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REMEDIATING READING COMPREHENSION
DIFFICULTIES: A COGNITIVE PROCESSING APPROACH

SHAMITA MAHAPATRA
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J. P. DAS, HOLLY STACK-CUTLER, and RAUNO PARRILA
Department of Educational Psychology, University of Alberta,
Edmonton, Alberta, Canada

The efficacy of a cognitive-based remediation program was investigated with 14
English-as-a-second-language (ESL) poor readers in Grade 4 who had signifi-
cant difficulty in comprehension and 14 normal ESL readers in Grade 4 who re-
cetved no remediation. Both groups were selected from 2 English-medium schools
in India. We examined pretest-to-posttest changes in word reading, compre-
hension, and planning—attention—simultaneous—successive cognitive processes.
Analyses of variance (ANOVAs) showed marked improvement in comprehension
and some improvement in simultaneous processing for the treated group. The re-
sults indicate that the cognitive-based remediation program has potential for sub-
stantially improving comprehension and its underlying cognitive process among
ESL children.

Although the ability to read words in isolation is necessary for
reading, readers’ ultimate goal is to comprehend what they read.
While learning to read and comprehend, the reader has to si-
multaneously organize several ideas into a coherent mental model,
whereas decoding words and following the syntax of a sentence re-
quire processing letters and words successively; that is, in sequence.
In fact, within a framework of simultaneous processing—successive
processing, a weakness in simultaneous processing is observed
among children with comprehension difficulties, whereas word
decoding difficulties are associated with a successive processing
weakness in beginning readers (Das, Naglieri, & Kirby, 1994; Das,
Parrila, & Papadopoulos, 2000).

Proficiency in reading demands mastery over two different
components: (a) word reading and (b) reading comprehension.
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Although these are highly related, subskills within each compo-
nent and disorders related to reading weaknesses differentiate the
two components (Oakhill, Cain, & Bryant, 2003). Many poor read-
ers have difficulty in both, although some have more pronounced
problems with either word reading (decoding) or comprehen-
sion.

The present research is concerned with children who ex-
perience difficulties in comprehension while their word reading
performance remains close to the norm for their grade. This
group of readers, often referred to as poor comprehenders, experi-
ence specific comprehension difficulties (e.g., Nation & Snowling,
1998; Oakhill, 1982; Oakhill & Yuill, 1996). When compared to
readers with good comprehension, poor comprehenders have
been found to perform less well on tasks involving lower levels of
processing, such as reading words that require semantic support
(Nation & Snowling, 1998) and providing word definitions (Na-
tion, Clarke, & Snowling, 2002). These readers also experience
difficulties on higher level tasks including activating relevant
background information, generating inferences while reading,
being less aware of when they do not understand what they read,
and combining information in working memory to form mental
representations of text (Yuill & Oakhill, 1991; see Nation, 2005,
and Perfetti, Landi, & Oakhill, 2005, for recent reviews). It is,
then, logical to incorporate the development of the above com-
ponents in a remediation program to improve comprehension.
Within the Planning-Attention-Simultaneous—Successive (PASS)
framework, the PASS Reading Enhancement Program (PREP)
attempts to facilitate such development (Das et al., 1994; see
below for details).

Cognitive Strategies and Reading Improvement

In recent years, cognitive strategy instruction has proven to
be valuable in improving children’s reading performance (see
National Reading Panel, 2000; Rosenshine & Meister, 1997).
Cognitive-based training programs relevant to reading compre-
hension have been developed through which children learn to
interpret, remember, manipulate, and make use of information
(Das et al., 1994, 2000; Gaddes & Edgell, 1994; Papadopoulos,
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Das, Parrila, & Kirby, 2003; Swanson, Hoskyn, & Lee, 1999). The
argument is that unless cognitive processes underlying reading
are included in the remediation, remediation will not be success-
ful in promoting transfer to broader aspects of reading (Das et al.,
1994; Kirby & Williams, 1991).

PREP is one example of a cognitive-based remediation pro-
gram that has been used successfully in both research and educa-
tional settings. It was developed as an inductive learning remedial
program based on the PASS theory of cognitive functioning (Das
et al., 1994).

PASS proposes that cognition is organized in three systems.
The first is the Planning system, which involves the executive con-
trol system responsible for controlling and organizing behavior,
selecting or constructing strategies, and monitoring performance.
The second is the Attention system, which is responsible for main-
taining arousal levels and alertness and ensuring focus on appro-
priate stimuli. The third system is the Information Processing sys-
tem, which employs simultaneous and successive processing to
encode, transform, and retain information. In simultaneous pro-
cessing, the relationship between items and their integration into
interrelated larger units of information is the focus, while in suc-
cessive processing information is coded so that the only links be-
tween the items are sequential in nature (see Das et al., 1994, for
a detailed description).

The four processes can be assessed in a test battery, the
Das-Naglieri Cognitive Assessment System (CAS; Naglieri & Das,
1997b). These tests have been used for understanding, assess-
ment, and intervention in regard to educational problems (read-
ing disability, autism, and attention-deficit), cognitive changes in
aging, and decision making in management (Das, Kar, & Parrila,
1996). Construct validity of the CAS has been indicated by signif-
icant correlations between academic achievement variables and
the Full Scale scores of the CAS Basic and Standard batteries,
with correlations ranging from .66 to .73 (Joseph, McCachran, &
Naglieri, 2003; Naglieri & Das, 1997a; Naglieri & Rojahn, 2004).
The CAS has been found to have high predictive validity when
predicting achievement (Naglieri & Das, 1997b) and discrimi-
nant validity when classifying students with and without LD (John-
son, Bardos, & Tayebi, 2003). The CAS subtests of the Basic
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Battery have been reported to have high reliability: Full Scale, .87;
Planning, .85; Simultaneous, .90; Attention, .84; and Successive,
.90 (Naglieri, 2005).

The goal of PREP is to improve information processing strate-
gies, especially simultaneous and successive processing, which are
believed to underlie some aspects of reading (e.g., Das, Georgiou,
& Janzen, 2008; Joseph et al., 2003; Naglieri & Reardon, 1993;
Naglieri & Rojahn, 2004). PREP remediation is structured in such
a way as to promote inductive inferencing and internalization
of principles and strategies rather than deductive rule learning
(Campione & Brown, 1987; Das, Mishra, & Pool, 1995). Such a
procedure encourages “ownership” of the strategies that the indi-
vidual can apply, thereby ensuring transfer to broader aspects of
reading. In contrast to direct instruction programs, such as Read-
ing Mastery (Engelmann & Bruner, 1995), PHAST (Lovett et al.,
2000), or RAVE-O (Wolf, Miller, & Donnelly, 2000), PREP avoids
explicit teaching of specific reading skills.

PREP consists of eight tasks that vary considerably, both in
content and in what they require from the child. All tasks involve
a global training component and an additional curriculum-related
bridging component. The global component consists of structured
nonreading tasks that require the application of simultaneous or
successive strategies. These tasks also provide children with the
opportunity to internalize strategies in their own way, thus facil-
itating transfer. The bridging component involves the same cog-
nitive demands as its global component and provides training in
simultaneous and successive processing strategies that are linked
to reading and spelling (Das et al., 1994).

The cumulative evidence collected over several years of re-
search using PREP has produced positive results with respect to
word identification, pseudoword decoding, and reading compre-
hension tasks in English (see Brailsford, Snart, & Das, 1984; Das,
Mishra, & Kirby, 1994; Janzen, 2000; Papadopoulos et al., 2003),
in Greek (Papadopoulos, Charalambous, Kanari, & Loizou, 2004),
and in Spanish (Molina, Garrido, & Das, 1997).

Though the present study is the first to use fully devel-
oped PREP aimed at improving comprehension, Brailsford et al.
(1984) used different PREP-like tasks and reported improve-
ments in comprehension. The participants were English-speaking
Canadian school children with learning disabilities. Their study
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clearly showed that the reading comprehension of a sample of
learning-disabled children whose comprehension score was below
the 35th percentile could be significantly improved on postinter-
vention testing: Children’s scores increased by 1.25 grades follow-
ing only 15 hours of remedial training. A control group, by com-
parison, showed insignificant changes.

English as a Second Language

Learning to read in English can be a challenge because unlike
the writing system of many other Indo-European languages, like
Oriya and Hindi, the sounds associated with particular letters in
English are not entirely predictable. Students who are learning
English as a second language (ESL) usually do so in an envi-
ronment where other individuals predominantly speak English.
What is unique to the current study is that students are learning
English as a foreign language in an environment with predomi-
nantly non-English-speaking individuals. The Indian students in
the present research speak their mother tongue fluently. Their
exposure to English reading and writing began by kindergarten.
Most of them also were introduced to reading and writing in Oriya
during Grade 2 or 3 and possibly Hindi at the same time as well.

What influence such a multilingual literacy and language en-
vironment might have on English reading and comprehension
was examined by Mishra and Stainthorp (2007) in a longitudi-
nal study beginning at kindergarten. In fact, the objective of that
project was to determine cross-linguistic development in regard
to reading. As the authors observed, learning to read English
consistently requires more fine-grained phonological analysis at
the level of phonemes than does learning to read Oriya. On
the other hand, learning to speak, read, and write Oriya equips
children with the skills to analyze words at the level of syllables
and whole words. Other research also has suggested that cross-
language transfer exists for ESL readers (e.g., Lesaux, Lipka, &
Siegel, 2006).

Similarities in the cognitive processes relevant to reading
comprehension have been found for monolingual and ESL read-
ers. Specifically, phonological processing, verbal working memory,
and syntactic awareness can explain reading comprehension per-
formance for native English speakers and ESL speakers (Low &
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Siegel, 2005). Vocabulary knowledge may play a key role in read-
ing comprehension performance for ESL readers as well. Specifi-
cally, weaker vocabulary knowledge of children learning a second
language is likely to have an impact on their reading comprehen-
sion abilities (Hutchinson, Whiteley, Smith, & Connors, 2003; Sen
& Blatchford, 2001). In addition, similar metacognitive strategies,
such as planning and comprehension monitoring, and cognitive
strategies, such as making inferences (Chamot & O’Malley, 1996;
Jiménez, Garcia, & Pearson, 1996), are thought to be used by both
monolingual and ESL readers during reading comprehension.

However, some children in English-medium schools—where
curriculum is taught in English within non-English-speaking
countries—do not succeed in learning to read adequately. That
is, even if they read words they may experience difficulties in com-
prehending what they read (e.g., Sen & Blatchford, 2001). Patra
(2001) studied English-medium school children with similar char-
acteristics to those in the present study: Orissa children in Grade 6
were low in comprehension but performed at a normal level when
reading words in English. One possibility is that these individuals
fail to activate and integrate the relevant information while read-
ing English, either because they still focus more on the decod-
ing level or because they have not successfully transferred these
skills from first language listening comprehension to second lan-
guage reading comprehension. If this is the case, the result would
be a poorer mental model of the text. We anticipate that as the
cognitive-based remediation program improves information pro-
cessing strategies, especially simultaneous processing, as applied
to curriculum through PREP’s bridging program, it will have a fa-
vorable outcome in regard to reading comprehension as obtained
in previous studies.

Objectives

The primary objective of this study was to examine the efficacy of
a cognitive-based remediation program for improving the English
reading comprehension of children who have little or no difficulty
in word reading and whose primary language is not English. Their
medium of instruction in school was English (see Participants).
These children were selected to examine whether comprehen-
sion could be improved following PREP treatment. Because PREP
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also improves word reading among poor readers, whether it will
further improve it in the present sample was an open question. Al-
though the relationship between PASS and reading has been con-
firmed in investigations in Orissa, India, and similar patterns of re-
lationships have been indicated elsewhere in an English-speaking
population (Mahapatra, 1990; Mahapatra & Dash, 1999), PREP’s
efficacy for improving English reading and comprehension has
not been studied among children whose first language is not
English. In clinical case studies (Mohanty, 2007), however, both
word reading and comprehension showed marked improvement.

The second objective was to examine whether this cognitive-
based remediation program would improve the underlying PASS
cognitive processes, especially simultaneous processing that is
closely linked to comprehension. If it did, that would suggest the
transfer of learning (Das et al., 1994) and a domain-general effect
of PREP training.

Method
Participants

This study involved a sample of 28 children, 14 poor readers (7
boys) and 14 normal readers (3 boys), who attended fourth grade
in two English-medium schools in Orissa, India. Children who
show the characteristics of being average in word reading but
experience problems with reading comprehension are relatively
few (e.g., Stothard & Hulme, 1996; Yuill & Oakhill, 1991). Thus,
we were not able to secure enough participants for a treatment
and control group with these similar characteristics. Instead, we
chose to compare the target group’s performance with readers
considered “normal” on both word reading and comprehension.
All children in the sample ranged from 8 to 10 years of age (M =
9.4 years) and were from middle and upper class socioeconomic
backgrounds.

The children were first selected by their teachers as being
normal or poor readers based on their overall performance in
the school examinations; there were 42 children in this group. In
the case of poor readers, with the permission of their teachers, the
researchers spoke to parents to discuss perceptions and observa-
tions of their children. Most of the parents reported that they felt
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their children lacked interest in their studies and hoped that there
was something that could bring about a change in their children’s
school performance. Each potential participant was then adminis-
tered the basic battery of CAS (Naglieri & Das, 1997b). Only those
children with CAS Full Scale scores within the range of 90-109
(average) were further examined for their reading proficiency
in terms of word reading and reading comprehension. The final
grouping into normal and poor readers was based on these two
reading tests. The normal readers were average in both word read-
ing (standard scores ranged from 94 to 128) and reading compre-
hension (99 to 110). The poor readers were significantly weaker
in comprehension (standard scores ranged from 62 to 91) but not
in word reading (standard score range 79 to 122; for details, see
Table 1). Four poor readers, however, had word reading standard
scores that could be considered low average (between 79 and 83).

Measures

WORD READING AND COMPREHENSION

The tests used to assess children’s reading skills were the
Word Identification subtest and the Passage Comprehension sub-
test from the Woodcock Reading Mastery Tests—Revised (WRMT-
R; Woodcock, 1987). The Word Identification subtest measures
word reading skill and consists of 106 words, arranged according
to their difficulty level. The participant is required to correctly
identify isolated words that appear in a list of 8 words per page.
For an answer to be scored correct, the participant has to pro-
duce a natural reading of the word within 5 seconds. The task is
discontinued after six consecutive errors. This subtest was used
rather than the Word Attack subtest because the pronunciations
of pseudowords in the test manual are the English pronuncia-
tions used in North America, pronunciations most Indian stu-
dents would find difficult to replicate. The Passage Comprehen-
sion subtest measures reading comprehension skill and consists
of 68 items arranged in order of increasing difficulty. The task re-
quires the participant to read a short passage, usually two to three
lines long, and identify a keyword, represented by a blank line,
missing from the passage. The participant is required to read each
passage silently, understand the item, and provide a suitable word
for the blank space. The participant’s total score is the number of
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correctly filled blanks. The test is discontinued after six consecu-
tive errors.

COGNITIVE ASSESSMENT

Strength in PASS processes was assessed using the Basic
Battery of the Das-Naglieri Cognitive Assessment System (CAS;
Naglieri & Das, 1997b), designed for use with children and ado-
lescents ages 5 through 17 years. The total score is called the
Full Scale score. The four PASS scales and the Full Scale stan-
dard scores have a mean of 100 and a standard deviation of
15, based on a representational sample of the population in the
United States (Naglieri & Rojahn, 2004). The CAS consists of
eight subtests—two from each of the four PASS processes. The
tests vary in content: Some are verbal, some are not; some involve
memory, others do not. A brief description of each subtest used
within the present study is provided below. Further details of the
CAS are available in its manual (Naglieri & Das, 1997b).

Planning subtests require the participant to generate a plan
of action, appraise the value of the selected method, monitor its
effectiveness, and alter the plan as tasks demand change (Naglieri,
1999). The Matching Numbers subtest requires the participant to
find and underline two identical three-number sequences in a row
of six three-number sequences (249, 371, 539, 467, 539, 742). The
Planned Codes task requires the participant to assign a code (e.g.,
XO or OO) under a corresponding letter (A, B, C, or D). Each
letter is repeated five times, for a total of 20 items on a page. An
effective planning strategy, such as completing the page by letter,
results in a high score on this subtest, compared with someone
who does not develop and use a plan (Naglieri, 1999). For the
above-mentioned subtests, the raw score is based on the combina-
tion of time (total seconds) and number correct for each item.

Attention subtests on the CAS require the participant to fo-
cus his or her attention on an activity, resist distracting stimuli,
and maintain this concentrated attention throughout the task. To
illustrate the attention requirements for these subtests, the Ex-
pressive Attention task requires the participant to read words (i.e.,
Blue, Yellow, Green, and Red) on the first page, name colors of a
series of rectangles printed in the aforementioned colors on the
second page, and then name the color of the ink of the words
while ignoring the actual color names printed on the third page
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(e.g., the word blue may appear in green ink). It is this last part of
the task that is sensitive to attention because the participant must
ignore the word and focus on the color in which it is printed.
The raw score for this subtest is based on the combination of time
(total seconds) and number correct for each item. Number De-
tection consists of rows of numbers, both targets (numbers that
match the stimuli) and distracters (numbers that do not match
the stimuli). The participant is required to underline the num-
bers that match those at the top of the page. The raw score for
this subtest is based on a combination of time (total seconds) and
accuracy (number correct minus number of false detections).

Simultaneous processing subtests require the participant to
understand the relationship among words or ideas, understand
how things fit together, and view several things at one time
(Naglieri, 1999). For example, in the Verbal-Spatial Relations
task, the participant is presented with six drawings and a printed
question at the bottom of each page that may be read aloud by
the examiner (e.g., “Show me the picture that has a triangle to
the left of a circle”). The items require evaluation based on logi-
cal and grammatical relationships. Nonverbal Matrices is a 33-item
multiple choice task that presents geometric shapes interrelated
through spatial or logical organization. For each item the partici-
pant is to decipher the relationship among the parts of an abstract
pattern and then select the best choice from the six options pro-
vided to complete the matrix. The raw score for both of the above-
mentioned subtests is the sum of the number of items correct.

Successive processing subtests require the participant to per-
ceive and comprehend stimuli in a sequence (e.g., words, sounds,
ideas; Naglieri, 1999). For example, in the Sentence Repetition
task the participant is read 20 sentences aloud and is asked to
repeat each sentence exactly as presented (e.g., “The blue is yel-
lowing”). In the Word Series task, the participant is required to
repeat a series of single-syllable, high-imagery words (e.g., “book-
key-wall”) in the same order in which the examiner says them. The
raw score for both of the above-mentioned subtests is the sum of
the number of items correct.

Remediation Tasks

Following their selection, the poor readers were given
PREP. PREP tasks included four mainly successive processing
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enhancement tasks and four mainly simultaneous processing
enhancement tasks, which are described in detail below.

JOINING SHAPES

The global component of the task requires the participant to
join a series of geometric shapes following a series of verbal in-
structions and a set of rules provided by the facilitator. Difficulty
is increased by number of shapes and number of instructions in-
duced. The bridging component requires the participant to join
a series of letters following a set of rules to make words. Difficulty
is increased by increasing word length. This task facilitates the de-
velopment of successive processing. Working memory for rules is
demanded in this task.

CONNECTING LETTERS

The global component of this task involves lines of differing
colors connecting a letter on the left side of the page to a letter
on the right side. The participant is required to follow these lines
and find their corresponding letters; the difficulty level of the task
increases by changing the colored lines to black lines and then
including distracter lines among them. The bridging component
again requires the participant to follow lines, but this time there
are 2—4 lines interspersed on each line. The participant connects
the letters mentally and says/writes the word spelled by the letters.
In this task, word decoding is the salient reading skill enhanced
by successive processing.

WINDOW SEQUENCING

In the global component of this task, the participant pro-
duces a series of shapes (color is held constant), colors (shape
is held constant), or colored shapes (color and shape vary) pre-
sented by the facilitator. The difficulty level of the task increases
by increasing the number of items in the series. In the bridging
component, the participant reproduces a series of letters in the
same order presented by the facilitator and says/writes the word
produced by the letters. The difficulty level of the task increases
by increasing the phonetic complexity of the words used. The task
facilitates the development of successive processing. Short-term
memory is utilized for phonemic awareness.
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TRANSPORTATION MATRICES

In the global component, various transportation pictures are
presented along with some distracters (pictures) in a changed
sequence after the original presentation by the facilitator. The
participant is to find and rearrange the originally seen pictures.
Difficulty level of the task increases by increasing the number of
pictures in the series. The bridging component involves two tasks.
The first one requires the participant to reproduce a series of let-
ters in the correct order and state the word formed by the letters.
The difficulty level corresponds to the phonetic complexity of the
words. The second task requires the participant to memorize and
recall sets of words made up of semantically related word pairs.
Difficulty level increases by increasing the number of words in the
series. This task facilitates the development of both simultaneous
and successive processing.

The four PREP tasks that focus on simultaneous processing
and comprehension are described below.

TRACKING

There are two versions of the global component of this task.
In the first version, the participant is presented with a “village
map,” with “numbered houses” and “lettered trees” and tracking
cards that illustrate a path from a starting point to either a house
or a tree. The participant is to survey each card and map and lo-
cate the number of the house or the letter of the tree on the map.
In the second version, the participant is presented with a “letter
map” and tracking cards with squares identified by a letter of the
alphabet and is to locate the appropriate lettered square. The
house and tree identification are the tasks of difficulty level 1 and
level 2, respectively, whereas the level 3 task involves identification
of lettered squares. Both parts encourage the use of planning and
simultaneous processing. In the bridging component, the partic-
ipant is given a printed text consisting of two separate story seg-
ments. The task is to study the illustration, read the printed text,
and answer a number of questions related to each segment using
some of the cues in the illustration. This task facilitates the devel-
opment of simultaneous processing as well as its application in text
comprehension.
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SHAPE DESIGN

In the global component of this task, the participant is re-
quired to study a design presented for 10 seconds and reproduce
the design with the colored shapes provided. The shapes are pre-
sented in three colors (red, blue, and yellow) and two sizes (big
and small). The difficulty level increases with the complexity of
the design. In the bridging component, the participant reads a
phrase or story from a card that describes how animals are ar-
ranged in relationship to one another. The participant visualizes
the scene with the animals positioned appropriately and then ar-
ranges the animals to correspond with the scene as described in
the phrase or story. Three difficulty levels are presented, each cor-
responding to the number and complexity of relationships. This
task involves the use of simultaneous processing, and in its bridg-
ing part, verbal planning and comprehension.

SHAPES AND OBJECTS

In the global component of this task, the participant is given
a series of pictured objects and is required to match the general
shape of the items to one of three abstract geometric shapes. In
the bridging component, the participant is presented with sets of
sentences belonging to certain categories along with a distracter
in each set. The participant reads the sentences with or without
the support of the facilitator, groups them into categories based
on their semantic content, and identifies the distracter in each
set. Clearly, the task facilitates the development of simultaneous
processing and encourages forming verbal categories, abstraction,
and comprehension.

SENTENCE VERIFICATION

In the global component of this task, the participant is shown
a set of photographs that have similar themes. Each set is accom-
panied by a short printed passage that the participant reads with
or without the facilitator’s support and chooses the photograph
that best matches the passage; this has three levels of difficulty. In
the bridging component, the participant is shown a single photo-
graph and given 3—4 short passages to read after which he or she
chooses which passage best matches the photograph. The bridg-
ing task is completed in three sessions. This task demands fext pro-
cessing in both its global and bridging part.
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As was apparent from the details about simultaneous train-
ing, the tasks encourage reading words for meaning, inference
generation after reading a passage, increasing awareness when
children do not understand what they have read, and enhancing
working memory to form mental representations of text—these
are the skills mentioned earlier in the introduction and are de-
signed to enhance comprehension. Most of the strategies that
are associated with comprehension—which we list again as a
reminder—are found in these Simultaneous PREP tasks. These
strategies include readers activating relevant background infor-
mation, generating inferences while reading, being less aware of
when they do not understand what they read, and combining in-
formation in working memory to form mental representations of

text (Yuill & Oakhill, 1991).
Procedure

The participants were tested individually in their respective
schools by the first author (SM). In order to establish adequate
rapport with each participant, the work was carried out in a sep-
arate room in the schools and maximum care was taken to keep
external disturbances to a minimum during task administration.
All measures were administered in English.

Pretesting included the Word Identification subtest and Pas-
sage Comprehension subtest from WRMT-R and the basic battery
of Das-Naglieri CAS. These tests were administered across two ses-
sions that were one day apart in accordance to the rules in the
manuals. Each participant took approximately 1 hour 45 minutes
to complete the tests.

Following the pretesting, PREP remediation tasks were ad-
ministered to the children in the poor reader group following
the prescribed procedure given in the manual. Remediation was
given to the participants during school hours; however, the time
was chosen according to the convenience of the participants, as
well as their teachers, so they could attend their regular classes
along with the remediation program. Remediation continued for
15 sessions, spread over 2 months, with each session being 1 hour
in duration. The participants were highly motivated and showed
active involvement in the tasks throughout the remediation. As
observed by the examiner after each PREP session, it appeared to
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be an enjoyable experience for the participants. Normal readers
received regular classroom instruction during this time.

During the posttest sessions, poor and normal readers were
again administered individually the Word Identification subtest
and the Passage Comprehension subtest from the WRMT-R and
the basic battery of the Das-Naglieri CAS.

Results

The means and standard deviations of all measures are presented
in Table 1. The first part of the table presents participants’ word
reading and comprehension scores, and the second half of the
table presents the CAS scores. The difference between the mean
word reading score of the poor readers before and after PREP re-
mediation was equivalent to an increase of 3.5 grades. Similarly,
the difference between the mean reading comprehension score
of the poor readers before and after PREP training indicated an
increase of 3.2 grades. A comparison of the mean pretest and
posttest word reading scores obtained after 2 months of regular
classroom instruction suggested an increase of 0.6 grades for the
normal readers. More importantly for the present study, the dif-
ference between the mean pretest and posttest reading compre-
hension scores of normal readers indicated an expected rate of
growth of a 0.02 grade increase after 2 months during which they
received regular classroom instruction.

Mixed method analyses of variance (ANOVAs) with time
(pretest vs. posttest) as the within-factor and group (poor vs. nor-
mal readers) as the between-factor were calculated next, sepa-
rately for word reading and reading comprehension. The results
for word reading indicated a significant main effect for time, F°(1,
26) =80.48, p < .001, nf) = .76; a significant main effect for group,
F(1,26) =5.26, p = .03, nf) =.17; and a significant Group x Time
interaction, I (1, 26) =45.02, p < .001, nl% =.63. In regard to read-
ing comprehension, a significant main effect for time, F(1, 26) =
135.51, p < .001, 77]2) = .84; a significant main effect for group; £ (1,
26) = 25.57, p < .001, nf) = .50; as well as a significant Group X
Time interaction, F (1, 26) = 133.41, p < .001, n;z) = .84, were ob-
served. Post hoc analyses indicated that normal readers scored
significantly higher than poor readers on pretest word reading,
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F(1,27) =17.82, p < .001, and especially on pretest reading com-
prehension, I'(1, 27) = 63.88, p < .001, whereas no significant dif-
ferences were observed between normal and poor readers’ word
reading posttest performance, F(1, 27) = 0.27, p = .61, or read-
ing comprehension posttest performance, F(1, 27) = 0.39, p =
.b4. Thus, the interaction effect can be considered as evidence for
the efficacy of the cognitive-based remediation program.

Though many poor and normal readers had almost equal lev-
els of word reading proficiency, the differences in pretest scores
between the groups were still significant. We wanted to exam-
ine further whether the interaction effect observed for reading
comprehension would survive if pretest word reading scores were
equated. Mixed method analysis of covariance (ANCOVA), with
pretest and posttest reading comprehension scores and pretest
word reading score as a covariate, showed a significant Group x
Time interaction, F(1, 25) = 66.73, p < .001, nf) = .73. In addi-
tion, we equated a subsample of 8 children from each reading
group on pretest word reading scores and ran the mixed method
ANOVA with these smaller matched groups. Again, a significant
Group x Time interaction, F(1, 14) = 92.40, p < .001, 17;23 = .87,
was observed, replicating the results obtained from the larger sam-
ple. As before, this provided the critical evidence that we required
for the efficacy of the cognitive-based remediation treatment.

Performance on Measures of Cognitive Processes

The second section of the results involved the cognitive function-
ing of children in the two groups. Both poor and normal read-
ers were found to be “average” with respect to their overall in-
tellectual functioning (Full Scale score on CAS was within the
range of 90-109) but varied in respect to their strength in indi-
vidual cognitive processes. In order to understand the effect of
the cognitive-based remediation program on these processes, a
multivariate analysis of variance (MANOVA) with the difference
scores (posttest minus pretest) for the four individual processes
as the dependent variable and group as the between-subject fac-
tor was performed. This approach, instead of four separate mixed
method ANOVAs with time (pretest vs. posttest) as the within-
factor and group (poor vs. normal readers) as the between-factor,
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was chosen to provide a conservative control of the family-wise er-
ror rate. All four difference scores were normally distributed—all
skewness and kurtosis values divided by their errors were within
the —2 to +2 range.

The MANOVA results indicated that the difference scores
were significantly different from zero, Wilks” A = .318, F'(4, 23)
= 12.35, p < .001, but the differences between the groups were
not, Wilks’ A = .726, F(4, 23) = 12.35, p = .104. Subsequent
ANOVAs indicated that difference scores were significantly differ-
ent from zero for Planning, F(1, 26) = 5.66, p = .025, 77}2, = .18;
Attention, F(1, 26) = 13.74, p = .001, n;z) = .35; and Simultaneous
processing, F'(1, 26) = 21.97, p < .001, ng = .46, and approached
significance for Successive processing, F(1, 26) = 3.38, p = .077,
nf) = .12. The group difference, equivalent Group by Time inter-
action, was significant only for Simultaneous processing, F(1, 26)
=4.67, p = .04, nf) = .15 (all other p values > .10). The significant
group difference suggests that the cognitive-based remediation
program brought about improvement specifically in simultaneous
cognitive process in the poor readers. However, because the mul-
tivariate test was not significant, these results should be treated as
tentative.

Correlational Analysis

The pattern of relationships between the two reading skills and
the four cognitive processes were studied further by carrying out
correlational analysis. First, an examination of the correlations in-
dicated that not only was the relationship between word reading
and reading comprehension significant (r = .81, p < .001), but
both skills were significantly related to simultaneous processing
(r =.62 and r = .75, p < .001, respectively) as well as the overall
intellectual functioning (Full Scale) of the children (r = .44, p =
.02 and r = .48, p = .01) when performance of all 28 children
in the pretest condition was examined. No significant correlation
between the reading skills and successive processing was found;
reasons for this finding are suggested in the discussion. However,
a closer examination reveals that although the two reading skills
were significantly related to each other in the case of poor read-
ers in the pretest condition (r = .73, p = .003), they were not in
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the posttest condition (r = .41, p > .05). In the case of normal
readers, however, the correlations between word reading and
reading comprehension were not statistically significant at either
pretest (r = .18, p > .05) or posttest (r = —.51, p > .05) con-
ditions. We are aware that the sample size was small. Second,
an examination of correlations between the difference scores in-
dicated that comprehension and word identification difference
scores were significantly correlated (r = .84, p < .001) and both
correlated significantly with the Simultaneous processing differ-
ence score (r = .43, p = .021, for comprehension and r = .45,
p = .016, for word identification) but not with any other cognitive
process difference score (all p values > .10).

These results suggest that reading proficiency, as well as im-
provement in reading proficiency, is partly determined by one’s
proficiency in specific cognitive processes as reported in previous
studies (e.g., Das et al., 1994). However, when both word reading
and reading comprehension reach levels above the norm for the
appropriate grade, as in the normal reading group, the two skills
may become more independent of one another. Because this re-
sult is based on a small sample size it needs to be replicated.

Discussion

The current study selected children whose reading comprehen-
sion was poorer than their word reading and then tested the
efficacy of a cognitive-based remediation program in improving
their comprehension performance. The remediation program
was structured in such a way as to promote inductive inferenc-
ing and internalization of principles and strategies rather than
deductive rule learning (Campione & Brown, 1987; Das et al.,
1995). The participants read, spoke, and wrote in English because
the medium of school instruction was English. In previous stud-
ies in the literature, word reading deficit was typically marked by
performance below the 25th percentile, which was not the case
in the present sample; even poor comprehenders were close to
their grade norm in word reading. One reason for this may be the
stiff entrance criteria—that includes reading—to English-medium
schools. A second reason may be the selection criterion for the
samples in terms of their overall Full Scale score in CAS, com-
parable to a general IQ; we included only those students who
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scored near or above the mean for their age. We expected that the
cognitive-based remediation program used would improve com-
prehension scores; whether word identification scores would also
be enhanced was an open question.

As far as the present findings go, it seems as though the PREP
cognitive enhancement training turned on a switch and enabled
the children to substantially improve their comprehension. As the
results clearly show, there was improvement in both word read-
ing and comprehension skills. In both reading skills the posttest
score of the treated group exceeded the grade equivalent norm.
We believe that proficiency in reading comprehension developed
in children with the use of PREP because some of its tasks facili-
tated the development of specific cognitive processes underlying
comprehension. For example, in the global part of the Shapes and
Objects subtest, when the children were asked to put the picture
cards under the shapes they resemble most the children looked at
each picture and “abstracted” the shape the picture would fit best.
Some children also outlined the pictures with their fingers in or-
der to match them with their appropriate shapes. In the bridging
part of the task the children were given some sentence cards to
be sorted out in categories based on thematic similarity. The chil-
dren tried to grasp the essential idea of each sentence and put it
under the appropriate category. Some children, when presented
with the sentences, used self-talk to work through the problem,
analyzing each sentence before categorizing it.

Similarly, the Sentence Verification task required the chil-
dren to read some printed passages, study the accompanying sets
of photographs, and select the photographs that best illustrate the
contents of the passages. Some read the passages silently, asked
the facilitator the meaning of the difficult word (if they found
any), and tried to match them with their corresponding pictures.
But some children, when going through the sentences, started
talking to themselves, nodding their head, and showing excite-
ment when they got an appropriate match for a sentence. As the
children experienced the task they also learned to observe the
minute details in the pictures and the essential elements in the
passages and matched them accordingly.

Thus, comprehension skill developed in these children
through abstraction, perception of interrelationship among the
obtained information, strategic thinking, and the ability to focus
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on relevant information to the exclusion of the irrelevant one.
The children were also encouraged to become aware of their use
of strategies through verbalization and showed improvement with
increasing experience of the tasks. These facilitated the develop-
ment of three of the cognitive processes, namely, simultaneous
processing, planning, and attention—all of which are involved in
reading comprehension.

The second objective of the study was to examine whether the
cognitive-based remediation program would improve the underly-
ing PASS cognitive processes, especially simultaneous processing
that is closely linked to comprehension. This would indeed be a
far transfer. In previous research by Carlson and Das (1997), a
transfer effect to cognitive process scores had been obtained.

In the present study, at pretest, poor readers were perform-
ing at the average range with respect to their planning, attention,
and successive processing but were deficient in simultaneous pro-
cessing. As expected within the framework of PASS, simultaneous
scores had a significant correlation with the group’s skills in word
reading and comprehension. In this context, we expected a signif-
icant Group x Time interaction for simultaneous processing; this
was tentatively confirmed by the results. Not only did the PREP
treatment group improve more in comprehension compared to
the nontreated group, it did so in a basic cognitive processing
component theoretically linked to comprehension (e.g., Naglieri
& Das, 1988). We discuss briefly the observations of the facilitator
that further confirm the influence of PREP on comprehension of
verbal—spatial tasks.

The first author (SM), who observed each child during
CAS, remarked that before PREP training, poor readers compre-
hended the text by processing the information at the surface level.
In the present study, PREP seems to have facilitated their develop-
ment of logical-analytical and inferential thinking (as observed
by the facilitator), leading to a deeper level of processing text as
they progressed through remediation. The cognitive-based reme-
diation program thus seems to have the potential to facilitate the
growth of reflective knowledge of the language while reading.

The correlations between the two reading measures and the
CAS tasks at pretest reconfirm the role of simultaneous process-
ing. However, no significant correlation between the reading skills
and successive processing was obtained in the present sample.
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We think this may be so because of the sample’s already high
performance score in word reading. When reading scores are gen-
erally above the average and the children are not beginning but
advanced readers, successive processing may not contribute sig-
nificantly to individual differences in word reading.

Limitations and Future Directions

Though our findings suggest that PREP training enhanced com-
prehension, they are limited by the small sample size, lack of
equivalent control group receiving alternative training, and the
selection procedure for entrance into English-medium schools in
India that may not admit obviously reading-disabled children. As
a result, we cannot completely rule out alternative explanations,
such as improved motivation and regression to the mean, and our
study may best be viewed as a pilot study that needs to be followed
by a larger study with alternative treatment control group, random
assignment of participants, and follow-up testing to establish the
long-term effect of the remediation. In addition, a microgenetic
study (Kuhn, 1995) would be highly useful in potentially pinpoint-
ing the aspects of the cognitive-based remediation program that
build comprehension after each session of PREP. Studying the ef-
fect of cognitive remediation earlier, before Grade 3, would also
avoid complications that are introduced as children are taught to
read and write in their mother tongue and other languages (see
Mishra & Stainthorp, 2007).

Conclusions

The present study is unique in two ways. First, the cognitive-based
remediation program substantially enhanced the treated group’s
reading comprehension. The program also had a beneficial effect
on word reading even when this group of readers had close to av-
erage scores at pretest. Second, the cognitive-based remediation
program resulted in an improvement in simultaneous processing,
which was at sub-average level at the beginning of the study. We
suspect that the treated group of readers acquired adequate cog-
nitive strategies and language analysis skills to push them over
the norm for comprehension of their second language (English).



18:29 26 Novenber 2010

[ Canadi an Resear ch Know edge Network] At:

Downl oaded By:

450 S. Mahapatra et al.

Following such acquisition, they could apply the strategies and
skill and likely benefit more from regular classroom instruction.

In spite of the study’s limitations, the current study has in-
troduced evidence that PREP as a cognitive remediation program
has potential for substantially improving comprehension and, to
a lesser extent, simultaneous processing scores for children who
do not speak English as their first language as it has been shown
to do among native speakers of English.
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