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Abstract

We used multidimensional item response theory to test the internal structure of the Phonological Awareness Literacy
Screening in Spanish for Preschool and test for item parameter drift. The measure is aligned with the simple view of
reading, which defines reading as consisting of two equally important dimensions: decoding and language comprehension.
It involves |34 items grouped into nine different tasks. We administered a pilot version of the measure to 677 students
in 2014 and a final version to 968 students in 2015. We did not find evidence that code-related skills and oral language
are distinct but correlated dimensions among preschoolers. Rather, a single general dimension of early literacy with task-
related specific dimensions fit best. A benefit of our modeling approach is that we can examine the internal structure while
also evaluating the difficulty and discrimination of individual items. Results suggest a stable ordering of items within tasks

and that some Spanish letters are learned more easily than others.
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An important component of effective preschool language
and literacy programs is age-appropriate, research-based
assessment. The National Association for the Education of
Young Children (NAEYC) underscored the importance of
providing effective assessment for students who are dual
language learners (DLLs), stating that “young English-
language learners have the right to be assessed for the same
reasons and benefits as all children. Moreover, they have
the right to be assessed with high-quality assessments and
under assessment conditions responsive to their needs”
(NAEYC, 2005, p. 2). To create assessment conditions that
are responsive to the needs of DLL students, we must
develop psychometrically sound assessments in children’s
home languages that can be used along with assessments in
English to provide a complete picture of children’s early
language and literacy development (Pefia & Halle, 2011).
The current study examines the internal structure of the
Phonological Awareness Literacy Screening in Spanish for
Preschool (PALS espaiiol PreK). PALS espaiiol PreK is a
measure of foundational early language and literacy skills
that yields a composite score and individual task scores that
can guide teachers in planning instruction to meet individ-
ual children’s literacy needs.

In this study, we used multidimensional item response
theory (MIRT) to explore two research questions. The pri-
mary question was, “What is the internal structure of PALS

espafiol PreK?” Answering this question will provide valid-
ity evidence and help ensure accurate interpretation of test
scores. Based on theories of early literacy development, we
anticipated that either a bifactor or a two-tier model would
fit the data best and represent a single general dimension of
early literacy or the dominant constructs of oral language
and code-based skills. Our secondary research question
was, “What are the characteristics of individual items?” We
wanted to know the ordering of items by difficulty and the
extent to which items related to a dimension. Answering
this question will help teachers plan instruction methods
that optimize the use of time by spending more time on dif-
ficult skills and less time on those skills more easily
achieved or by scaffolding these skills by difficulty.

Theoretical Framework

The theoretical framework for early literacy instruction and
assessment has been dominated by the simple view of
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reading, which defines reading as consisting of two equally
important dimensions: decoding and language comprehen-
sion. In terms of early literacy, decoding has been defined
as all of the code-related criteria necessary to learn to read
in an alphabetic language. These include concepts about
print (i.e., directionality, parts of a book, conventions of
writing, etc.), alphabet knowledge (i.e., letter names and
letter sounds), phonological awareness (i.e., awareness of
the sound structures of spoken language that can be mapped
to print), and the alphabetic principle (i.e., the insight that
speech can be segmented into smaller units of sound and
represented by letters in a systematic way; Catts, Fey,
Zhang, & Tomblin, 1999; Evans, Bell, Shaw, Moretti, &
Page, 2006; Foulin, 2005; Foy & Mann, 2006; Lonigan,
Burgess, & Anthony, 2000; National Early Literacy Panel,
2008; Storch & Whitehurst, 2002). Language comprehen-
sion has been variously defined as just those aspects of oral
language necessary for the comprehension of concepts and
vocabulary or, more broadly, as ideas expressed aurally
through words, sentences, and larger discourse-level struc-
tures (Dickinson, McCabe, Anastasopoulos, Peisner-
Feinberg, & Poe, 2003; Kendeou, van den Broek, White, &
Lynch, 2009; Lonigan et al., 2000; NICHD Early Child
Care Research Network, 2005; Storch & Whitehurst, 2002;
van Kleeck, 1998; Whitehurst & Lonigan, 1998). The latter
entails language competencies related to syntax, semantics,
pragmatics, and narrativity.

For more than 20 years, researchers have conceptualized
early literacy as progressing along these two dimensions,
often referred to as oral language and code-based compe-
tencies, based on longitudinal studies of early literacy
development (Kendeou et al., 2009; Storch & Whitehurst,
2002; Whitehurst & Lonigan, 1998). Constructs of oral lan-
guage and code-related skills have been shown to be highly
intercorrelated and reciprocal such that development along
one dimension influences development of the other
(Dickinson et al., 2003; Kendeou et al., 2009; Lonigan
et al., 2000; NICHD Early Child Care Research Network,
2005). Nevertheless, both constructs have been shown to
make their own contributions to literacy development over
time, and both contribute in prediction studies indepen-
dently as well as together (Kendeou et al., 2009; Lonigan
et al., 2000).

By defining oral language broadly to include not only
vocabulary knowledge but also discourse characteristics
such as narrativity and language production, researchers
have come to a more nuanced understanding of the relation-
ship of these two constructs of early literacy. For example,
studies using longitudinal structural equation modeling
have shown that the relationship of oral language, more
broadly defined, to the code-related construct changes over
the course of development, such that oral language exerts a
powerful and direct effect on the development of code-
related skills in the preschool years but may have a more

indirect effect as children are actually learning to decode
text. Once the reading code is cracked, however, oral lan-
guage once again has a direct effect as the focus shifts to the
comprehension of text (Dickinson, Golinkoff, Hirsh-Pasek,
2010; Kendeou et al., 2009; NICHD Early Child Care
Research Network, 2005; Storch & Whitehurst, 2002).
While the simple view of reading still holds up in light of
these developmental shifts, we now have a more refined
understanding of the ebb and flow of oral language and
code-related dimensions across time and development.
More specifically, it appears that in the preschool years oral
language provides a direct influence on code-related skills
such as phonological awareness, which, with print con-
cepts, contributes to developing an understanding of the
alphabetic principle. Understanding the alphabetic principle
is an important milestone in early literacy development that
is often thought to signal the transition to conventional
reading (Liberman, Shankweiler, & Liberman, 1989).

As we developed the tasks and items for PALS espafiol
PreK, we adopted a theoretical framework, based on the
simple view of reading that posits two dimensions to early
literacy development: oral language and code-related skills
and concepts. We expanded our definition of oral language
to include narrativity and language production, both of
which have been shown to be particularly useful in predict-
ing potentially later-emerging comprehension-based read-
ing problems with discourse-level aspects of text (Kendeou
et al., 2009). We expanded our definition of code-related
skills and concepts to include name writing because the let-
ters children are most likely to learn first are the letters in
their first name, particularly the initial letter, and they use
their knowledge of those letter names to learn and remem-
ber letter sounds (Huang, Tortorelli, & Invernizzi, 2014;
Treiman & Broderick, 1998; Treiman, Tincoff, Rodriguez,
Mouzaki, & Francis, 1998). Below we describe the tasks
included in PALS espafiol PreK.

PALS espaiiol PreK Tasks

PALS espaiiol PreK includes nine tasks that measure aspects
of children’s oral language and code-related skills. The
measure as a whole has a reliability of 0.92, but there are
differences in the reliability of each individual task (see
Meyer, Ford, & Invernizzi, 2017).

Oral Language

The PALS espafiol PreK Language and Listening
Comprehension (LL) task measures listening comprehen-
sion, narrative skill, and language production. Children lis-
ten to a story read orally and then retell the story while
placing picture cards representing story events in the cor-
rect order. Scores are based on how many story details chil-
dren include in their retelling and the extent to which they
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relate the events of the story in the right order. The teacher
also rates children’s oral language production during the
retelling on a scale ranging from no response to complete
sentences with story embellishments.

Code-Related Skills

PALS espaiiol PreK measures code-related skills in the
domains of phonological awareness, alphabet knowledge,
writing, and concepts about print. Although phonological
awareness refers to a child’s ability to attend to sound units
in spoken words, it is considered a code-related skill because
of the metalinguistic nature of reflecting on sound struc-
tures within spoken language that can be matched to corre-
sponding structures in print.

Phonological awareness. Children develop phonological
sensitivity over time, first attending to larger sound units
such as syllables and rhyme, and later to smaller sound units
such as beginning phonemes. This progression appears to be
universal, varying only in the rate with which children move
through the sequence (Anthony & Lonigan, 2004). Spanish-
speaking children, for example, develop syllable awareness
much sooner than children in other languages where syllables
are less salient (Anthony & Francis, 2005). Clapping out syl-
lables in words and identifying words that thyme or begin
with the same sound are activities that teachers typically use
to introduce children to the sound elements in words. In the
PALS espaiiol PreK Syllable Clapping (SC) task, children
clap to syllables as they repeat words aloud (e.g., mo-ne-da,
cho-co-la-te). In the Rhyme Awareness (RA) task, they match
pictures of thyming words (e.g., gato/pato). In the Beginning
Sound Awareness (BS) task, children repeat words aloud,
then isolate the beginning sound (e.g., mesa, /m/).

Alphabet knowledge. The alphabet knowledge tasks test
children’s knowledge of the 29 letters and digraphs in the
Spanish alphabet. There are three subtasks: Uppercase
Alphabet and Digraph Recognition (UC), Lowercase
Alphabet and Digraph Recognition (LC), and Letter Sounds
(LS), and each subtask represents an increasing level of dif-
ficulty for preschoolers. Children begin with the easiest
subtask, UC. They are administered each subsequent task
(LC then LS) only if they demonstrate at least minimal suc-
cess on the previous one.

Name writing. Name writing is often a child’s first experi-
ence with printing letters, and research has demonstrated
that the development of name writing correlates with the
development of other early literacy skills such as alphabet
knowledge and beginning sound awareness (Bloodgood,
1999; National Early Literacy Panel, 2008; Welsch, Sulli-
van, & Justice, 2003). Treiman and Broderick (1998) argued
that children’s interest in analyzing and reproducing the

printed form of their own name provides the key to learning
letter names, letter sounds, and ultimately to analyzing let-
ters and letter sounds in other words. Clay (1979) and
Chomsky (1971) in English and Ferreiro and Teberosky
(1982) in Spanish have demonstrated that children’s writing
develops along a predictable continuum, starting with scrib-
bles and concluding with traditional spelling using deci-
pherable letters. On the PALS espafiol PreK Name Writing
(NW) task, teachers use just such a continuum to evaluate
and describe children’s name writing attempts. The child is
asked to draw a self-portrait and write his or her name. The
task is scored based on an eight-level rubric that allows
teachers to analyze the sophistication of the name writing
attempt, ranging from a scribble that represents both the
name and the picture to a name that is written correctly and
is separate from the picture.

Concepts about print. Part of children’s preparation for learn-
ing to read is developing an understanding of what are
referred to as concepts about print (e.g., knowing that it is
print that conveys the message in text, understanding that text
is organized from left to right and top to bottom, knowing the
difference between numbers, letters, and words, etc.; National
Early Literacy Panel, 2008; Snow, Burns, & Griffin, 1998).
The PALS espafiol PreK Print and Word Awareness (PW)
task assesses concepts about print through a shared book
reading activity. The teacher reads a book individually with
each child and asks him or her to point to text components
such as the title, individual letters, and words. The teacher
also explores the child’s understanding of book orientation
and directionality of print. The score for the task is based on
the child’s ability to respond to a series of print-related direc-
tives (e.g., identify the letter T, point to the words in the title,
demonstrate left to right directionality, etc.).

While these tasks represent the foundational components
of early literacy development, it is important to acknowl-
edge that these components may be “necessary but insuffi-
cient” by themselves for children to progress in literacy
development. Developmental perspectives describe how
these understandings merge across time and become inte-
grated as they are put to use toward the authentic purposes
of reading and writing (Clay, 1977; Ehri, 2005; Morris,
Bloodgood, Lomax, & Perney, 2003). For example, oral
language (e.g., vocabulary, sentence complexity, and nar-
rativity) is associated with the development of phonological
awareness in the early stages of learning to read, becomes
less important in the early stages of learning to decode text,
but becomes a powerful predictor of reading comprehen-
sion once children become independent readers (Kendeou
et al., 2009; Storch & Whitehurst, 2002). There is also a
reciprocal relationship between phonological awareness
and decoding in that phonological awareness is essential to
the ability to decode text, and learning to decode an alphabetic
writing system increases phonological awareness (Wagner,
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Torgesen, & Rashotte, 1994). Once children begin to receive
formal literacy instruction, however, print-related skills
gradually become better predictors of later reading achieve-
ment than phonological awareness (Ford, Cabell, Konold,
Invernizzi, & Gartland, 2013; Hammill, 2004; Morris,
Bloodgood, & Perney, 2003; Warley, Landrum, Invernizzi,
& Justice, 2005). Because these early literacy skills tend to
be highly intercorrelated, and because the relationships
between skills tend to shift across time, a central issue in the
assessment of early literacy development in the preschool
years pertains to a more nuanced understanding of the gen-
eral dimension of early literacy development in relation to
its component skills. In other words, this raises questions as
to whether there are distinct, but highly correlated compo-
nents or whether these components are parts of a single
dimension. Furthermore, the relationship among these parts
may be different at different points in time. This study
explores these issues by examining the internal structure of
PALS espaiol PreK administered in the fall and in the

spring.

Factor Structure of PALS Assessments

PALS espaiiol PreK is part of a suite of assessments (PALS
PreK, K, and 1-3 in English; PALS espaiiol K and 1-3 in
Spanish) that measure children’s progress toward develop-
ing essential early literacy skills necessary for becoming
successful readers. They are all designed according to the
same theoretical model presented above. Townsend and
Konold (2010) explored the factor structure of PALS PreK
in English and found that a model with two correlated fac-
tors fit the data better than a one-factor model. The corre-
lated factors consisted of Print/Phonological Awareness
and Alphabet Knowledge. However, Townsend and
Konold’s final model did not involve simple structure. The
LS task loaded on both factors. Yaden, Marx, Cimetta,
Alkhadim, and Cutshaw (2017) replicated the work of
Townsend and Konold using a short, draft version of PALS
espafiol PreK. They too found that the same two correlated
factors fit better than a single-factor model. In two studies
of PALS for kindergarteners, researchers found that a
higher-order model fit the data better than a one-factor or
two-correlated-factor model both in English (Huang &
Konold, 2014) and in Spanish (Huang, Ford, Invernizzi, &
Fan, 2013). Finally, Huang (2014) championed a bifactor
model over a correlated factor model; he conceptualized
the overall dimension as including both code-related and
phonological components.

Prior factor analytic work with PALS employed item
parcels of assessment items, a practice of computing the
sum or mean of multiple items and using this parcel score
in factor analysis instead of individual item scores. Item
parceling is done to create indicators that are normally

distributed and safe to analyze by factor analysis. However,
Bandalos (2008) notes that item parceling may not even be
necessary with recent advances in estimation techniques
that do not require the assumption of multivariate normal-
ity. Limited information methods such as the WLSMYV esti-
mator in Mplus (Muthén & Muthén, 2010), and
full-information item factor analysis methods such as mar-
ginal maximum likelihood (Bock, Gibbons, & Muraki, 1988)
and the Metropolis-Hastings Robbins-Monro (MHRM)
algorithm (Cai, 2010) do not require the assumption that
manifest indicators be multivariate normal. These estima-
tion methods are ideal for items that are binary (e.g., right/
wrong) or ordinal in nature and are routinely part of item
response theory (IRT).

PALS assessments involve multiple tasks, and each task
may be considered to be a testlet—a group of items devel-
oped as a single unit that is intended to be administered
together (Wainer, Bradlow, & Wang, 2007, p. 53). Testlets
are a defensible way to create item parcels (Bandalos &
Finney, 2001), and it was the approach adopted in prior
research on the factor structure of PALS assessments.
Parceling has limitations and disadvantages even when it is
justified. One limitation is that the influence of a testlet can-
not be tested or quantified because items that form the test-
let are combined into a single parcel score, and the model
does not explicitly account for relationships among items
within a testlet. Another limitation is that the factor struc-
ture or dimensionality of the measure cannot be evaluated at
the item level. Finally, parceling only results in estimates
for two or more items combined. It does not allow for the
estimation of individual item parameters, which is neces-
sary for understanding item difficulty and the relationship
between each item and the latent trait. To overcome these
limitations, we chose to examine the internal structure with
MIRT methods.

MIRT

In a model with bifactor latent structure, there is a single
general dimension, two or more orthogonal specific dimen-
sions, and each item loads on the general dimension but only
one specific dimension (Gibbons & Hedeker, 1992). The
general dimension is the main dimension of interest, and the
specific dimensions represent groups of items that have
something in common after accounting for the primary
dimension (i.e., testlets). Confirmatory factor analysis pro-
vides a way to fit a model with bifactor structure to the data
when item responses are continuous, but MIRT is a more
suitable choice when item responses are binary or ordered
categories. Most of the items on PALS espafiol are binary,
but there are four items that are polytomously scored. For
binary items, we used the multidimensional extension of the
two-parameter logistic item response model as given by,
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1+ exp|:—(z a,b,+d, ﬂ
v=1

In this equation, each of the i=1,...,n examinees have
v=1,..,m proficiency parameters, 0,6, where m is the
number of dimensions. The parameters a; and d; are
slope and intercept parameters, respectively. The slope
parameter is analogous to a factor loading in factor analysis.
There is a slope parameter for every dimension, but only
one intercept per item /. The intercept parameter is not the
same as the difficulty parameter in unidimensional item
response models. However, Reckase (2009) defines the
multidimensional difficulty as

P(y[j=1|ei)=

MDIFF, = —ZL—,

which has the same interpretation as the difficulty parame-
ter in unidimensional IRT. For polytomous items, we used
the multidimensional generalized partial credit model.

A model with bifactor structure has multiple dimensions,
but only two dimensions contribute to an item response.
That is, the summation in Equation 1 reduces to

Z’Vn:] 4,9, = Ao icenera T4 jSpeciﬁceiSpeciﬁc, where one
slope and one proficiency parameter pertains to the general
dimension and one slope and one proficiency parameter
applies to a specific dimension. All item slopes are freely
estimated in the bifactor MIRT model, but the variance of
each dimension is constrained to one. The top panel in
Figure 1 illustrates a model with bifactor structure. The
circles in the diagram indicate latent variables, squares indi-
cate observed variables, and arrows indicate item slopes.
Notice that only two arrows point to an item, one from the
general dimension and one from a specific dimension. This
feature is a defining characteristic of bifactor structure.

The testlet model is a special case of the bifactor model
in which an item’s slope for the specific dimension is con-
strained to equal the item’s slope for the general dimension
(Cai, 2010). In terms of Equation 1, the summation becomes
Z’vn:l a;,0,, =a;(06p0a T Oispecisc) 10 the testlet model. This
constraint allows the specific dimension variances to be
freely estimated, although the general dimension variance
remains fixed to unity. Specific dimension variance indi-
cates the magnitude of the testlet effect for its group of
items. Larger values indicate a stronger testlet effect. The
middle panel in Figure 1 illustrates the path diagram of the
testlet model; two arrows point to an item but they have the
same slope, and the circles pointing to the specific dimen-
sions that indicate free estimation of the variance.

Cai (2010) generalized the bifactor model to a two-tier
model, where there may be multiple correlated general
dimensions and multiple specific dimensions for each gen-
eral dimension. An advantage of a two-tier model over mul-
tiple independent bifactor models is improved estimation
because the general dimensions “borrow strength” from
each other. Another advantage is that additional dimensions
can be added to the model without compromising computa-
tional efficiency. The bottom panel in Figure 1 illustrates a
model with a two-tier latent structure that has two corre-
lated general dimensions. The present study involved unidi-
mensional, bifactor, testlet, and two-tier models.

Method

Participants

Data were collected in the fall and spring of 2014 and 2015.
In 2014, data collection involved an assessment with an
expanded number of test items (about 50% more than were
needed for the final test form). We selected the best of these
items for the final test form that we used in data collection
during 2015. Item selection considered item fit statistics
and test content (details not shown herein). The general
structure of the assessment remained the same in both years.

A total of 344 students from 16 different schools located
in seven school districts completed the assessment in Spring
2014. They had a mean age of 56.67 months with a standard
deviation of 8.04 months. Female students comprised half
of the sample. Forty-seven students did not report an ethnic-
ity. A large majority were Hispanic (93%), but White (6.4%)
and Asian students (0.3%) were also included. Spanish was
the primary language spoken in the home for 91% of the
308 students whose parents reported a language. Some par-
ents reported that English (6.8%), another language (1%),
or two or more languages (1%) were the primary language
in the home.

In Fall 2014, 333 students from 19 schools and 9 school
districts completed the assessment. They were 52.18 months
of age on average with a standard deviation of 5.86 months.
Male students comprised a slightly large portion of the sam-
ple (54%). Of the 292 students reporting an ethnicity, 90%
were Hispanic, 8.6% were White, 0.7% were Black, and
0.3% were Asian. Spanish was the primary language spo-
ken in the home for 90% of the sample. English (9.3%),
another language (0.3%), or bilingual (0.3%) was also
reported as the primary language in the home.

The Spring 2015 sample included 519 examinees.
Students were from 22 schools located in 13 different
school districts. The mean age was 58.9 months with a stan-
dard deviation of 8 months. A slight majority were male
(52.5%). Hispanic students represented the largest ethnicity
(97.6%), while White/non-Hispanic (1.6%) and Black/non-
Hispanic (0.8%) students were also included. Spanish was
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Figure |. Path diagrams for bifactor, testlet, and two-tier models.

the primary language in the home for 96% of the sample,
but some students spoke English (3%) or English and
Spanish (0.7%) in the home.

Finally, the Fall 2015 sample consisted of 449 examin-
ees from 23 different schools located in 11 school districts.
Examinees had an average age of 52.4 months with a stan-
dard deviation of 7 months. Fifty-one percent were female.
Of the 295 students who reported their ethnicity, 98% were
Hispanic, 1% were Black/non-Hispanic, less than 1% were
White /non-Hispanic, and only one student was Asian.

The number of participating schools and school districts
varied with each administration. In Fall 2014, participants
were from 13 different schools (4 private, 9 public) located

in four separate districts across two states. Participants were
from 14 schools (5 private and 9 public) located in three
districts and two states in Spring 2014. The numbers
increased in 2015. In the fall, examinees were from 19 dif-
ferent schools (4 private, 15 public) within seven districts
and four states. Finally, Spring 2016 participants were from
17 schools (3 private, 14 public) located in nine districts
from five different states.

Procedure

In 2014, trained researchers visited each school and admin-
istered the exam to students. A portion of students were
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tested by two raters to evaluate interrater reliability (see
Meyer et al., 2017). In 2015, trained teachers administered
most of the assessments but some were given by trained
researchers. Data from each administration were manually
entered into a spreadsheet and double-checked for accuracy.
The 2015 data collection involved operational procedures
where the LC and LS tasks are only administered to high-
scoring students. As a result, 88% to 95% of examinees did
not complete these two tasks. Given this large amount of
missing data, we omitted the LC and LS tasks from the
2015 analysis.

Our sample size was too small to randomly split the data
in half and conduct an exploratory analysis on one half and
a confirmatory analysis on the other. Therefore, we consid-
ered theory, the design of PALS espafiol PreK, and research
on the factor structure of other PALS measures to conceive
of various alternatives for the internal structure of the test.
The most basic model (Model 1) was a unidimensional
model where all items contributed to a single dimension.

A second type of model (Model 2) was a task-based
model, where each item loaded on the general dimension
(i.e., early literacy) and only one task-specific dimension.
The only exception was the Name Writing task, which is
only a single item. It loaded on the general dimension only;
there was no specific dimension for Name Writing. We fit
both a task-based bifactor model (Model 2a; see top panel
of Figure 1) and a task-based testlet model (Model 2b; see
middle panel of Figure 1).

The third type of model (Model 3; see bottom panel of
Figure 1) was a two-tier model that represented the simple
view of early literacy. It had a Code-related general dimen-
sion that was allowed to be correlated with an Oral Language
general dimension. Each task represented a specific dimen-
sion that loaded on only one general dimension. The excep-
tion was Name Writing, which was a single item that loaded
on the Code-related general dimension only. We ran Model
3 as both a bifactor model (Model 3a) and a testlet model
(Model 3b).

Finally, the most complex model (Model 4) was a two-
tier model with three correlated general dimensions:
Phonological Awareness, Alphabet Knowledge, and Oral
Language. Tasks also constituted the specific dimensions
and items for each task loaded on only one specific dimen-
sion and only one general dimension. Because of the com-
plexity of Model 4, we only ran it as a testlet model.

For each type of model, we used multigroup models,
which allowed us to combine data from the same year into
a single analysis. In these models, groups are nonequivalent
and the group means are estimated as part of the model. The
2014 data were analyzed together because they involved a
preliminary version of the assessment that included try-out
items. Similarly, the 2015 data were analyzed together and
separate from the 2014 data because they used a refined,
operational version of the assessment. Constraints added to

the multigroup models forced item parameters estimates
from fall to be equal to item parameter estimates for spring.
The only parameter allowed to differ from fall to spring was
the latent mean of the general dimension(s).

These constraints assume there is no fall-to-spring item
parameter drift (i.e., differential item functioning [DIF]
across time points). To test this assumption, we conducted a
DIF sweep procedure based on the Wald test using a signifi-
cance level of .01 because this procedure is know to have an
inflated type I error rate (Woods, Cai, & Wang, 2013). To
compute a raw estimate of the magnitude of drift, we re-
estimated the testlet model but freed the equality constraints
for items with significant level of drift and freely estimated
item parameters for fall and spring separately. We computed
the fall to spring difference in estimates to quantify the
amount of drift.

We fit each model to the data and estimated parameters
with the MHRM Algorithm in flexMIRT 3.0 (see Houts &
Cai, 2015). We identified the best-fitting model as the one
with the lowest Bayesian information criterion (BIC) statis-
tic. We focused on relative model fit because absolute
model fit is certain to fail given the large number of param-
eters in a MIRT model (Maydeu-Olivares, 2015). In addi-
tion, there is currently no research to support the use of fit
statistics from the factor analysis literature when using
MHRM algorithm in MIRT.

Results

The task-based testlet model (Model 2b) fit better than other
models in both the 2014 and 2015 data (see Table 1). The
two-tier testlet model (Model 3b) was the second best-fitting
model. All statistics and follow-up analyses reported below
are based on the testlet model as it had the best fit both years.
Latent means from the best-fitting model show that student
scores on the general dimension are 1.02 to 1.76 logits
higher in the spring than they are in the fall. These differ-
ences indicate that the odds of correctly answering an item
are 2.8 to 5.8 greater in the spring than in the fall.
According to standard deviation estimates for the specific
dimensions shown in the last column of Table 2, LL consis-
tently had the largest testlet effects. In 2014, the phonologi-
cal awareness tasks (e.g., SC, RA, and BS) also had strong
testlet effects, but they were less prominent in 2015 when
the alphabet knowledge subtask (UC) had the strongest test-
let effects. By comparison, PW had the smallest testlet
effects in both years. Taken together, there is some variabil-
ity in the testlet effect by task, and the size of the effects
suggests that tasks contribute a notable portion of variance.

Item Parameter Drift

According to the DIF sweep procedure, 20 out of 154 items
(13%) in 2014 had statistically significant levels of item
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Table I. Model Fit Statistics.

Year Name Description BIC (95% CI)

2014 Model | Unidimensional [80,110.19, 80,113.33]
Model 2a Bifactor, one general dimension [73,278.91, 73,306.05]
Model 2b Testlet, one general dimension [66,112.06, 66,127.62]
Model 3a Two-tier bifactor, two general dimensions [73,476.39, 73,505.62]
Model 3b Two-tier testlet, two general dimensions [68,661.37, 68,680.92]
Model 4 Two-tier testlet, three general dimensions® [69,677.50, 69,702.98]

2015 Model | Unidimensional [67,666.20, 67,669.98]
Model 2a Bifactor, one general dimension [62,195.51, 62,212.85]
Model 2b Testlet, one general dimension [57,380.95, 57,392.93]
Model 3a Two-tier bifactor, two general dimensions [62,344.89, 62,362.82]
Model 3b Two-tier testlet, two general dimensions® [60,877.90, 60,894.93]
Model 4 Two-tier testlet, three general dimensions® [61,177.14, 61,194.04]

Note. Bold font indicates the best fitting model. BIC = Bayesian information criterion; Cl = confidence interval.
*The convergence criterion was satisfied, but the model did not converge on a maximum.

Table 2. Descriptive Statistics for tem Parameter Estimates and Testlet Effects.

Slope MDIFF Testlet
No. of

Year Task Items Minimum M Maximum Minimum M Maximum SD

2014 NW | 0.52 0.52 0.52 — — — —
ucC 29 0.73 1.76 2.62 -0.37 1.41 4.30 1.07
LC 29 1.08 1.90 2.76 -0.14 1.42 3.31 0.97
LS 25 0.90 1.73 2.86 -0.40 1.09 3.53 1.05
BS I5 0.82 1.04 I.19 -0.77 -0.30 0.17 1.90
LL 10 0.08 0.73 I.10 -2.09 -0.37 1.83 2.69
PW 15 0.37 0.80 1.32 -2.52 -0.33 2.55 0.8l1
RA 15 0.28 0.52 0.88 -1.85 -0.62 0.82 1.57
SC 15 0.50 0.79 I.15 -2.85 -1.40 0.25 1.96

2015 NW I 1.00 1.00 1.00 — — — —
ucC 29 1.10 1.94 251 -0.06 1.54 3.05 1.47
BS 10 1.32 1.62 1.75 -0.12 0.04 0.37 1.21
LL 8 0.13 1.32 2.03 -1.94 -0.70 0.00 1.95
PW 12 0.42 1.01 1.34 -1.46 -0.01 1.56 0.62
RA 10 0.50 0.72 0.88 -1.09 -0.25 0.53 1.40
SC 10 0.80 1.18 1.58 -2.08 -0.99 0.20 1.15

Note. NW = name writing; UC = uppercase alphabet and digraph recognition; LC = lowercase alphabet and digraph recognition; LS = letter sounds;
BS = beginning sound awareness; LL = language and listening comprehension; PW = print and word awareness; RA = rhyme awareness; SC = syllable

clapping.

parameter drift in 2014. The drift was in the intercept
parameter for 18 items and in the slope parameter for two
items. Six of the drifting items belonged to the BS task, five
belonged to the LL task, and another five belonged to the
LS. Three other tasks (NW, UC, LC, and RA) each had one
drifting item. The largest amount of drift in the MDIFF sta-
tistic occurred for a LL item (—2.11). For the remaining 17
items with drift in the intercept, the amount of drift ranged
from —0.53 to 0.75 with an average of 0.004. The two items
with drift in the slope that ranged from —0.91 to 0.60 with
an average of —0.16.

In 2015, 11 out of 80 (14%) items showed drift. Only
two items, NW and a LL item, showed drift in both admin-
istrations. The remaining items with drift were unique to
each year. Two items showed significant amount of drift
in the slope, while the remaining nine items showed sig-
nificant drift in the intercept. A PW item showed the larg-
est amount of drift in MDIFF (1.25). For the remaining
items, MDIFF drift ranged from —0.68 to 0.49 with an
average of 0.00. For the two items with drift in the slope,
the difference in slopes ranged from 0.32 to 0.78 with an
average of 0.54.
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Table 3. Ordering of Uppercase Letters According to Spring
Multidimensional Difficulty.

2014 Uppercase Letters 2015 Uppercase Letters

Letter MDIFF Slope Letter MDIFF Slope
©) -0.37 1.31 ©) -0.06 I.10
M 0.64 1.82 A 0.86 1.97
F 0.73 1.97 M 1.04 1.85
A 0.77 1.50 B .12 2.12
B 0.77 2.13 E I.16 1.55
N 0.78 2.29 N 1.21 251

L 0.78 2.62 S 1.21 2.20
S 0.87 1.93 F 1.24 2.29
P 0.94 2.02 D 1.27 248
T 0.94 2.33 L 1.28 2.51

E 0.95 1.52 X 1.34 1.75
D 1.04 247 C 1.36 2.13
C 1.04 2.23 T 1.47 2.06
H 1.20 1.60 U 1.48 1.87
R 1.21 1.86 P 1.49 1.81

\% 1.26 2.45 H 1.49 2.11

X 1.39 1.28 R 1.54 211

U 1.40 1.58 \ 1.60 2.19
K 1.57 1.78 I 1.70 1.47
z 1.61 1.81 J 1.77 1.74
| 1.78 1.24 K 1.77 2.00
Q 1.80 1.44 z 1.78 2.06
wW 1.88 1.69 Y 1.83 2.07
Y 1.90 1.89 W 1.84 1.72
N 1.95 1.56 Q 1.91 1.88
J 2.08 1.29 G 2.04 2.15
G 2.29 1.55 N 221 1.64
LL 327 1.03 Ch 2.74 1.48
Ch 4.30 0.73 LL 3.05 1.34

Note. Ordering by MDIFF is the same as ordering by a response
probability of 0.5.

Although about 14% of the items showed statistically
significant levels of drift in both years, the magnitude of
drift may not be practically significant. The average amount
of drift in MDIFF is near zero, which may lead to DIF can-
celation (see Wyse, 2013). Moreover, Wells, Subkoviak,
and Serlin (2002) showed that a lack of invariance (i.e., DIF
or drift) had little effect on estimation of examinee profi-
ciency. To determine whether drift had any practical effect,
we estimated person ability using the testlet model with
equality constraints and again using the testlet model that
allowed for time-variant item parameters. The correlation
of general dimension ability estimates was 1.0 and the cor-
relations among specific dimension estimates were all
above 0.97 in 2014. We observed similar results for 2015.
The correlation among estimated abilities for the general
dimension was 1.0 and the specific dimension correlations
we all above 0.98. Given the negligible impact of item

parameter drift on estimated abilities, we selected the testlet
model with equality constraints (Model 2b) as our best and
most parsimonious model.

Item Discrimination and Difficulty

Item discrimination provides information about the rela-
tionship between an item and the general dimension. NW
and RA had low slope parameters on average in 2014 and
2015 (see Table 2). Tasks with the largest average slope in
2014 were LC, UC, and LS. UC items also had large slopes,
on average, in 2015, but the other two tasks with large
slopes in 2015 were BS and LL.

The range of item slope estimates was largest for LS, UC,
and LC in 2014, but in 2015 the largest range of slope esti-
mates occurred for items belonging to LL, UC, and LS (see
Table 2). In both years, RA has the lowest range of slope
parameter estimates. The range of discrimination values
within each task was larger than the range of mean discrimi-
nation values between tasks, which suggests that tasks alone
do not account for the range of discrimination values.

Item difficulty is a useful way to arrange items from
casiest to most difficult, relative to a particular response
probability. Table 2 shows summary statistics for MDIFF
statistics for the testlet model in 2014 and 2015. Average
MDIFF statistics show that Syllable Clapping (SC) was the
casiest task' in both years. At the other end of the spectrum,
UC and LC were the most difficult, on average, in 2014. UC
and BS tasks were the two most difficult tasks, on average,
in 2015. All tasks have item difficulties that span a wide
range of the scale. In 2014, PW and UC had the largest
range of MDIFF values. They were followed closely by LC,
LS, and LL items that had a range of MDIFF values close to
four. BS had the smallest range of MDIFF values in both
years. Items belonging to LC and LS had the largest range
of MDIFF values in 2015.

Table 3 shows item difficulty (MDIFF) values for indi-
vidual items on the UC letters task for the 2014 and 2015
administrations. Letters in Table 3 are listed in ascending
order of MDIFF values. The letter O was the easiest to rec-
ognize. Other letters consistently located at the easy end of
the spectrum were M, F, A, and B. Conversely, the most
difficult letters or digraphs to name were LL, Ch, J, N, and
G. We observed a similar pattern for LC and LS tasks in
2014. The lowercase letter o was the easiest to name and the
second easiest letter sound to make. Other letters that were
consistently easy to name or sound were s, f, and t.
Conversely, the most difficult letters or digraphs to sound or
identify in lower case were 11, ch, i, and j.

Discussion

We evaluated the internal structure of PALS espaiiol PreK
using multidimensional IRT. One advantage of our approach
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Table 4. Ordering of Lowercase Letters and Letter Sounds
According to Spring Multidimensional Difficulty.

2014 Lowercase Letters 2014 Letter Sounds

Letter MDIFF Slope Letter MDIFF Slope
o -0.14 1.27 S -0.40 2.04
s 0.53 251 ©) -0.11 1.07
f 0.74 2.44 F 0.19 2.01

m 0.79 2.76 P 0.22 243

n 0.89 1.81 T 0.26 2.77
a 0.92 2.02 B 0.33 1.71

c 0.94 232 K 0.51 2.14
t 1.07 2.52 D 0.61 241

e 1.08 1.97 L 0.64 2.26
v 1.15 2.45 A 0.65 1.34
X 1.16 1.46 N 0.75 2.86
p 1.16 2.29 \ 0.90 1.92
r 1.20 2.06 R 0.93 1.50
u 1.27 2.11 E 0.96 1.82
h 1.35 1.73 z 0.96 1.25
I 1.37 1.64 C 0.99 1.67
i 1.39 1.70 W 1.20 1.77
k 1.47 2.02 G 1.25 1.92
b 1.49 1.66 Y 1.61 1.81

d 1.55 1.67 U 1.69 1.01

z 1.59 1.89 I 1.94 1.00
w 1.66 2.04 Ch 2.18 1.22
y 1.78 227 N 2.49 1.47
fi 1.81 1.52 J 2.90 0.99
j 1.89 1.61 LI 3.53 0.90
g 2.34 1.46

q 2.54 1.46

I 2.93 1.36

ch 3.31 1.08

Note. Ordering by MDIFF is the same as ordering by a response
probability of 0.5.

over the use of item parcels with confirmatory factor analy-
sis is that we can test the internal structure of the measure
while also studying the contribution of each individual item
to the latent trait and evaluating the difficulty of each indi-
vidual item. Results indicated that a task-based testlet model
(Model 2b) fit the data better than other models we applied
to the data. About 14% of the items had statistically signifi-
cant levels of drift, but the practical significance was small
and had little to no effect on estimated abilities.

In the testlet model, all of the items have a direct impact
on the general dimension (early literacy), while at the same
time maintaining a unique relationship to each other within
each task. Although we did not find that the two parts of the
simple view (Oral Language and Code-Related Skill)
constituted separate factors, we did find large testlet effects
and evidence that our oral language task contributed sub-
stantial variance after accounting for early literacy. Thus,

oral language appears to have a strong contribution to test
score variance, but not to the point of being a separate but
correlated general dimension. It may be that oral language
does not develop into a separate factor until a later age.
Additional research is needed to explore this possibility.

Another reason for not finding more support for the two-
tier model that represented the simple view of early literacy
may be attributed to the analytic procedures and the way the
relationship between the two dimensions is represented.
Prior factor analytic work with PALS assessment involved
item parcels at the task level, which prevented the use of
either a bifactor or testlet model (see Townsend & Konold,
2010; Yaden et al., 2017). Huang (2014) used item parcels
formed from pairs of items, and this method enabled him to
fit correlated factor models and a bifactor model to the data.
He did not fit a testlet model to the data. Nevertheless, his
work championed the bifactor model, and it is consistent
with our results. Considering that Yaden et al. (2017) found
support for a model with two correlated factors when using
task-level item parcels but we did not when conducting an
item-level analysis, the analytic procedure may be affecting
the results. It is difficult to know for sure as Yaden et al.
used a shorter, preliminary version of the measure.

It is important to note that the correlated factor model,
higher-order models, bifactor model, and testlet model are
conceptually related. Although we found that a task-specific
testlet model with one general dimension fit best, the result
does not contradict past research or prior factor analytic
work with PALS assessments. Reise, Moore, and Haviland
(2010) explain the similarity of a model with correlated fac-
tors and one with bifactor structure, which includes the test-
let model. Both types of models account for variance among
traits, but they do it in different ways. In a model with cor-
related factors, the correlation accounts for what is shared
among traits. By comparison, a model with bifactor structure
uses the general dimension to account for variance shared
among all items, and the specific dimensions allow for task-
or domain-specific shifts in the construct. The simple view
of reading entails two traits (Oral Language and Code-
Related Skills), which have been shown to be highly corre-
lated (Dickinson et al., 2003; Kendeou et al., 2009; Lonigan
et al., 2000; NICHD Early Child Care Research Network,
2005). This relationship among traits seems to be adequately
captured as either a model with correlated factors (Townsend
& Konold, 2010; Yaden et al., 2017) or a model with a single
general dimension and multiple specific dimension that
reflect either domain-specific (Huang, 2014) or task-specific
shifts in the construct. Thus, the main difference in these
types of models may be more a matter of measurement util-
ity than theoretical import. Advantages of the testlet model
are that we know how each item contributes to the general
dimension, we know the impact of each specific dimension
(i.e., testlet effect), we can order all items by difficulty, and
we can consider the relative difficulty of each task.
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Item Discrimination and Item Difficulty

Item discrimination (i.e., slopes) varied by task. Those
related to alphabet knowledge (i.e., UC, LC, and LS)
tended to have larger slopes than those related to phono-
logical awareness (e.g., SC, RA, BS). These results sug-
gest that alphabet knowledge items make a stronger
contribution to the general dimension of early literacy
than do phonological awareness items. This is in keeping
with previous research that has consistently shown alpha-
betic knowledge to be an important early literacy skill
(Foulin, 2005; Hammill, 2004; National Early Literacy
Panel, 2008; Whitehurst & Lonigan, 1998). Letter-name
knowledge remains one of the strongest predictors of later
reading success and later reading difficulty (Catts et al.,
1999; Hammill, 2004; Schatschneider, Fletcher, Francis,
Carlson, & Foorman, 2004; Share, Jorm, Maclean, &
Matthews, 1984; Snow et al., 1998). Knowledge of letter
names and letter sounds also helps children understand the
alphabetic principle, the insight that language is made up
of individual speech sounds and that letters represent those
sounds in a systematic way. Achieving insight into the
alphabetic principle is a turning point in early literacy
development and is often associated with the transition to
conventional reading (Liberman et al., 1989).

Phonological awareness may contribute to letter-name
and letter-sound knowledge by making the sounds embed-
ded within letter names and in associated letter sounds more
noticeable and thus easier to remember (Evans et al., 2006;
Foy & Mann, 2006; Piasta & Wagner, 2010). Previous
research has suggested a reciprocal relationship between
phonological awareness and the learning of letter sounds, in
which competence in either skill facilitates competence in
the other (Burgess & Lonigan, 1998). The fact that item
slopes related to alphabet knowledge were larger than those
related to phonological awareness makes sense given the
reciprocal nature of these two constructs.

Our use of MIRT also provides information about the
relative difficulty of each item, which offers insight into the
order in which student are likely to learn to name and pro-
nounce letters as well as other skills. Phillips, Piasta,
Anthony, Lonigan, and Francis (2012) demonstrated this
utility of IRT in their analysis of letter-name knowledge.
Results of their unidimensional two-parameter logistic
model allowed them to order items by difficulty and study
the developmental sequence of letter naming skill. Their
results were consistent with findings by Alonzo, Liu, and
Tindal (2007), who found that English letters A and B were
among the easiest, while English letters U and V were some
of the most difficult. Taken together, their findings suggest
that children are likely to learn the English letters A and B
before they learn the English letters U and V. In a similar
fashion, our analysis of PALS espafiol PreK indicates a
developmental path in Spanish. The uppercase letters O, A,

B, and M are easy for children to name, and thus likely to be
among the first learned. In contrast, the letters LL, Ch, and
N are the most difficult for preschoolers to name. We found
some evidence that the difficulty of letter naming coincides
with the difficulty of letter sound knowledge. For example,
the easiest letter sounds were S, O, and F, and these were
among the easiest letters to name. Two of the most difficult
letter sounds (LL and N) were also among the most difficult
letters to name.

In summary, we used MIRT to explore the internal struc-
ture of PALS espafiol PreK. Based on theories of early lit-
eracy development, we anticipated that the best-fitting
model would be a two-tier model with two correlated
dimensions representing the dominant early literacy con-
structs of oral language and code-based skills. We found
that the best-fitting model was actually a testlet model with
one general dimension, early literacy, and a specific dimen-
sion for each task. Tasks for code-based skills and the oral
language task contributed to the same general dimension;
our result did not support the notion that the oral language
and code-based skills were distinguishable correlated con-
structs. However, the nature of the testlet model suggests
that we also did not have just a single dimension. Each task
contributed substantial variance even after accounting for
the early literacy dimension. Thus, tasks represent skills
that should be given attention.

Implications for Instruction

PALS espaiiol PreK yields both a composite score and indi-
vidual task scores. The composite score can be seen as a
measure of the general dimension of early literacy. Teachers
can use this score to determine which children are on track
for developing the early literacy skills that are the founda-
tion for reading and which children need additional support
if they are to become successful readers. The individual task
scores, which represent the specific dimensions examined
in this study, provide diagnostic information that aids
instructional decisions. For example, a student with low
performance on alphabet knowledge tasks has different
instructional needs than a student with low performance in
language and listening comprehension. Thus, the task-based
testlet model provides information about overall early lit-
eracy development and, after taking overall development
into account, it also provides information necessary for tar-
geted instruction in specific areas.

Knowing the comparative difficulty of each PALS espa-
fol task and item also provides useful information that can
guide instruction. Our research has shown that some tasks
measure skills that are easier to achieve than other tasks.
For example, the phonological awareness tasks (e.g., SC
and RA) were easier than the alphabet tasks (UC, LC, and
LS), underscoring the importance of explicit, systematic
instruction in alphabet skills early on (National Early
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Literacy Panel, 2008). Our results also indicate an order of
difficulty for specific letter names and sounds. In Spanish,
the vowel sounds are taught first in combination with what
are considered to be the more salient consonant sounds. Our
research suggests a possible progression of consonant
sounds from easiest to most difficult (see Table 3).

Finally, the fact that our testlet model is a compensa-
tory model suggests that the most efficient way to
improve overall literacy development might be to teach
specific skills in an integrated fashion to make the most
of strengths in all specific dimensions and to harness the
power of the general underlying trait. In that way, instruc-
tional activities that target early literacy skills in general
and/or those that target skills required by each task will
improve overall literacy development, which will be
reflected in children’s performance on PALS espafiol
PreK. For example, a student with poorly developed
alphabet knowledge may benefit not only from direct
instruction in alphabet skills, but also from more contex-
tual engagement, such as print referencing techniques
that focus on further developing concepts about print
(including alphabet knowledge) in the context of shared
reading (Justice & Ezell, 2004). Having a clearer under-
standing of this relationship between individual literacy
skills and the underlying trait of early literacy is particu-
larly important now, given the recent discourse on the
potentially negative side effects of assessment, such as
narrowing of the early literacy curriculum and the result-
ing fragmentation of early literacy skills (Meisels, 2007;
Paris, 2005).

Limitations

The main limitation of this work was the relatively small
sample size. We were unable to randomly split the data into
one part of an exploratory analysis and another part of a
confirmatory analysis. We fit models consistent with theo-
retical expectation and prior work with PALS assessments
to overcome this limitation. We continue to collect data and
that will allow us an opportunity to replicate our work on
independent samples.
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