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Development of Cognitive Component Processing Skills
That Support Skilled Reading
Gale M. Sinatra and James M. Royer
The purpose of the present study was to examine the differences in component processing skills of
students of different ages and the developmental changes that occurred over 1 year. The subjects
in Experiment 1 were 112 students in Grades 2-5 from a school district in western Massachusetts.
They were administered a computer battery of tasks designed to measure speed and accuracy
of processing on a number of component reading skills. The component skills measured were
letter processing, word naming, pseudoword naming, concept activation, and syntactic and semantic processing. Of the original 112 students, 59 were located 1 year later and were given parental
permission to participate in a follow-up experiment. The 2 experiments trace the development of
component processing skills and discuss the implications for a theory of development of component skills.

In a recent article, Perfetti and Curtis (1986) noted that
theories of reading had become sufficiently similar that it was
possible to describe a cognitive consensus model of reading.
The general model, as they described it, was based on the
assumption that reading is a cognitive activity described by
component processes in interaction. Specific models, however, differ in the number and specificity of the components.
For example, reading has been divided into a few components, such as word recognition, access of semantic information, sentence processing, and discourse analysis (Glaser,
Lesgold, & Lajoie, 1987). Alternatively, the number of component processes can be greatly increased by breaking up a
process such as decoding into smaller components, such as
encoding graphemes, encoding multigraphemic units, and
applying letter-sound correspondence rules (Frederiksen,
1980). Although some researchers concentrate their analysis
of the component processes of reading at the lower levels of
processing, such as word identification (e.g., Frederiksen,
1980), others look only at higher level comprehension processes (e.g., van Dijk & Kintsch, 1983).
Despite differences among models, many include some of
the same processes. Across several models, the types of lower
level processes that are considered important are feature extraction, pattern recognition, letter identification, spelling
pattern identification, and lexical access. Higher level
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processes include concept activation, syntactic analysis,
prepositional encoding, sentence comprehension, intersentence integration, and activation of prior knowledge or schemata.
Another feature on which most theorists agree is that the
functioning of at least some of the component processes must
become very fast and nearly loadfree if an individual is to
become a skilled reader. Reading is thought to function in a
cognitive system constrained by a limited-capacity working
memory. If conscious attention must be directed toward component activities, the capacity available for higher level comprehension processes is reduced. The development of fast
and loadfree component processing is important because
these processes place few demands on working memory,
thereby leaving most of the capacity available for higher
level activities. The emphasis on the development of rapid,
loadfree processing is most apparent in Perfetti's (1988) verbal efficiency theory, which claims that text comprehension
is dependent on low-level text-processing activities and on
high-level text-modeling processes. Perfetti suggests that the
reader needs to have attained considerable development of
low-level text processing to carry out the resource-demanding text-modeling processes.
Despite the agreement of researchers on the importance of
component processes, little research has been conducted concerning how these processes function in developing readers.
Some cross-sectional experiments have examined componential processes and reading performance (e.g., Curtis,
1980), but there are few (if any) longitudinal experiments
that have tracked the development of multiple component
processing skills and that have related that development to
reading performance.
How Do Component Processes Develop?
Perfetti's (1989, 1991, 1992) account of the development
of the reading system is currently the most clearly articulated
description of the development of reading skills. Because
Perfetti's theory makes use of the concept of cognitive mod-
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ules, it is worthwhile to digress a moment to describe the
concept in some detail. A number of years ago Forster (1979)
introduced a form of componential theory that has come to
be called modularity theory. This position, which was elaborated by Fodor (1983,1985), suggests that component processes are specialized, very fast, and impenetrable by other
cognitive processes. Forster and Fodor envisioned a cognitive system in which a number of cognitive modules are
connected and function in series. Each module performs only
a specialized function (such as lexical access), receives its
input from the module below, and passes its output to the
module above. Functions within the modules become automated, and therefore are very fast, and the activities within
the modules are not available to conscious scrutiny and cannot be influenced by processes occurring within other modules. Hence, each module cannot be influenced by either
conscious will or by activities occurring in any module other
than the one immediately below in the serial chain.
Perfetti's theory of reading development suggests that a
word identification module (or modules) develops through
repeated encounters with words in information-rich contexts.
For example, when children see words in familiar stories
while simultaneously hearing those words pronounced, they
have a number of information sources that connect the word
with the printed stimulus. During the development of reading
skills, this context aids in the identification of the word, but
as the skill matures, the activities of the module become
increasingly encapsulated and the need for contextual information becomes increasingly irrelevant. The end result is an
adult reader with a lexical access system that is highly modularized and that becomes interactive only in extraordinary
situations, such as encountering an unusual word or a word
that is difficult to identify because of a degraded stimulus.
Perfetti (1988) suggests that after word identification is
accomplished, higher level text-modeling processes construct a semantic interpretation of multiword units. This textmodeling process is interactive, and it involves knowledge
from a number of sources.
The expectations that one derives from Perfetti's theory
suggests that word identification processes in young children
should be slow and inexact because the child has to rely on
conscious activities that require the use of information
sources (context, surrounding words, phonemic strategies,
etc.) other than the printed word. At this stage of development, there is considerable variability in word identification
ability that is associated with the child's skill in using the
information sources available (e.g., context, strategies) during the word identification process. Given the slowness and
potential for errors in this early stage of development, there
may be little relationship between word-processing ability
and performance on comprehension tasks.
As competence develops, many readers begin to develop
encapsulated competence for many of the words they encounter, and word identification is triggered by the printed
stimulus. In short, the process for some readers has transferred from being goal directed to being data driven. This
advancement in competence results in a separation between
readers who have developed some degree of encapsulated
processing and those who have not. This results in an en-

hancement of the importance of word processing in reading
comprehension activities.
Perfetti's theory suggests that as development continues to
advance, word identification ability becomes equalized for
most readers, and text-modeling processes come into play as
determinants of overall reading ability. Text-modeling ability
is determined by many factors, such as amount and specificity of prior knowledge and strategic and metacognitive
abilities. These factors should determine overall reading
competence after the development of word identification
skills has been completed.
In summary, Perfetti's theory of reading development suggests that students may pass through three stages during the
acquisition of reading skills: (a) a preencapsulation period
during which word-processing ability may play a relatively
minor role in reading ability because of slow and error-prone
processing activities; (b) a stage during which overall reading
competence is determined largely by competence in word
identification skills; and (c) a stage during which word identification skills are largely equalized for most readers and
overall reading performance is determined by processes associated with determining the meaning of segments of text.

Examining the Development of Component
Processing Skills
In the present experiment, we examined the component
reading skills of students in Grades 2 through 5 in a combined
cross-sectional and longitudinal research design. The component tasks assessed in the experiment were chosen to measure a range of reading activities from letter processing to
sentence comprehension. These tasks were chosen because
of their consistency with component processing theories discussed in the introductory paragraphs of this article and their
reading diagnostic potential.
Experiment 1 entailed measuring the speed and accuracy
of component processes for 112 students enrolled in Grades
2 through 5. The measurement of both speed and accuracy
are important because reading improvements, as indicated by
processing speed, are likely to occur long after accurate performance has been attained. Of the 112 students, those who
still resided in the district were invited to participate in a
follow-up experiment (Experiment 2) 1 year later. Permission was obtained from the parents of 59 of these students.
These 59 students were measured again 1 year after the first
measurement. Students in Experiments 1 and 2 completed
computer-administered tasks that measured their speed and
accuracy of letter perception, word identification, pseudoword (e.g., "crat") identification, concept activation, and
syntactic and semantic analysis of sentences.
The primary purpose of the two experiments combined
was to examine the differences in component processing
skills for students of differing ages and to examine the
changes that occurred in component processing performance
during the year separating the two measurement periods. Furthermore, we attempted to examine some of the expectations
derived from Perfetti's theory of reading development.
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Experiment 1
Method
Subjects
The subjects were 112 students in Grades 2-5 from two schools
in a small school system in western Massachusetts. They were initially tested in May 1989. Of the 112 subjects, 39 were in second
grade, 27 were in third grade, 37 were in fourth grade, and 9 were
in fifth grade. Not all of the students finished all of the tasks in the
experiment. The number of subjects actually contributing to the
analyses were 36 in second grade, 23 in third grade, and 37 in fourth
grade, for a total of 96. Because of the small number of subjects in
fifth grade, the data from these subjects were not analyzed.
The subjects were not selected randomly. Rather, all students in
the target grades who were not in English as a second language
(ESL) classes were asked to bring home permission slips to their
parents. Those students who returned a signed permission slip were
included in the experiment.
It was possible to obtain indexes of reading performance for 95
of the students. On the whole, the subjects were good readers in that
the average basal reading-book level for each grade was above
grade level. The range in reading-book level for the second-grade
students was 1.3 to 3.3 (M = 2.56). Grade 3 students were reading
books ranging from the 3.1 to the 5.2 level (M = 4.2), Grade 4
students were reading books ranging from the 4.1 to the 6.3 level
(Af = 4.9), and Grade 5 students were reading books ranging from
the 3.3 to the 8.1 level (M = 6.3).

Apparatus
All computer-administered tasks were presented on a Toshiba
T3100/20 laptop computer. Stimuli were presented directly on the
Toshiba's monitor. All computerized tasks were programmed using
Micro Experimental Lab software (Schneider, 1988). Vocalization
latencies were collected with a microphone and voice key apparatus
and all keypress responses were collected with a button board keyboard overlay. The buttons on the overlay board were used to depress the keys on the keyboard. Templates were laid over the buttons
so that the buttons were appropriately labeled for each task.

Materials and Procedure
The following set of tasks was included in the computer battery:
a simple response time task, the Posner letter-match task (Posner,
Boies, Eichelman, & Taylor, 1969), a word- and a pseudowordnaming task, a concept activation task, and two sentence tasks
designed to measure speed and accuracy of syntactic and semantic processing. A list of tasks and sample items is presented in
Table 1.
General procedure. Subjects were tested individually on the
computer. Instructions for each task appeared on the screen and
were read aloud by the experimenter before beginning the task.
Each task was preceded by a set of practice trials. After the practice
trials, the experimenter answered any questions the students had and
reviewed the instructions as necessary for each subject.
Trials for most tasks were preceded by a "GET READY" warning signal in the middle of the screen presented for 1,100 ms, followed by the stimulus in the same location. For all tasks except the
naming tasks, stimuli were presented in a random order for each
subject. In all tasks, the stimulus remained on the screen until the
subject made a response. Subjects received feedback regarding the

Table 1
Tasks and Sample Stimuli for Computer Battery
Task
Posner letter-match task
Physical identity
Name Identity
Different
Word naming
Three-letter words
Four-letter words
Five-letter words
Six-letter words
Pseudoword naming
Three letters
Four letters
Five letters
Six letters
Concept activation
Matches
Mismatches
Syntactic analysis
Semantic analysis

Sample stimuli
AA, bb, DD, ee
Aa, Bb, Dd, Ee
AB, ba, DE, Gh
you, are, but, one
show, goes, jump, help
table, story, horse, cover
dinner, banner, carton, fought
baw, ret, teg, bex
pold, nast, soat, stip
nable, frint, glope, flide
neeper, sorbid, nourly, larton
car/truck, arm/leg, socks/shirt
bus/stool, nose/apple, bird/bed
These two flowers are/is mine.
Mary was/were writing a letter.
She ate three slices of/at cheese.
The boy drank/ate his milk.
The school bell rang/blew.
The farmer planted/played the corn.

accuracy of their responses in the form of the words "Correct Response!" or "Wrong Response!" which appeared on the screen for
trials as appropriate. Measures of speed and accuracy were collected
by the computer.
Simple response time task. The administration of the computer
battery began with the simple response time task requiring subjects
to press one button for a series of asterisks (***) and another for
a series of plus signs (+ + +). The simple response time task was
included in the battery to provide an orientation to the system and
to provide an index of response time performance on a purely
perceptual/motor task. Subjects completed 25 trials.
Letter match task. After completing the simple response time
task, subjects were presented with two letters at a time and were
asked to decide if the two letters had the same name (e.g., Aa, aa)
or a different name (e.g., Ab, ba). Subjects were instructed to press
the button marked "SAME" when the two letters had the same
name, and to press the button marked "DIFFERENT" when the two
letters had a different name. The task actually includes three separable measures: processing of physically identical letters (AA, bb),
processing of name-identical letters (Aa, bB), and processing of
letters that differ in name (ab, Ab). The speed of processing physically identical letters has been shown to increase with age and
ability (Biemiller, 1977-1978; Doehring, 1976). The processing of
letters that are not physically identical but that have the same name
is assumed to be a measure of speed of access to long-term memory
and has proved to be a reliable discriminator between skilled and
less skilled adult readers (Hunt, Lunneborg, & Lewis, 1975; Jackson
& McClelland, 1979; Palmer, MacLeod, Hunt, & Davidson, 1985)
as well as beginning readers (Chabot, Petros, & McCord, 1983).
Subjects responded to 48 trials. Each trial was randomly chosen
by the computer, but across all subjects 25% of the trials were
physical-identity items, 25% were name-identity items, and 50%
were different items.
Word- and pseudoword-naming tasks. The next tasks in the
battery were indexes of word identification and decoding ability as
measured by vocalization latency to real and pseudowords. The
word-naming task was included in the battery as a measure of word
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identification. The ability to identify words automatically is considered an important parameter of individual differences (Curtis,
1980; LaBerge & Samuels, 1974; Perfetti, 1985; Stanovich, 1980).
The pseudoword-naming task was included as a decoding measure
because the task of identifying pseudowords is considered a test of
phonological recoding, or the ability to apply graphemeTphoneme
correspondence rules (De Soto & De Soto, 1983), and has been
shown to reliably discriminate between skilled and less skilled readers (Hogaboam & Perfetti, 1978; Perfetti & Hogaboam, 1975).
Stimuli for the word-naming task included words that varied in
familiarity (and therefore difficulty), chosen from Fry's (1972) list
of instant words and from Dale and O'Rourke's (1976) vocabulary
inventory. A set of three-, four-, five-, and six-letter words was
chosen from four difficulty levels. The words were chosen so that
they would be highly familiar to students in Grades 2, 3, 4, and 5
respectively. Pseudowords were developed from the same words, or
words of the same familiarity ratings, by replacing one or two letters
in a word to make a pronounceable nonword. (The four sets of
words and pseudowords are referred to as having difficulty levels
of 1, 2, 3, and 4.)
Subjects were presented with a block of 20 trials for each set of
words and pseudowords. The order of presentation of word and
pseudoword conditions was counterbalanced across subjects. The
order of presentation of difficulty level within each condition was
randomly determined by the computer. Within blocks, stimulus
items were presented in a fixed order for purposes of recording
response accuracy. Vocalization latency was measured by the computer, and accuracy of subjects' responses was recorded by an
experimenter.
Concept activation task. The next task in the battery was designed to measure speed of access to conceptual memory or concept
activation. This was assessed by asking subjects to decide whether
two words belong to the same category. Speed and accuracy of
semantic memory processes have been shown to vary as a function
of reading ability in beginning readers (Chabot et al., 1983; Perfetti
& Lesgold, 1977).
Categories for the concept activation task were common superordinate categories, such as vegetable, furniture, and animals. Exemplars were typical items, such as carrot, chair, and dog. Exemplars were chosen to have both a high goodness-of-example rating
(Rosch, 1975) and a high familiarity rating at Grade 3 according to
Dale and O'Rourke's (1976) inventory.
Subjects were presented with two words simultaneously, placed
side by side. For the "same" trials, two words from the same category were presented. For the "different" trials, a word from one
category was paired with a word from another category. Before
exposure to the practice and experimental trials, subjects were given
the category labels as well as examples of "same" and "different"
responses. Subjects completed 30 trials.
Sentence-processing tasks. Finally, application of syntactic and
semantic knowledge were assessed with two sentence level tasks
that are variations of the cloze procedure. In the syntactic analysis
task, subjects were asked to select a word to complete a blank in
a sentence. The choices varied in syntactic correctness (i.e., tense,
verb agreement). Using a similar procedure, Guthrie (1973) showed
that this task discriminated between skilled and less skilled readers.
In the semantic analysis task, subjects were also asked to choose a
word to fill in a blank in a sentence. In this task, the choices varied
in semantic correctness. This variant of the cloze procedure (Brickley, Ellington, & Brickley, 1970) was considered to be a measure
of sentence comprehension.
Items for the syntactic analysis task and the semantic analysis
task were simple sentences of four to seven words and were developed to be high in readability by including mostly monosyllabic
or bisyllabic highly familiar words. In each sentence a blank rep-

resented a missing word for which two response alternatives were
presented, one above the blank and one below the blank. For both
tasks, subjects were asked to choose the best word to fill in the blank
from the two alternatives by pressing a button marked "TOP" or
"BOTTOM." Subjects responded to 20 trials for the syntactic analysis task and then 20 trials for the semantic analysis task.

Results
The purpose of the analyses was to assess a prediction
derived from component processing theory that suggests that
the contribution of particular component processing skills to
sentence comprehension changes as a function of the development of reading skill. For instance, the idea that word
processing for many words becomes modularized as skill
develops suggests the possibility that word-processing skill
makes little contribution to the sentence comprehension performance of very young children, becomes important as students begin to develop encapsulated processing, and becomes less important again as most children become
equalized on the skill. In this final stage of skill development
it is possible that higher level skills associated with conceptual processing could play an important role in text comprehension. Support for this prediction would be evident if
lower level skills (such as word identification) were shown
to make little contribution to sentence comprehension performance for younger children but to make substantial contributions to sentence comprehension performance for older
children.
Two sets of analyses were conducted on the data. The first
set (designated as preliminary analyses) was designed to
serve two purposes: (a) to evaluate an alternative hypothesis,
which would suggest that changes in task performance are
associated with improvement in physical response time
rather than improvements in reading skill and (b) to identify
variables that might be dropped from subsequent analyses.
The second set of analyses (designated as primary analyses) examined the extent to which cognitive component
processing performance was related to a reader's ability to
comprehend sentences. Interactions between grade and component processes were of particular interest in this set of
analyses. These interactions would serve as tests of the developmental changes predicted by component processing
theory.

Preliminary Analyses
Given the nature of the computer tasks used in the experiment, it is possible that simple response time could contribute to performance. All of the tasks (with the exception
of the naming tasks) involved pressing a button in response
to a computer-presented stimulus. Button pressing is a physically mediated response that could improve as a function of
advancing age. Moreover, it is possible that button pressing
could improve up to a point with advancing age and then
flatten out, thereby creating the possibility of a Task X Age
interaction.
The possibility that simple response time and response
accuracy were related to cognitive component task perfor-
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mance was examined in a series of correlational analyses,
multivariate analyses of variance (MANOVAs), and regression analyses. Simple task performance was not related to
component processing performance in any of the analyses.
These analyses indicate that physical speed of responding did
not significantly contribute to performance of any of the
other tasks in the experiment. Simple task performance was
therefore dropped from the analyses, to be reported in the
next section.
We were motivated to perform a second set of preliminary
analyses by our desire to reduce the number of predictor
variables. Each task was included in the battery because each
assesses a component skill that is a potentially important
predictor of sentence processing. However, given the relatively low number of subjects in each grade in this experiment and the follow-up experiment, it was essential to eliminate overlapping components from the analyses. Therefore,
we examined whether there was any overlap of components
in the prediction of sentence processing. The pseudoword
naming task was considered for elimination because it presumably requires processing skills similar to those involved in the word naming task. To evaluate this possibility, we conducted correlational and regression analyses.
These analyses revealed a very high correlation between
word- and pseudoword-naming performance (rs = .81 for
accuracy and .96 for response time), and regression analyses indicated that pseudoword performance contributed little to the explanation of sentence comprehension performance when word-naming performance had been entered
first as a predictor variable. Therefore, pseudoword performance was subsequently dropped from the analyses, to be
reported in the next section.
For similar reasons, the syntactic analysis task was
dropped as a variable in the analyses. There was a correlation
of .92 between performance on the syntactic analysis task
and performance on the semantic analysis task in Experiment
1 and a correlation of .96 between syntactic analysis and
semantic analysis in Experiment 2.

Primary Analyses: Relationship Between Component
Processing Performance and Sentence
Comprehension Performance
The means and standard deviations for accuracy and response time (in milliseconds) on all tasks are presented in
Table 2. The analyses to be reported addressed the question
of whether variation in component-processing performance
was related to variation in sentence comprehension performance and whether there were differences among grades in
the extent to which variation in sentence comprehension performance could be accounted for by variation in performance
on lower level skills.
The questions were addressed in two sets of simultaneous
multiple-regression analyses, one based on the accuracy data
and the other on the response time data. In these analyses,
sentence comprehension performance (as measured by the
semantic analysis task) served as the dependent variable, and
grade (represented by two dummy codes) and performance
on the letter match, word naming, and concept activation
tasks, along with their products, served as independent variables. The analysis model tested for the main effect for each
of the independent variables and for interactions between
grade and each of the remaining independent variables. The
Grade X Reading task interactions were central to an assessment of the developmental change hypothesis mentioned
earlier in the article. The remaining interactions were not
relevant to this hypothesis and were not tested in the analysis
model.
Accuracy on the concept activation task was a significant
predictor of semantic analysis accuracy, r = .45, F(l, 84) =
21.23, p < .01. The remaining effects (grade, accuracy, and
their products) were not significant predictors, all rs < .17,
ps > .09.
The analysis of response time on the semantic analysis task
was more informative. The analysis revealed significant prediction for word-naming time, r = .30, F(l, 84) = 8.39,
p < .01, and for concept activation response time, r = .53,
F{\, 84) = 33.65, p < .001.

Table 2
Accuracy and Response Time Means and Standard Deviations as a Function of Task
and Grade for Experiment 1
Grade 2
{n == 36)
Task/Variable
Posner letter-match task
Accuracy
Response time (ms)
Word naming
Accuracy
Response time (ms)
Concept activation
Accuracy
Response time (ms)
Semantic analysis
Accuracy
Response time (ms)

Grade 3
(» == 23)
M
SD

Grade 4
(« == 37)
M
SD

M

SD

.94
1,227

.06
278

.95
1,118

.04
296

.94
927

.04
160

.88
980

.12
311

.97
840

.04
414

.97
675

.04
201

.90
2,753

.10
876

.94
2,225

.06
922

.92
1,723

.08
577

.92
6,390

.12
1,876

.96
4,947

.05
1,852

.94
3,904

.07
1,312
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There was also a significant Word-Naming Time X Grade
interaction, R = .32, F(2, 84) = 4.96, p < .01. The nature
of this interaction was explicated in a series of regression
analyses conducted separately by grade, in which wordnaming time served as the predictor variable and semantic
analysis response time served as the criterion variable. These
analyses showed that word-naming time accounted for only
2% of the variance in semantic analysis response time in
Grade 2, F(l, 34) < 1, but accounted for 48% and 64% of
the variance in semantic analysis in response time in Grades
3 and 4, respectively, F(l, 21) = 19.35, p < .001, and F(l,
35) = 61.15, p < .001, respectively.

Discussion
The central purpose of Experiment 1 was to examine the
developmental nature of component processing skills as assessed in a cross-sectional design. The data are relevant to
assessing predictions derived from Perfetti's (1988, 1991,
1992) assertions about reading development.
The analysis of the accuracy data showed that accuracy in
concept activation was the sole significant predictor of sentence comprehension accuracy. It is not surprising that accuracy was a relatively poor index of performance in this
experiment given that most of the subjects performed very
accurately on all of the tasks.
The analysis of response times showed that both wordnaming time and concept activation speed were related to
speed of sentence comprehension. In addition, the response
time analysis showed that developmentally, word-naming
time is much more strongly related to sentence comprehension time in Grades 3 and 4 than it was in Grade 2.
A complete discussion of these results is presented in the
General Discussion section. It can be noted here, however,
that the developmental role of word naming in sentence comprehension is consistent with the theoretical description reviewed earlier. Specifically, the results indicate that wordprocessing performance (as reflected by word-naming speed)
is a poor indicator of sentence comprehension performance
in very young children and becomes increasingly important
as children develop better word-processing skill.
The role of concept activation in sentence comprehension
is also interesting. As indicated, performance on the concept
activation task was a significant predictor in both the accuracy and response time analyses, and it did not interact with
grade. This suggests the possibility that concept activation
performance is a stable individual difference capability that
relates to sentence comprehension performance in a consistent manner over time. This possibility is discussed in greater
detail in the General Discussion.

Method
Subjects
The subjects were 59 of the 112 students who had participated
in Experiment 1. Nineteen of the subjects were in Grade 3 (note
these students were previously in Grade 2), 13 were in Grade 4
(previously in Grade 3), 19 were in Grade 5 (previously in Grade
4), and 8 were in Grade 6 (previously in Grade 5). As was the case
in Experiment 1, data from Grade 6 students were not analyzed
because of the small sample size.
Students were recruited by sending home parental permission
slips to those students who had previously participated in Experiment 1. Those who returned permission slips were tested in late
May 1990, almost exactly 1 year after they were initially tested.

Materials and Procedure
The materials and the data collection procedures were identical
to those used in Experiment 1.

Results
Cross-Sectional Comparisons
The major analyses paralleled those of Experiment 1. In
these analyses, sentence comprehension performance (as
measured by the semantic analysis task) served as the dependent variable, and the letter match task, word-naming
task, concept activation task, grade (represented by two
dummy codes), and their products served as independent
variables. The analyses were conducted separately, with accuracy scores and response time scores as dependent variables. The data from one third-grade subject who did not
complete the tasks were dropped from all of the analyses.
Therefore, analyses of accuracy data were conducted with
data from 50 subjects (18 third graders, 13 fourth graders, and
19 fifth graders). The means and standard deviations for the
cross-sectional analyses are reported in Table 3.
As in Experiment 1, analysis of accuracy scores indicated
that concept activation was the only significant source of
variance in sentence comprehension accuracy, r = .57, F(l,
38) = 18.7, p < .01. No other predictors were significant,
rs < .23, ps > .14.
The word-naming response time data for 1 Grade 3 student
were inadvertently lost as the result of an equipment failure;
therefore, none of the response time data for this subject was
analyzed. Thus, the response time analyses were performed
with data from 17 third graders, 13 fourth graders, and 19
fifth graders for a total of 49, rather than 50, subjects. As was
the case with the analysis of the accuracy data, performance
on the concept activation task proved to be the only significant source of variance in the response time analysis, r =
.51, F(l, 37) = 13.23, p < .01. The remaining effects were
not significant, rs < .19, ps > .25.

Experiment 2
The purpose of this follow-up experiment was to provide
a second cross-sectional examination of component skill development and to examine longitudinally the development of
component skills over the course of a year.

Longitudinal Comparisons of Component Skill
Development
Changes during the year between the two measurement
periods were initially evaluated in an analysis in which per-
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Table 3

Accuracy and Response Time Means and Standard Deviations as a Function of Task
and Grade for Students Who Participated in the Follow-Up Experiment
(Experiment 2)
Grade 3
(n = 18)
Task/Variable

a

Posner letter-match task
Accuracy
Response time (ms)
Word naming
Accuracy
Response time (ms)
Concept activation
Accuracy
Response time (ms)
Semantic analysis
Accuracy
Response time (ms)
The number of Grade 2 subjects

Grade 4
(n = 13)

Grade 5
(« = 19)

M

SD

M

SD

M

SD

.95
1,068

.04
192

.97
957

.03
154

.95
869

.05
166

.92
1,096

.09
838

.98
632

.02
88

.98
622

.02
130

.94
2,241

.05
718

.96
1,610

.05
468

.94
1,478

.09
415

.92
.08
.98
.06
.96
5,080
1,693
3,323
785
2,883
contributing to the response time data is 17.

.06
735

formance on the letter match, word-naming, concept activation, and semantic analysis tasks on both measurement
occasions served as repeated measures dependent variables,
and grade was the independent variable. Only subjects with
a complete set of accuracy scores for both experiments were
included in the analysis. Therefore, the number of subjects
actually contributing to the analysis was as follows: 17 in
Grade 3, 10 in Grade 4, and 19 in Grade 5, for a total of 46.

The means and standard deviations for the longitudinal analyses are reported in Table 4.
Analysis of the accuracy data indicated that grade, F(2,
43) = 3.58, p < .05, MSe = .0212, was a significant main
effect with the mean accuracy scores for the three grades
equalling .91, .96, and .94, respectively for students who
were in Grades 2,3, and 4 on the first measurement occasion.
Post hoc analyses, controlled at the .05 level with the Bon-

Table 4
Accuracy and Response Time Means and Standard Deviations as a Function of Task
and Grade for Students Who Participated in Both Experiment 1 and the Follow-Up
Experiment (Experiment 2)
Grade 2
a
= 17)

(i

Task/Variable

M

SD

Grade 3
(» = 10)
M
SD

Grade 4
(« = 19)
M

Posner letter-match task
Accuracy, Time 1
.93
.07
.94
.04
.93
Accuracy, Time 2
.95
.04
.97
.03
.95
Response time (ms), Time 1
1,106
169
1,049
224
867
Response time (ms), Time 2
1,052
185
909
108
869
Word naming
Accuracy, Time 1
.85
.16
.99
.02
.99
Accuracy, Time 2
.93
.07
.98
.02
.98
Response time (ms), Time 1
1,005
428
649
117
618
Response time (ms), Time 2
912
367
615
93
622
Concept activation
Accuracy, Time 1
.88
.14
.94
.06
.89
Accuracy, Time 2
.94
.05
.96
.06
.94
Response time (ms), Time 1
2,537
1,026
1,762
408
1,578
Response time (ms), Time 2
2,153
640
1,472
278
1,478
Semantic analysis
Accuracy, Time 1
.89
.16
.97
.05
.92
Accuracy, Time 2
.93
.08
.98
.06
.96
Response time (ms), Time 1
6,304
2,421
4,008
998
3,437
Response time (ms), Time 2
4,850
1,448
3,169
695
2,883
Note. At Time 2, subjects were in Grades 3, 4, and 5.
a
The number of Grade 2 subjects contributing to the response time data is 16.

SD
.04
.05
162
166
.02
.02
102
130
.08
.09
570
415
.09
.06
867
735
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ferroni adjustment, revealed that only Grade 2 was significantly different from Grade 3. This indicates that the general
trend was an improvement in accuracy from Grades 2 to 3.
Thereafter, accuracy performance of students in Grades 3 and
4 was most likely exhibiting a ceiling effect.
There was also a significant main effect for time, F(l,
43) = 10.43, p < .01, MSe = .0074, indicating that accuracy
performance was better at Time 2 (.95) than it was at Time
1 (.92).
The analysis of the accuracy data also showed two significant interactions. The first was between grade and task,
F(6, 129) = 4.02, p < .01, MSC = .0049. Bonferroni post
hoc comparisons controlled at the .05 level revealed that the
only significant difference was that the youngest students
were less accurate on the word-naming task than were students in the other grades (.89 vs. .98, and .89 vs. .98 respectively), whereas their performance on the other component tasks was not significantly different from that of
students in the other grades (mean accuracy scores were .94,
.95, and .94 for letter match; .91, .95, and .92 for concept
activation; and .91, .97, and .94 for semantic analysis).
The second interaction was between grade, task, and time,
F(6, 129) = 2.46, p< .05, M5 e = .0021. The nature of this
interaction was explicated in a series of repeated measures
analyses of variance (ANOVAs) performed separately by
grade and task in which Time 1 and Time 2 task performance
served as dependent variables. There was a significant Time
1 to Time 2 longitudinal comparison when the familywise
error rate was controlled at the .05 level using the Bonferroni
adjustment. That is, there was a significant improvement for
students from Grade 2 to Grade 3 in word-naming accuracy,
F(l, 18) = 20.85.
The analysis of response time data was based on subjects
with a complete set of response time scores for both experiments. Thus, the analysis of response times was based on
data from 45 subjects: 16 third graders, 10 fourth graders, and
19 fifth graders. The response time analysis showed three
main effects. The first was for grade, F(2, 42) = 19.52, p <
.01, MSe = 1,710,083, with the mean response time for the
three grades equalling 2,490, 1,704, and 1,544 ms respectively for students in Grades 2, 3, and 4 on the first measurement occasion. Post hoc analyses controlled at the .05
level with the Bonferroni procedure revealed that Grade 2
performance (2,490 ms) was significantly different from performance of students in both higher grades (1,704 and 1,544
ms, for Grades 3 and 4, respectively).
The second main effect was for task, F(3, 126) = 355.24,
p < .01, MSe = 556,565, with mean response time performance on the letter match, word-naming, concept activation,
and semantic analysis tasks equalling 968, 743, 1,839, and
4,115 ms, respectively. The third main effect was for time,
F(l, 42) = 16.59, p < .01, MSC = 542,710. As might be
expected, the effect was attributable to the finding that the
subjects were generally faster at Time 2 (1,752 ms) than at
Time 1 (2,075 ms).
There were also two significant interactions in the analysis
of response times. The first occurred between grade and task,
F(6, 126) = 17.30, p < .01, MSe = 556,565. Post hoc comparisons, controlled at the .05 level with the Bonferroni pro-

cedure, revealed that there were no significant differences
between the students who were in Grades 2 and 3 at the time
of Experiment 1 on the letter match task or the word-naming
task. However, the differences between Grades 2 and 3 on the
concept activation task (2,345 ms vs. 1,617 ms) and the semantic analysis task (5,577 ms vs. 3,588 ms) were significant. Grade 2 was significantly slower than Grade 4 on all
four tasks (for letter match, 1,079 ms vs. 868 ms; for word
naming, 959 ms vs. 620 ms; for concept activation, 2,345 ms
vs. 1,528 ms; and for semantic analysis, 5,577 ms vs. 3,160
ms). Finally, no significant differences were found in comparisons of Grade 3 performance with Grade 4 performance
on each task.
The second significant interaction occurred between task
and time, F(3, 126) = 14.72, p < .01, MSe = 256,888. Post
hoc comparisons, controlled at the .05 level with the Bonferroni procedure, revealed that there were no significant
differences between Time 1 and Time 2 performance on the
letter match, word-naming, or concept activation task. However, the difference between Time 1 and Time 2 performance
on the semantic analysis task (4,583 ms vs. 3,646 ms) was
significant.

Discussion
The analyses of the cross-sectional accuracy and response
time data in the follow-up experiment indicated that conceptactivation performance was the only significant source of
variance in both analyses. This pattern is different from the
pattern found in Experiment 1 in which both concept activation response time and word-naming response time were
significantly related to sentence comprehension response
time. In this discussion we focus on possible reasons for
differences in the analyses. We discuss the implications of
the commonalities in the analyses in the General Discussion section.
It is very likely that the loss of statistical power associated
with the drop in sample size from Experiment 1 to Experiment 2 contributed to the failure to replicate the finding that
word-naming response time was a unique predictor of sentence comprehension response time. Evidence supporting
this possibility can be found in comparisons of the correlations between word-naming response time and sentence
comprehension response time in Experiment 1 (r = .58, p <
.01) and in Experiment 2 (r = .73, p < .01). As can be seen,
the zero-order relationship was actually higher in Experiment
2 than it was in Experiment 1.
Another difference between Experiment 1 and Experiment
2 was that in Experiment 1 there was a significant WordNaming Time X Grade interaction. The nature of this interaction was that word-naming time was much more
strongly related to sentence comprehension time in Grades
3 and 4 than it was in Grade 2. This interaction did not occur
in the cross-sectional analysis of response times in Experiment 2. It is possible that the failure to replicate the interaction was again associated with a loss of power in the analysis associated with a drop in total sample size. However, we
suggest another possibility. As noted above, in Experiment
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1 word-naming time was an important determinant of sentence comprehension time for Grade 3 and Grade 4 students
but not for Grade 2 students. In the follow-up experiment
there were no Grade 2 students, only students from Grades
3, 4, and 5. This suggests that word-naming response time
had been relatively unimportant 1 year previously for the
students who were second graders, but as third graders they
had advanced to a point in their reading skill development at
which word-naming time was an important predictor of sentence comprehension, which thereby removed the source of
the interaction.
This possibility was explored in a series of regression analyses conducted separately by grade, in which Experiment 2
word-naming response times were used to predict sentence
comprehension response times. The results of these analyses
showed that word-naming response times accounted for 54%
of the variance in sentence comprehension response times at
Grade 3, F(l, 16) = 18.59,/) < .01; 41% of the variance at
Grade 4, F(l, 11) = 7.87, p < .05; and 28% of the variance
at Grade 5, F{\, 17) = 6.67,p < .05. The reader should note
that this pattern is consistent with the finding from Experiment 1 that word-naming time made a considerable contribution to sentence comprehension time for the older students.
There is an alternative explanation for the pattern of wordnaming response time results to the developmental explanation offered above. The alternative explanation would suggest that the results of Experiment 1 differ from those in
Experiment 2 because of peculiarities in subject sampling in
the two experiments. More specifically, only 50 of the original 112 subjects who participated in Experiment 1 participated in the follow-up experiment. Perhaps it was the case
that the subjects who participated in both experiments were
not representative of the larger group of subjects participating only in Experiment 1. This possibility was evaluated by
conducting an analysis of Time 1 response times with only
those subjects who contributed data in both Experiment 1 and
Experiment 2 (« = 45). The results of this analysis closely
mirrored the results of the analysis for all of the subjects.
Specifically, there was a Word Naming X Grade interaction,
R = .29, F(2, 33) = 3.13, p = .057, MSe = 646,546, which
was marginally significant; furthermore, it was the case that
word naming was not a predictor of sentence comprehension
for students who were in Grade 2 on the first measurement
occasion, accounting for less than 1% of the variance, F(l,
14) = < 1, but was a significant predictor of sentence comprehension time for Grade 3 students, r = .76, F(l, 8) =
11.62, p < .01, and for Grade 4 students, r = .71, F(l,
17) = 17.67, p < .001. These results are inconsistent with
the interpretation suggesting that the pattern of word-naming
response times in Experiments 1 and 2 were attributable to
peculiarities in subject sampling.
The longitudinal analyses indicated that students made significant gains in accuracy performance from Grades 2 to 3,
specifically on the word-naming task. Accuracy performance
appears to have stabilized for the older students. The response time analyses showed that students made significant
gains from Grade 2 to Grade 3 on the concept activation and
semantic-analysis tasks. The implications of these findings
are reviewed in the General Discussion.
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General Discussion
The purpose of the experiments reported here was to examine the development of component processing skills with
a particular focus on the extent to which Perfetti's (1989,
1991, 1992) theory of reading development describes the
relationships found in the experiments.
The analyses of the data from Experiments 1 and 2 indicate
that the ability to recognize letters as indexed by the letterprocessing task had no influence on sentence comprehension
performance, in that it was not a predictor of sentence
comprehension performance in either experiment and that
letter-processing performance did not improve from Time
1 to Time 2. These results are consistent with the interpretation that for these children, letter-processing skill had already reached a level of proficiency that equalized its effect in terms of contribution to sentence comprehension
performance.
One task that showed a consistent positive relationship
with sentence comprehension performance was the concept
activation task. The relationship was observed in both the
accuracy and the response time analyses in Experiments 1
and 2. One interesting aspect of the findings is that conceptactivation performance did not contribute to any significant
interactions with grade in either experiment. This suggests
that concept activation ability made a steady contribution to
sentence comprehension performance that was not mediated
by changes in other reading skills. This type of a consistent
contribution over time would be characteristic of an individual difference parameter that is typically not influenced
by educational intervention.
There are a number of individual difference characteristics
that make a steady contribution to reading performance and
that are not susceptible to educational intervention; consider
working memory capacity, for example. Given that the concept labels and the exemplars used in the concept activation
task were relatively simple and should have been familiar to
almost all of the students in our experiments, it is possible
that the task was assessing an attribute such as speed of access to long-term memory. If true, this ability could make a
steady contribution to reading performance that was not mediated by educational efforts to improve reading skill.
One ability that may be mediated by both development and
reading instruction is word identification skill. The results of
the two experiments together provide evidence that the contribution of word-naming performance to sentence comprehension performance changed as a function of the developmental level of the students. Experiment 1 indicated that
word-naming performance was significantly related to sentence comprehension performance and that this contribution
was relatively unimportant in Grade 2, as compared with its
greater contribution for students in Grades 3 and 4. The results of the follow-up experiment, though somewhat different, are consistent with the pattern found in Experiment 1.
Specifically, the regression analyses indicated that in Experiment 2 there was a relationship between word-naming
response time and sentence comprehension response time for
students in Grades 3, 4, and 5, and that this relationship

518

GALE M. SINATRA AND JAMES M. ROYER

appears to have stabilized by Grade 3, as indicated by the lack
of an interaction between word-naming time and grade.
Although the effect of word processing appears to stabilize
developmentally after Grade 2, word processing apparently
has a different developmental effect on sentence comprehension performance than does letter identification. Whereas
letter identification performance contributes no variance to
sentence comprehension performance, word processing still
plays a significant role in sentence comprehension, as evidenced in the regression analyses of Experiments 1 and 2.
Unlike letter processing, which had stabilized developmentally and played no role in predicting sentence comprehension performance, word-processing skills apparently stabilized developmentally in their effect by Grade 3 but were still
contributing significantly to sentence comprehension performance. Recall mat the word-naming task included words that
varied in difficulty. Whereas all students in the experiment had apparently mastered letter identification, wordprocessing skills are most likely more variable and may continue to contribute to sentence processing even for adults.
The pattern of results across the two experiments is consistent with predictions based on Perfetti's (1989, 1991,
1992) view of reading development. The theory suggests that
early in development, word identification processes are relatively slow and involve a good deal of conscious reliance
on contextual information. This point in development is
likely to be characterized by considerable individual variation in word identification skill. The variation in word identification ability and the reliance on contextual information
would account for the finding from Experiment 1 that
showed little contribution of word-naming skill to sentence
comprehension for second graders.
As readers develop proficiency through practice in reading, word processing becomes increasingly modularized for
frequently encountered words. Eventually, reading of familiar words reaches a point at which word processing tends to
be uninfluenced by higher level processes; that is, processing
becomes encapsulated and automatic. At this stage of development, context plays a smaller role in the sentence comprehension task, and the contribution of word identification
begins to stabilize, as evidenced by the pattern of findings in
the follow-up experiment. Word-naming response time still
accounted for a good deal of variance in sentence comprehension performance for third, fourth, and fifth graders.
These students may have reached the stage at which, according to Perfetti, word-naming skills have become automatic and stabilized to the point where they are making a
consistent contribution to sentence comprehension. Once
students are identifying words automatically, they no longer
have to rely on context. At the next stage in development,
higher level text-modeling activities begin to account for the
bulk of the variation in reading performance.
A metaphor that may capture the progress of developing
component processes is provided by the cascade model proposed by McClelland (1979). A cascade model suggests that
component processes that seem to depend on the completed
output of another process may begin analyzing a stimulus
before completion of the first process by using partial information. That component may then continue to receive

more information from the previous process as it becomes
available.
Component processes may develop in an analogous manner. In the developing reader, lower level processes may contribute only a "trickle" of information to the higher level
processes. This amount of information would still be enough
to contribute to processing at the next level, but the processing would not be efficient. Higher level processes (such
as relying on context to identify words) would contribute
greatly to lower level processes. As the lower level processes
develop, they automatically and quickly contribute input to
the higher level processes. Thus, they no longer act as a
bottleneck in the system. Now higher level processes, rather
than lower level processes such as word identification, contribute the bulk of variation in comprehension processes.
The pattern of results observed in this study are consistent
with a model such as Perfetti's, which suggests that skills
develop and operate interactively. Higher level skills may be
developing along with lower level skills, but lower level
skills must reach a threshold level of performance before
efficient processing at the higher levels can occur.
Taking the cascade model analogy further suggests that
there is a need to reach a certain level of proficiency to enable proficient processing at the next level, but increases in
proficiency beyond this point in the lower components
may continue to contribute to the efficiency of the higher
level components.
To summarize the findings in terms of the developmental
model suggested, the letter identification skills of students in
the present experiments stabilized and were not predictive of
their sentence comprehension performance. In contrast,
Grade 2 students had not yet developed their word identification skills to the point at which they were stabilized, and
these students may have been relying on context in the sentence comprehension task. Thus, their word identification
skills were not highly predictive of their sentence comprehension performance. In contrast, the word identification
skills of students in Grades 3, 4, and 5 had stabilized developmentally and were contributing to their sentence comprehension performance. One interesting question for future
research is the possibility that the older students in our experiments had begun to reach the developmental stage at
which higher order text-modeling processes were contributing more to sentence comprehension performance than
were word-processing skills.
Educational Implications of the Present Experiments
The results of these experiments indicate that children
need to develop a certain level of proficiency at lower level
skills for those skills to enable higher level skills. However,
the interactive nature of component skill development that
we propose suggests that word identification skill development should be a focus of instruction within the context of
reading a great deal of connected, meaningful text. Because
skills develop interactively, instruction in word identification
and comprehension should proceed simultaneously. Alternatively, instructional programs that do not focus on the development of automaticity of lower level skills for students
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in the youngest grades seem to be inconsistent with findings
of the way in which children's component skills develop.
Our data also suggest that assessment of component process skills could possibly contribute to reading diagnostics.
For example, if the patterns of performance seen in the subjects of these experiments are indicative of performance at
these grade levels, a profile of a student could indicate the
stage of development of that child's skills. Furthermore, assessing multiple components increases the likelihood that a
problem could be pinpointed to a weakness in a particular
process. Interventions designed to improve processing in that
component could then be implemented.
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