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QUANTILE REGRESSION

Abstract
The current study examined the association between frequency of storybook reading and
emergent literacy in 212 children at risk for language impairment, assessed during the fall
semester of kindergarten. Measures included parent-reported storybook reading, as well as direct
assessments of print knowledge, letter awareness, and expressive vocabulary. Results suggested
nonsignificant to moderate (r = .11 to .25) correlations between frequency of storybook reading
and child emergent literacy across the entire range of environment and ability. Quantile
regression results suggested that the association was highest at low frequency of storybook
reading, particularly for print knowledge, approaching r = .50. Moreover, the association
between frequency of storybook reading and emergent literacy was highest at higher levels of
emergent literacy for print knowledge, but particularly for letter naming, approaching r = .80.
These results suggest that in children with language difficulties, the relationship between aspects
of the home environment and emergent literacy is conditional upon the quality of the home

environment as well as child’s proficiency in emergent literacy skills.
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It Depends: The Conditional Correlation between Frequency of Storybook Reading and
Emergent Literacy Skills in Children at risk for Language Difficulty
Children with poor language skills (referred to throughout as having language
impairments; L), have significant deficits in the comprehension and/or expression of language,
which includes but is not limited to difficulties in vocabulary, morphology and syntax. LI occurs
in roughly 7% to 13% of children entering kindergarten (Tomblin et al., 1997) and is associated
with high risk for poor school performance, particularly reading difficulties (e.g. Catts, 2003;
Dale, Price, Bishop, & Plomin, 2003; Snowling, Bishop, & Stowthard, 2000; Whitehouse, Line,
Watt, & Bishop, 2009). For instance, Catts, Fey, Tomblin, and Zhang (2002) found that over
one-half (53%) of children with LI are diagnosed with reading disabilities in second grade, and
Bishop and Adams (1990) found that preschool children with language problems are six times
more likely to develop reading problems than children with typical language skills. In the present
study, we will examine the literacy skills of preschool children who have, or who are at risk for
developing L1I.
Deficits in the environment may be one possible process through which language

impairments lead to substantially higher risk for later academic difficulties, including
reading problems (Bishop & Adams, 1990; Dale et al., 2003; Snowling et al., 2000;
Whitehouse et al, 2009). The recent National Early Literacy Panel (NELP, 2008) identified
several aspects of the home and school environment that promote child precursor skills and
later literacy development in unselected children, including a large literature exploring the
relationship between shared reading and emergent literacy (e.g. Bennett, Wiegel, & Martin,

2002; Bus, Van lJzendoorn & Pellegrini, 1995; Evans, Shaw, & Bell, 2000; Leseman & de



QUANTILE REGRESSION

Jong, 1998; Maclean, Bryant, & Bradley, 1987; Scarborough & Dobrich, 1994; Senechal,
2006), which is the focus of the current study. In general, these studies suggest that
individual differences in shared reading are associated with variance in print knowledge and
oral language skills, particularly in early literacy.

Of particular interest in the current study is the relationship between shared reading
and emergent literacy in children with L1. Children with LI are less likely to be exposed to
literacy experiences in the home, including shared reading (e.g. Boudreau, 2005; Marvin &
Wright, 1997; Skibbe, Justice, Zucker, & McGinty, 2008). Beyond the mean differences
between children with and without LI, differences in shared reading experiences within
groups of children with LI may also be associated with differences in emergent literacy
skills. If so, promoting shared reading within children with LI may offer an important buffer
against emergent reading difficulties. If not, LI may constitute a threshold that overrides the
covariance between shared reading and emergent literacy.

Unfortunately, the literature addressing the relationship between shared reading and
emergent literacy within children with L1 is sparse. Skibbe et al. (2008) examined
differences in parent literacy beliefs and practices, including shared reading, between
children with and without LI. As expected, parents of children with LI demonstrated lower
levels of literacy beliefs and practices, on average, than parents of children without LI.
However, parent literacy beliefs and practices, including shared reading, were uncorrelated
with children’s emergent literacy performance within LI1. Skibbe et al. (2008) concluded that
genetic influences related to LI (e.g. DeThorne, Petrill, Hayiou-Thomas & Plomin, 2005;

Simmons et al., 2010) and/or the lack of requisite language skills (e.g., Justice, Sofka, &
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McGinty, 2007) attenuated the impact of the environment on emergent literacy outcomes
within children with LI.

However, the Skibbe et al. (2008) results were based on correlations collapsed across
the substantial range of environment and reading outcomes (even within children with LI).
By doing so, this approach assumed that the relationship between environment and reading
outcomes is consistent within LI. However, other literatures have suggested that the
correlation between environment and outcome is conditional across levels of the
environment and across skill level. For example, the behavioral genetic literature has
suggested that environmental influences are most salient in children from lower-income
environments for reading (Taylor & Schatschneider, 2010; Pennington, 2009; Rosenberg et
al., 2011) and general cognitive ability (Rowe, Jacobson, & Van den Oord, 1999;
Turkheimer & Waldron 2000). Other studies have suggested that home literacy practices
were associated with child reading outcomes, but only in mothers who were lower-level
readers (Johnson, Martin, Brooks-Gunn, & Petrill (2008). Concerning the relationship
between shared reading and reading outcomes within LI children, there may be a threshold
of lower-frequency shared reading that yields or reflects poor emergent literacy skills. In
this case, we would expect the correlation between shared reading and emergent literacy to
be highest in lower amounts of shared reading. There may also be a threshold of higher-
frequency shared reading that mitigates the impact of LI on early literacy outcomes. In this
case, the correlation would be highest in higher levels of shared reading.

In addition to the potential moderating effects of the environment, the relationship
between measures of the environment and reading skills may also be conditional upon the type

and level of reading skill being examined. As described in Constrained Skills Theory (e.g. Paris,
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2005; Paris and Luo 2010), reading-related skills may be divided into two types. First,
unconstrained skills, such as vocabulary, are acquired over a lifetime whereas constrained skills,
such as letter naming, develop rapidly within a particular period of reading development. Thus,
the correlation between measures of the environment and literacy skills may depend on whether
the skill in question is constrained or unconstrained. In the case of constrained skills, the
correlation between measure and environment may depend on whether the skill in question is in
the process of being mastered. Considering the substantial heterogeneity of emergent literacy
skills within children with LI, some children will have mastered constrained skills, whereas
others will have not begun to master these skills. Other children will be in the process of
learning these skills. Thus, we expect that the correlation between shared reading and emergent
literacy may vary considerably as a function emergent literacy skills, particularly, for those skills
that are constrained. In particular, we expect that the correlation between shared reading and
emergent literacy will be highest in constrained skills that are in the process of being mastered.
The purposes of this paper are threefold. First, we will examine the correlation between
home literacy practices (focusing on the frequency of storybook reading) and emergent literacy
skills in children at risk for language impairments. It is hypothesized that these relations will be
small, as found in Skibbe et al. (2008). Second, using quantile regression (described more fully
in results), we will examine whether the correlation between frequency of storybook reading and
emergent literacy is conditional on the frequency of storybook reading. Given previous findings
in typically developing children (e.g. Johnson et al., 2008; Petrill et al., 2007; Turkheimer &
Waldron, 2000; Taylor et al., 2011), we hypothesize that environment-outcome relationships will
be stronger at lower levels of the environment. In other words, below a certain threshold, poor

literacy environments will have a negative impact on emergent literacy. We predict that
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variation in the literacy environment above this threshold will be uncorrelated with emergent
literacy. Third, we will examine whether the relationship between storybook reading and
emergent literacy is conditional upon emergent literacy skills. Given the findings of Paris (2005;
2010), we hypothesize that these relationships will be strongest when examining constrained
literacy skills (e.g. letter naming) that are in the process of being learned. In contrast, we
hypothesize that the relationship between storybook reading and emergent literacy will be more
uniform across the distribution of unconstrained literacy skills (e.g. vocabulary).
Method

Participants

This study is based on 212 children (72% male) drawn from the larger Sit Together and
Read 2 (STAR 2) study. Briefly, STAR 2 is a pre-post randomized controlled trial examining
the efficacy of a classroom-based book reading program to improve pre-reading skills in children
with primary language impairments (L1). Results for the current study are based on the first two
cohorts of STAR 2 at the point of the fall pre-intervention assessment, prior to delivery of any
intervention. Children were M = 51.73 months old (SD = 6.6, minimum = 36, maximum = 66) at
the time of this fall assessment. The majority (71%) of parents reported that their children were
“White/Caucasian”, whereas 22% reported that their children were “Black/African-American.”
The remaining children were multi-ethnic, Asian, Native-American, and Filipino (6%). Maternal
educational attainment ranged from “some high school but no diploma” (7%) to “Doctoral
degree” (6%). The modal maternal education attainment level was “some college but no degree”
(29%). The median annual income was “$50,001 to$ 55,000” (range = 5,000 or less” to “85,000

or more”).
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All 212 children were enrolled in early child special education (ECSE) classrooms, and
were recruited for participation for this study via a questionnaire filled out by the teacher about
each student’s skills. Students who appeared to have SLI (poor language skills in the absence of
other cognitive delay or concurrent language-related diagnosis such as Down syndrome) were
given priority for enrollment. Those with confirmed diagnosis of LI regardless of other diagnoses
were given second priority and those students who appeared to have LI (the teacher reported
being concerned about the child’s language skills) but were not diagnosed or being treated as
such received third priority.

STAR 2 pre-intervention assessments indicated that children demonstrated lower than
average standardized score (M = 75.59, SD = 17.95, minimum = 45, maximum = 106) on the
Core Language Index of the Clinical Evaluation of Language Fundamentals: Preschool — 2
(CELF:P-2; Wiig, Semel, & Secord, 2004), as well as on the CELF:P-2 Expressive Index
standardized score (M = 75.79, SD = 17.07, minimum = 45, Maximum = 111) and CELF:P-2
Receptive Index standardized score (M = 77.26, SD = 16.33, minimum = 45, maximum = 109).
Fifteen percent of children scored below the 10" percentile on the CELF: P-2 Expressive Index,
9% of children scored below the 10" percentile on the CELF: P-2 Receptive Index, 45% of
children scored below the 10" percentile on Expressive and Receptive indices, and 30% of
children scored at or above the 10™ percentile on Expressive and Receptive indices. Children
were somewhat closer to average performance Kaufman-Brief Intelligence Test (Kaufman &
Kaufman, 1990), ranging from 53 to 124 (M =85, SD =18, n = 146).

Caregivers reported that 92% of children had Individual Education Plans (IEPS) and 91%
were receiving language intervention services from a speech language pathologist. The

remaining children, although not receiving language intervention, were described by their
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teachers as exhibiting language skills uncharacteristic for their age, but they had not yet received
an IEP. Caregivers also reported that 21% of these children (n = 46) also possessed other co-
occurring disabilities, including autism (n = 24), Cerebral Palsy (n =8), Down syndrome (n = 6),
Stickler syndrome (n = 4), Tourette syndrome (n = 2), and Apraxia (n = 2).
Procedure and Measures

The current study is based on four direct measures of child emergent literacy skills as
well as one caregiver questionnaire examining frequency of storybook reading. Direct measures
of emergent literacy skills were administered by study examiners within a six-week window at
the children’s schools in the fall of the year. These measures were selected to assess constrained
emergent literacy skills (Print Knowledge, Lower Case Letter Naming, and Upper Case Letter

Naming) as well as a measure tapping an unconstrained skill associated with later reading

(Expressive Vocabulary). Print Knowledge was assessed using the Preschool Word and Print
Awareness Assessment (PWPA; Justice & Ezell, 2001), which examines children’s knowledge
across 14 print concepts (e.g., book orientation, print directionality, print function, letters, words)
as children are read a uniform picture book. A total of 17 points are possible on the PWPA.
Item-response theory used to validate the differential item functioning of the PWPA showed the
tool to provide a valid representation of the construct it measures (see Justice, Bowles, & Skibbe,
2006). Interrater reliability was reported at .99 (Pearson product-moment correlation
coefficient); internal consistency was reported at .84 (Cronbach’s alpha) and .87 (Guttman split-

half). Lower Case Letter Naming and Upper Case Letter Naming were assessed from the

Phonological Awareness Literacy Screening for Preschool (PALS-Pre-K; Invernizzi, Sullivan,
Meier, & Swank, 2004). A total of 26 points are possible on the Lower- and Upper-Case

Alphabet Recognition tasks. Finally, we assessed Expressive Vocabulary using the Test of
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Preschool Early Literacy (TOPEL: Lonigan, Wagner, Torgesen, & Rashotte, 2007), an age-
normed measure with a mean of 100 and a standard deviation of 15.

Caregiver questionnaires were collected during one-on-one meetings with research staff
also conducted in the fall of the year. As part of this assessment, caregivers were administered
items adapted from Bennett et al. (2002), assessing the frequency of literacy activities, either
initiated by child or parent, assessed via eleven items. These items were scaled from 0 to 8 (i.e.,
“0 times” up to “8 times or more” per designated time period). Bennet et al (2002) report alpha
= .73, which is supported by subsequent work in other samples (e.g. Skibbe et al., 2008).

Using exploratory factor analysis, we sought to derive select items related to Frequency

of Storybook Reading. One of the eleven items was dropped prior to factor analysis (concerning

frequency with which children watched movies and videos) because it did not correlate
significantly with the other ten items. Analyses on the ten remaining items suggested a three-

factor solution, accounting for 60% of the variance. Frequency of Storybook Reading was

measured by the three items that loaded on the first factor (Eigen = 2.54): (a) “How many times
did you (or another family member) read to your child last week?” (loading = .84); (b) “How
many times did your child ask to be read to last week” (loading = .81); and (c) “How many times
did your child look at books on his/her own last week” (loading = .67). As expected from these
high factor loadings, Cronbach’s alpha based on these three items was also high (alpha =.79).

The other two factors: Caregiver Literacy Teaching (Eigen = 1.98) and Children's Print Interest

(Eigen =1.63) were not analyzed in the current study.
Results

Descriptive Statistics and Pearson Correlation
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Descriptive statistics are presented in Table 1. Scores for the Frequency of Storybook
Reading averaged near the middle of the scale, but ranged widely. Scores for Print Knowledge,
Lower Case Letter Naming, and Upper Case Naming were well below the midpoint of the scales
for each measure, but also ranged across all possible responses. Mean Expressive Vocabulary
(M =82.00) was nearly 1 standard deviation below the unselected population mean of 100, but
ranged widely (SD = 16.46, minimum = 54, Maximum = 115).

Pearson correlations, presented in Table 2, suggest that Frequency of Storybook Reading
was moderately correlated with Print Knowledge (r = .25, p <.05), Lower Case Letter Naming (r
= .24, p <.01), and Upper Case Letter Naming (r = .20, p <.05). In contrast, Storybook Reading
was not significantly correlated with Expressive Vocabulary (r = .11, p > .05). Intercorrelations
among pre-literacy skills were moderate to large, ranging from r = .36 (p < .01) between Lower
Case Letter Naming and Expressive vocabulary to r = .84 (p <.01) between Lower Case and
Upper Case Letter Naming.

Quantile Regression

The primary goal of this study was to examine whether the relations between frequency
of caregiver storybook reading and pre-literacy skills was stronger or weaker depending on 1) the
amount of storybook reading that occurred and/or 2) the level of child emergent literacy skills.
These questions were addressed using quantile regression.

Quantile regression was developed by Koenker and Basset (1978) and expands on
ordinary least squares (OLS) regression. Whereas OLS regression examines the relation of an
independent variable with a dependent variable, quantile regression examines how the relation of
an independent variable with a dependent variable changes based on the quantile (percentile) of

the dependent variable. In this way, quantile regression is able to examine the relations between
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two variables at multiple different quantiles (percentiles) across a continuous distribution.
Quantile regression is not equivalent to dividing a sample into multiple subgroups based on
percentiles of the dependent variable and subsequently fitting an OLS regression to each
subgroup. Instead, quantile regression uses all available data, estimating the relations between
the two variables at multiple points across the distribution of scores through asymmetric
weighting of the values across the distribution using bootstrapping, data re-sampling, and
statistical inference. A full discussion of the technique is beyond the scope of the present article,
but several excellent resources can inform the reader of the details of the technique (see Firpo,
2007; Koenker, 2005; Koenker & Hallock, 2001; Koenker & Machado, 1999).

Examining the association between storybook reading and emergent literacy skills,
conditional on frequency of storybook reading. First, we examined the relationship between
Frequency of Storybook Reading and emergent literacy skills (Print Knowledge, Lower Case
Letter Naming, Upper Case Letter Naming, and VVocabulary), depending on the frequency of
storybook reading that occurred (see Figure 1). The x-axes refer to the Frequency of Storybook
Reading (presented from the 5% to the 95 percentile) and the y-axes to the correlation between
Frequency of Storybook Reading and each of the four direct measures (Print Knowledge, Lower
Case Letter Naming, Upper Case Letter Naming, and VVocabulary). The error bars around the
estimates refer to the 90% confidence interval around each correlation at each quantile.
Correlations with confidence intervals that do not cross zero on their respective y-axes are
statistically significant.

As shown in Figure 1, correlations between Frequency of Storybook Reading and
emergent literacy skills were more likely to be statistically significant at lower amounts of

storybook reading. This pattern was strongest for Print Knowledge, where the correlation was
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approximately r =.50 (p< .05 as defined by the confidence intervals) at the 10" percentile of
Storybook Reading, but approached zero by the 80" percentile of Storybook Reading. A similar,
but attenuated, pattern of results was found for Lower Case Letter Naming, with the correlation
ranging from r = .30 (p < .05) to zero, as well as Upper Case Letter Naming (r = .40, p <.05, to
zero), and Expressive Vocabulary (r = .30, p < .05, to zero). Specific values for the estimates
represented in Figure 1 are presented in Table 3, which includes the values for the estimates at
the 20™, 50, and 80" percentile for each outcome. Note that correlations were not significantly
different from zero at the 80" percentile of Frequency of Storybook Reading in all instances.

Though these descriptive patterns are interesting, we were also able to statistically
compare the differences between the estimates at selected quantiles by adapting a method
developed by Koenker (2006). This method allows for comparisons within one set of relations.
Specifically, the correlation coefficient between X and Y at one given quantile can be compared
to the correlation coefficient between X and Y at a different given quantile. Prior to analysis,
three quantiles were selected for comparison between one another at the low end (20"
percentile), middle (50" Percentile), and high end (80" Percentile) of the distribution of Y
(following the example of Logan et al., 2012). Comparisons between percentiles were conducted
in the R statistical software package (R Development Core Team, 2011).

The results of the statistical comparisons between these selected percentiles are presented
in Table 4. For Print Knowledge, the general shape of the distribution suggests that the
correlation between Frequency of Storybook Reading and Print Knowledge declined as
Frequency of Storybook Reading increased. Tables 3 and 4 demonstrate that the estimated
relation decreased from .42 at the 20" percentile to .22 at the 50™" percentile, to .12 at the 80™"

percentile. The significance tests confirmed that these comparisons were all significant (all Fs >

12
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10, ps <.001; Table 4). In the case of Lower Case Letter Naming, no significant differences
between the selected percentiles were observed. For Upper-Case Letter Naming, the decrease in
the relation between the 50" and 80" percentile was found to be statistically significant (F =
21.01, p <.001; Table 4). For Expressive Vocabulary, as noted in Table 3, the correlation
decreased from r = .30 to r = .00 across the range of Frequency of Storybook Reading. However,
the magnitude of this decrease was not statistically significant (p >= 0.05; Table 4).

To provide additional visual representation of the conditional relations between print
knowledge and storybook reading, Figure 2 presents the scatterplot for Print Knowledge (x-axis)
and Frequency of Storybook Reading (y-axis). Regression lines were fit at the 10™", 201", 50",
80", and 90™ percentiles of Frequency of Storybook Reading. Consistent with the results in
Tables 3 and 4, lower Frequency of Storybook Reading was associated with lower levels of Print
Knowledge (e.g. regression line plotted at the 20" percentile), but high Frequency of Storybook
reading was neither necessary nor sufficient for high levels of Print Knowledge (e.g. regression
line plotted at the 80™ percentile).

Examining the association between storybook reading and emergent literacy skills,
conditional on levels of emergent literacy skills. We also examined whether the relationship
between Frequency of Storybook Reading and emergent literacy skills was stronger or weaker
depending on the level of emergent constrained versus unconstrained literacy skills (see Figure
3). Similar to the previous analyses, the quantiles were compared at each of three selected
quantiles. The point estimates of each of the three selected quantiles are presented in Table 5 and
the significance tests for comparisons between each of these selected quantiles is presented in

Table 6.
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The correlation between Frequency of Storybook Reading and Print Knowledge was at or
close to r = 0.00 at lower levels of Print Knowledge, but more likely to be statistically significant
at higher levels of Print Knowledge. The increase was gradual enough that the differences
between the relations 20" and 50" quantiles (F= 3.14, p = .07; Table 6) and 50" and 80"
quantiles (F= 0.95, p = .33; Table 6) were non-significant. Only the difference between the 20™
and 80" quantiles was large enough to be considered a statistically significant difference (F=
15.45, p <.001; Table 6). These results suggest that the correlation between Frequency of
Storybook Reading and Print Knowledge increased as levels of Print Knowledge increased.

Similarly, the correlation of Lower Case Letter Naming and Upper Case Letter Naming
with Frequency of Storybook Reading (Figure 3) approached zero at and below the 30™
percentile of letter naming, but at higher levels of skill approached r = .70 (p < .05) for Lower
Case Letter Naming and r = .60 (p < .05) for Upper Case Letter Naming. The statistical
comparisons were also significant when comparing the 50" quantiles to the 80" (F = 7.13, p =
.007: Table 6) and when comparing the 20" to the 80" quantile (F = 6.30, p = .01: Table 6) for
Lower Case Letter Naming. Similar results were obtained for Upper Case Letter Naming (F =
5.57,p=.018 and F = 9.67, p =.002: Table 6). Finally, in the case of Expressive VVocabulary,
the results in Figure 3 and Table 5 suggest that the relations were significant at the 20™" percentile
of Expressive Vocabulary (e.g. r =.21, p =.00: Table 5) but not statistically significant at the
50" (r = .15, p = .19: Table 5) or 80" percentile (r = .02, p = .83: Table 5). However, as shown
in Table 6, the change in the correlation between Expressive Vocabulary and Storybook Reading
across levels of Expressive VVocabulary was not statistically significant (largest difference was

between 20" and 80" percentile: F = 3.01, p = .08).

14
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Figure 4 provides further visual representation of these results, which presents scatterplot
results for Upper Case Letter Naming with regression lines representing the 10", 20, 501, 80™",
and 90" percentiles for Letter Naming. Very low levels (10", 20" percentiles), and very high
levels of letter naming (90" percentile) were uncorrelated with Frequency of Storybook Reading
(represented by flat lines). However, there was a strong association between letter naming and
home literacy environment at the moderate to high quantiles of letter naming, presumably when
children are actively learning their letters.

Discussion

As expected, children who are at risk for developing LI come to school with lower than
average levels of constrained and unconstrained skills. The current study also suggests
nonsignificant to modest correlations (r = .11 to r = .25) between frequency of storybook reading
and emergent literacy skills when looking across the wide range of reported storybook reading
and emergent literacy skills. Descriptively, the effect sizes in the current study were somewhat
larger than those found in Skibbe et al.’s (2008) study of language-impaired children, but smaller
than studies examining non-language impaired children (e.g. Bus et al., 1995; Scarborough &
Dobrich, 1994; Senechal, 2006). It is notable that the overall correlation between shared book
reading and expressive vocabulary was not significant. However, as described in the results, the
association was statistically significant at low levels of story book reading and at low levels of
expressive vocabulary.

We employed quantile regression to consider the association between frequency of
storybook reading and emergent literacy across different points in the distribution of storybook
reading. Results suggested that the correlation between storybook reading and pre-literacy skills

was highest at a lower frequency of storybook reading, particularly for Print Knowledge, which
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approached r = .50. Low frequency of storybook reading was generally associated with low
levels of print knowledge and high levels of print knowledge were generally accompanied by at
least average frequency of storybook reading. However, for some children with LI, the presence
of high frequency of storybook reading was not sufficient for success in print knowledge skills.
A similar, but attenuated, pattern of results was found for letter naming. Finally, a moderate
association was found between frequency of storybook reading and expressive vocabulary at
lower frequency of storybook reading.

Quantile regression also examined whether the correlation between frequency of
storybook reading and emergent literacy varied as a function of emergent literacy. Results
suggested that associations were highest at higher levels of constrained emergent literacy skills,
particularly Upper Case Letter Naming, and Lower Case Letter Naming. The magnitude of these
associations also changed most dramatically across levels of constrained as compared to
unconstrained skills. Correlations were zero at low levels of letter naming, large in magnitude in
the middle of the distribution of letter naming (approaching r = .80), then attenuated to zero at
every high levels of letter naming, once children attained mastery of letter knowledge. These
results were reflected in the secondary analysis presented in Figure 4. The lowest and highest
quantiles of letter naming showed no correlation with frequency of storybook reading.

These findings are relevant for the debate concerning Paris” Constrained Skills Theory
(CST: 2005). CST makes two assertions: That nearly all readers learn to master some skills
completely (e.g. letter knowledge) and that constrained skills, although important gateways to
reading, are poor indices of later reading success. Our findings are consistent with CST in that
the association between the environment and letter knowledge was zero when the skill had been

mastered. However, we also assert that mastery (or lack of mastery) of these skills, in the
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context of the presence of absence of storybook reading may be an important time-limited
marker of performance in children with L1I.

When considering these results, several limitations must be noted. First, given the scope
of the statistical analyses, we elected to focus on the specific relationship between frequency of
storybook reading and emergent literacy using a measure of storybook reading that was limited
to a single questionnaire. It is therefore possible that results may vary when examining different
aspects of the home environment, such as parent literacy practices or attitudes, as well as in other
measures of storybook reading. Moreover, the results of this study were based on a select group
of children (who are at risk for language impairments) at a particular developmental window (fall
of pre-kindergarten). Thus, the results of this study should be interpreted as a snapshot of an
important moment in an ongoing developmental process involving growth of constrained and
unconstrained language and literacy skills in the context of home and school environments, set
against the backdrop that all children were at risk for developing language difficulties. The
results also assume that the reliability of measurement of frequency of storybook reading and
emergent literacy is consistent across the range of ability.

Finally, there is considerable heterogeneity in the composition of children at risk for LI in
in ECSE classrooms. This was evident in the multilevel selection strategy we employed to
identify children for the STAR-2 study. This obfuscates the causal pathways between storybook
reading and emergent literacy. For example, our data is consistent with the hypothesis that there
is a threshold below which low frequency of storybook reading becomes detrimental to emergent
literacy in children at risk for LI. Our data is also consistent with the hypothesis that the
relationship between shared book reading and emergent literacy is conditional upon levels of

emergent literacy, particularly for constrained skills. However, we cannot rule out that the
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results of the study are the result of differential characteristics related to selection into ECSE
classrooms, profiles of child performance, or profiles of parent performances. We cannot
empirically address these possibilities, but we intend to do so in in future studies.

That said, these findings have important educational implications. Our study suggests
that the correlation between storybook reading and emergent literacy is particularly salient at low
levels of storybook reading. However, our results also suggest that children with LI also can
come from home environments with typical to high levels of storybook reading. In other words,
not all children with LI come from homes with impoverished reading environments. We argue
that systematically examining the conditions under which storybook reading, and other aspects
of the home literacy environment, correlate and do not correlate with emergent literacy
constitutes an important untapped marker for understanding the nature, causal mechanisms, and
development of emergent literacy problems in children with language impairment. In particular,
LI and related emergent literacy deficits may be a function of familial risk whereas in other cases
LI and related emergent literacy may be emerging despite a supportive home environment.

This possibility has important implications for intervention. Children with high
storybook reading in the home and low emergent literacy may be less likely to benefit from
storybook-based instruction, relative to children who come from homes with lower levels of
storybook reading. Additionally, the association between storybook based interventions may be
heavily time and/or skill dependent for constrained skills such as letter naming. Put another way,
parents are correctly thought of as untapped resources for improving outcomes in children at risk
for LI (Reese, Sparks, & Leyva, 2010). However, implicit in this argument is that children with
LI come from homes where more could be done to improve the literacy environment. Our

results suggest that this not always the case: Some children with LI come from impoverished



QUANTILE REGRESSION 19

home literacy environments that are correlated with their emergent literacy whereas other
children with LI come from rich home literacy environments. As a result, rather than merely
statistically or experimentally controlling for person- and/or home-based individual differences,
including home and child-based markers may elucidate the conditions under which home-based

interventions may be more or less effective.
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Table 1: Descriptive Statistics.

Variable Mean  SD Min Max n
Frequency of Storybook Reading 14.05 6.46 1 24 204
Print Knowledge 4.85 3.76 0 16 210
Lower Case Letter Naming 502 7.81 0 26 212
Upper Case Letter Naming 8.17 9091 0 26 212
Expressive Vocabulary 82.00 16.46 54 115 210
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Table 2: Correlations among Frequency of Storybook Reading, Print Knowledge, Lower Case

Letter Naming, Upper Case Letter Naming, and Expressive Vocabulary.

Variable Story Print Lower Upper Vocabulary
Storybook Reading  1.00

Print Knowledge 0.25* 1.00

Lower Case Letter  0.24* 0.40* 1.00

Upper Case Letter  0.20* 0.43* 0.84** 1.00

Express Vocabulary 0.11 0.59* 0.36** 0.38** 1.00

Note: *p < .05, **p < .01
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Table 3: Results of Quantile Regression of Frequency of Storybook Reading Predicting Pre-

Literacy Skills (Conditional upon Storybook Reading)

Quantile Correlation  SE LB UB t-value p-value
Print Knowledge

QR-20 0.42 0.05 0.33 0.51 9.18 <.0001
QR-50 0.22 0.12 -0.01 0.45 1.85 0.07
QR-80 0.12 0.08 -0.04 0.27 1.50 0.13
Lower Case Letter Knowledge

QR-20 0.21 0.10 0.01 0.41 2.10 0.04
QR-50 0.24 0.11 0.03 0.46 2.20 0.03
QR-80 0.08 0.05 -0.03 0.19 1.49 0.14
Upper Case Letter Knowledge

QR-20 0.22 0.10 0.02 0.42 2.19 0.03
QR-50 0.40 0.09 0.22 0.58 4.44 <.0001
QR-80 0.00 0.08 -0.17 0.17 0.00 1.00
Expressive VVocabulary

QR-20 0.20 0.10 0.01 0.40 2.05 0.04
QR-50 0.20 0.12 -0.03 0.43 1.75 0.08
QR-80 0.00 0.07 -0.14 0.14 0.00 1.00

Note: QR-20 = quantile regression at the 20" quantile, etc. LB = Lower Bound, UB = Upper
Bound, This table corresponds to Figure 1. Statistical tests comparing differences across

quantiles are presented in Table 4.
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Table 4: Significance Tests for Differences between Quantiles Conditional on Frequency of
Storybook Reading.

Quantile
Comparison  F-value  p-value

Print Knowledge

20v 50 10.19 0.001
50 v 80 11.24 0.001
20v 80 25.68 <.001

Lower Case Letter Knowledge

20v 50 0.07 0.78
50 v 80 2.76 0.09
20v 80 1.6 0.2

Upper Case Letter Knowledge

20 v 50 3.75 0.05
50 v 80 21.01 <.001
20 v 80 3.8 0.05

Expressive VVocabulary

20 v 50 N/A N/A
50v 80 3.95 0.05
20 v 80 3.67 0.05

Note: N/A = Comparison not analyzed because the difference in
correlation between quantiles was zero.
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Table 5: Results of Quantile Regression of Frequency of Storybook Reading Predicting Pre-
Literacy Skills (Conditional upon Emergent-Literacy Skill)

Quantile  Correlation  SE LB UB  t-value p-value
Print Knowledge

QR-20 0.00 0.07 -0.15 0.15 0.00 1.00
QR-50 0.26 0.09 0.09 0.44 3.03 0.00
QR-80 0.62 012 039 0.86 5.31  <.0001
Lower Case Letter Knowledge

QR-20 0.00 . . . )
QR-50 0.00 0.05 -0.10 0.10 0.00 1.00
QR-80 0.66 0.26 0.14 1.18 2.52 0.01
Upper Case Letter Knowledge

QR-20 0.00 0.01 -0.03 0.03 0.00 1.00
QR-50 0.12 0.10 -0.07 0.31 1.23 0.22
QR-80 0.56 018 020 0.92 3.08 0.00
Expressive VVocabulary

QR-20 0.21 0.08 0.05 0.37 2.65 0.01
QR-50 0.15 0.12 -0.08 0.38 1.31 0.19
QR-80 0.02 0.10 -0.17 0.22 0.21 0.83

Note: QR-20 = quantile regression at the 20" quantile, etc. LB = Lower Bound, UB = Upper
Bound. . = could not be estimated. This table corresponds to Figure 3. Statistical tests
comparing differences across quantiles are presented in Table 6.
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Table 6: Significance Tests for Differences between Quantiles, Conditional on Pre-Literacy
Skills.

Quantile
Comparison F-value  p-value

Print Knowledge

20 v 50 3.14 0.07
50 v 80 0.95 0.33
20v 80 15.45 <.001
Lower Case Letter Knowledge

20 v 50 N/A N/A
50 v 80 7.13 0.007
20v 80 6.30 0.01
Upper Case Letter Knowledge

20 v 50 1.67 0.19
50 v 80 5.57 0.018
20 v 80 9.67 0.002
Expressive VVocabulary

20 v 50 0.37 0.54
50 v 80 1.44 0.23
20 v 80 3.01 0.08

Note: N/A = Comparison not analyzed because the difference in
correlation between quantiles was zero.
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