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Abstract

Aims

Oral language is the foundation of literacy. Naturally, policies and practices to promote chil-

dren’s literacy begin in early childhood and have a strong focus on developing children’s

oral language, especially for children with known risk factors for low language ability. The

underlying assumption is that children’s progress along the oral to literate continuum is sta-

ble and predictable, such that low language ability foretells low literacy ability. This study

investigated patterns and predictors of children’s oral language and literacy abilities at 4, 6,

8 and 10 years. The study sample comprised 2,316 to 2,792 children from the first nationally

representative Longitudinal Study of Australian Children (LSAC). Six developmental pat-

terns were observed, a stable middle-high pattern, a stable low pattern, an improving pat-

tern, a declining pattern, a fluctuating low pattern, and a fluctuating middle-high pattern.

Most children (69%) fit a stable middle-high pattern. By contrast, less than 1% of children fit

a stable low pattern. These results challenged the view that children’s progress along the

oral to literate continuum is stable and predictable.

Findings

Multivariate logistic regression was used to investigate risks for low literacy ability at 10

years and sensitivity-specificity analysis was used to examine the predictive utility of the

multivariate model. Predictors were modelled as risk variables with the lowest level of risk

as the reference category. In the multivariate model, substantial risks for low literacy ability

at 10 years, in order of descending magnitude, were: low school readiness, Aboriginal and/

or Torres Strait Islander status and low language ability at 8 years. Moderate risks were

high temperamental reactivity, low language ability at 4 years, and low language ability at 6

years. The following risk factors were not statistically significant in the multivariate model:

Low maternal consistency, low family income, health care card, child not read to at home,

maternal smoking, maternal education, family structure, temperamental persistence, and

socio-economic area disadvantage. The results of the sensitivity-specificity analysis
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showed that a well-fitted multivariate model featuring risks of substantive magnitude did not

do particularly well in predicting low literacy ability at 10 years.

Introduction
Children’s language development builds the foundation for literacy, educational achievement
and employment [1, 2]. Literacy is recognised as a human right and a means for achieving
other human rights. The benefits that literacy confers on individuals, families, communities
and nations are human, social, economic, cultural and political [3]. Speaking and listening are
developmental prerequisites for reading, writing and spelling. This relationship entails
dynamic complementarity and self-productivity which produce multiplier effects whereby lan-
guage enables literacy and in turn, literacy enables language. This is especially true for vocabu-
lary where in the beginning stages of reading, children rely heavily on their vocabulary
knowledge to understand what they read, and once proficient, acquire new vocabulary through
reading [4, 5]. Vocabulary knowledge is a strong predictor of reading comprehension [6] and
poor vocabulary knowledge is associated with low literacy achievement [7]. Population based
prospective longitudinal studies have documented the enduring association between low lan-
guage ability in the preschool years and low literacy in childhood and adulthood [1, 8–10].

Improving language and literacy standards is an important global [11] and national goal
[12]. There is unanimous agreement that the policy focus must begin early in childhood, before
the start of formal school and formal reading instruction [10, 13, 14]. In the preschool years
there is a strong focus on developing children’s oral language abilities, especially for children
with known risk factors for low language ability.

The predominant theory about reading, “The Simple View of Reading,” was first advanced
by Gough and Tunmer [15] and is prominent in early childhood education policies and peda-
gogies [10]. This early view breaks down reading into two dimensions, decoding the alphabetic
system, which requires code-related abilities, and, understanding the written word, which
requires oral language abilities. Code-related abilities include knowledge of letter names and
letter sounds, phonological awareness and writing. Oral language abilities include vocabulary,
grammar and listening comprehension[16]. These components of oral language are interde-
pendent but vocabulary is considered to be the “lynchpin”. The association between children’s
vocabulary and literacy abilities is most closely associated at the beginning stages of learning to
read, yet it is still evident years later in adulthood [1, 8–10].

Effective early language and literacy intervention promotes children’s code-related and oral
language abilities [16]. Decoding and comprehension are both necessary for proficient reading.
Poor readers can be deficient in both decoding and comprehension or in only one component
of reading. Some poor readers have strong decoding ability and poor comprehension while
others have poor decoding ability and strong comprehension [17].

Most longitudinal studies of literacy outcomes for children and adults with a history of low
language ability have been designed to quantify the persistence of low abilities over time [3, 18,
19]. There has been an understandable interest in the developmental pathways that lead
towards low language ability. A consequence of this focus has been the relative neglect of the
question of instability or change in language ability over time—the extent of this, and, its impli-
cations for developmental research and practise.

On close inspection, it is possible to find studies of evidence of change of literacy ability over
time. An early study of Phillips et al [20] noted marked variability and associated poor
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prediction in reading and academic performances of children in Year 1 to Year 6 of school.
Catts et al [7] in a population based study of reading outcomes for children aged 5–6 years
with specific language impairment estimated 42% of these children had a reading impairment
in first grade yet 58% did not. Notably, 9% of children with typical language development went
on to have reading impairment in first grade. The prevalence of reading impairment in the chil-
dren with language impairment decreased from 42% to 36% in fourth grade, evidence of
changing developmental status over time for some children. Additionally, 30% of the children
with specific language impairment had reading impairment in one grade but not the other.
Certainly the common view is that children progressively acquire and stabilise skills in the
early childhood epoch. But the Catts et al. findings, point towards more instability in literacy
performances than might be expected in children over time.

These observations of instability in the emergence and establishment of literacy have a par-
allel in recent studies of early vocabulary acquisition. Taylor et al. [21] and Christensen et al
[22] documented vocabulary growth trajectories and modelled multivariate predictors of
vocabulary performance in a large-sample population longitudinal study of 4 to 8 year olds.
They documented both marked variability in initial vocabulary levels and in onward growth
with resultant poor positive prediction of those 4 year old children who would go on at age 8 to
have low vocabulary. Of 1,083 children predicted to have low vocabulary at age 8, only 279
(25.8%) actually had low vocabulary. The strongest predictor of low receptive vocabulary at age
8 was low receptive vocabulary at age 4. However, receptive vocabulary was nonetheless a lim-
ited predictor of persistently low receptive vocabulary despite its moderate odds ratio with
vocabulary ability at 8.

Given the documented association between early vocabulary development and subsequent
reading ability we investigate here the onward strength of this association and its predictive
utility. Specifically we investigate the uncertainty about the early developmental variability in
onward language and literacy and whether this reduces and converges as children age and
acquire skills. To do this we use a large representative sample of Australian children to estimate
the longitudinal predictive relationship between vocabulary status at ages 4, 6 and 8 years and
onward literacy performance at age 10. We focus on three questions: 1) What are the patterns
of stability and change in children’s progression from early vocabulary development to their
onward literacy; 2) what are the predictors of this progression, and; 3) what is the predictive
utility of this relationship?

Methods

Ethics statement
The Longitudinal Study of Australian Children (LSAC) is conducted in a partnership between
the Department of Social Services (DSS), the Australian Institute of Family Studies (AIFS) and
the Australian Bureau of Statistics (ABS). The study has ethics approval from the Australian
Institute of Family Studies Ethics Committee. The Ethics Committee is registered with the Aus-
tralian Health Ethics Committee, a subcommittee of the National Health and Medical Research
Council (NHMRC). Caregivers gave written informed consent to the survey. As the study chil-
dren were all minors at the time these data were collected, written informed consent was
obtained from the caregiver on behalf of each of the study children. The signed consent forms
are retained by the field agency (ABS).

Access and use of LSAC data
Confidentialised LSAC data are publicly available. Researchers can apply to the Common-
wealth of Australia Department of Social Services (DSS) for permission to access and use
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Longitudinal Study of Australian Children (LSAC) data (Growing up in Australia website
http://www.growingupinaustralia.gov.au/data/dataaccess.html Accessed 29 June 2015).

Study design
The initial study sample comprised 2,792 children who participated in the Longitudinal Study
of Australian Children (LSAC), and had data for the key variables (language and literacy) at
each wave of the survey. The analytic sample was less than the wave 4 sample, as not all chil-
dren responded to all study items. The sample size thus varied slightly between analyses, based
on item response.

The LSAC is a national longitudinal study that commenced in 2004. The study uses a cross-
sequential design of biennial face-to-face visits with the family and study child. In this study we
used data from the child cohort collected at 4, 6, 8 and 10 years. Table 1 contains the number
of children, the median ages and age ranges in months for the study children at each longitudi-
nal wave.

The LSAC sampling frame was extracted from the Medicare Australia enrolment database,
which was validated to ensure coverage of Australian children within the target age-range. The
initial study sample was designed to be representative of Australian children within the selected
age cohort, proportional to the regional distribution of children in the Australian population.
An initial sample size of 5,000 was chosen as to ensure there would still be a sufficient sample
for detailed analysis after attrition over the number of years of the longitudinal study.

The study entailed a two-stage clustered design, first selecting postcodes then children
within postcodes. Stratification was used to ensure proportional geographic representation for
states/territories and capital city statistical division/rest of state areas. Cluster sampling was uti-
lised because it provides a cost effective way to conduct face-to-face interviews, as well as an
opportunity to collect and analyse community-level effects. Postcodes were selected with prob-
ability proportional to size selection where possible, and with equal probability for small popu-
lation postcodes. Children were selected from 311 postcodes [23, 24].

Analyses show that the initial sample was broadly representative of the general Australian
population when compared with 2001 Census data, but slightly under-representative of fami-
lies who were single-parent, non-English speaking and living in rental properties [25]. Attrition
somewhat increased these biases. For example, the overall attrition rate between ages 4 and 10
was 16.3%, but children with mothers classified as Non-English speaking background
decreased from 15.6% at age 4 to 13.3% at age 10, an attrition rate of 28.9%. The proportion of
mothers who had a year 11 or less education decreased from 38.9% at age 4 to 35.9% at age10,
an attrition rate of 22.7%.

Table 1. Sample size at each wave, children’s ages, and PPVT and ARS scores with available sample.

Sample at each wave Measures

Wave N Child’s age in months N1 Mean (SD) Range

Median Range Measure

1 4983 57 51–67 PPVT 4406 65 (6.0) 28–85

2 4464 82 75–94 PPVT 4317 74 (5.0) 46–92

3 4331 105 95–119 PPVT 4273 78 (5.0) 45–106

4 4169 130 121–140 ARS 3336 3.79 (0.9) 1–5

1Available sample size.

doi:10.1371/journal.pone.0135612.t001
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Measures
Measures of language and literacy abilities. The measure of language ability was the

Adapted Peabody Picture Vocabulary Test-III (PPVT) and the measure of literacy ability was
the Academic Rating Scale: Language and Literacy Subscale (ARS).

The Adapted Peabody Picture Vocabulary Test-III (PPVT) is a test of receptive vocabulary
designed for the LSAC study [26]. The Adapted PPVT-III is a shortened version of the PPVT–
III [27]. The Adapted PPVT-III was administered directly to each child during the home inter-
view. For each word presented, the child was shown a card containing four pictures and was
asked to point to the picture corresponding to the word (e.g., “Show me wrapping”). Scaled
scores for the Adapted PPVT-III were used in all analyses. The Pearson product-moment cor-
relation between the full PPVT-III and the Adapted PPVT-III was 0.93 for all children [26].

The Academic Rating Scale: Language and Literacy Subscale (ARS) is a teacher-report mea-
sure of literacy ability that has been demonstrated to validly assess developmental skill levels
consistent with theories of early literacy acquisition [28]. The ARS comprises nine items (e.g.
conveys ideas when speaking, uses strategies to gain information from print, reads fluently,
reads grade-level books, comprehends informational text, composes multi-paragraph texts,
redrafts, writing, makes editorial corrections, uses computer for variety of purposes). Teachers
rated the study child’s performance on a five-point ordinal scale (1 = ‘not yet’; 2 = ‘beginning’;
3 = ‘in progress’; 4 = ‘intermediate’; 5 = ‘proficient.’) in relation to other children at the same
grade level. These ratings were used to produce a composite score via Rasch modelling. The
development of this measure is described extensively elsewhere [29–31].

Table 1 contains the mean scores with SDs and associated ranges for the Rasch scaled PPVT
and ARS.

Age standardising. In this study we wanted to examine the relationship between language
and literacy over time. However, previous work by Taylor et al [21] has established the relation-
ship between child age and receptive vocabulary. A linear regression model established a slope
of 0.35 at age 4. That is, for each month of advancing age, we expect an increase of 0.35 in their
PPVT scores. Therefore, in preparing the data for analyses, we decided to adjust for child age,
by comparing children’s receptive vocabulary and literacy to their peers closest to them in age.

To age standardise, we created age-groups of approximately equal size within the 4-year,
6-year, 8-year, and 10-year age-groups (see Table 2). Children in these age-groups were then
ranked relative to their peers. This also allowed us to compare PPVT and ARS on the same
scale, as we are now assessing children’s language and literacy relative to similar-aged peers.

Stability and change patterns. Fig 1 shows a sample of age-standardised PPVT and ARS
z-scores for 20 children randomly selected from the LSAC. It shows that children’s language
ability exhibits considerable variability over time. A child that starts well above the mean in
PPVT standard deviation units at age 4 does not necessarily finish with ARS well above the

Table 2. Age-groups within the 4-year, 6-year 8-year, and 10-year age-groups.

4-year age-group 6-year age-group 8-year age group 10-year age-group

age-group months n age-group months n age-group months n age-group months n

51–54 940 75–79 943 95–102 670 121–126 726

55–56 1292 80–81 1101 103–104 921 127–129 1241

57–58 1363 82–83 1116 105–106 1160 130–131 853

59–60 943 84–85 821 107–108 846 132–134 886

61–67 445 86–94 483 109–119 734 135–140 463

Total 4983 Total 4464 Total 4331 Total 4169

doi:10.1371/journal.pone.0135612.t002
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mean in standard deviation units at age 10. Age-standardised z-scores permit assessing the
magnitude of the predictive association between PPVT at age 4 and ARS at age 10 and estima-
tion of the contribution of other putative predictors of teacher-rated literacy.

Finally, as we were interested in stability and change in receptive vocabulary and literacy,
we identified the lowest 15% (‘low’) within each age-group. This enabled us to examine the
extent to which being low-performing in receptive vocabulary, relative to their peers at ages 4,
6 and 8 years, is predictive of their onward teacher-rated language and literacy at 10 years. Tak-
ing a categorical approach to language and literacy is complementary to growth curve model-
ling [21]. It allows us to establish the likelihood of children being low-performing relative to
their peers at age 10, and it allows us to establish how well low literacy ability at age 10 can be
predicted from risk factors measured at age 4. The latter question is one of substantial practical
importance for policies and resources for screening, intervention and progress monitoring.

Fig 2 illustrates movement between groups at each age for those children where there is lan-
guage data recorded at all 4 ages (n = 2792). These can be summarised as patterns of stability,
change, improvement and decline. Fig 2 shows that of 318 children with low language at age 4,
more than half (198, 62%) move to the middle-high group at age 6.

Fig 1. Variation in language and literacy at ages 4, 6, 8 and 10.

doi:10.1371/journal.pone.0135612.g001
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What Fig 2 does not show is specific grouping of children in patterns of stability and change.
If we consider that a child can be grouped as either ‘low’ or ‘middle-high’ at ages 4, 6, 8 and 10,
there are 16 (24) possible combinations of language development across time. Table 3 illustrates
these combinations.

These groupings of language development can be split into six broad patterns: 2 patterns of
stability and 4 patterns of change. Broadly, children can either be stable in their language (i.e.
the same position at each age) or they can change (i.e. they change position at least once
between ages). The two stable patterns were a stable middle-high pattern (i.e., middle-high
across all 4 ages) and a stable low pattern (i.e., low across all 4 ages). The most common devel-
opmental pattern was the stable middle-high pattern, 69% of the children were middle-high at

Fig 2. Positional movement in language and literacy at ages 4, 6, 8 and 10.

doi:10.1371/journal.pone.0135612.g002

Table 3. Language performance within the 4-year, 6-year 8-year, and 10-year age-groups.

Age 4 Age 6 Age 8 Age 10 n % Pattern

Low Low Low Low 26 0.9 Stable low

Low Low Low Middle-High 27 1.0 Improving pattern

Low Low Middle-High Low 17 0.6 Fluctuating low pattern

Low Low Middle-High Middle-High 50 1.8 Improving pattern

Low Middle-High Low Low 21 0.8 Fluctuating low pattern

Low Middle-High Low Middle-High 30 1.1 Improving pattern

Low Middle-High Middle-High Low 29 1.0 Fluctuating low pattern

Low Middle-High Middle-High Middle-High 118 4.2 Improving pattern

Middle-High Low Low Low 20 0.7 Declining pattern

Middle-High Low Low Middle-High 39 1.4 Fluctuating middle-high pattern

Middle-High Low Middle-High Low 23 0.8 Declining pattern

Middle-High Low Middle-High Middle-High 106 3.8 Fluctuating middle-high pattern

Middle-High Middle-High Low Low 43 1.5 Declining pattern

Middle-High Middle-High Low Middle-High 126 4.5 Fluctuating middle-high pattern

Middle-High Middle-High Middle-High Low 202 7.2 Declining pattern

Middle-High Middle-High Middle-High Middle-High 1915 68.6 Stable middle-high

Total 2792 100

doi:10.1371/journal.pone.0135612.t003
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all 4 ages. One of the least common developmental patterns was a stable low pattern. Only 26
children (less than 1% of all children) were persistently in the low group at ages 4, 6, 8 and 10.

Change patterns are also evident in Table 3. Children can show an improving pattern (i.e.,
starting low and finishing middle-high), a declining pattern (starting middle-high and finishing
low), a pattern of low fluctuation (i.e. starting low, moving to middle-high, then finishing low),
or a pattern of middle-high fluctuation (i.e. starting middle-high, moving to low, then finishing
middle-high). Eight per cent (8%) of children fit an improving pattern, 10% of children fit a
declining pattern, 2% of children are in a fluctuating low pattern, and 10% of children are in a
fluctuating middle-high pattern. Of the 318 children who started in the low language group at
age 4, only 93 finished in the low group at age 10. Of the 381 children who were low in language
at age 10, the majority (355) were classified as middle-high at least once at ages 4, 6 and 8. The
table illustrates some strong trends of instability. For example, 637 children out of 2792 spend
3 waves in one group and 1 wave in another group (i.e. low, low, low, middle-high, middle-
high; low, low, low; low, middle-high, low, low. . .).

Candidate predictors. The candidate predictor measures used in this paper have been
extensively described elsewhere [3].

Briefly, a bioecological model of child development [32, 33] guided the selection of measures
for the LSAC. Among these domains are characteristics related to the child, the mother, and
the family home environment. In this study, we used the same predictor set used in our study
of receptive vocabulary growth 4–8 years [21]. Variables in this predictor set met one of the fol-
lowing two criteria: (1) Evidence of an independent association with English language abilities
in a representative population level sample of preschool and school age children; or (2) concep-
tual relevance to language abilities, in the absence of empirical evidence. Many of the measures
are benchmarked against Australian census collections while others are referenced to large
scale Australian and international child development studies.

In addition to measures of PPVT at ages 4, 6 and 8, another 28 candidate predictor variables
were used, giving a total of 31 predictors. These were grouped into child, maternal, and family
and home environment characteristics. All candidate predictor variables were measured when
the child was 4 years of age. Candidate predictors were modelled as risk variables with the low-
est level of risk as the reference category (see Table 4). The analytic sample for each candidate
predictor varied somewhat, depending on item completeness.

Child characteristics. The child characteristics in our models were: Gender, ethnicity,
birthweight, ear infections, school readiness and temperament. There were equal proportions
of girls and boys in the sample. A small proportion of children (n = 100; 3.0%) were of Aborigi-
nal and/or Torres Strait Islander descent and were coded to distinguish them from those who
were not. Primary carers were asked to report their child’s birthweight which was subsequently
coded into those children who were born with low birthweight (< 2500 grams; 6.3%) and those
who weighed more than this (> = 2500 grams). A single item indicator of ongoing ear infec-
tions at 4 years was included.

Each study child was directly assessed at 4 years using theWho Am I?(WAI) [34]. The 11
items of theWAI measure ‘pre-academic’ early copying and writing skills. The items include
visuo-spatial, manual-motor copying of shapes (5 items), a single item that probes for the child’s
capacity to write a number(s), a single item prompting the child to draw a person (picture of
yourself), and four items that probe literacy: write some letter(s), your name, some word(s) and a
sentence. TheWAI is broadly independent of language background, and is considered a general
measure of aspects of early literacy and motor control (see Prior et al., 2013 [35]). It has been
extensively calibrated for use in the LSAC and has well demonstrated item characteristics, high
internal reliability (0.89), and excellent distributional properties [36]. There is a weak correlation
between the WAI and PPVTmeasure at age 4: About 9% of their variance is shared [36]. In this
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Table 4. Initial candidate predictors: Child, maternal and family characteristics of children in the low literacy andmiddle-high literacy groups at 10
years.

Predictor variables Low ARS at 10
years (N = 502)

Middle-high ARS
at 10 years
(N = 2834)

Unadjusted Odds
Ratioab

p

n % n % OR 95%CI

PPVT group at age 4 <.0001

Low (bottom 15%) 114 31.6 247 68.4 3.43 2.62–4.49

Middle-high group 312 11.7 2351 88.3 ref.

PPVT group at age 6 <.0001

Low (bottom 15%) 117 30.8 263 69.2 3.07 2.47–3.82

Middle-high group 343 12.5 2406 87.5 ref.

PPVT group at age 8 <.0001

Low (bottom 15%) 145 34.3 278 65.7 3.72 2.96–4.69

Middle-high group 325 11.6 2478 88.4 ref.

Child Characteristics at age 4

Sex <.0001

male 321 19 1369 81 1.75 1.44–2.12

female 181 11 1465 89 ref.

Ethnicity <.0001

ATSIC 45 45 55 55 4.92 3.23–7.48

SC Non-ATSI 457 14.1 2777 85.9 ref.

Birthweight 0.1053

Low birthweight 38 18.3 170 81.7 1.34 0.94–1.89

Normal birthweight 450 14.6 2638 85.4 ref.

SC Ear Infections 0.0005

yes 59 23 197 77 1.69 1.26–2.27

no 443 14.4 2637 85.6 ref.

Who Am I (quintiles) <.0001

1 (lowest) 205 34 398 66 11.16 7.17–17.38

2 135 18.9 579 81.1 5.36 3.45–8.32

3 63 11.5 487 88.5 2.93 1.86–4.61

4 52 7.7 627 92.3 1.59 0.98–2.58

5 (highest) 32 4.2 722 95.8 ref.

Persistence (quintiles) <.0001

1 (lowest) 118 24.2 369 75.8 3.59 2.51–5.13

2 128 16.6 645 83.4 2.16 1.49–3.13

3 82 11.8 610 88.2 1.51 1.04–2.17

4 55 10.7 461 89.3 1.4 0.93–2.09

5 (highest) 37 8 423 92 ref.

Reactivity (quintiles) <.0001

1 (most reactive) 131 22 464 78 2.73 1.92–3.88

2 82 16.1 427 83.9 1.81 1.27–2.57

3 78 12.6 542 87.4 1.38 0.99–1.93

4 75 12.4 531 87.6 1.29 0.89–1.88

5 50 8.6 532 91.4 ref.

Sociability (quintiles) 0.8966

1 (lowest) 77 14.7 446 85.3 0.92 0.67–1.26

2 109 14.9 622 85.1 1.05 0.77–1.44

(Continued)
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Table 4. (Continued)

Predictor variables Low ARS at 10
years (N = 502)

Middle-high ARS
at 10 years
(N = 2834)

Unadjusted Odds
Ratioab

p

n % n % OR 95%CI

3 86 14.1 524 85.9 0.92 0.67–1.27

4 71 12.2 510 87.8 0.92 0.65–1.29

5 76 15.6 410 84.4 ref.

Maternal Characteristics at age 4

Mother’s age at birth 0.4385

teen 17 22.4 59 77.6 1.43 0.81–2.52

40 and over 12 12.5 84 87.5 0.87 0.47–1.62

20–39 462 14.8 2666 85.2 ref.

Mother alcohol problem 0.0131

yes 60 17.5 282 82.5 1.46 1.08–1.96

no 346 13.7 2176 86.3 ref.

Mother smoker <.0001

yes 133 21.4 488 78.6 2.06 1.64–2.6

no 286 12.4 2025 87.6 ref.

Mother K6 symptomatic <.0001

yes 90 21.2 335 78.8 1.81 1.4–2.34

no 325 13.1 2165 86.9 ref.

Maternal education <.0001

Year 12 149 13.7 940 86.3 1.68 1.29–2.19

Year 11 or less 266 22.4 920 77.6 3.25 2.53–4.17

University 83 8 959 92 ref.

Maternal work hours <.0001

zero hours (includes not in labour force) 249 18.5 1095 81.5 1.86 1.5–2.3

full-time: 38 hours+ 62 14 381 86 1.08 0.79–1.48

part time: 1–37 hours 191 12.3 1358 87.7 ref.

Maternal consistency (quintiles) <.0001

1 (least consistent) 156 24.6 478 75.4 3.25 2.44–4.33

2 94 18.1 426 81.9 2.09 1.53–2.86

3 89 11.9 656 88.1 1.27 0.91–1.76

4 86 12.1 623 87.9 1.22 0.88–1.7

5 70 10.1 622 89.9 ref.

Maternal inductive reasoning (quartiles) 0.8426

1 (lowest reasoning) 94 17.7 437 82.3 1.08 0.81–1.43

2 159 13.8 996 86.2 0.95 0.74–1.22

3 116 15.2 647 84.8 0.98 0.76–1.27

4 126 14.8 726 85.2 ref.

Maternal warmth (quintiles) 0.0319

1 (lowest warmth) 114 15.9 604 84.1 0.84 0.62–1.12

2 111 13.4 720 86.6 0.68 0.51–0.9

3 64 15.9 339 84.1 0.79 0.57–1.08

4 99 13.2 650 86.8 0.65 0.48–0.88

5 108 18 493 82 ref.

Maternal hostility (quintiles) 0.0007

1 (greatest hostility) 134 18.7 584 81.3 1.69 1.26–2.25

(Continued)
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Table 4. (Continued)

Predictor variables Low ARS at 10
years (N = 502)

Middle-high ARS
at 10 years
(N = 2834)

Unadjusted Odds
Ratioab

p

n % n % OR 95%CI

2 128 14.2 774 85.8 1.28 0.94–1.75

3 69 13 463 87 1 0.72–1.4

4 102 16.8 504 83.2 1.53 1.1–2.11

5 63 11.6 480 88.4 ref.

Family characteristics at age 4

Mother Non-English speaking background 0.0673

yes 46 11.6 350 88.4 0.76 0.56–1.02

no 452 15.5 2470 84.5 ref.

Family structure <.0001

Single mother family 96 27.7 251 72.3 2.41 1.88–3.09

Other 406 13.6 2583 86.4 ref.

Siblings <.0001

1 sibling 208 12.4 1467 87.6 0.58 0.43–0.77

2 siblings 138 15.1 776 84.9 0.73 0.53–0.99

3 siblings 65 22.1 229 77.9 1.28 0.86–1.89

4 or more siblings 27 26.2 76 73.8 1.61 0.96–2.69

only child 64 18.3 286 81.7 ref.

Family income <.0001

under $600/week 118 26.6 326 73.4 4.1 2.88–5.82

$600–999 130 17.9 596 82.1 2.45 1.75–3.43

$1,000-$1,499 108 13.2 709 86.8 1.7 1.19–2.44

$1,500-$1,999 65 11 526 89 1.28 0.88–1.85

$2,000 or more/week 52 9 523 91 ref.

Health care card <.0001

yes 160 26.1 452 73.9 2.46 1.99–3.05

no 342 12.6 2382 87.4 ref.

Financial hardship <.0001

yes 200 21.8 718 78.2 1.87 1.53–2.29

no 302 12.5 2113 87.5 ref.

SEIFA disadvantage index (quintiles) <.0001

1 (lowest SEIFA) 146 21.5 534 78.5 2.34 1.7–3.23

2 116 16.4 591 83.6 1.52 1.11–2.08

3 87 13.3 567 86.7 1.24 0.88–1.75

4 77 12.3 550 87.7 1.16 0.82–1.64

5 76 11.4 592 88.6 ref.

Reads to child <.0001

no reading 26 29.5 62 70.5 3.48 2.21–5.45

1–2 days/ week 123 20.6 475 79.4 2.15 1.68–2.76

3–5 days/ week 170 16.7 848 83.3 1.59 1.25–2.01

daily 182 11.2 1448 88.8 ref.

Playgroup 0.1240

no 298 15.1 1675 84.9 1.19 0.95–1.49

yes 121 12.4 852 87.6 ref.

Hours a week in care 0.1141

(Continued)
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report, study children have been grouped into quintiles of performance based on the totalWho
Am I? score with high quintiles representing higher levels of performance.

Child temperament was measured at 4 years with the Short Temperament Scale for Chil-
dren (STSC) [37]. The STSC measures three dimensions of temperament: persistence, reactiv-
ity and sociability. Items for each measure were summed to create a composite score, and each
composite was then divided into quintiles with higher quintiles representing the positive
aspects of each dimension.

Maternal characteristics. The maternal characteristics in our models were: Age at the
birth of the child, problematic alcohol use, smoking, mental health distress, education, hours of
paid employment and parenting. The biological mother’s age at the birth of the child was
grouped into with the vast majority of mothers (94.8%) of study children in the age range 20–
39 years.

Information on current tobacco and alcohol was gathered from the mothers. We defined
problematic alcohol use where women reported their daily alcohol consumption to exceed 2
standard drinks and/or where they reported frequent binge drinking of 5 or more alcoholic
drinks at least 2–3 times per month. Study children’s mothers were asked about tobacco use
and also categorised as either current smokers (21.2%) or not current smokers.

In this study, we used the Kessler-6 (K6) scale to measure maternal non-specific psychologi-
cal distress. Women with scores of 8 or more were classified as having symptomatic psycholog-
ical distress. This threshold is consistent with other studies [38–40] using the K6. About fifteen
per cent of mothers reported symptomatic psychological distress.

In Australia, at the time of this study, 10 years of education was compulsorily mandated.
Maternal education in years was grouped into three levels according to those who had com-
pleted 11 years or less (35.8%), 12 years (32.8%), and those who had completed more than 12
years (i.e. University education) (31.4%).

We used total hours of paid maternal employment to distinguish mothers who were not in
paid employment (0 hours), from those in part time paid employment (1–37 hours;
Median = 18 hours) and in full time paid employment (> = 38 hours; Median = 44 hours).
Similar proportions of women were either not in paid employment (40.3%) or working part
time (46.4%) with the remainder (13.3%) working full time.

The parenting characteristics of both parents were measured in a self-complete form, using
four measures of parenting warmth, hostility, consistency and inductive reasoning developed
for the LSAC [41]. We use the mother’s responses in this report. Items for each measure were
summed to create a composite score with higher levels representing more positive parenting

Table 4. (Continued)

Predictor variables Low ARS at 10
years (N = 502)

Middle-high ARS
at 10 years
(N = 2834)

Unadjusted Odds
Ratioab

p

n % n % OR 95%CI

9–20 330 15.4 1806 84.6 1.48 0.92–2.4

21–30 83 13.1 550 86.9 1.14 0.68–1.91

31+ 41 15.9 217 84.1 1.48 0.82–2.65

0–8 22 11.1 177 88.9 ref.

aWeighted
b95% Confidence Intervals
cStudy child Aboriginal and/or Torres Strait Islander status

doi:10.1371/journal.pone.0135612.t004
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characteristics. Item and scale properties for the LSAC parenting measures have been exten-
sively documented [42].

Characteristics of the family home environment. The characteristics of the family home
environment in our models were: maternal non-English speaking background (NESB), family
structure, sibship size, income, health care card, financial hardship, socioeconomic disadvan-
tage, reading to the study child, playgroup and child care. As the focus of this study is explicitly
on English language development and because language development is known to vary where
more than one language is spoken in the home, we used the mother’s NESB as a general indica-
tor for language other than English spoken in the household at 4 years. About 12% of mothers
were predominately non-English speaking at the time of the interview.

With respect to family composition, two variables were selected as candidate predictors of
vocabulary development: Family structure (sole parent vs. other) and number of siblings (0, 1,
2, 3, 4+). About 10.4% of the study children were living in single mother families at 4 years.
The majority had one or two siblings (50.2% and 27.4% respectively) or were singletons
(10.5%) at age 4. The study questionnaire did not permit the establishment of birth order.

Families were asked to report their total weekly family income from all sources. Responses
were partitioned into relatively equal quintiles. In Australia where income falls below a defined
threshold and/or certain hardship criteria are met families also qualify for a health care card.
About 18.3% of LSAC families had a health care card and this is used as an indicator of finan-
cial need in the LSAC families. Additionally, an indicator of family hardship was also derived
where families reported, due to shortage of money over the last 12 months that: they had not
been able to pay gas, electricity or telephone bills on time; they had not been able to pay the
mortgage or rent on time; adults or children had gone without meals; they family had been
unable to heat or cool their home; they had pawned or sold something; or sought assistance
from a welfare or community organisation. About thirty per cent of families reported at least
one of these occurrences in the previous 12 months at 4 years.

An area measure of socioeconomic disadvantage was also estimated for each participating
family. The family home was coded with Socio-Economic Indicators for Area (SEIFA) disadvan-
tage, indexed in quintiles—lower quintiles represent greater levels of disadvantage. The neigh-
bourhood SEIFA disadvantage index summarises information from the Australian Census of
Population and Housing as this relates to economic and social disadvantage in small areas, such
as low income, low educational attainment and high unemployment [43]. These data were linked
at the Statistical Local Area (SLA) level or, where this was not available, the child’s postcode.

Several indicators of the child’s learning environment were gathered. The frequency with
which the primary caregiver read to the study child was assessed via face-to-face interview. A
total of 88 (2.6%) of parents reported not reading to the child at all, 598 (17.9%) reported read-
ing 1 or 2 days a week, 1,018 (30.5%) reported reading to the child 3–5 days a week, and 1,630
(48.9%) reported reading to the child daily. Mothers were asked if their child had attended a
playgroup in the period 12 months prior to the 4-year interview with about one third indicating
this to be the case. Finally, hours per week in child care or early education were identified by
asking the primary carer “how many hours a week on average does the child go to school, kin-
dergarten, pre-school, and/or day-care?” A total of 199 (6.2%) attended 8 or less hours a week,
2,136 (66.2%) attended 9–20 hours a week, 633 (19.6%) attended 21–30 hours a week, and 258
(8.0%) attended 31+ hours a week.

Data analysis
The data were analysed using logistic regression in SAS 9.3 [44]. The surveylogistic procedure
was used to account for the complex survey design of the LSAC. Logistic regression was used to
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estimate the odds of children being in the low group of ARS (lowest 15% in each age-group) at
wave 4 of the LSAC (age 10–11 years).

Our analysis proceeded in four steps. First, we used logistic regressions to estimate initial
unadjusted associations and effect sizes between our individual candidate predictors and ARS
group (i.e., low vs. middle-high) at 10 years. Second, we grouped the candidate predictors by
their unadjusted estimated effect size. Third, we set a criterion for selecting from these unad-
justed effect sizes the final predictors to use in estimating a multivariate logistic regression
model. Finally, we undertook a sensitivity-specificity analysis to examine the predictive utility
of our multivariate model.

To establish the effect size for the selection of multivariate predictors in our final model we
used the odds ratios (see Table 4) as established by the initial unadjusted logistic regressions.
For logistic regression, the odds ratio itself represents the effect size of interest [45]. Although
some schemes exist to estimate a correspondence between odds ratios and substantive effect
sizes (e.g. [45, 46]), the judgement of what denotes a substantive effect size ultimately rests with
the researcher, and must be considered within the context of the field of study [47]. For this
paper we established an odds ratio of 2 or greater as our cut-off for a moderate effect size from
which to draw the final set of predictors.

Results
Table 4 shows the initial candidate child, maternal and family home environment predictor
variables measured at age 4 and the percentage of the sample, at different levels of risk in the
low ARS group versus the middle-high ARS group at 10 years. For example, of the 603 children
who scored in the lowest quintile for school readiness (Who Am I?) at age 4, 34% were in the
low ARS group at age 10. In contrast, of the 722 children in the most favourable quintile for
school readiness (Who am I?) at age 4, only 4.2% were in the low ARS group at age 10. This
corresponds to an odds ratio for the lowest performedWAI quintile 11.2 times greater than
that for children in the highest performed quintile. Of note is that although children in the low-
est WAI quintile were at 11.2 times the odds of children in the best performed quintile of end-
ing up with low ARS at age 10, 66% of the children in the lowest-performed WAI quintile still
went on to finish with middle-high ARS performances at age 10.

Of the 361 children who scored in the low PPVT group at age 4, 31.6% were in the low ARS
group at age 10, while of the 2,663 children tested in the middle-high PPVT group at age 4 only
11.7% were in the low ARS group at age 10. This corresponds to an odds ratio for the low
PPVT group, 3.4 times greater than that for children in the middle-high PPVT group. This lat-
ter observation is important. It illustrates that while low PPVT at age 4 carries with it an
increased risk of low ARS at age 10, the majority of children with low PPVT at age 4 go on to
achieve middle-high performances at age 10.

Selection of predictors
Of the 31 initial unadjusted candidate predictors of low literacy (Table 4), fifteen were above
our criterion odds ratio cut-off of 2.0 and were thus selected for multivariate modelling.

In order of increasing magnitude of effect size these were: Mother smoker (2.06), socio-eco-
nomic area disadvantage (2.34), single-mother family (2.41), health care card (2.46), high reac-
tivity (2.73), low PPVT score at 6 years (3.07), low maternal parenting consistency (3.25), low
maternal education (3.25), low PPVT score at 4 years (3.43), child not read to at home (3.48),
low persistence (3.59), low PPVT score at 8 years (3.75), low family income (4.10), Aboriginal
and/or Torres Strait Islander status (4.92), and lowWAI school readiness (11.16).
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Nine candidate predictors of low literacy were statistically significant in the bivariate model,
but fell below the OR 2.0 cut-off: 1 sibling vs. only child (0.58), problematic alcohol use (1.46),
maternal hostility (1.56), ear infections (1.69), SC male (1.75), maternal mental health distress
(1.81), mother not in work force (1.86), and financial hardship (1.87).

Eight candidate predictors of low literacy were not statistically significant in the bivariate
model: daily use of non-parental child care, teenage mother status, low birthweight, not attend-
ing playgroup, low maternal inductive reasoning, low sociability, low maternal warmth and
mother NESB.

Multivariate analysis
The fifteen predictors of low literacy meeting the cut-off criterion of an odds ratio of 2.00 or
higher in the unadjusted analyses were subsequently included in the multivariate model (see
Table 5).

In the multivariate model three predictors exhibited substantial associations with subse-
quent low ARS at age 10: Low school readiness (WAI), Aboriginal and/or Torres Strait Islander
status, and low PPVT at 8 years. Children in the lowest quintile for school readiness were at
7.35 the odds of children in the highest quintile of school readiness for low ARS at 10 years.
Aboriginal and/or Torres Strait Islander children were at 2.94 the odds of non-Indigenous chil-
dren for low ARS at age 10. Finally, children with low PPVT at 8 years were at 2.20 the odds for
low ARS at 10 years, relative to children with middle-high PPVT at 8 years.

Moderate effects on low ARS at 10 years were observed with three more predictors: High
temperamental reactivity, low PPVT at 4 years, and low PPVT at 6 years. Children in the most
reactive quintile for temperamental reactivity at 4 years were at 1.69 the odds of children in the
lowest quintile of temperamental reactivity for low ARS at 10 years. Children with low PPVT
at 4 years were at 1.55 the odds for low ARS at 10 years, relative to children with middle-high
PPVT at 4 years. Finally, children with low PPVT at 6 years were at 1.42 the odds for low ARS
at 10 years, relative to children with middle-high PPVT at 6 years.

The remaining nine risk factors were not statistically significant in the multivariate model:
Low maternal consistency, low family income, health care card, child not read to at home,
maternal smoking, maternal education, family structure, temperamental persistence, and
neighbourhood disadvantage.

Sensitivity-specificity analysis
Odds ratios and statistically significant associations do not necessarily lead to clear predictive
relationships. The fit of logistic regression models can be estimated via the area under the
Receiver Operating Curve (ROC) statistic; Hanley and McNeil [48] recommend interpreting
this as a measure of the discriminative utility of the model (that is, the probability that a ran-
domly chosen child with low ARS at age 10 will be correctly rated, relative to a child that does
not have low ARS at age 10). However this overall statistics does not measure the diagnostic
utility of the model; to do so the researcher needs to establish a cut-point at which a child is
diagnosed as a case or non-case (that is, at what probability do we predict a child will have low
PPVT at age 8) [49, 50]. Loong [50] recommends presenting data in the form of a table, repre-
senting a trade-off between sensitivity and specificity, and between positive predictive value
and negative predictive value.

Single binary predictors in a logistic regression model permit the calculation of sensitivity,
specificity, positive predictive value and negative predictive value based on the presence or
absence of that predictor. That is, when considering a single binary predictor, there is single
binary cut-point for predicting cases from non-cases. When considering low PPVT at age 4 as
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Table 5. Multivariate associations between child, maternal and family characteristics and low literacy
at 10 years.

Predictor variables Odds Ratioab p

OR 95%CI

PPVT group at age 4 0.0215

Low (bottom 15%) 1.55 1.07–2.25

Middle-high group ref.

PPVT group at age 6 0.0485

Low (bottom 15%) 1.42 1.00–2.00

Middle-high group ref.

PPVT group at age 8 <.0001

Low (bottom 15%) 2.2 1.59–3.03

Middle-high group ref.

Child Characteristics at age 4

Ethnicity 0.0003

ATSIc 2.94 1.65–5.26

SC Non-ATSI ref.

Who Am I (quintiles) <.0001

1 (lowest) 7.35 4.5–12.02

2 3.84 2.38–6.19

3 2.43 1.41–4.21

4 1.31 0.76–2.28

5 (highest) ref.

Persistence (quintiles) 0.2727

1 (lowest) 0.99 0.62–1.58

2 1.29 0.83–2.02

3 0.82 0.5–1.35

4 1.02 0.62–1.68

5 (highest) ref.

Reactivity (quintiles) 0.1146

1 (most reactive) 1.69 1.06–2.68

2 1.72 1.1–2.69

3 1.22 0.79–1.9

4 1.39 0.89–2.18

5 ref.

Maternal Characteristics at age 4

Mother smoker 0.1928

yes 1.25 0.89–1.76

no ref.

Maternal education 0.5204

Year 12 1.02 0.7–1.47

Year 11 or less 1.19 0.83–1.71

University ref.

Maternal consistency (quintiles) 0.0131

1 (least consistent) 1.5 0.98–2.29

2 1.13 0.75–1.7

3 0.75 0.46–1.23

4 0.84 0.55–1.3

5 ref.

(Continued)
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a predictor of low ARS at age 10 (as in Table 6), children in the low PPVT group are at 3.43 the
odds of children in the middle-high group for low ARS at age 10. However, this does not reveal
how well PPVT at age 4 predicts ARS at age 10.

In Table 6 we term children with low ARS at age 10 ‘cases’ and children who do not have
low ARS at age 10 ‘non-cases’. Based on this model, the only means by which we can predict

Table 5. (Continued)

Predictor variables Odds Ratioab p

OR 95%CI

Family characteristics at age 4

Family structure 0.5918

Single mother family 1.14 0.71–1.83

Other ref.

Family income 0.7115

under $600/week 1.47 0.77–2.84

$600–999 1.36 0.83–2.23

$1,000-$1,499 1.2 0.73–1.96

$1,500-$1,999 1.32) 0.84–2.09

$2,000 or more/week ref.

Health care card 0.1137

yes 1.40 0.92–2.13

no ref.

SEIFA disadvantage index (quintiles) 0.7307

1 (lowest SEIFA) 0.89 0.53–1.51

2 1.00 0.62–1.63

3 0.79 0.47–1.32

4 0.80 0.49–1.3

5 ref.

Reads to child 0.7095

no reading 1.39 0.64–3.02

1–2 days/ week 1.20 0.85–1.70

3–5 days/ week 1.1 0.83–1.47

daily ref.

aWeighted
b95% Confidence Intervals
cStudy child Aboriginal and/or Torres Strait Islander status

doi:10.1371/journal.pone.0135612.t005

Table 6. Predicting literacy at age 10 from vocabulary at age 4.

Actual literacy status age 10

Language status at
age 4

Low literacy at 10
years

Middle-high literacy at 10
years

Total

Low (bottom 15%) 114 247 361 predicted cases

Middle-high group 312 2351 2663 predicted non-
cases

416 actual cases 2598 actual non-cases

doi:10.1371/journal.pone.0135612.t006

Patterns and Predictors of Language and Literacy Abilities 4-10 Years

PLOS ONE | DOI:10.1371/journal.pone.0135612 September 9, 2015 17 / 29



whether or not a child will have low ARS at age 10 is whether or not they have low PPVT at
age 4. A prediction on this basis classifies all 361 of the children with low PPVT at age 4 to
have low ARS at age 10. Table 7 also shows that 114 out of these 361 children actually have
low ARS at age 10, resulting in a positive predictive value of 114/361 (31.5%). This identifies
114 of the 416 actual cases at age 10, giving the model a sensitivity of 114/416 (27.4%). Of the
2663 children predicted to be non-cases at age 10 based on having middle-high PPVT at age
4, 2351 were in fact non-cases, giving the model a negative predictive value of 2351/2663
(88.3%). The model identified 2351 out of 2598 non-cases, giving the model a specificity of
2351/2598 (90.4%).

However, when considering a multivariate model, information from different predictors
can be combined and a variety of cut-points can be chosen. Thus, to select a cut-point requires
judgements that concern the utility of the model. These judgements result in trade-offs between
sensitivity and specificity and between positive predictive value and negative predictive value
depending on the gravity (e.g. economic or ethical) of misclassification. A cut-off threshold of
probability for predicting whether the study child will have low ARS at age 10 must be set by
the investigator.

In the absence of clear utility guidelines for setting a criterion cut-off for our model, we
examined the ROC curve (see Fig 3) and set a probability threshold of 0.13 to give an approxi-
mately equal level of sensitivity (0.700) and specificity (0.714). Hosmer and Lemeshow [51]
would term this ‘acceptable’ discrimination.

There were 2316 children in the model at age 4 (Table 7). At the cut-point for equal sensitiv-
ity and specificity, the final multivariate model classified 787 children as having low ARS at age
10. However, by the time they were assessed at age 10, 303 children were actually found to have
low ARS. In line with our criterion cut-off, the model predicted that 212 of these 303 children
would have low ARS (sensitivity = 70.0%). This level of sensitivity also carried with it the classi-
fication of another 575 children into the low ARS group at age 10 when, in fact, these children
did not have low ARS on examination. This model thus produces a positive predictive value of
26.9% (212/787).

Conversely, by the time the 2316 children were assessed at age 10, 2013 were actually found
to have middle-high ARS. In line with our criterion cut-off, the model predicted that 1438 of
these children would have middle-high ARS (sensitivity = 71.4%). This level of specificity also
carried with it the classification of another 91 children as not having low ARS group at age 10
when, in fact, these children had low ARS on examination at age 10. This model thus produces
a negative predictive value of 94.0% (1438/2316).

Other criterion could be chosen. For example, by choosing a stricter cut-off such as 0.05,
sensitivity increases to 92.7% but decreases the specificity to 36.6%. Or, by relaxing the cut-off

Table 7. Sensitivity-Specificity of Multivariate Logistic Model at probability cut-off of 0.13.

Actual literacy status age 10

Language status at
age 4

Low literacy at 10
years

Middle-high literacy at 10
years

Total

Low literacy at 10 years 212 575 787 predicted cases

Not Low literacy at 10
years

91 1438 1529 predicted non-
cases

Total 303 actual cases 2013 actual non-cases 2316

doi:10.1371/journal.pone.0135612.t007
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to 0.18 the sensitivity of our model decreases to 59.1% but specificity to increases to 81.6%.
However, these adjustments all entail varying levels of positive and negative predictive power.

Discussion
Understanding factors in early childhood that promote and impede children’s progress along
the oral-literate continuum at school has long been a primary concern of educational policy.

Fig 3. Sensitivity-Specificity Curve, Multivariate Logistic Model.

doi:10.1371/journal.pone.0135612.g003
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What typically happens to children as they age from 4 to 10 years in their progression from
early and rapid vocabulary acquisition to their onward and early literacy performance? The
aims of this study were to identify developmental patterns of vocabulary and literacy develop-
ment in this age period, to assess associated predictors of early literacy in this age range, and
estimate their predictive utility. The strength of this study resides in a well characterized sample
with measures selected, calibrated and independently collected longitudinally on the same chil-
dren from multiple informants.

Developmental patterns of vocabulary and literacy
Six patterns of vocabulary development to onward early literacy were longitudinally observed
across 4 biennial assessments from age 4 to 10. The most common pattern was a stable devel-
opmental pattern in which children commenced with, and then maintained, middle-high
vocabulary ability that progressed to an outcome of middle-high literacy ability. This pattern
fit 69% of children.

Collectively, another 30% of the children exhibited four change patterns. These comprised:
1) an improving pattern of vocabulary development towards onward literacy for 8% of chil-
dren; 2) a declining pattern for another 10% of children; 3) a fluctuating low pattern for 2% of
children; and, 4) a fluctuating middle-high group for 10% of the children.

One of the least common developmental patterns was a stable pattern comprising initial
and subsequent persistent low vocabulary progressing to an outcome of low literacy abilities.
Less than 1% (26/2792) of children in our study fit this pattern.

Our findings allow an early and rare look at the transition point from early vocabulary
development to onward early school literacy. We demonstrate considerable positional instabil-
ity in the vocabulary development of this cohort and model its relationship to literacy perfor-
mance at age 10. The onward literacy performances of these children will become apparent as
successive waves of data are gathered. At this point though, our findings are similar to those of
Verhoeven et al who reported the association between early vocabulary and word decoding to
be consistently significant but only weak [52].

In addressing this initial instability of literacy development, previous research in very young
children has focussed principally upon the growth of literacy. Using both cross-sectional and
longitudinal samples of young children and measuring their oral and reading vocabulary, these
studies have demonstrated very rapid developmental growth of literacy in the epoch from pre-
school to Year 4 [53–56]. In later years of schooling there is then some evidence to suggest that
the average growth of literacy decreases as students move from the early grades to the last
grade of middle school [57]. Such studies though are relatively silent about the longitudinal
instability in within-individual levels of performance as children move (i.e. age) from pre-liter-
acy to early literacy.

There is some research however that has highlighted developmental instability of literacy
with longitudinal samples. Leppänen et al (2004) specifically investigated the variability in
reading performances of pre-schoolers as they moved into early primary school [58]. They
demonstrated that during the preschool year individual differences in reading grew larger and
that this growth was faster among those who entered preschool with well-developed skills.
However, during the first grade individual differences in reading then diminished with poor
readers developing reading at a faster rate than good readers. In other words, there was
decreasing variability between individuals of differing ability during the first grade. Our results,
of course, provide a description of the initial literacy position of children in their first year and
models how this is predicted by prior vocabulary growth.
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While scant, other examples of developmental instability in literacy performance exist.
Using a small sample of 187 children followed from Year 1 to Year 6 Phillips et al., 2002 [20],
found a much higher probability than had previous studies, for children below average in first
grade to be average in subsequent grades; a significant probability for average students to
become above average, where none were documented previously; and an almost equal proba-
bility of above-average readers becoming average as remaining above average (Phillips et al,
2002; pp. 10–11 [20]). In an extensive examination of school attainment mobility using the
1958 and 1970 UK British Cohort Studies and the 2002 National Pupil Database, Feinstein
(2004) documented “considerable shifts” in reading, maths, and key stage levels such that in
the 1958 cohort, 35% of children in the bottom quartile had “escaped” to higher performance
levels [59]. In a similar vein, using the Avon Longitudinal Study of Parents and Children
(ALSPAC), Duckworth [60] observed both “considerable” stability and “substantial”move-
ment in literacy performances of children 5 to 11 years of age. Finally, and echoing Leppänen
el, longitudinal studies among children who commence their literacy careers with identified
reading disability have also returned evidence that longitudinal stability of performance was
poor, with the poorest stability for the low growth definition [61].

Early predictors of later low literacy
In examining early predictors for low literacy ability at age 10 we identified three substantial
contributors with adjusted effects meeting our criterion: Low school readiness at age 4, Aborig-
inal and/or Torres Strait Islander status and low vocabulary ability at age 8. High child temper-
amental reactivity had a moderate predictive relationship with low literacy at age 10 as did low
Vocabulary at ages 4 and 6.

The highest risk for low literacy ability at age 10 was low school readiness as measured by
theWho Am I? at age 4. The finding that pre-academic early copying and writing skills sub-
stantially overshadows low vocabulary ability as a risk factor for low literacy at age 10 is consis-
tent with other studies that have shown that explicitly taught pre-academic skills that children
bring to school make a major contribution to their academic progress at school [62]. In the
face of this, and with regard to what the child is actually asked to perform on the WAI, it is
plausible to assert the WAI measures some aspects of ‘school-readiness’. There are two points
that we would make in this regard.

First, Sénéchal and LeFevre [63] have shown that children’s exposure to books and to
parents’ reports of how frequently they taught (italics added) their children about reading and
printing words were uncorrelated and showed distinct pathways into language and literacy:
“. . .storybook reading was related to children’s receptive language development, whereas
parents’ reports of teaching were related to children’s early literacy skills (p. 455)”. Our findings
that a child’s pre-academic early copying and writing skills at age 4 substantially predict
onward literacy at age 10 parallels these findings. It is also notable that in our model, neither
maternal education nor income was predictive of onward low literacy. We would speculate
that in the presence of a more proximal measure of direct inputs to the child’s early abilities (as
measured by the WAI) both maternal education and family income—which are proxies for
human capital and material resources—become non-significant.

Second, school readiness is a multidimensional construct. It comprises physical health and
wellbeing, social competence, emotional maturity, language and cognitive development, and
communication skills and general knowledge. The WAI measures more multiple dimensions
of school readiness relative to the PPVT, which measures one dimension (semantics, language,
or verbal cognitive ability depending on perspective). In total population studies of Australian
5 year olds using the Australian Early Development Index (EDI), Brinkman et al. [64]
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demonstrated that children’s scores in the language/cognitive skills domain and the communi-
cation skills/general knowledge domain of the EDI at age 5 correlated most strongly with
national standardised measures of reading at age 10 in Grade 5 (0.40 and 0.33 respectively).
Critically though, vulnerability in any one domain of the EDI at age 5 increased the risk of scor-
ing in the bottom 20% of these standardised national measures of Reading in Grades 3, 5 and 7.
This provides necessary evidence of the multidimensionality of school readiness.

Our study shows that measuring multiple dimensions of school readiness with the WAI at
age 4 in the year before the start of formal school, and one year earlier than EDI, identifies vul-
nerability for literacy measured 6 years later when the children are age 10. Children’s literacy
development begins long before the start of formal school and the magnitude of risk associated
with low school readiness at age 4 for low literacy at age 10 provides strong evidence of the
importance of the preschool period for reducing inequalities in literacy acquisition at school
through the provision of developmentally enriched opportunities and programs.

The second substantial risk for low literacy performance was carried by children of Aborigi-
nal and Torres Strait Islander descent. At the outset it is important to distinguish these children
from the Australian population of Indigenous children: The LSAC sample excluded children
living in remote areas of Australia and was not designed to representatively sample Indigenous
children nor procure sufficient numbers of Indigenous children from which to derive stable
population estimates (see Baxter, 2012 [65]). The Wave 1 LSAC sample principally represents
urban and regional Indigenous children, the majority (90%) of whose mothers spoke English
as their primary language. These children lived with two parents (59%) or with a sole parent
(with or without another adult carer) (39%).

Differential attrition has affected this subsample over the four waves. One hundred children
of Aboriginal and Torres Strait Islander descent (n = 100) were available for our analysis. In
this sample, 98% of the mothers reported that English was their primary language. This leaves
2 of our Aboriginal and Torres Strait Islander children effectively coded as having a “Non-
English speaking mother at Wave 1.” The higher risk for poor performance on the ARS esti-
mated for Aboriginal and Torres Strait Islander status in our sample is not likely to be attribut-
able in large part to second language use within the home.

What then more plausibly explains the higher risk for poor onward literacy among the
Aboriginal and Torres Strait Islander children in this sample? The challenging and confronting
circumstances that have beset politicians, administrators and practitioners in improving the
life prospects and capabilities of Australia’s Indigenous peoples are well described [66, 67]. Our
finding that Indigenous status predicts onward literacy at age 10 in this relatively high-func-
tioning sub-sample of Indigenous children is both confirmatory of this circumstance and note-
worthy. It is noteworthy because the final model adjusts for pre-academic readiness and several
other potential influences on the onward development of literacy in these children. Nonethe-
less, Indigenous status continues to mark onward lower achieved literacy. The basis for this
increasingly implicates diminished expectations and opportunities for these children with con-
comitant lower proportionate developmental investments to lift their capability above their
non-Indigenous counterparts [66, 68].

The third substantial predictor of literacy at age 10 was vocabulary ability at age 8. While
the age 4 and age 6 measures of vocabulary showed moderate and progressively weaker associa-
tions with literacy relative to the more proximal age 8 measure of vocabulary, all retained sig-
nificance in the multivariate model.

In line with Sénéchal and LeFevre’s (2002) [63] observation that storybook reading was
related to children’s receptive language development, our measure of parental book reading, in
the presence of direct measures of the children’s (receptive) vocabulary (PPVT), was not signif-
icant in the multivariate model. Vocabulary ability predicts literacy but its likely contribution
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to literacy acquisition is through the enablement, support, and expansion of receptive language.
In this regard our findings support those of Verhoven et al who observed the vocabulary associ-
ation with reading comprehension to be much stronger than with word decoding (Verhoven
et al, 2011, p. 19).

We have previously documented the high variability in rates of children’s vocabulary
growth and the volatility in their positional change over time [21, 22]. Our findings here permit
a view of the general developmental “bridging” between children’s initial levels and onward
rates of vocabulary development and their subsequent literacy level at age 10. While vocabulary
proficiency at each age from 4 to 8 is predictive of onward literacy, just as the high variability
in children’s vocabulary performance over time produced very poor utility in predicting their
onward vocabulary performance (see Christensen, et al, 2014 [22]), the onward prediction of
literacy remains equally challenging.

The final remaining predictor of any significance was temperamental reactivity. In our
model early temperament predicts onward low literacy—but only in so far as this pertains to
reactivity (sitting still, paying attention, etc) rather than persistence (focusing and working on
one thing). The effect of temperament on language development has a mixed career with some
researchers finding higher rates of temperamental problems in children with language delay
[69–72] and others not [73, 74]. In contrast, there is evidence of some effects of temperament
on academic achievement of young children [75, 76]. Coplan et al. (1999) [77] studied temper-
amental reactivity and showed that preschool children with greater attention spans, lower
activity levels, and lower negative emotionality at the beginning of the school year performed
significantly better on direct assessments of literacy and numeracy skills at the end of the
school year.

Implications of low predictive utility
The findings of low predictive utility between vocabulary development, an important marker
of language development, and onward literacy ability reinforce a general view that the early
selection and exclusive targeting of children on the basis of risk indicators will miss a large pro-
portion of children who are not performing low at the point of selection but who will go on to
sustain low outcomes at later points. Such predictions will at the same time, deliver into the ini-
tial selection of low performing children, a substantial number who will developmentally
improve without intervention.

This means that although we identified substantial risks with adjusted odds ratios of greater
than 2.0, the analysis of predictive utility (sensitivity, specificity, positive predictive value and
negative predictive value) indicates that these risk factors do not function well to predict who
will and will not have low literacy ability at age 10. We would note that researchers often con-
flate odds ratios with predictive utility, in that interventions are discussed in light of odds ratios
similar to those in this paper, without giving consideration to the utility of the predictive rela-
tionship. We would encourage other researchers in the field to consider this distinction more
carefully.

We acknowledge that our models use a statistical, not a diagnostic or clinical definition, of
low vocabulary and low literacy status. With this said though, our presentation of the estimates
of poor predictive utility does not carry with it the intention of dismissing the importance of
demonstrated significant predictors of literacy nor a desire to undermine the pursuit and
implementation of interventions to address literacy in young children. Low early school readi-
ness, Indigenous status, and low prior vocabulary development heighten the risks of progres-
sion towards low literacy competency.
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However, what our estimates of clinical utility do illustrate is “about” how hard it is to pre-
dict the literacy status of 10 year olds from a reasonable set of well measured variables selected
with the theoretical and practical intent to enable this. The findings show that ‘late’ identifica-
tion is inevitable for children whose low performance is not evident earlier in development. In
this study, 10.2% of children showed a declining pattern of development. That is, they shifted
from adequate performance at an earlier age to low performance at a subsequent age. Further-
more, 53% (202/381) of children with low literacy at age 10 were not in the low performance
groups for language at ages 4, 6, and 8. For these children, identification at any earlier age was
not possible. This reflects a developmental truism rather than failure of the monitoring system
to detect low performance at an earlier age. This is an important message for policy makers,
practitioners and parents. These observations are relevant for prevention scientists and practi-
tioners alike.

For prevention scientists seeking to implement randomised trials, there are clear hazards in
both selection and trial assignment and in obtaining the necessary power to make estimates of
effects. Where children are selected at an early point on the basis of low performance and
assigned to treatment and no-treatment conditions the observed and typical variation as seen
here may in all likelihood contribute to a pattern of mixed results across studies and weak
effects in controlled trials (see for example Duff et al, 2014 [78]).

Where unselected samples are procured for intervention the high levels of developmental
variability seen here will require careful scientific consideration of how to appropriately power
and gear the sample size in order to differentiate the treatment effect of interest from the exist-
ing and high level of typical developmental variability. In intervention terms, the treatment
“signal” will need to overcome a substantial level of typical developmental “noise” in order to
be detected. For intervention scientists, the design choices here typically move across interact-
ing fronts: The selection of sensitive child development measures that are calibrated with preci-
sion and, the specification of sample sizes with the power to detect the effect of the
intervention. Our study serves as a reminder that if variability is part of the natural history of
childhood language development, intervention scientists need to ensure they allow adequate
sample to detect change. In our observational longitudinal study the measures used are suitable
for use in large unselected samples. They have known and reasonable properties and are also
used in school and health settings. Even with the presence of a large sample, and reasonable
measures, our findings point to the challenges that intervention scientists face in the design of
studies that test intervention efficacy.

For those in policy and practice there are several pragmatic implications from these findings
on the poor predictive utility of the multivariate and the change patterns that were observed.
How do services (health, welfare, education) deliver preventive and treatment opportunities
that take account of the risk profile of children in the face of their poor predictive utility?

The findings here continue to encourage the adoption of methods of delivering services that
are proportionately universal. This however, requires developing a policy platform of universal
services available to all children irrespective of their risk status while incorporating the capacity
to select and reach the more vulnerable. This is more than “repackaging” existing services. The
service arrangement must allow for better documenting of a child’s developmental growth: In
other words, an observation at a single point in time will not be useful relative to small annual
or biennial measures in this period. Service arrangements will need to provide a relatively
“light touch”, but universal capacity to measure children and document their growth over time
to more appropriately detect those children that maintain stable low patterns, fluctuating low
patters, and declining low patterns. This would permit better precision in targeting develop-
mental prevention and intervention efforts to those that are demonstrating need [79].
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As well as this though, a particular tension in the implementation of policies and practices
based on proportionate universalism rests with the propensity of the targeting component to
focus on treatment (early or otherwise) to the exclusion of more robust efforts at altering barri-
ers and reaching participants for prevention opportunities in the first place. Treatment will cer-
tainly be needed for those identified in need of it—but the gap in the targeted component tends
to be in the failure to alter and address barriers for inclusion of higher risk children in preven-
tion opportunities. How do we deliver effective developmental opportunities to those more in
need? This remains a vexing and persistent challenge and intensification of this opportunity
represents the “proportionate” effort required in policy and service implementation.

In summary, for those wishing to reduce the risks for low literacy in the early preschool
period, our findings suggest interventions in the preschool periods should provide broad-based
developmental opportunities for children with interventions that improve school readiness—
this multidimensional construct includes self-regulation (e.g., inhibitory control/low reactivity)
and general language enrichment. This should be programmatically delivered with multiple
‘touches’ across development and ‘light touches’ early in development because of the inevitabil-
ity of over-servicing and be based on proportionate universalism that pays special attention to
reducing barriers to participation for vulnerable groups (e.g., in our model, Aboriginal
children).

Our study has limitations.
First, we lack a measure of non-verbal ability. There are strong arguments in favour of hav-

ing such a measure (see Rice and Hoffman, 2014 [80]). While it could be claimed that the WAI
has items that tap some non-verbal capacities, it is not a molar measure of these. Second, our
modelling only permits examination of the predictive utility of a single language component—
semantics, as measured by receptive vocabulary. While vocabulary is certainly a key language
outcome and predictor of literacy it is not a surrogate of all dimensions of language change
over time [80]. Third, it could be argued that interest in and concerns about low literacy and its
prediction in the period from 4 to 10 focuses “too late” in the language development trajectory.
At best, this is only somewhat true. In reality, teachers and practitioners regularly see children
in this period of development for determination of their developmental status and their lan-
guage and reading capacities. Our findings are informative of the patterns, risks, and predictive
setting that confront teachers and practitioners. What happens in language development from
4 to 8 years and how this connects with literacy at 10 is also important in terms of onward life-
course outcomes and has a direct bearing on how early childhood development opportunities
and early childhood education are configured.

Future research
In this study, we modelled the effect of multivariately adjusted single risk exposures (e.g., low
school readiness) in early childhood on low literacy in middle childhood and discussed the
implications of this approach to multi-level prevention and intervention policies and practice.
In a subsequent study, we will investigate the effect of multiple risk exposures in early child-
hood on low literacy in late childhood. This will allow us to identify children with dispropor-
tionate exposure to multiple risks in early childhood and to determine the predictive utility of a
multiple risk index for low literacy in late childhood. To achieve the necessary statistical power
to conduct these sub-group analyses, we will expand the current analytic sample to include the
the younger LSAC age cohort, that was out of scope for the current study. Combining the full
LSAC sample of 10,000 children will be necessary to have adequate power to investigate risk
and protective factors for declining and improving change patterns.
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In the future, we will be able to assess trajectories in language and literacy development in
the LSAC using a direct assessment measure of children’s literacy. In Australia, the National
Assessment Program—Language and Literacy (NAPLAN) [81] assesses all children in reading,
writing, language conventions and numeracy in Years 3, 5, 7 and 9. Data linkage methods will
be used to link survey data to NAPLAN data. We plan to use LSAC survey data and NAPLAN
data to further understand patterns in children’s developmental progress in language and liter-
acy and school achievement.
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