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Abstract

In this article, | present a developmental model of how children learn to comprehend what they
read, which builds on current models of reading comprehension and integrates findings from
instructional research and evidence-based models of development in early and middle childhood.
The lattice model holds that children’s developing reading comprehension is a function of the
interacting, reciprocal, and bootstrapping effects of developing text-specific, linguistic, and social-
cognitive processes, which interact with instruction as child-characteristic-by-instruction (CXI)
interaction effects. The processes develop over time and in the context of classroom, home, peer,
community, and other influences to affect children’s development of proficient reading
comprehension. I first describe models of reading comprehension. | then review the basic
processes in the model, the role of instruction, and CXI interactions in the context of the lattice
model. | then discuss implications for instruction and research.
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Proficient reading comprehension is critical in today’s information-based world. Children
who fail to develop proficient literacy skills are disadvantaged in school and throughout their
lives. Over the past decades, researchers have linked language skills, social cognition,
instruction, and literacy skills. Weaker language and social-cognitive development, as well
as ineffective instruction, are almost always associated with weaker development of literacy.
My colleagues and | have suggested that a more dynamic model of reading comprehension
might help explain how children learn to understand what they read, and inform more
effective instructional programs, particularly for children in poverty (1, 2). We have
conceptualized reading comprehension as a

complex activity that requires the reader ... to call on the coordination of cognitive,
regulatory, linguistic, and text-specific processes, including decoding [and
encoding] of text, which are developing over time and that have reciprocal and
interacting bootstrapping effects on one another. (1, p. 2)

We refer to this conceptual framework as the /attice model because these interacting effects
can be depicted as a lattice. Figure 1 presents our current conceptualization of the lattice
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model, which has expanded to include social aspects of cognition and how instruction fits
within our conceptualization.

The model brings together several useful models of child development and reading
comprehension, and hypothesizes how text-specific, linguistic, and social-cognitive
processes influence and are influenced by learning to read text with comprehension. These
processes are malleable but respond to environmental influences to differing degrees and
may be more malleable earlier in childhood than later (e.g., language). Within this model,
instruction—at school and at home—directly and indirectly affects the processes and
children’s ability to learn how to comprehend when reading (2). Following dynamic systems
models (3), the lattice model is part of a larger system, with systems within systems that
affect one another. Consistent with bio-ecological theory (4), the lattice model recognizes
the importance of more distal influences on the system (e.g., local policies), but these
influences are assumed to operate indirectly through peers, parenting and teaching. Children
develop physically, linguistically, socially, cognitively, and emotionally during early and
middle childhood, which also influences learning and effective instruction. The lattice model
attempts to understand the processes and influences that affect the development of reading
comprehension while recognizing the complexity of the systems overall. In this article, |
discuss each of the processes in the lattice model: text-specific processes, linguistic
processes, and social-cognitive processes. | also touch on the role of instruction and
development as elements of the lattice model; I then discuss evidence supporting the lattice
model. | conclude with implications for theory and practice.

Key Elements of the Lattice Model

Text-Specific Processes and Models of Reading Comprehension

Text-specific processes are processes imposed by writing and reading what is written,
including orthographic knowledge, decoding, encoding (spelling), word and text fluency
(automaticity), text structure, and other skills specific to reading and writing written
language. These processes exist only because we read and write. Unlike language, which has
evolved in humans over many millennia (5), reading was invented by humans about 5000
years ago (6). Oral language is translated into written language in several ways. English uses
an alphabetic system of writing. Thus, when learning to read and write English, children
master the alphabetic principle: that letters stand for phonemes, which can be blended
together to form meaningful words (7). Written systems do not map directly onto
conversational speech; they tend to be more formal, use unfamiliar vocabulary and grammar,
and use conventions to help the reader understand.

According to current definitions of reading comprehension, when students read with
discernment, they build a coherent mental representation of the meaning of the text (8), also
called a situation model (9). As they read, students set standards of coherence based on the
purpose for reading and the difficulty of the text. For example, standards of coherence may
be low when children read a book for fun and high when they read to learn. The students’
purpose and motive for reading the text (a social-cognitive process) may influence how
much they read, how well they monitor their comprehension, and the extent to which they
make inferences (10-12).
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The Lexical Hypothesis model (13) informs many of the underlying premises of the lattice
model, such as reciprocal effects. It demonstrates that, within the linguistic and text-specific
systems, the linguistic system (phonology, syntax, morphology) informs the text-specific
system (letter-sound associations). Word identification is defined by reciprocal effects
between text-specific processes and the lexicon. In turn, the lexicon is associated
reciprocally (through meaning, morphology, and syntax) with comprehension processes
(parser, text representation, inferences, and situation model). General knowledge (which the
lattice model includes as a linguistic process) informs the lexical and comprehension
processes and, reciprocally, comprehension processes predict general knowledge. Although
it is one of the most useful and well-supported models, the Lexical Hypothesis model lacks a
developmental perspective and does not address how distal and proximal influences,
including instruction, influence this system or the components within it. The lattice model
addresses these elements.

Linguistic Processes

Components of language include phonology, morphology, lexicon, semantics, and
pragmatics (14). However, at least in early and middle childhood, researchers cannot
distinguish these components among typically developing children (15). Rather, two distinct
constructs appear to exist: the lexical system, specifically word knowledge and use, and
more complex aspects of the linguistic system, including semantics (understanding and
expressing meaning), syntax (grammar), morphology, and oral comprehension. Although
these two components may be distinct statistically, they are related. Additionally, academic
knowledge is apparently an integral part of linguistic processes, likely as part of the semantic
system (2). In the lattice model, we conceptualize language and knowledge as a system of
linguistic processes rather than as discrete components.

During the years children learn to read, from their early interactions with books to
independent reading and writing, language develops from jargon to complete complex
sentences and conversations. The development of language influences the development of
literacy (16). The lattice model also assumes reciprocal effects, and that learning to read and
the acts that accompany literacy (e.g., parents reading to their children) support the
development of more literate or academic language that is used in textbooks and when
writing (17).

Social-Emotional and Cognitive Processes

In the lattice model, we bring together several separate bodies of work that examine
volitional or regulatory processes involved in learning. Effortful control (18), executive
functioning (19), self-regulation (20-22) learning-related social skills, (23), motivation and
goal orientation (24), as well as metacognition (25, 26), work together as an integrated albeit
complex system.

One might argue that metacognition and executive function are domain-general processes
(27). In thinking about the lattice model, we strive to be more precise in our terminology

while observing that social-emotional and cognitive processes are related. Eisenberg and

colleagues note that effortful control and executive functioning “include an array of
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processes or capabilities that can be used to manage emotion and behavior” (18, p. 158).
And as we studied the role of these regulatory processes, we decided to consider students’
management of learning within the challenging cognitive and social environment of the
classroom. In this article, | focus on social-cognitive regulatory processes related to learning,
including self-regulation, motivation and goal orientation, and metacognition, keeping in
mind that other processes are influential, such as emotion regulation (18), the influences of
peers (28), and functioning in the classroom environment.

Self-regulation—the coordination of executive functioning, effortful control, and self-
regulated learning (18, 20-22)—includes processes that support purposeful and flexible
adaptation to the environment, and are associated with success with complex and cognitively
challenging tasks, such as learning to read. Students with strong self-regulation can pay
attention, remember and follow directions, persist, and switch flexibly between tasks. Self-
regulation is associated with early literacy and development of vocabulary (21). Self-
regulated learning (29) calls on the social-emotional constructs of persistence and motivation
(11), as well as on the social-cognitive processes of effortful control, attention, and working
memory (22).

Motivation is related to reading success in childhood and adolescence (24). Children’s
motivation to complete a task is a function of how much they value the task, their perception
of their competency, and their goal orientation. Children’s perception of competency
becomes more accurate as they mature (young children assume they are very competent),
which has implications for motivation and learning. Literacy interventions that improve
motivation, such as allowing students control over content, have led to stronger reading
skills (30). At the same time, proficient reading skills can support stronger motivation.

Metacognition is thinking about thinking, and includes the ability to evaluate and then
regulate mental operations (31). Metacognition takes many forms, all of which share two
features: the conscious awareness of the cognitive process or mental operation, and the
potential to regulate or manipulate the cognitive process. Key to the lattice model is that
metacognition develops throughout early and middle childhood, though some argue that full
cognitive awareness does not emerge until about age 8 years or second grade (31).
Monitoring comprehension, a metacognitive skill, is apparently essential to proficient
reading for understanding (26). When students monitor their comprehension, they recognize
that text does not make sense and use strategies, such as rereading or self-questioning (e.g.,
“what is the author trying to say?”), to make inferences and repair their understanding to
develop a coherent mental representation. In a study that tracked fifth graders’ eye
movements (32), students identified aspects of text that did not make sense but differed in
the extent to which they attempted to repair their misunderstanding. Students with weaker
academic language skills generally spent less time rereading and trying to repair their
understanding of words that did not make sense than did students with stronger language
skills.

Researchers studying social emotion and cognitive regulation have proposed reciprocal
effects among the constructs (e.g., effortful control is related reciprocally and overlaps with
executive functioning; 18), but most assume that these regulatory processes subserve
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learning to read and proficient reading for understanding. In the lattice model, we
hypothesize that these social-cognitive regulatory processes are also strengthened by
learning to read and write. Learning and instruction occur in the socially and cognitively
challenging environment of the classroom, which can provide rich learning opportunities not
only for text-specific and linguistic processes, but for regulatory processes as well.

Children must be taught reading and writing and they must practice these skills to acquire
them and gain expertise. However, the effect of instruction apparently depends on the text-
specific, linguistic, and social-cognitive skills children bring to the classroom. The
development of reading comprehension features CXI interaction effects (33). When literacy
instruction is matched to students’ language and reading skills, they make greater gains (34).
Teachers used flexible learning groups during the literacy block based on the children’s
reading skills. The accumulation of effects supports the lattice model, reciprocal effects, and
the impact of individualizing instruction in developing literacy (34). Students in treatment
classrooms all three years made significantly greater gains compared to students in treatment
classrooms for fewer years or who were only in control classrooms; individualized
instruction built on students’ improving skills.

Testing the Lattice Model

The lattice model assumes that there are reciprocal effects and that these effects happen in
the context of children’s development and the instruction they receive. Text-specific,
linguistic, and social-cognitive processes work together to support the development of
literacy in the context of instruction. Literacy development, in turn, supports the
development of these processes. Additionally, the characteristics (linguistic, social-
cognitive) and text-specific skills children bring to the classroom influence the instruction
they receive and their response to this instruction (CXI interactions).

Studies finding reciprocal effects support the lattice conceptual model, specifically that gains
in reading comprehension predict gains in linguistic and social-cognitive processes.
Learning literacy may speed access to semantic categories (35). Longitudinal studies also
suggest that reciprocal effects between language and reading emerge between ages 7 and 8
years (36). Early reading comprehension skills predict later vocabulary gains (37). Children
who develop stronger reading skills in first grade are more likely to become avid readers
through elementary school and to be more motivated to read; they may also have stronger
cognitive skills, as well as vocabulary and general knowledge, by high school (38).

The lattice model is unique because it includes literacy instruction and supports not only
gains in reading comprehension but linguistic and social-cognitive processes. The lattice
model is further supported by a study of first graders (39) in which more individualized early
reading instruction led to stronger gains in self-regulation. In that study, from the start to the
end of the school year, students in the treatment group gained more in both literacy and self-
regulation skills. Professional development to improve classroom organization and greater
expectations for students’ self-regulated learning in the treatment classrooms led to greater
gains in self-regulation, particularly for students who started the year with weaker self-
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regulation. According to the lattice model, greater gains in reading skills also may have
contributed to greater gains in self-regulation.

To test the lattice model, we examined the predicted simultaneous reciprocal effects in the
context of instruction from first through second grade (2). Specifically, in a longitudinal
study, we examined reciprocal effects of text-specific processes (word reading and reading
comprehension), linguistic processes (vocabulary and academic knowledge), and social-
cognitive processes (self-regulation, attention, working memory, and task inhibition-
switching). Surprisingly, linguistic regulatory processes were not associated directly with
social-cognitive regulatory processes but were associated indirectly through their relation
with text-specific processes. Text-specific and linguistic processes were reciprocally related,
as were text-specific and social-cognitive regulatory processes. Moreover, more effective
and individualized literacy instruction changed associations among the processes and
decreased the stability of reading over time. Taken together, these findings provide
preliminary support for the lattice model.

The lattice model offers several mechanisms that may help explain these findings. Children
are exposed to academic words and complex grammar through print (including digital text)
that is not used in conversations (10, 16). Furthermore, instruction in the elementary grades
is more formal than instruction in preschool and at home. Learning to read is difficult and
requires persistence, motivation, and attention. This change in the structure of instruction
may support developing social-cognitive processes, as well as reading comprehension and
language development. More malleable learned skills, such as text-specific processes, might
bootstrap less malleable skills, such as working memaory (40). Additionally, changes to the
brain that occur as children learn to read might also strengthen linguistic and social-
cognitive processes reciprocally (41).

In the United States and worldwide, educators are working to improve all students’
development of literacy amid the challenges of a global and highly complex world. Too
many children fail to attain proficient reading comprehension skills, particularly children in
poverty (42). One reason for this may be an underappreciation of CXI interactions and the
complexity of the interacting skills and aptitudes required to learn how to read with full and
deep understanding. With the lattice model, we present a more complex conceptual
framework based on theories of reading and learning, integrated with early and middle
childhood theories of development, including bio-ecological and dynamic systems models.
The lattice model hypothesizes that learning to read, in the context of instruction, supports
developing linguistic and social-cognitive processes, which in turn support developing text-
specific processes, and that these work together to support reading comprehension,
reciprocally, throughout early and middle childhood.

A key assumption is that instruction, at school and at home, is a critical part of learning to
read and is more effective when it considers individual differences in children. The lattice
model moves away from one-size-fits-all and one-way component interventions (e.g.,
improving self-regulation to improve comprehension) and toward instructional models that
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take advantage of reciprocal and bootstrapping effects, and the effects of literacy instruction
that are conjectured. Focusing on effectively teaching young children to decode and
understand the text they read to improve their reading comprehension, while strengthening
their vocabulary and oral language skills, should also improve children’s linguistic and
social-cognitive regulatory skills over time and, in turn, further support developing reading
comprehension skills. Indeed, pushing the reciprocal loop in the positive direction for
language, vocabulary, and literacy development can help children who are
socioeconomically disadvantaged and at risk for developing weaker social-cognitive
regulation. Thus, effective literacy instructional programs should be comprehensive and
consist of many components, use well-developed and evidence-based standards of practice,
and consider differences in students by individualizing or personalizing instruction.
Understanding more fully the complexity of reading comprehension and how difficult it is to
teach and learn can inform research, improve models of literacy, advance the development of
effective instructional practices, and promote academic success for all students.
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Figure 1.
Current conceptualization of the lattice model, where developing and reciprocal effects of

linguistic, text-specific, and social-cognitive processes, and the socially and cognitively
challenging learning environment of the classroom, interact and support children’s learning
to read with understanding. In turn, developing reading comprehension supports children’s
development of linguistic, social-cognitive, and text-specific processes, which should
influence teachers’ decisions about providing the individualized instruction students receive.
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