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Abstract

This study evaluated the interrelations among cognitive precursors across quantitative, linguistic,
and spatial attention domains that have been implicated for math achievement in young children.
The dimensionality of the quantity precursors was evaluated in 286 Kindergarteners via latent
variable techniques, and the contribution of precursors from each domain was established for
small sums addition. Results showed a five factor structure for the quantity precursors with the
major distinction between nonsymbolic and symbolic tasks. The overall model demonstrated good
fit, and strong predictive power (R? = 55%) for addition number combinations. Linguistic and
spatial attention domains showed indirect relationships with outcomes, with their effects mediated
by symbolic quantity measures. These results have implications for the measurement of
mathematical precursors, and yield promise for predicting future math performance.
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Previous efforts have evaluated several potential predictors of mathematical performance in
children at the kindergarten level (Geary, Hoard, & Hamson, 1999; Geary, Hamson, &
Hoard, 2000; Gersten, Jordan, & Flojo, 2005; Jordan, Kaplan, Olah & Locuniak, 2006;
Jordan, Kaplan, Locuniak & Ramineni, 2007; Koponen, Aunola, Ahonen, & Nurmi, 2007;
Stock, Desoete, & Roeyers, 2007). Predictors that involve an understanding of quantity, that
utilize counting, or that in some way tap “number sense” have recently received much
attention, although subdivisions within this area are not always clear. In contrast to such
number or quantitative predictors, there is also a large body of research that implicates non-
quantitative cognitive skills, particularly domain general skills such as working memory, in
the expression of math skill (e.g., Bull, Espy, & Wiebe, 2008; Geary, 2004; Swanson, 2006;
Swanson, Jerman, & Zheng, 2008). Language and reading skills are also frequently
implicated in discussions of math ability and disability in general (Jordan & Hanich, 2003;
Jordan, Kaplan, & Hanich, 2002; Geary, 1993; Gersten et al., 2005), with several studies
specifically assessing the role of phonological skills or other reading related skills such as
rapid naming as predictors of mathematical outcomes (Geary, Hoard, Byrd-Craven, Nugent,
& Numtee, 2007; Hecht, Torgesen, Wagner, & Rashotte, 2001; Krajewski & Schneider,
2009).
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While many studies evaluate the relationships of the above types of precursors to math, there
are a much smaller number that evaluate them in a multivariate context, and still fewer that
do so in the context of a comprehensive model. Thus, little is known about how these sets of
precursors relate to one another, which has implications for the extent to which they may
have unique contributions to math performance. Recently, however, LeFevre and colleagues
(LeFevre, Fast, Skwarchuck, Smith-Chant, Bisanz et al., in press) have proposed a model
(the “pathways” model) relating the three types of precursors described above to
mathematical achievement, and this serves as a framework for the present study. The current
study contributes to existing research by: (a) evaluating the three pathways of LeFevre et al.
(in press) at the level of latent rather than observed variables; (b) assessing the quantity
domain comprehensively and distinguishing between core and mediating precursors therein;
(c) establishing the relationship of these latent variables to a measure of small sums
addition; and (d) examining performance in a relatively large and diverse sample at the
kindergarten level, after students have been exposed to a formal learning environment, but
have not yet completed development of their procedural arithmetic skills. Understanding
what predicts early mathematical performance is crucial given the importance of these skills
for more complex mathematical skill many years later (Duncan et al., 2007).

The Pathways Model

The pathways model (LeFevre et al., in press) builds on prior work of early cognitive
predictors of mathematics, and on neuroanatomical models of how numerical information is
processed in the brain (e.g., Dehaene, Piazza, Pinel, & Cohen, 2003). The pathways
themselves are cognitive systems important for mathematical competency. The first is
specific to number (e.g., quantity) and can be assessed with tasks that involve estimation or
magnitude (e.g., comparison tasks, subitizing). The second pathway is through linguistic
skill, which is important for representing the symbolic number system and is related to
reading. The third pathway is through spatial attention, which has implications for math, but
is also important for other outcomes, and which could be operationalized with measures of
spatial skills per se, but also could be represented by measures of visuospatial working
memory.

LeFevre et al. (in press) evaluated whether these pathways (quantitative, linguistic, spatial)
are independent, and whether they contribute differentially to early number skills depending
on whether the nature of the task is symbolic (e.g., number naming, where linguistic features
are more important) vs. a nonlinguistic arithmetic task (where quantitative features are more
important). Results showed that linguistic precursors (vocabulary and phonological
awareness) were predictive of number naming but not nonlinguistic arithmetic, whereas
quantity (subitizing latency) showed the opposite pattern, and spatial attention (spatial span)
was predictive of both. For more complex/conventional measures of mathematics, all
pathways were hypothesized to be variably relevant for each outcome, with linguistic/
symbolic features especially important. Linguistic and spatial precursors were each
significantly related to all conventional mathematics tests, with large beta weights for
linguistic precursors; in contrast, quantity precursors showed unique prediction for measures
of numeration and calculation, but not geometry and measurement (LeFevre et al., in press).
The LeFevre et al. model also suggests that basic precursors may act indirectly on outcomes
via magnitude skills and elements of the symbolic number system, consistent with other
evidence of mediated effects of cognitive or number-based effects on mathematical
outcomes (Koponen et al., 2007; Krajewski & Schneider, 2009).

The present study conceptualizes the three types of precursors described by LeFevre (in
press), and makes predictions regarding their relationship to small sums addition. In doing
s0, the term precursor in the present study is defined as a cognitive skill important for
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computational skill or word problems but which does not itself involve direct arithmetic,
although such precursors vary in their degree of similarity to the criterion (e.g., whether or
not symbolic numerals are utilized), and thus may be considered more or less elemental. The
analogy in the reading domain is where precursors focus on specific oral language skills
(e.g., phonological awareness) that do not involve the child specifically reading words (e.qg.,
Schatschneider, Fletcher, Francis, Carlson, & Foorman, 2004). However, the range of
potential quantity precursors is quite varied, and across studies such measures have been
considered at different points along the precursor-to-outcome continuum.

Quantity Precursors

In the LeFevre et al. (in press) study, quantity as a precursor was operationalized as
subitizing, though magnitude or quantity estimation or comparison are other important
methods of assessing quantity (Butterworth, 2005; Dehaene, 2001; Halberda, Feigenson, &
Mazzocco, 2008), which in part reflects the distinction between number systems that are of
approximate versus exact magnitude (e.g., Feigenson, Dehaene, & Spelke, 2004). In young
school aged children, tasks include those of symbolic and nonsymbolic comparison, or tasks
that require mapping between the two (e.g., Hollaway & Ansari, 2009; luculano, Tang, Hall,
& Butterworth, 2008; Mundy & Gilmore, 2009; Rouselle & Noél, 2007). Quantity
precursors have been related to the term number sense, although the difficulty in defining
this term has been echoed in previous work (e.g., Greeno, 1991; Gersten & Chard, 1999;
Gersten et al., 2005). In most cases, number sense is less defined than it is operationalized
(see Berch, 2005 for a compilation), though some definitions do appear (e.g., “general
facility with using and understanding the meaning of numbers”; Robinson, Menchetti, &
Torgesen, 2002). Beyond subitizing and comparisons, additional measures included in
studies of number sense include oral counting skills, number identification, sequencing
measures, knowledge of counting principles, and more recently, number line representation
and set processing (Clarke, Baker, Smolkowski, & Chard, 2008; Clarke & Shinn, 2004;
Geary, Bailey, & Hoard, 2009; Geary et al., 1999; Geary et al., 2000; Gelmen & Gallistel,
1978; Gersten et al., 2005; Jordan et al., 2006; Jordan et al., 2007; Koponen et al., 2007;
Siegler & Booth, 2004).

Most (but not all) of the measures utilized in the above studies use numeric stimuli, but they
vary in the extent to which computation is required, which may be in the form of nonverbal
arithmetic, story problems, or number combinations (Ginsburg & Baroody, 2003; Jordan et
al., 2006). A key feature of the present study is to focus on predictors which do not require
computation in any manner, thus drawing a clearer distinction between predictor and their
outcome. Jordan et al. (2006) found their number sense battery to represent two factors
using an exploratory factor analytic approach (representing basic number skills and
conventional arithmetic), but the present study extends this work by more in-depth
assessment of the more basic of these skills, reflecting a wide sampling of how number
sense is represented in the literature. Thus, prior to assessing how the quantity pathway
relates to other precursors and to math skills, the present study first evaluates a confirmatory
factor analytic model that distinguishes among these quantity skills. In terms of the LeFevre
et al. (in press), measures which were defined in that study as quantity precursors (e.g.,
subitizing), early numeracy (e.g., number naming), or as mathematical outcomes (e.g.,
magnitude comparison) would all be considered potential precursors here, with subitizing
and nonsymbolic magnitude comparison considered the most elemental; the remaining
precursors could be considered “symbolic mediators” of more complex mathematical skill.
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Linguistic Precursors

The linguistic pathway of LeFevre et al. (in press) included measures of vocabulary and
phonological awareness. Such measures are most well known with regards to the
development of later reading proficiency (Stanovich & Seigel, 1994; Wagner, Torgesen, &
Rashotte, 1994; Wolf, Bowers, & Biddle, 2000). In the area of reading, the precursors most
extensively investigated are phonological awareness (Anthony, Lonigan, Burgess, Driscoll
Bacon, Phillips, & Cantor, 2002; Schatschneider, Francis, Foorman, Fletcher, & Mehta,
1999) and rapid automatized naming (Denckla & Rudel, 1976; Wolf et al., 2000; Wolf,
Godberg O’Rourke, Gidney, Lovett, Cirino, & Morris, 2002). Both relate uniquely to
untimed decoding skills in children (e.g., Ackerman & Dykman, 1993; Cornwall, 1992;
Wolf et al., 2002), particularly at younger ages. For example, Schatschneider et al. (2004)
found that these and other Kindergarten precursors of reading accounted for 43% and 56%
of the variance in Grade 1 decoding and fluency, respectively. Similar skills have also been
shown to be related to math outcomes at young ages (e.g., Koponen et al., 2007; Krajewski
& Schneider, 2009). While several language skills are likely to be related to both reading
and math, the present study is focused on specific academic precursors, and the use of the
most well-known reading precursors provides a clear contrast to the more specific quantity
skills thought to be important for math. Information about the interrelationship of these
linguistic and quantitative precursors is critical, given the robust correlations between
standardized reading and math outcomes (r ~ .60; McGrew & Woodcock, 2001;
Psychological Corporation, 1992; Wilkinson, 1993), and the overlap of difficulties in these
academic areas (Badian; 1999; Barbaresi, Katusic, Colligan, Weaver, & Jacobsen, 2005;
Silver, Pennett, Black, Fair, & Balise, 1999).

Spatial Attention Precursors

LeFevre et al. (in press) evaluated their final pathway of spatial attention with an adapted
spatial span measure where children recall a specific sequence shown to them by the
examiner. This and similar measures (e.g., Corsi Blocks forward or backward, and Counting
Span) do assess spatial attention, but more typically they are regarded as a component of
working memory (WM; Gathercole & Pickering, 2000; Alloway, Gathercole, & Pickering,
2006). In terms of Baddeley and Hitch’s (1974; 1994) influential model, the components
assessed would be the visual-spatial sketch pad, or the central executive, depending on
specific task parameters, although a close relationship between visuospatial short-term and
visuospatial working memory measures have been noted, and show similar relations to
measures of executive functioning (Miyake, Friedman, Rettinger, Shah, & Hegarty, 2001).
WM is broadly implicated in math task performance (Bull & Scerif, 2001; Gathercole &
Pickering, 2000; McLean & Hitch, 1999; Passolunghi & Siegel, 2001; Swanson, 2006;
Swanson et al., 2008), where it is viewed as a rate-limiting component for manipulating
operational components, for counting, or for the facilitation of retrieval of math facts.
Stronger working memory capacity thus increases resources for more complex computation
or problem solving. Despite the frequency with which WM is examined in the math
literature, there remain inconsistencies with regard to how it is conceptualized and
operationalized, and much work remains (see Berch, 2008; Raghubar, Barnes, & Hecht,
2010). In this study, a measure of visuospatial working memory is utilized, consistent with
LeFevre et al. (in press).

The Present Study

The present study first demarcates relationships among measures commonly used as number
sense (e.g., quantity precursors), but which do not require computation. The corpus of such
skills include: subitizing, symbolic comparison/estimation, nonsymbolic comparison/
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estimation, symbolic labeling/sequencing, rote counting, number line representation, and
counting knowledge. In this study, all but subitizing and number line are evaluated. The first
hypothesis is that in a confirmatory factor analytic framework, measures loading on these
five latent factors are expected to show a good model fit, and specifically better than a
unidimensional model, or other alternate models. The distinction among such skills is
consistent with that made by LeFevre et al. (in press) in terms of symbolic vs. comparative
early number skills, although here there are other nonsymbolic, and a wider range of
symbolic measures. However, correlations among these latent variables are expected to be at
least of moderate strength, with nonsymbolic comparison/estimation expected to show the
weakest relationships with others as it is likely the most distinct.

The next step (Hypothesis 2) uses measures of the above domains to compose non-quantity
latent variables of linguistic and spatial attention precursors from measures of phonological
awareness, rapid naming, and visuospatial working memory, and also evaluates a larger
measurement model containing all three types of precursors from the LeFevre et al. (in
press) framework (with strong overlap in terms of how these other precursors are defined).
This model is expect to also show good fit, and the strongest relationships are expected
between the two linguistic precursors and the four quantity precursors which use symbolic
information (symbolic labeling, symbolic comparison, rote counting, and counting
knowledge).

Hypothesis 3 relates the three types of precursors (quantity, linguistic, and spatial attention)
to small sum number combinations, which represents developing computational skill in
kindergartners. Number combinations (and number competence in general) assessed in
Kindergarten have been shown to be strongly predictive of later math skill through at least
the third grade (Jordan, Kaplan, Ramineni, & Locuniak, 2009), and so understanding the
determinants of number combinations can help support the development of early
interventions or instruction. Latent variables from each of the precursor domains are
expected to relate to this outcome, when they are the only predictors, consistent with the
results of LeFevre for their calculations measure. However, in the context of the latent
variables of symbolic quantity manipulation, these direct effects of the primary precursors
on the outcome would be lessened. In terms of the LeFevre et al. (in press) pathways model
then, nonsymbolic comparison is a quantity precursor, and linguistic and spatial factors are
also precursors, while other numeric predictors (e.g., labeling, counting) are measures of
early numeracy, which in this case function more precisely as symbolic mediators of math
skill.

For students beginning to learn formal mathematics, socioeconomic status (often indexed by
free lunch receipt) is also related to outcomes (e.g., Jordan et al., 2009), probably as a
marker for more informal exposure to and support for number and counting concepts
(Clements & Samara, 2008). This may be especially true for verbal/symbolic experiences;
for example, Jordan and colleagues found differences between preschoolers of different
incomes on verbal, but not nonverbal, arithmetic (Jordan, Huttenlocher, & Levine, 1992;
Huttenlocher, Jordan, & Levine, 1994). Jordan et al. (2006) found that the effects of income
were predominantly in terms of intercepts rather than slopes, while other recent work
however suggests that such differences may be addressable through interventions focused
around the number line (e.g., Ramani & Siegler, 2008; Siegler & Ramani, 2008). In this
study, differences between income groups on latent variables in the full measurement model
were evaluated in the context of Hypotheses 2 and 3; although performance differences in
income are expected to occur, these are not expected to alter the relationships of precursors
or mediators to the outcome.
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Method

Participants

Characteristics of the sample are provided in Table 1. Two-hundred eighty-seven
kindergarten students from a single large urban district were originally evaluated, though
one child was unavailable for most testing, and so was excluded. Students were from eight
schools and 37 classrooms across two consecutive cohorts. However, both cohorts were
from the same district, and four schools and eight teachers had students represented in both
cohorts. Students were diverse in terms of sex, ethnicity and socioeconomic status, and the
nonverbal 1Q estimate was normally distributed and average overall. All students were
recruited from classrooms where English was the language of instruction, though the
language backgrounds of the children were also diverse.

Measures and Procedures

Students were assessed in their schools on all of the measures at times during the school day
convenient to their teachers. Individual session administration time was collected for most
students (N = 276), and averaged 34 minutes (SD = 3.3). Examiners were trained on the
battery in a fixed order for each 30-minute session that intermixed auditory vs. visual or
number vs. non-number stimuli, and verbal vs. manual responses. In most cases, tasks were
given in this order within each session, though session (1 vs. 2) varied across students (e.g.,
to minimize interference where multiple students were assessed in the same large room).
Students were assessed in Spring of their Kindergarten year, with assessments ranging over
an approximate six- week interval (April and May). Where possible, students were assessed
on consecutive days; the mean (and median) interval was 2 days (SD = 5.0).

For purposes of this study, 20 variables were utilized. The measures from which these
variables were derived are described below according to the broad pathway they represent,
and subdivided by the latent variable they comprise. Table 2 lists these variables and their
descriptive characteristics, and Table 3 provides correlations among the observed variables.

Quantity Precursors

Non-Symbolic Comparison—Students were required to make comparison judgments
for sets of random dots (9 items) or volumes (9 items). For each, students are shown a pair
of stimuli, and while pointing to the individual stimuli, asked “which side (is) shows more,
this one, this one, or are they both the same?” Example dot items included: 5v. 3, 7 v. 7, and
19 v. 15. Example volume items included: L fuller than R but below halfway mark, and R
much fuller than L, with R above halfway mark, and L below. After a practice item, students
are asked to respond as quickly as possible. Items are not individually timed, but time for
each subsection is recorded, and examiners note if the student attempted to actually count
(the dots). The variable used from each measure was an index of the number of comparisons
per second. This combined variable correlated r = .34 and .59 with the number correct
variables for dots and volumes, respectively, and r = —.71 and —.78 with time in seconds for
these respective variables; the two variables correlated r = .48 with one another.

Symbolic Comparison—In addition to dot sets and volumes, children were also asked to
compare numbers. After a practice trial, six pairs of digits were presented (17 v. 23, 19 v.
18,32v.28,7v.41,11v. 9, and 72 v. 59); otherwise administration mirrored that of dots
and volumes. The utilized variable was again number of comparisons per second; this
variable correlated r = .78 with accuracy, r = —.73 with time. Quantity Discrimination is
from AIMSweb (Clarke & Shinn, 2002) and involves 28 sets of two single digit numbers (or
the number 10); students are asked to circle the number of each pair that is larger, for as
many sets as they are able within a one-minute time limit. Reported alternate form and test-
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retest reliability is good, ranging from .85 to .93, with strong relations to criterion measures
(Clarke & Shinn, 2004; Lembke & Foegen, 2009). Both correct responses and errors are
recorded (r = —.60), and the measure used was the total correct-minus incorrect, because the
test is time-limited and guessing is possible. In addition, some students (22%) completed all
items early, and scores for this measure were prorated, though the original and prorated
scores were equivalent (r = .95), and correlations with Simple Sums (below) was virtually
unchanged.

Symbolic Labeling—Number Identification has 15 numbers (4, 8, 3, 7, 6, 84, 17, 25, 33,
12, 79, 100, 150, 264, 333). Sample internal consistency for this measure was a = .86. The
measure used was total score. Missing Number is from AIMSweb (Clarke & Shinn, 2002)
and involves sets of three single digit numbers (or the number 10), with one number missing
in the first, second, or third position; students are asked to write in as many missing numbers
as they are able within a one-minute time limit. Reported alternate form and test-retest
reliability is good, and ranges from .78 to .83, with strong correlations with criterion
measures (Clarke & Shinn, 2004; Lembke & Foegen, 2009). Correct responses and errors
were recorded (r = —.54), and the dependent measure was a correct minus incorrect score.
Sequencing shows 10 sets of three numbers, and students are asked to “read the numbers
that you see here, and then tell me the number that goes in the blank space” (that would
continue the sequence). Sequences included were: (1) 1,2,3; (2) 33,34,35; (3) 8,7,6; (4) 12,
13, 14; (5) 2,4,6; (6) 17,18,19; (7) 7,6,5; (8) 10,20,30; (9) 8,10,12; and (10) 90,80,70.
Internal consistency for this sample was a = .83.

Rote Counting—Oral Counting is adapted from AIMSweb (Clarke & Shinn, 2002) and
involves asking a student to count aloud from ‘1’ until told to stop. Reported test-retest
values are .78 to .80, with strong criterion correlations (Clarke & Shinn, 2004). Both the
total of correctly identified numbers in one minute, and errors, are recorded (r = —.50),
which were converted to a numbers-per-second metric, consistent with other measures in the
battery; all the measures considered correlated similarly with Small Sums. Counting Down
asks the student to count down to 1 from 10 or 20, respectively. The dependent measures are
the times taken to say all of the numbers for each subsection (or as many as the student is
able), converted to a numbers-per-second metric. In this sample, the median intercorrelation
of these three counting speed measures was r = .59, and all three measures correlate
similarly with Small Sums.

Counting Knowledge—For Count Out Objects, children see pictures of boxes and cars
randomly arrayed on a page, and are told to “count out loud, ALL of the things on this
page”. After counting, the child was immediately asked “how many are there altogether”?
The five items showed: 9 objects (5 boxes, 4 cars); 13 objects (6 boxes, 7 cars); 15 objects
(8 boxes, 7 cars); 14 objects (7 boxes, 7 cars); and 8 objects (4 boxes, 4 cars). Specific
attention was paid to errors in counting principles (Gelman & Gallistel, 1978). Abstraction
errors were noted when only one type of object (e.g., cars) was counted. Double counting an
object was scored as a one-to-one correspondence error. Stable order errors were noted
when the child counted out of sequence. Cardinal count errors were noted when the child’s
response to the “how many” question did not match the last number of their count. The
measure used was the total number of errors committed across these error types (one-to-one,
stable order, abstraction, cardinal). Internal consistency in this sample was a = .68. A 10-
item version of Puppet Counting follows the general procedure of Geary (Geary, Brown, &
Samaranayake, 1991; Geary et. 1999; Geary et al., 2000), in which an array of alternating
red and green dots is counted by a puppet, when the puppet counts (a) correctly in typical
left-to-right fashion (three trials); (b) correctly though by counting all the red dots and then
all the green dots (psuedoerrors, 4 trials); or (c) incorrectly by violating a counting rule
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(double counting the first dot, 3 trials). Sample internal consistencies were o = .61 (correct),
a = .89 (psuedoerrors), and o = .80 (errors). Most students (N = 235) were able to correctly
identify correct counting; and given the focus on counting errors in this study, only the error
count trials were included for further analyses.

Spatial Attention Precursor

Visuospatial Working Memory was assessed with Spatial Working Memory (adapted from
Cirino, 2002) that balances process and storage demands. A series of non-nameable shapes,
or a star, are presented one at a time in one of four quadrants of a page. The processing
component requires the student to identify (yes or no) whether the shape is a star for each
stimuli shown. The storage component involved recalling the position of all the shapes in a
series, in sequential order. After two practice trials, where items were taught if necessary,
students received three trials within blocks of systematically increasing series lengths
(blocks) of 2, 3, 4, and 5. To avoid undue frustration, if students did not correctly recall the
order of any of the three trials within a block, the measure was discontinued. Reliability
from the original task in a sample of college students was good (a. = .84), and the measure
was related to math computation (Cirino, 2002). For this sample, internal consistency for the
individual trial items was a = .73; also, raw scores across blocks for Trial 1, Trial 2, and
Trial 3 were computed separately, and consistency among these three items was o = .76.
Two methods of scoring were chosen from among a variety of possibilities (e.g., Conway,
Kane, Bunting, Hambrick, Wilhelm, & Engle, 2005). The first is the arguably the most
common, a total raw score where a point is awarded for each correct sequence recalled. This
measure requires the participant to recall all the correct locations, no incorrect locations, and
the exact order. The second, order-free total, score relaxes the final condition (of exact
order) but maintains the others. The two variables correlated r = .85. Alternative scoring
procedures were explored and these produced similar model results. The processing
component was effective (students were 97% accurate at identifying the star), so this score
was not further considered.

Linguistic Precursors

Phonological Awareness—This was assessed with two subtests of the Comprehensive
Test of Phonological Processing (C-TOPP; Wagner, Torgesen, & Rashotte, 1999), Blending
Phonemes into Words and Phoneme Elision. The first task involves the student hearing
individual sounds of words, and the student is required to identify the word that results from
the blending of these sounds. Elision involves the student hearing a whole word, after which
they are asked to remove a sound from the beginning, middle, or end, of the word, and state
the result, which is always a new word. Good reliability has been evidenced in this age
range (range r = .82 to .93; Wagner et al., 1999), and these measures have good
discriminatory power at the end of Kindergarten (Schatschneider et al., 1999). Sample
internal consistency was o = .88 for both measures. The measures used were the standard
scores from these measures.

Rapid Automatized Naming was also assessed with subtests of the C-TOPP (Wagner et al.,
1999). Specifically, Rapid Letter Naming, Rapid Digit Naming, and Rapid Object Naming
were utilized. Students see a small set of stimuli that are intermixed and repeated; time taken
to identify all the stimuli is recorded. In a dominance study, Rapid Letter Naming was found
to be a strong predictor of reading skills at the end of Kindergarten (Schatschneider et al.,
2004). Rapid Objects has similar administration properties, and requires retrieval of
semantic information known to be important for math (Geary, 1993); also, it does not use
alphanumeric stimuli, and is the only measure normed at the age level of this study. These
subtests have strong reliability and validity; test-retest reliabilities range from r = .72 to .97
(Wagner et al., 1999). The measure used for each subtest was the time taken to read all
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stimuli, converted to an item-per-second metric; the median intercorrelation of these three
measures in this sample was r = .71.

The stimuli for this task consisted of all 55 single-digit addition problems that sum to 10 or
less; to avoid ceiling effects, some slightly larger sums were added to the end of the sheet
(though these were not needed). Problems were arranged in vertical format with eight rows
of five problems per sheet, over two sheets. Students were asked to complete as many
problems as they could in two minutes. Because children were observed to guess and errors
were common (51% made more than one error), and given the metric of several of the other
measures utilized, the dependent measure was the number correct minus the number
incorrect within the time limit. The correlation of correct responses and errors correlated r =
—-.51.

Preliminary Results and Analyses Description

All analyses were conducted in SAS 9.1 (SAS Institute, 2006) or M-PLUS v. 5 (Muthén &
Muthén, 2006). Preliminary analyses included assessment of distributions via graphical and
statistical means, and exploration of demographic variables. Most variables had acceptable
distributional properties. Of the 20 variables used in the primary structural model, only two
had absolute skew values greater than |1|, and five had absolute kurtosis values greater than |
1], and none exceeded |2.5|. Structural equation modeling emphasizes multivariate
normality, with excessive kurtosis more problematic (Schumacker & Lomax, 2010).
Exploration of univariate distributions, bivariate scatter plots, and regression-based
diagnostics revealed one multivariate outlier who was excluded from further analyses
(though the conclusions from the results was not altered). In the present case, multivariate
kurtosis (Mardia, 1970) was significant (3.09, p < .0005), and therefore models were
evaluated with both standard maximum likelihood (ML), and with ML estimation with
robust standard errors (MLR). With the MLR estimator, a scaling correction factor (for the
chi-square statistic) is noted and which departs from 1; the correction was .972 (small) for
the current study. In the Results below, the more common standard ML estimator results are
reported, with comments on differences produced with the MLR estimator.

As expected, free lunch status was the strongest demographic characteristic related to
performance on the observed measures described above, where those who received free and/
or reduced lunch performed below the level of those who did not receive this assistance on
most measures. Also, students enrolled in gifted programs outperformed those who were not
across most of these same measures. Age was only modestly related these variables (range |
r| = .00 to .27, median r = .15). Performances did not vary greatly according to sex; girls
outperformed boys on three measures, although gifted enroliment status accounted for these
effects. Where schools were represented in both cohorts, students did not differ by cohort on
most of the characteristics of Table 1, though more students in the first cohort had repeated
kindergarten (p < .05) and were enrolled in gifted programs, p < .0001. The cohorts did not
differ on 18 of the 20 variables used in the structural models; they did differ on the missing
number and small sums measure, although these differences were accounted for by the
difference in enrollment in gifted programs. Based on these results, and given the specific
interest in income, both free lunch status and gifted enroliment were considered as
covariates in the analyses.

The primary analyses paralleled the hypotheses. Hypothesis 1 considered the dimensionality
of the quantity precursors, and compared the proposed 5-factor model with alternative
models. Fit for CFA and the structural models were evaluated with several measures,
including the comparative fit index (CFI), root mean square error of approximation
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(RMSEA), standardized root mean square residual (SRMR), and the Akaike and Bayesian
Information Criteria (AIC, BIC); Kline (2005) discusses these and other indices of fit.
Hypotheses 2 then extended the above results, by evaluating the fit of the linguistic
(Phonological Awareness and Rapid Automatized Naming) and spatial (Visuospatial
Working Memory) precursors, and then adding these to the model of Hypothesis 1. It is
within this full measurement model that the covariates of free lunch and gifted enrollment
were evaluated in the context of a multiple indicator multiple cause (MIMIC) model, which
assesses the extent to which the groups formed by the covariates differ in their means on the
latent variables, and whether these have additional direct effects on the indicator variables
(Schumacker & Lomax, 2010). In the final model, the measure of Small Sums was added,
and the structural model included the prediction of the small sums outcome by the primary
quantity, spatial, and linguistic precursors, adding the symbolic quantity latent variables as
additional predictors, and then evaluating the mediating effect of the symbolic variables on
the relationship of the precursors to the small sums outcome. Finally, the covariates were
added to determine whether there was change in predictive relationships with or without
their inclusion.

Hypothesis 1: Confirmatory Factor Analyses of Quantity Precursors

The 12 quantity measures were subjected to a confirmatory factor analysis, involving up to
five latent variables. Table 4 presents model fit indices and model comparisons with the
maximum likelihood estimator, although fits were highly similar using robust standard
errors. Latent correlations are provided in Table 5. Tables 4 and 5 present analogous
information for the other hypotheses as well. Figure 1 shows a diagram of the model for
Hypothesis 1. All standardized individual parameter loadings, which indicate the correlation
of the indicator with its latent parent variable, were acceptable (range r = .44 to .87, median .
74). No modifications (e.g., correlated errors) were included, to enhance replicability. As
expected, Nonsymbolic Comparison had the weakest relationships to the other latent
variables (range |r| = .31 to .56), whereas all other correlations ranged from |r| = .70 to .91.
Counting Knowledge correlates negatively with all other latent variables because it is an
index of errors, rather than of correct performance. The first hypothesis is represented by
Model 1 under “Quantity Measures Only” in Table 4; as shown, alternative models that
specify fewer latent variables evidenced worse fit to the data relative to Model 1 (and to the
model prior to it), as indicated by the significantly larger Ay? values, indicating that more
parsimonious models could not be accepted as better or equivalent to the hypothesized
model.

Hypothesis 2: Cognitive and Full Measurement Model

The structure of the linguistic and spatial attention precursors was also examined, and
evidenced good fit with the data. Figure 2 shows the results of this CFA, and model fit is
shown in Table 4. When all variables were included together (19 indicators and 8 latent
variables), model fit continued to be acceptable; again, model fits are shown in Table 4. It
was expected that the symbolic mediators (Symbolic Comparison, Symbolic Labeling, Rote
Counting, Counting Knowledge) would relate more strongly to the two linguistic precursors
(Phonological Awareness and Rapid Automatized Naming) than to the spatial attention and
quantity factors, and this appeared to be the case: the median of the absolute value of the
correlations of the mediators with linguistic precursors was .62, and with the other
precursors it was .45 (see Table 5).

There were two covariates considered, free lunch and gifted enroliment, and each was
considered separately before combining them. Latent variables were regressed on the
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covariate, with significant parameters indicating that the levels of the covariate are different
with regard to the latent variable. Adding covariates in this manner is not expected to change
loadings of indicators onto factors or factor inter-correlations. Direct effects of covariates on
indicators would suggest that the indicator is not invariant with regard to intercept means,
because the levels of the covariates differ on the observed variable even after controlling for
the latent variable. In the present case, few such direct effects were expected.

When the free lunch variable was added to the model, overall model fit of the measurement
model, factor loadings of indicators, and factor correlations, did not change substantially.
Lunch status was a significant predictor of all the latent variables, p < .05, with those not
receiving free lunch outperforming those who did; however, there were few significant
direct effects of covariates on the observed variables (for missing number on free lunch,
modification index = 4.5; and for counting down 10-1 on free lunch, modification index =
7.2). Because model improvement was overall quite modest with these effects, in general the
indicators were considered to be invariant with regard to the free lunch covariate. The
situation was similar when gifted enrollment was evaluated, and gifted enroliment was
predictive of all latent variables except Nonsymbolic Comparison. Results were also not
different when the covariates were evaluated together, except that in this case, neither
covariate was significantly predictive of Nonsymbolic Comparison. As a result of these
analyses, it was concluded that both free lunch and gifted enrollment are related to the latent
variables in the measurement model, but that the observed variables are invariant with
regard to these covariates. In later models, the more important role of these covariates was to
determine whether they impacted the relationships of precursors/mediators to the outcome
variable.

Hypothesis 3: Prediction of Small Sum Number Combinations

The final step added the Small Sums outcome measure to the model. Model fits are
presented in Table 4 under the header “Structural Models”. The most complex model
(fewest df) is with Small Sums regressed on all eight latent variables (Model 1, Full Model).
Other models are nested within this model. Correlations among latent variables as well as
each of their relationships with Small Sums are presented in Table 5.

When Small Sums is regressed only on the four quantity, linguistic, and spatial attention
precursors (Model 2, Cognitive Prediction), Visuospatial Working Memory (5 = .204, t =
3.589, p <.001), Phonological Awareness (5 = .292, t = 3.816, p <.001), and Rapid
Automatized Naming (5 = .271, t = 3.727, p < .001), were all significant predictors, and
Nonsymbolic Comparison was not, 8 = .051, t = 0.744, p = .45. The overall R was .416, but
this model showed a significantly worse fit to the data than the full model, 4y2(4) = 62.08, p
<.0001.

The final model is one in which the mediators are regressed on the precursors, and the direct
paths of the precursors to the outcome are set to zero. This model is pictured in Figure 3 and
its fit statistics are presented in Table 4 as “Model 3, No Direct Effects (Final Model)”. The
fit of this final model was not different from Model 1, p > .05, consistent with the mediation
hypothesis. The precursors predicted the mediators substantially (R? range .55 to .61), and
the relationships among the mediators were substantially reduced relative to those of the full
model (Model 1), from |r| =.70 to .91, median r = .76 (see Table 5), to |r| = .38 t0 .78,
median r = .45. As shown in Figure 3, the latent mediators were together highly predictive
of Small Sums performance (R? = .55), with Symbolic Labeling as the only mediator with a
significant total effect in the context of the other mediators, = .491, t = 4.113, p < .001. For
the precursors, the total effects (which in this case equal the total indirect effects), were
significant for Phonological Awareness, g =.237, t = 4.350, p < .001, for Rapid
Automatized Naming, 8 = .256, t = 4.850, p < .001, and for Visuospatial Working Memory,
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S =.250, t =4.533, p <.001. Examination of specific indirect effects revealed that Symbolic
Labeling was the primary contributor to these effects, for Phonological Awareness, S = .161,
t=3.147, p = .002, for Rapid Automatized Naming, g = .203, t = 3.361, p = .001, and for
Visuospatial Working Memory, = .107, t = 2.811, p = .005, though the indirect effects were
in a similar direction (the total indirect effects were substantially larger than the specific
indirect effects). A more restrictive model which presumes that all of the interrelationships
among mediators are accounted for by the precursors was not supported (Model 4, No
Mediator Relationships), 4y2(6) = 66.05, p <.0001. Therefore, Model 3 (No Direct Effects)
was retained as the final model.

The results overall and the pattern of significant individual parameters did not change
substantively when the estimator with robust standard errors was employed. Finally, the two
covariates (lunch and gifted status) were included in models, separately and together, as
having direct effects only, or also allowing for indirect effects of these variables through the
mediators. Although gifted enrollment had a direct effect on the Small Sums outcome
measure when included as such, the increase in R? was very small (1%), the covariates were
in general not predictive of the mediating latent variables in the context of the precursors,
and there were no indirect effects of the covariates on Small Sums via the mediating
variables (all p > .05).

Discussion

The present study sought to clarify relationships within and among mathematical precursors
in quantitative, linguistic, and spatial attention domains, similar to those defined within the
LeFevre et al. (in press) framework, and to evaluate their predictive relationships with
addition at Kindergarten. Hypothesis 1 was supported in that the quantity predictors
represented multiple factors. Hypothesis 2 was supported in that measures of linguistic and
spatial skill also segregated into their expected latent variables, and fit in the context of the
full measurement model. Hypothesis 3 was supported in that key precursors were predictive
of addition number combinations, but this direct effect was mediated by symbolic quantity
variables. Student characteristics such as free lunch status and gifted status were related to
latent means, but did not alter the pattern of predictive relationships.

The model that separated quantity skills from one another (Five Factor Model, Table 4;
Figure 1) fit the data well. Nonsymbolic comparison showed the smallest intercorrelation
with the other four latent quantity skills, each of which utilized symbolic content, either
through comparison, labeling, or counting. This key difference of nonsymbolic vs. symbolic
content is a topic which has received recent attention (e.g., Holloway & Ansari,
2009;Mundy & Gilmore, 2009; Rouselle & Noél, 2007). In those studies, math skills are
typically more strongly associated with precursors that are symbolic in content, as was the
case in the present study. Halburda et al. (2008) did find that nonsymbolic skill was related
to math skill over a large time span, although those predictive relationships were postdictive
and involved a more complex comparison task. Moreover, whereas both Holloway and
Ansari (2009) and Mundy and Gilmore (2009) found that the nonsymbolic distance effect
was unrelated to both the symbolic distance effect and to mathematical outcomes, the latter
study found that nonsymbolic accuracy was related to their outcome measure. Relationships
among symbolic quantity measures were in general strong, consistent with the work of
others. For example, Koponen et al. (2009) found a correlation of .70 between their number
concept and counting skills composite measures, which is of similar range to the counting
and symbolic latent variables as shown in Table 5.

Jordan et al. (2006;2009) have developed a useful number sense measure across several
studies, but results are difficult to compare directly with this study given that the measures
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serve different purposes. The Jordan et al. studies are focused on growth, identification, and
overall predictive power, and so different item types were able to be combined. Also, while
there is some overlap in the types of skills assessed, the overlap is not particularly strong,
given the inclusion of arithmetic (both verbal and nonverbal) in that assessment. Jordan et
al. (2006) did find some dimensionality amongst their measures (separating symbolic from
nonsymbolic items), which is not inconsistent with the present results; later studies used a
more focused collection of items. Therefore, while the Jordan et al. studies (2006;2009)
suggest less dimensionality that the present study with regard to number sense, it is clear
that future work with these types of measures is needed to more thoroughly evaluate their
relational structure and their development in children.

When additional cognitive precursors in the linguistic and spatial attention domains were
added to the quantity variables, the measurement model also evidenced good fit to the data
(Table 4). The relationships of these precursors to the quantity precursors ranged in value
from |r| = .22 to .34 for nonsymbolic quantity, and from |r| = .44 to .72 for symbolic quantity
(Table 5). Counting knowledge appeared more strongly related to visuospatial working
memory relative to the linguistic precursors, whereas the other symbolic quantity variables
showed the opposite pattern. The number of studies which utilize both quantity and non-
quantity predictors together are small, but some of the extant studies do show strong
relationships between phonological processing and number sense or counting skill, as well
as with math outcomes (Koponen et al., 2007;Krajewski & Schneider, 2009).

Whereas the first two hypotheses focused on the interrelationships among predictors,
Hypothesis 3 focused on the relationships of these predictors to small sums performance,
and overall predictive power was strong. This was encouraging given that the outcome
measure was restricted in content, and performed with pencil and paper and under a time
limit. As shown in Table 5, all the latent variables were significantly related to small sums
performance, with the weakest relationships evidenced for nonsymbolic comparison. This
overall pattern of results is expected because individual tasks were chosen given previous
demonstrations of their relevance to math achievement outcomes. Also, nonsymbolic skill
typically shows weak direct effects to outcomes, whereas each of the other skills has shown
more robust relationships.

Hypothesis 3 posited that the impact of the most elemental precursor skills would be more
indirect than direct, via quantity predictors that are more closely tied to the outcome. This
was in fact the pattern that was obtained, where phonological awareness, rapid naming, and
visuospatial working memory each showed indirect, though not direct, effects on small
sums. It was the case that in Model 3 (Cognitive Prediction, see Table 4), where the
symbolic mediators did not have paths to the outcome, linguistic and spatial (though not
quantitative precursors) were significantly predictive of addition. In the LeFevre et al. (in
press) study, all three types of precursors were significant predictors of their conventional
calculation measure, although those students were older, and the quantitative precursors
utilized were more varied than those assessed here. In the final model of this study, the
indirect effects of the precursors were mediated only by symbolic labeling. However, the
total indirect effect was larger than that of symbolic labeling alone by 50% or more (e.g., the
indirect g for phonological awareness was .140 for symbolic labeling, but .238 in total).
Thus, these indirect effects appeared to be additive rather than in competition with one
another, although future studies are needed to further elaborate these relationships.

For these most basic written addition skills then, the general effect of the precursors was to
improve symbolic facility rather than impact the outcome in a direct manner. Previous
research has demonstrated similar patterns. For example, Krajewski and Schneider (2009)
found that phonological awareness and visuospatial sketch pad measures showed significant
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zero-order correlations with their math outcome, but those measures were not significant in
the context of a path analytic framework involving their number-quantity measures, which
may reflect similar meditational processes. LeFevre et al. (in press) showed a distinct pattern
of the three pathways toward early numeracy indicators of humber naming and nonlinguistic
arithmetic, although these sets of measures were later combined for predicting outcomes. In
the present study, the complete pattern of relations between most elemental precursors and
the symbolic mediators was less clear than in that study, although not inconsistent. The
pathways model would expect that for such symbolic mediators, linguistic and spatial
attention precursors (but not quantitative ones) would demonstrate significant contributions,
with the contribution of linguistic precursors being strongest; this pattern was obtained in the
present study as well. More work is needed to further characterize the potential unique role
of the most basic quantity precursors, particularly those that are nonsymbolic.

By examining an array of not only quantity skills, but also both linguistic and working
memory precursors, the present study adds to the literature demonstrating the relationships
of each of these cognitive factors to mathematical performance (Bull & Scerif, 2001;
Gathercole & Pickering, 2000; Gersten et al., 2005; Jordan & Hanich, 2003; Swanson et al.,
2008), and by documenting their indirect, rather than direct, impact. The relationships
between linguistic factors and small sums were expected not only because of the role of
semantic retrieval in early math performance, but also given the importance of the present
linguistic precursors for reading, and the known strong relations among reading and math
achievement outcomes (McGrew & Woodcock, 2001; Psychological Corporation, 1992;
Wilkinson, 1993). Similarly, the relationships found in this study between the visuospatial
working memory factor to the small sums math outcome were consistent with other studies
(Bull et al., 2008; De Smedt, Janssen, Bouwens, Verschaffel, Boets, & Ghesquiere, 2009;
LeFevre et al., in press). Clearly, however, further work is needed to elucidate these effects,
over time, and for additional types of outcomes. For older students, and/or more complex
computational or problem solving skills, it is possible that working memory and other
cognitive skills might exert not only indirect effects, but also further direct effects on math
outcomes.

Within the context of the models of Hypotheses 2 and 3, the impact of student
characteristics was also evaluated. The fact that income level (as indexed by free lunch
status) was associated with stronger academic performance is consistent with previous
research (Jordan et al., 1992; Jordan et al., 2006; Jordan et al., 2009). Gifted status was also
associated with predictor variables. However, the effect of these covariates appeared to be at
the level of mean differences, rather than altering the pattern of relationships among
quantity, linguistic, or spatial precursors, with the mediating variables or with the outcome.

The results of the current study must be considered within the context of some limitations.
Alternative assessments of the number domain may have yielded a somewhat different
pattern of results, which is relevant given the lack of consensus around the way that the
construct of number sense is operationalized. A wider range of more systematically chosen
stimuli, in combination with other assessments such as subitizing, may have yielded more
robust relationships with the nonsymbolic variable. More coverage of the spatial attention
domain would also likely have added to findings, either by assessing the cognitive construct
of attention according to a theoretical model (e.g., Posner & Peterson, 1990), by adding
other spatial measures, or by more completely assessing working memory (e.g., according to
either a tripartite model such as that of Baddeley & Hitch, 1974; 1994; or an executive
component model such as that of Miyake, Friedman, Emerson, Witzki, Howerter, & Wager,
2000). Thus, replicating these results with alternative assessments of the latent domains
described here would likely yield quite useful information. Finally, other domains which
have been identified as showing relationships to math (e.g., processing speed, behavioral
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inattention) were not evaluated in the current models. Nonetheless, the present study was
able to assess a variety of skills from a wide range of skill domains that have relevance for
the outcome as assessed here. Although the idea that number sense is a multidimensional
construct is not new, few studies systematically evaluate this dimensionality. A contribution
of this study was its strategy of attempting to differentiate among such measures, which
could help to refine instruments used to identify students as struggling, or to do so more
specifically.

The present study also employed only a single outcome measure. The task chosen
emphasized written number combinations, which are potentially influenced by a host of
factors including attention, fine motor skill, and the fact that such problems are not
universally internalized at the age of these participants. However, the focus of the present
study was primarily on the potential precursors themselves, and the present task was chosen
as an example of the computational skills that are emerging at the end of Kindergarten; its
format was also relevant because it mimics later conventional mathematical assessments.
Despite this limitation, the predictive power was strong, and consistent with expectations.
The present study contributes to our understanding of the skills underlying small sums,
which is important given their predictive power for later math skill several years later
(Jordan et al., 2009). Nonetheless, including other outcomes would have allowed for the
evaluation of prediction patterns outside of those found here; it is possible that symbolic
labeling does not mediate all computational skills, or that different mediators are relevant for
different outcomes. Further work is needed to expand the types of outcomes examined, as
well as in predicting future performance, particularly across other academic domains (e.g.,
reading). For example, it may be that what is common between math and reading precursors
also accounts for what is common among math and reading outcomes (e.g., Koponen et al.,
2007). The present study would suggest that measures that utilize symbolic content are the
strongest candidates for such overlap.

In sum, the present study contributes to existing literature through its use of a wide variety
of precursors, particularly within the quantitative domain, that fit within the context of a
theoretical model of how such precursors impact math performance (LeFevre et al., in
press), utilizing a structural modeling framework. The present study separated number sense
assessments into nonsymbolic precursors and symbolic mediators, and established indirect
(rather than direct) contributions for linguistic and spatial precursors. The present results
provide a building block from which future studies might effectively elaborate on
similarities and differences among quantitative and non-quantitative precursors of
mathematical skills, and their relationship to a wider range of outcomes across academic
domains.
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Figure 1.

Confirmatory Factor Analysis of Quantity Measures

See Tables 2 and 3 for description of measures, and Table 4 for model fit. Parameter
estimates are from the completely standardized solution. Rectangular boxes represent
observed variables, and ovals latent variables. Double-headed arrows to the right are factor
correlations (cf. with Table 5). Numbers along the outside of the boxes are residual
variances (e.g., .300 is the residual variance for the Quantity Discrimination measure). Paths
from ovals to boxes are standardized regression parameter loadings (e.g., .637 is the loading
of Number Comparison on the Symbolic Comparison factor; Symbolic Comparison predicts
64% of the variance in the Number Comparison measure).
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VISUOSPATIAL
WORKING

MEMORY

Figure 2.

Confirmatory Factor Analysis of Cognitive Measures

See Tables 2 and 3 for description of measures, and Table 4 for model fit. Parameter
estimates are from the completely standardized solution. Rectangular boxes represent
observed variables, and ovals latent variables. Double-headed arrows to the right are factor
correlations (cf. with Table 5). Numbers along the outside of the boxes are residual
variances (e.g., .410 is the residual variance for the Elision measure). Paths from ovals to
boxes are standardized regression parameter loadings (e.g., .768 is the loading of Elision on
the Phonological Awareness factor; Phonological Awareness predicts 77% of the variance in
the Elision measure).
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Figure 3.

Final Structural Model of Precursors (Including Mediators), with Small Sums

See Tables 2 and 3 for description of measures, Table 4 for model fit, and Table 5 for latent
correlations. Loadings and residual variances are not shown, but do not depart substantially
from the values for these indicators relative to Figures 1 and 2. Rectangular boxes represent
observed variables (Small Sums), and ovals latent variables. R? values within ovals (and for
Small Sums) are the extent to which variance in these variables is predicted by variables it is
regressed on; residual variance is 1-R2 for these values. Parameter estimates are from the
completely standardized solution. Directional paths emanating from ovals (single-headed
arrows) are beta weights (e.g., 1 SD change in Symbolic Labeling leads to a .459 SD change
in Small Sums). Indirect effects discussed in text are obtained by multiplying coefficients
(e.g., the indirect effect of Visuospatial Working Memory on Small Sums via Symbolic
Labeling is .219*.491 = .107; total indirect effects are the sum of specific indirect effects).
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Table 1
Descriptive Characteristics (N = 286)
MEASURE SCORE (SD)/PERCENT
Age (Years) 6.13 (0.3)
K-BIT 2 Matrices (Standard Score) 99.4 (13.8)
Sex (% Female) 48.60
Ethnicity (%)
African American 50.00
Hispanic 21.33
Caucasian 19.58
Asian 6.64
Lunch Status (% Free/Reduced) 60.84
Gifted (%) 13.64
Repeating Kindergarten (%) 8.74
English Second Language (%) 10.14
Special Education 1.40
Parent Education (%)
HS or Lower 25.52
Above HS Without 4 Year Degree 20.63
College Degree or Higher 33.57

Page 23

Note. K-BIT 2 = Kaufman Brief Intelligence Test (2nd Edition). Ethnicities were reported as mixed for 7 children, so percents here do not total to
100. Data was also missing for 15 children regarding Preschool attendance, 1 child for Gifted Status, 18 children for K Repetition, and 58 children

for Parent Education.

J Exp Child Psychol. Author manuscript; available in PMC 2012 April 1.



Page 24

Cirino

NIH-PA Author Manuscript

1€0 10T ¥lC swiayl 9¢ (pu02as Jad 108110D) swi/mey  Buiwep Jena pidey
ONIANVN
d3aziLviNoLNY
880 99T 8.2 swap 9g  (puodss Jad J0au0D) swii/mey  Buiwen nBiqa pidey aldvy
06'C 696 GlC 0z 91005 PaJess uolisi|3 swauoyd
SPJOAN O] SSANIFIVMY
18 STT e8¢ 0z 81005 Pa[eds  sawauoyd Buipua|g IVOID0TONOHd
AowsN
e 62'S €8¢ 1 91005 MeY JUeLIeAU| 13pJO Bunyiopn [eneds
KlowsiN  AHOWIN ONIMHOM
€ee 88'C €8¢ 49 81005 Mey Bumjlopn [eneds AVILVYdSONSIA
19818@
[4a TT'T ¢8¢ swisll ¢ Mmey 10413 uno) 1addnd
J9A3TMONMA
L6'T 9T  ¥8¢ a|qussod 0g sloli3 mey s108[gO O 1UN0D ONILNNOD
190 €9'0 08¢ swia)l 0¢ (pu028s Jad 1081100) B | /mey T-0Z umoq Bununod
9T 19T ¢8¢C swisy 0T (pu02as Jad 109110D) Bl | /mey T-0T umoq Bununod
GE0 €T d8¢ $33S 09/00T (pu028s J8d 1081100) Bl | /mey Bununod |e10 ONILNNOD 310d
€8¢ 9/'G  G8¢ 0T Mey Burousnbag
06'S 77’8 €87  $99S 09/SWiall TZ (1981400U]-198110D) aW ] /mey JaquinN Buissiin
ONIT3gV]
0ce 01T ¥8¢ ST Mey  uonedlnuspl JsquinN OITOIINAS
uoleuIwLIoSIq
an T8T €8¢ $39S 09/swiaMl 8¢ (1031100U]-193.110D) BWI1 ] /Mey Amnuend
NOSIdVdNOD
800 9T'0 ¥8¢ swan 9 (puodss Jad aredwo)) awi /mey aledwod JaquinN JITOAINAS
100 120 8¢ swal g (puodas Jad aredwo)) swi|/mey aredwo) awnjoA
NOSIdVdNOD
900 ST0 ¥8¢ sweM 6 (puodss Jad aredwo)) swi | /mey aredwo) s1oq OITOINASNON
Swis}| 9]q1Ss0d
as  uesy N /2409S Xe|N LB ainsesn 3|geLIeA JUdleT]
Salnses|A 10SiNdald UO aduew.ollad
¢ 9lgqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Exp Child Psychol. Author manuscript; available in PMC 2012 April 1.



Page 25

Cirino

"S|apow 8y} Ul si0je1paw aJe Ing ‘Alnuenb ssasse os[e SajqelIeA Jusle| Jayl0
's10s1n2a4d onsinbuil ayy ate BuiweN pazirewolny pidey pue ssaualemy [ealbojouoyd pue ‘1osindaid jereds ay si Alows Buiiopn eiredsonsiA ‘1osindaid Anuenb ayl si uosuedwo 91j0quIASUON "810N

6°€T 8¢’y <8¢  SO9S O¢T/swall G (3081100U]-1081100D) BWI L /MeY Swins |[ews (3N02LNO) VIN

€20 080 282 sweu 9g  (pu0dss Jad 1081100) switl/mey  BuiweN 108[qo pidey

swial| 9|q1ssod
as  uesp N /31005 XeN 21BN aunseain a|qelieA juare]

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Exp Child Psychol. Author manuscript; available in PMC 2012 April 1.



Page 26

Cirino

- 6L 6 G 9¢ 9¢ ¥I- I€- ¥ €e 144 42 8¢ qg or 018 14 45 siana pidey ‘g1
- & 6¥ 82 8 LI'- 92— 9 1o 0S5 or 8y’ 89" 14 qe” 9T 1% subig pidey /T
(Nvy)
BuiweN pazirewoiny pidey
- §9° 6 <€ <¢¢— 8- 8€ 44 44 LE e Ly v 013 s 143 uolsl|3 swsuoyd ‘97
- 6" T¢ ¢I'— <¢¢— LT 8¢ 8¢ 8¢ og 6v LE 114 s 4% spiop Butpuaig "1
(wd) sseuaremy [eaibojouoyd
- 98 gg- €g- ¥ 9z (013 €e 44 6 9" 44 6T T 13p10 INM [enreds vT
R 4 N XA £ 6¢ 4% €e 8¢ 8¢ ve 9T 114 15 [eJOL N [ereds €T
(W) Aowa Bupjdopn
-- ¢¢  6¢—- G¢—- G¢—- 9¢- 6¢—- ¥o- Le— ¥e- L= GI'- s10413 3uno 18ddnd ‘g1
- 8¢—- €¢—- 6¢—- 9¢- 60— ¢¢—- 9¢- 8- €I'- OI- $108[00 INQ WN0D 'TT
(MD) abpamouyt Hununod
- 09 99" s’ 67 69 124 w 143 oT T-0z umoQ Bununod0T
- 09 v 8¢ Ly 44 ve T €T T-0T umoq Bununod 6
- o’ 9 g 4 6¢ 6¢ T fununo) [e10'8
(0¥) Bununod 104
- €5 cL 8y 1T 8T’ s Burouanbas /.
- 19 L9 or ve ST JaquinN Buissin 9
- 15 8¢’ 1z 1T UOIIedI US| JOqWINN'G
(15) Butgage onoquiAs
- €5 08 g~ uonmeuiwnosig Amuend
- Ge' o€ aledwo) JaquINN '€
(0S) uosuedwo) d1joquiAs
- a aledwo) aWN|OA ‘2
-- aledwo) s10Q ‘T
uostredwo) o__ogs\mmwﬁ_u/__/w
‘6T 8T LT 9T ST VYT €T T T 07 ‘6 '8 L 9 ‘S 14 € [4 T dqerren
NvY vd WMSA ) od as S OSN
Sa|qelIRA PaAIasqQ Buowy suole|allo)
€9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Exp Child Psychol. Author manuscript; available in PMC 2012 April 1.



Page 27

Cirino

'suondiiosap a|qelieA Jayuny 10} 1x8) pue g a|qel
89S 'T000" >d 18 |2z | =4 Jo pue ‘10" > d 1 |GT’| = 4 40 ‘'S0" > d T8 JuedIIUBIS BJe |ZT| = 4 Ajarewixoldde Jo suoire|a1I0D) "suoleUIqWOod anfeA Buissiw uo Buipuadap ‘G8z-z/z = U asimited ‘G8z = N "810N

w & v oy ve L& 0o €€- €€- 09 42 14 vs LS 09 SS° 1 8T 60 Swins |[ews "0¢

uonippy

- v9 ¢l 6 1€ 82 G 02— 61— 9F S¢ ge 8¢ w o’ 8¢ 9¢g" € € s309[q0 pidey 6T

6T 8T LT 9T ST ¥I €T ¢T a1 01 6 '8 L 9 ‘S 24 '€ C T 3|qeleA
NV vd INMSA MO od as S OSN

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Exp Child Psychol. Author manuscript; available in PMC 2012 April 1.



Page 28

Cirino

"T00" > d ‘Juediytubis aie ‘sanjea sbueyd asenbs-1yo pue ‘sanjea

asenbs-1yd |1 'S [8POIA 01 pasedwiod S 7 [9POIA ‘1X8) Ul ‘T [9POIAl 03 dAIR|a. aenbs-1yd Jo anjeA ul abuey) = zXv ‘[enpisal asenbs-uesw-1004 pazipiepuels = YINYS ‘uonewixoidde Jo Jols arenbs ueaw
1001 = WYISINY ‘Xapu| 14 aAnesedWO) = |40 ‘181D UoIlewloul Ueisakeq = D|g ‘1810 UoIleWIoul aIey = D1V ‘@njeA atenbs-1yd = ZX ‘wopaaly Jo saaibap = Jp ‘Buljage o1joquiAS pue uostiedwo)
21]0qWIAS JO SI03edIpUl = [0qUIAS |1V ‘aBpajmoud} Bununo) pue Buiuno) 810y J0 Sioledlpul = Bununod ||V '€ Ss1saylodAH alenjeAs 0} pasn aJe pue ‘w020 SWNS [[ews ay} ppe . |9poIAl [ednionas,,
Japeay ay Japun s|apolA (g sisauyiodAH) sajgelten J01o1paid [[e 03 Siajal  |aPOIA JUBWBINSLI,, (T SisaylodAH) slosindald Ayiuenb-uou asayl 1o} 4D ay) 0} Siajal ,S10SINdald [eneds pue ansinbul,,
‘Sa|qelIeA PAAISSTO aS0UY AJUO JO SUOITBUIQUIOD JO 4D 01 Jajal . AJUQ Sainses|y Amuend),, Japeay ayl Japun S|apoIA “SajgelieA Jusle| Jo uonisoduwiod oy T ainbi4 pue ‘g ajge ‘1Xa] 89S 'G8Z = N "910N

/002 Y0 690° T€6° PT'6CLET 8IBIVET «xCBEVE GY1 sdiysuolye|ay J0yeIPAIN ON
suzo'y (01408 650° ¢S6°  TO'L69ET E9VIEET  «LL'1/C 6ET (13pOWN [eutd) s10ay3 308110 ON °€
%80'¢9 8v0’ 0L0° ¢E6"  90°GSLET 697¢CvET xEB'GEE  6ET uonoipald aAmubod 'z

- ovo’ 090° ¢56° 09'GTLET T989EET «GL€LC GET I8POIN 1IN4 °T

S|9POIAl [eINIONAIS
- o €90 676" 0T'9S0€ET €9'SVLCT x02'C9¢ VIl Sa|gelieA JusieT] g ||V
|9POIAl JUBWAINSESIA

AKiows|N Bupopn
- [40% 780° 086 6898957 60T'I8YY  x0C€E  TT [enedsonsiA ‘BulieN paziewomy
pidey ‘ssauatemy [eaibojouoyd

$10s1n2ald [eneds pue onsinbul

«9'0LT [210) o4 618" €9/9/8  V¥0'9€98  «V6'G8C  ¥S ISPOIA 101084 BUO 'S

S18Y10 ||V ‘uoskredwod

«LTETT  090° 80T €98 G8GT/8  TL0898 «19'8ZZ €S SIJOGLIASUON, :SI0}08 OML. %

uNnod ||V ‘d1joquiAs
%€'6L 650" 860" 168" LT'6898  €L°9¥G8  x¥9'06T 1S 1V ‘uostiedwod o1joquiASuoN
11004 9dIYL '

Bununo)
11V ‘Buijage] o1j0qwiAS ‘uostiedwo)
2110qWAS ‘uostiedwo) a1joquASUON

:s1039e 104 '

«TC'6T 8v0’ 080° €E6° G0'0998  ¥9'96¥8  «xSSVET 8P

abpajmouy Bununo ‘Bununo)d

810y ‘Buljage] o1j0qWAS ‘uostiedwo)

2110qWAS ‘uosiiedwo) d1joquASUON
:[9POIA J019e BNl T

- o S.0° 6" GP'€998 EV'98Y8  xVE'SIT ¥

<

AUQ sainsea|n Aiuend)

oy dAYS  VASNY 14D olg o]\ s P [3pON

suostiedwo) [9POIAl pue saoipuj 114 [9POIA

v alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Exp Child Psychol. Author manuscript; available in PMC 2012 April 1.



Page 29

Cirino

" SI9POIAl [e4N3ONNS,, “1apeay sy} Japun ¢ ajqe L ul (JSPOIA [IN4) T [SPOIA WO} PAUILICO 819M SA0JE SUOIIRI3.I0D "S3|qeLIBA JUSle| JO UoRISOdwod J0) T aInbi4 pue ‘g o|qel ‘I8l 89S 'G8Z = N "310N

- s 8y’ 44 v 09 17A v9 [44 Swins |[ews

(Nwy) Buiwen
pazijewoiny pidey

(vd)
ssauatemy [ealbojouoyd

- LS e ¥6'—- €9 89’ 09’ e

- ge 6S'— V9 §9° Ay [44

- ew- W e S T mc_vﬂ___\,ﬁ_u\,\,»mm/_wh%oﬁw_»
T 9L- el- 16— G- 3Bpajmou] mc_zmw_%nw

- 08 0L €e (0y) Bununo) a0y

- AN (1S) Burjage a1joqwAs

- v uostredwo) o__onmu%wwv

(OSN)

uostiedwo) o1joquAsuoN

SS Nvd Vd WMSA MO od s O3S OSN d|qelIeN

(Swng [ews ynim pue) ss|qelieA 1usreT J04 SUolea1I0)
g 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Exp Child Psychol. Author manuscript; available in PMC 2012 April 1.



