear growth was estimated. In the model specifications all loadings on first
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order intercepts were fixed (at 1), while in the loadings of the first-order slopes, the first and last time
points were fixed (at 0, and at 4), and age 9, 12, and 15 month loadings were estimated freely (*1, *2,
*3). The modeling of unspecified trajectories using a two-factor model (only intercept and slope
instead of a specified model) was chosen as the unspecified model might be able to provide better
model fit and is somewhat easier to interpret. That is, the fitting of a quadratic and a cubic slope factor
(i.e., a specified model), would lead to 9 and 12 first-order factors, respectively, which would lead to
an unnecessarily complex model that would be more difficult to interpret and might lead to
convergence problems. In addition, it has been suggested that unless there are solid theoretical
justifications for another model, using unspecified model is recommended (see a simulation study by
Welch, 2007). In this type of modeling, instead of a predefined shape of growth (i.e., adding a
quadratic or cubic factor), the data is allowed to determine the shape of growth (Duncan et al., 2006,
pp.31-35).

The correlations between the first-order level factors and between the first-order growth
factors were significant (» =.57-.81, p <.001 between the social, speech, and symbolic level factors,
and » = .48 - .67; p <.001 - .010 between the social, speech, and symbolic growth factors). Thus, a
second-order factor structure (common level and common slope) was added to the model to describe
these relationships between the composite-specific first-order factors (i.e., explain the covariances
among the first-order factors; Duncan et al., 2006, pp. 68-69). The symbolic composite was used as
the reference scaling for the second order structure (fixed at 1; Duncan et al., 2006, p. 69; McArdle,
1988) and the other factor loadings were estimated freely.

The residual correlations were strong between the different measures at the same time point
(i.e., social, speech, and symbolic at age 9 month, age 12 months, and age 15 months) indicating that
there is some age-specificity in development at these ages that is not captured by the first- and second-

order factors. Thus, specific age factors were added to explain this between-individual variation that is
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specific to the time points measured and not related to development over the measured time period.
These specific factors were not allowed to correlate with each other or with the first- and second-order
factors. The model fitted the data well: y*(73) = 87.405 , p =.120 , CFI =991 , TLI =987, RMSEA =
.021 and SRMR =.083.

Figure 2 depicts the LGC model and reports the standardized estimates. These estimates
should be interpreted to depict effect sizes. In line with the observed means across the 6 to 18 month
period (reported in Table 2), the LGC model showed growth throughout the measured time period in
all three ITC composites, which was indicated by increases in the model produced mean values over
time. The correspondence between the observed and the model estimated mean values was good. The
first-order loadings on growth factors represent the individual differences present at a certain time
point. Thus, a higher standardized loading for example at age 15 months compared to the loading at
age 18 months in social and speech composites (see Figure 2) indicate that the largest individual

differences are present at this age.

Early communication development and later language and communication skills

The model fit indices for the longitudinal models between the early LGC model and the
follow-up measurements at ages 2, 3, 4;7, 5;3 and first grade are summarized in Table SM5.

The model modification indices suggested several skill- and age-specific pathways from the
level of the speech composite, from the growth factor of the social and speech composites, and from
the age-specific factor at 15 months of age. More specifically, the suggested pathways included: from
the growth factor of the social composite to MCDI inflections at 24 months (p = .040), FTF
expressive language at 55 months (p =.217), and the memory factor at 63 months (p = .274); from the
level of the speech composite to MCDI inflections at 24 months (p = .136), the memory factor at 63
months (p =.019), and the first-grade language (p = .034) and communication (p = .024) factors; and

from the growth factor of the speech composite to expressive vocabulary at 36 months (p =.050), FTF
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expressive language at 55 months (p = .063), the memory factor at 63 months (p = .002), and the first-
grade language (p = .007) and communication (p = .023) factors. Age-specific paths were suggested

from the specific age factor at 15 months to MCDI vocabulary (p = .012) and inflections (p = .024) at

©CoO~NOUITA,WNPE

24 months, the memory factor at 63 months (p =.090), and the first-grade language (p = .007) and
13 communication (p = .011) factors. None of these paths were significant at the .001 level, and thus no

15 specific paths were added to the regression models.
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Table SM1

Comparisons of the ITC scores at ages 12, 15, and 18 months of age between the children participating and not participating in the
follow-ups
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ITC at age 12 months ITC at age 15 months ITC at age 18 months

11 n (data/ Soc  Spe Sym n (data/ Soc Spe Sym n (data/ Soc Spe Sym
no data) F no data) F no data) F

14 2 years 99/223 ns. ns. s 101/204 n.s. 17.6* n.s. 98/181 n.s. n.s. n.s.
16 3 years 109/213 n.s. n.s. n.s. 108/197 12.3%* 15.3* n.s. 105/174 n.s. 12.9%* n.s.
4;7 206/116 n.s. n.s. n.s. 208/97 n.s. n.s. n.s. 191/88 n.s. n.s. n.s.
19 5;3 93/229 n.s. n.s. n.s. 97/208 n.s. n.s. n.s. 88/191 n.s. n.s. n.s.
21 1 grade 190/132 ns. nS. NS 193/112 n.Ss. n.s. n.s. 171/108 n.s. n.s. n.s.

Note. ITC = Infant-Toddler Checklist; Soc = Social composite; Spe = Speech composite; Sym = Symbolic composite.
24 p <.001
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Table SM2

Demographic Information for the Original Sample, the Sample in the Early LGC Model, and the Follow-Up Subsamples

Original Early LGC Follow-up Follow-up Follow up Follow-up Follow-up
sample model 2 years 3 years 4;7 5;3 first grade
N 508 427 104 111 253 102 236
Males/females, % 50.2/49.8 50.8/49.2 54.8/45.2 56.8/43.2 51.4/48.6 52.0/48.0 51.7/48.3
Preterm birth (< 36 wk), n (%) 14 (2.9) 14 (3.4) 329 5(4.5) 6(24) 329 6(2.6)
Birth weight, M (SD), kg 3.5(0.6) 3.5(0.6) 3.6 (0.6) 3.6 (0.6) 3.5(0.5) 3.5(0.6) 3.6 (0.5)
Birth order, first born, n (%) 267 (56.6) 216 (54.8) 49 (50.0) 51 (48.6) 134 (57.8) 50 (51.0) 115 (52.5)
Single parents®, n (%) 19 (3.9) 15 (3.6) 2(2) 327 7(2.9) 0(0) 5@2.1)
Parent’s education®, M (SD)
Mother 3.9(2.0) 3.8(1.9) 4.1(1.8) 4.1(1.9) 3.9(1.9) 4.1 (2.0) 4.1(1.9)°
Father 3.6 (2.0) 3.6(1.8) 3.5(1.8) 3.8(1.7) 3.6(1.9) 3.8(1.8) 3.6(1.8)
Parent’s age® M (SD), y
Mother 29.8 (5.4) 29.7(5.4) 304 (5.1) 30.6 (5.2) 30.0 (5.3) 30.9 (5.2) 304 (5.2)
Father 32.1(6.3) 32.0(6.4) 32.5(6.0) 32.7(5.7) 32.3(6.1) 32.5(5.8) 32.4(6.3)

Note. Coverage of the demographic data varied between 472-494 in the original sample, 394-416 in the early LGC model sample, 98-
104 at 24 months, 105-111 at 36 months, 232-249 at 55 months, 98-102 at 63 months, and 219-235 in the first grade. The percentages
are calculated from the available data. LGC = latent growth curve.

* At time of initial recruitment.

® Significantly different compared to the original sample (p <.01)
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1
2

3 Table SM3.

g Correlations between the ITC composites at different ages.

6 _ Soc06 Soc09 Socl2  Socl5 Socl8 Sne06  Spe09  Spel2  Spel5  Spel8  Svm06  Svm09  Svml2  Svml5
7 Soc09 47177

8 no 202

20 Socl2 r 386 5607

11 n 142 135

12 Socls  r 3027 47777 6197

13 n 151 142 277

12' Socl8 278" 404" 504" 7217

16 n 149 140 234 246

17 Spe06 30477 236" 182" 070 115

18 n 229 202 142 151 149

19 Spe09 2257 2817 162 2207 148 34077

22 Spel2 220 406 439 342 403 257 484

23 no 142 135 322 277 234 142 135

24 Spel5  r .099 2167 34577 43177 385" 180" 42577 52977

gg n 151 142* 276*** 304*** 246*** 151 142*** 276***

27 Spel8  r .098 203 330 380 384 132 407 468 786

28 n 149 140 234 246 279 149 140 234 246

29 Sym06 r 509" 368”7 188"  .109 099 3697 2567 168" 072 086

30 no 229 202 142 151 149 229 202 142 151 149

g; Sym09 35277 4937 419" 322" 2507 2787 389" 38577 27477 289" 402"

33 n o 202 203 135 142 140 202 203 135 142 140 202

34 Syml2 r 1810 309" 5017 44577 334" 2507 2517 44377 388" 339" 189" 496"

35 no 142 135 322 277 234 142 135 322 276 234 142 135

g? Syml5 r .156 2877 4667 53077 3867 149 2347 339" 477" 406" 067 4577 666

38 n 151 142 277 305 246 151 142 277 304 246 151 142 277

39 Syml8 » .157 36677 48277 5537 48777 138 2847 36377 4297 465 -.009 33177 50177 6837
40 n_ 149 140 234 246 279 149 140 234 246 279 149 140 234 246
41 Note. Soc = Social composite; Spe = Speech composite; Sym = Symbolic composite. Numbers after soc, spe, and sym represent age in
42 months.

ji *< 05, **<,01, *** 001,

45

46

47

48
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Table SM4

The coverage of the elements in the covariance matrix in the LGC model and follow-up assessments (% of the total sample of 427).
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Age Early Age in months Age (years; months)
(months) communication 6 9 12 15 18 2 3 4:7 5;3 79

6 ITC 53.6

9 ITC 47.3 47.5

12 ITC 33.3 31.6 75.4

15 ITC 354 33.3 64.9 71.4

18 ITC 34.9 32.8 54.8 57.6 65.3

(years) Follow-up measures

2 MBCDI Vocabulary 8.7 8.2 23.2 23.7 23.0 244

2 Inflections 8.4 8.2 23.0 23.4 22.7 24.1

2 MSL 8.2 8.0 22.2 22.7 22.0 234

3 Boston naming 10.8 10.8 25.5 253 24.6 26.2

3 PPVT 10.5 10.5 25.3 25.1 24.4 26.0

4;7 FTF 27.7 25.3 43.8 443 40.6 63.0

5;3 SI 11.0 10.8 20.8 21.8 19.7 23.0
5;3 PPVT-R 11.0 10.8 21.3 22.2 20.1 23.4
5;3 SC 11.5 11.2 21.8 22.7 20.6 23.9
5;3 VF 11.0 10.8 20.6 21.5 19.4 22.7
5;3 DSf 11.5 11.2 21.5 22.5 20.4 23.7

DSb 11.0 10.8 20.8 21.8 19.7 23.2

5;3 NWR 11.0 10.8 20.8 21.8 19.7 23.0
5;3 SR 11.2 11.0 21.3 22.2 20.1 23.4
7:9 CCC-lI 27.8 25.6 40.9 41.6 36.9 58.8

Note. ITC = Infant-Toddler Checklist; MBCDI = MacArthur-Bates Communicative Development Inventories; MSL = Maximum
Sentence Length; PPVT = Peabody Picture Vocabulary Test; FTF = Five to Fifteen; SI = Similarities; SC = Sentence Comprehension;
VF = Verbal Fluency; DS = Digit span; NWR = Nonword Repetition; SR = Sentence Repetition; CCC-II = Children’s
Communication Checklist —Second Edition.
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1

2

; Table SM5

5

6 The Model Fit Indices for the LGC Model and the Regression Models of the Follow-Up Measurements.

-

8

9 Age LGC model Y df p CFI TLI RMSEA RMSEA 90% CI SRMR
10 . .

11 120 18 Barly communication 87.405 73 0.1198 0991 0987  0.021 0.000 0.037  0.083
1 months  development

13 Outcome variables

14 .

15 2years  MCDI: vocabulary, 153.548 112 00056 0979 0971 0029 0017 0.040  0.091
16 inflections, MSL

g 3years  Boston, PPVT 119.435 99 0.0793 0.988 0.984 0.022 0.000 0.035 0.083
19 4,7 FIFexpressive, 436459 112 00579 0987 0982  0.022 0.000 0.033  0.078
20 receptive, communication

21 .

22 53 Psychometric tests: 258160 207 0.0090 0973 0967 0024 0018 0.033  0.089
23 Language, memory

24 .

25 1" grade  CCC-IL Language, 236476 206  0.0714 0991  0.988 0.018 0.000 0.028 0.071
26 communication

27 Note. A nonsignificant chi-square test (p >.05), CFI and TLI values at or above .95, RMSEA below .06, and SRMR below .08 serve as
28 guidelines for determining good model fit (Hu & Bentler, 1999; Marsh, Hau, & Wen, 2004). LGC = latent growth curve; CFI =

ég comparative fit index; TLI = Tucker-Lewin index; RMSEA = root mean square error of approximation; CI = confidence interval;

31 SRMR = standardized root mean square error of approximation; MCDI = MacArthur-Bates Communicative Development Inventories;
32 MSL = Maximum Sentence Length; PPVT = Peabody Picture Vocabulary Test; FTF = Five to Fifteen; CCC-II = Children’s

33 communication Checklist —Second Edition.

34

35

36

37

38

39

40

41

42
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