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Abstract Research has demonstrated that in controlled experiments in which small groups are
being tutored by researchers, reading-strategy instruction is highly effective in fostering reading
comprehension (Palincsar & Brown, Cognition and Instruction, 1(2), 117–175, 1984). It is
unclear, however, whether reading-strategy interventions are equally effective in whole-
classroom situations in which the teacher is the sole instructor for the whole class. This meta-
analysis focuses on the effects of reading-strategy interventions in whole-classroom settings.
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Results of studies on the effectiveness of reading-strategy interventions in whole-classroom
settings were summarized (Nstudies = 52, K = 125) to determine the overall effects on reading
comprehension and strategic ability. In addition, moderator effects of intervention, study, and
student characteristics were explored. The analysis demonstrated a very small effect on reading
comprehension (Cohen’s d = .186) for standardized tests and a small effect (Cohen’s d = .431)
on researcher-developed reading comprehension tests. A medium overall effect was found for
strategic ability (Cohen’s d = .786). Intervention effects tended to be lower for studies that did
not control for the hierarchical structure of the data (i.e. multilevel analyses).For interventions in
which Bsetting reading goals^ was part of the reading-strategy package, effects tended to be
larger. In addition, effects were larger for interventions in which the trainer was the researcher as
opposed to teachers and effect sizes tended to be larger for studies conducted in grades 6–8.
Implications of these findings for future research and educational practice are discussed.
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Introduction

Many students struggle with reading comprehension (e.g., Organization for Economic Co-
operation and Development [OECD] 2014). Since reading comprehension is a fundamental
skill in all school subjects, problems with this skill have serious implications for students’
educational success and, consequently, for their later societal careers. From the literature, it is
known that students who are struggling readers have problems reading strategically (Paris et al.
1983). Good readers monitor their understanding of the text, while making use of different
reading strategies such as predicting, activating prior knowledge, summarizing during reading,
question generating, and clarifying (e.g., Palincsar and Brown 1984). Therefore, interventions
aimed at fostering reading comprehension in low achievers are often based (or focused) on this
type of reading strategies (Pressley and Afflerbach 1995).

Many studies have demonstrated positive effects of reading strategy interventions on
reading comprehension and previous meta-analyses established that the effects of these
interventions are quite large (e.g., Rosenshine and Meister 1994; Sencibaugh 2007;
Swanson 1999). However, many studies have been conducted in controlled settings in which
experimenters are instructors (as opposed to teachers) and in which instruction is given to
small groups of students (as opposed to classrooms in which multiple groups of students work
simultaneously). Therefore, it is unclear whether reading-strategy interventions are as effective
in whole-classroom settings as it is in more controlled settings (Droop et al. 2016). This is an
important lack in the current research base, considering that reading comprehension strategies
have found their way into curriculum materials in the last decades.

This meta-analysis is carried out to provide more insight into the effects of reading-strategy
interventions on reading comprehension in whole-classroom settings. In addition, it explores
moderator effects of intervention-, study-design-, and student characteristics.

Teaching Reading Strategies and Didactic Principles

Since the 1980s, and after Durkin’s study (1978) demonstrating that comprehension instruction
was virtually non-existent in elementary classrooms, research into reading comprehension
instruction by means of the use of reading strategies, increased rapidly (Duke and Pearson
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2002). The underlying idea is that reading comprehension is a complex process in which the
reader interacts with the text to construct a mental representation of the text, or a situation
model (Kintsch 1988, 1998). Hence, if readers understand how they can use comprehension
skills as they read, their comprehension will be stimulated.

A reading strategy is a mental tool a reader uses on purpose to monitor, repair, or bolster
comprehension (Afflerbach and Cho 2009). The use of reading strategies is a deliberate and goal-
directed attempt to construct meaning of text (Afflerbach et al. 2008), and as such, can refer to both
metacognitive and cognitive strategies that aid the process of reading (Dole et al. 2009). While
cognitive strategies are used to improve cognitive performance, metacognitive strategies are used
to monitor and evaluate the process of problem solving. Thus, metacognition is used to regulate
one’s cognitive activities (Veenman et al. 2006). During reading, one can use metacognitive
strategies such as monitoring whether one can understand the text. If comprehension fails
(metacognition), one must choose an appropriate cognitive strategy to repair comprehension.

Researchers have suggested many different strategies (Pressley and Afflerbach 1995). They
may involve an awareness of reading goals, the activation of relevant background knowledge,
the allocation of attention to major content while ignoring irrelevant details, the evaluation of
the validity of text content, comprehension monitoring, visualizing, summarizing, self-
questioning and making and testing interpretations, predictions, and drawing conclusions
(Duke et al. 2011; Palincsar and Brown 1984).

There is a variety of approaches directed at instructing reading strategies to foster reading
comprehension relevant to our study. For example, one of the approaches is Reciprocal
Teaching (Palincsar and Brown 1984; Palincsar et al. 1987), which was influenced by
Vygotskian theories of learning and development (Vygotsky 1978). Reciprocal teaching
consists of a set of three principles: (a) teaching comprehension-fostering reading strategies,
(b) expert modeling, scaffolding and fading; and (c) students taking turns in practicing reading
strategies and discussing with other students. The term Breciprocal^ refers to the practice of
students and teacher alternating the role of Bexpert^, as students become increasingly more
skilled. In the whole-classroom approach, the role of expert in leading the group discussion is
assigned to students in the group, replacing the adult tutor. For the remainder, the three
principles mentioned above are identical in the transfer of RT in whole-classroom settings.

Another approach is called Collaborative Strategic Reading (CSR). CSR is heavily influ-
enced by Reciprocal Teaching, as it underscores the importance of strategy use in small
groups. In CSR, the students in groups have more differentiated roles (leader, clunk expert,
gist pro) than in reciprocal teaching and there is more attention to whole-class instruction
(Vaughn et al. 2013). In addition, there is the approach called Concept Oriented Reading
(CORI) in which more emphasis is placed on motivational engagement support provided by
the teacher. Central to CORI is the construct of reading engagement (Guthrie et al. 2007).
Engaged readers are internally motivated to read and CORI tries to increase students’
Bmotivational attributes^, that include intrinsic motivation, self-efficacy, social disposition
for reading, and mastery goals for reading. For example, by providing choice in reading
materials to increase students’ intrinsic motivation, emphasizing importance of reading,
competence support and stimulating collaboration (Guthrie and Klauda 2014). Other ap-
proaches emphasize self-regulatory strategies for example Mason et al. (2013) and Jitendra
et al. (2000), while Durukan (2011) integrates reading-strategy instruction with writing
strategies. Although these approaches differ, they have also important similarities. The most
important similarities are the use of whole-classroom strategy instruction, the modeling of
strategies and students practicing in small groups.
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Interventions using reading strategies according to the above-mentioned approaches appear
to be not always successful in improving reading comprehension (De Corte et al. 2001;
Edmonds et al. 2009; Fogarty et al. 2014; McKeown et al. 2009; Simmons et al. 2014;
Vaughn et al. 2013). The complexity of the didactic principles of the combination of strategy
instruction, modeling and guided group work that is used in these interventions may explain
why it can be difficult to achieve improvements in reading comprehension in whole-classroom
situations. In such situations, it is hard to maintain implementation quality of the intervention,
given that one instructor (teacher or researcher) has to supervise several groups of students
simultaneously, as opposed to small-group tutoring. This explanation is supported by a few
qualitative studies that show that teachers in whole-classroom settings face problems in the
implementation of interventions using the principles of strategy instruction, modeling and
group work (Duffy 1993; Seymour and Osana 2003; Hacker and Tenent 2002). Teachers found
it hard to induce strategic thinking in students (Duffy 1993). In addition, students showed poor
application of reading strategies and poor discourse skills while collaborating (Hacker and
Tenent 2002), in which case students become too distracted to form coherent representations of
text content (McKeown et al. 2009). As a consequence, the teachers were hindered in changing
from a teacher-centered to a student-centered approach.

Effects of Reading-Strategy Interventions: Findings from Previous Reviews
and Meta-Analyses

The report of the National Reading Panel (2000) identified 16 types of interventions directed at
reading comprehension, of which six were regarded to be effective. Five of these types can be
defined as reading strategy interventions: (1) comprehension monitoring, (2) graphic and
semantic organizers, (3) generating questions, (4) summarizing and (5) multiple strategy
instruction.

In the past decades, several systematic meta-analyses on the effects of several types of
interventions for fostering reading comprehension (including reading strategies) have been
conducted (e.g., Berkeley et al. 2010; Edmonds et al. 2009; Slavin et al. 2009; Scammacca
et al. 2015; Swanson 1999). Most of those meta-analyses are directed at a specific group of
students, for example students with learning disabilities (Berkeley et al. 2010; Swanson 1999),
adolescent struggling readers (Edmonds et al. 2009; Slavin et al. 2008) or elementary students
(Slavin et al. 2009) and include a wide variety of interventions aimed at fostering reading
comprehension. In these meta-analyses, interventions focusing specifically on reading strate-
gies yield mixed results. Effect sizes for reading strategy interventions range from large to very
small: Edmonds et al. (2009), for instance, established an average effect of d = 1.23, whereas
Slavin et al. (2009) found an overall effect size of d = 0.21.

Meta-analyses that focus specifically on the effects of reading strategies interventions are
from Rosenshine and Meister (1994), Chiu (1998) and more recently from Sencibaugh (2007).
In the review by Rosenshine and Meister (1994), sixteen experimental studies of reciprocal
teaching, conducted between 1984 and 1992, were summarized. The authors found an overall
positive effect on reading comprehension; with a median Cohen’s effect size value (d = .32) for
standardized tests and a large Cohen’s effect size value (d = .88) for researcher-developed tests.

Chiu (1998) synthesized studies that incorporate metacognitive interventions to foster
reading comprehension, which involved reading strategies such as self-questioning, summa-
rizing or inferencing. He analyzed 43 studies, ranging from second grade to college, which
were conducted between 1978 and 1995. The overall effect size was larger for researcher-
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developed tests (d = .61) than for standardized tests (d = .24) and effect sizes were larger when
researchers delivered instruction compared to teachers.

Sencibaugh (2007) focused on students with learning disabilities and analyzed 15 studies,
conducted between 1985 and 2005, testing the effect of reading-strategy interventions on
reading comprehension. He distinguished interventions with a focus on Bauditory-language
dependent^ strategies (such as summarizing, self-questioning, inferencing) and Bvisually-
dependent^ strategies (such as semantic organizers or visual attention therapy). The overall
effect of the former was 1.18 and on the latter 0.94. However, no separate effect sizes were
reported for researcher-developed tests (n = 10) and standardized tests (n = 5).

Taken together, all of them have made relevant contributions to the growing insight into
effective reading-strategy interventions. However, the following important question remains. It
is unclear how the above findings from meta-analyses relate to the context of whole-classroom
instruction. In the overall effect sizes presented in previous meta-analyses, it does not become
clear whether the strategy interventions are successful in such whole-classroom contexts. We
believe that this is a significant omission in the research literature, because the teaching of
reading strategies has become a standard part of the reading curriculum in primary and
secondary education. Hence, a focused meta-analysis on effectiveness of reading strategy
instruction in whole-classroom settings is needed to shed light on whether such teaching is
fruitful in regular educational practice. Based on the previous discussion, it can be hypothe-
sized that effects of strategy-instruction on reading comprehension are less convincing in
whole-classroom studies than was found in previous meta-analyses.

Additionally, previous meta-analyses give rise to two questions. First is the finding that
teachers are less successful in delivering strategy instruction than researchers. This can be
concluded from the moderation analyses reported in Chiu (1998) and Scammacca et al. (2015).
A possible explanation for this finding is provided by Seymour and Osana (2003) stating on the
basis of teacher interviews that teachers found the strategies to be taught hard to understand (for
example the distinction between strategies such as questioning and clarifying). In addition, Duffy
(1993) reported that teachers were not familiar with the definitions of strategies to be taught.

Secondly, there is the issue of standardized tests versus researcher-developed tests.
Standardized tests are reading comprehension tests that are independent of the specific
objectives of the intervention, and can be used nation-wide, for example Gates-MacGinitie
Reading Test and Woodcock-Johnson Tests. On the other hand, researcher-developed tests are
specifically designed to measure the type of reading comprehension as targeted by the
intervention. In previous meta-analyses, effect sizes were significantly larger for researcher-
developed than for standardized tests (Chiu, 1998; De Boer et al. 2014; Rosenshine and
Meister 1994; Swanson 1999). Therefore, we hypothesize that this difference between the two
types of tests will also appear in our analysis. This issue is relevant for educational practice,
especially if the analysis focuses on whole classrooms. In that context, it is important to decide
whether the teaching of reading strategies should be directed at performance on standardized
reading tests or that this teaching is intended for more specific reading objectives (that can be
achieved by the use of reading strategies).

The Present Study

The goal of the study is to estimate the effects of reading strategy interventions in whole-
classroom settings on students’ reading comprehension and strategic abilities. In addition, we
explore the moderating effects of intervention-, student-, and study-design characteristics.
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In terms of intervention characteristics, we focus on type of reading strategies instructed,
type of trainer (teacher vs experimenter) and type of didactic principle used (modeling, group
work and scaffolding). As explained above, these variables may influence the effect size of
strategy interventions. In addition, moderating effects of type of educational context (language
or content area classes) are analyzed, because these contexts are quite different in nature for the
application of reading strategies (general reading comprehension vs knowledge acquisition)
(Guthrie and Davis 2003; De Milliano 2013). Finally, moderation effects of duration of the
intervention are included, as Scammacca et al. (2015) found that shorter interventions gener-
ally result in larger effect sizes.

As reading-strategy interventions focused on different student populations, we also ana-
lyzed moderation effects of grade (3–12) and different types of readers (typical or low-
achieving), as research showed that strategy interventions are most effective for low-
achieving readers (Edmonds et al. 2009).

Finally, we took into account several study-design characteristics that are important in
determining the validity of the studies (Cooper et al. 2009). We focused on design of the
experiment, as it is documented that studies in which a quasi-experimental design is used show
larger effect sizes compared to studies with a randomized design (Lipsey 2003). In addition,
we checked whether the hierarchical structure of the data (students within classes within
schools) was taken into account in the studies (multilevel vs not multilevel analyzed) and
used this variable as a moderator. This is specifically of importance because our analysis
focuses on classroom interventions and therefore multilevel analysis (separating classroom-
level and student-level variance) avoids overestimation of effect-sizes (Hox 2010). Finally, the
type of control condition (business-as-usual vs controlled control group) was used as a
moderator. Controlled control groups refer to conditions in which the control students were
given a different intervention (for example a vocabulary intervention) or one of the compo-
nents of the reading strategy intervention. It is plausible that differences between experimental
conditions and controlled control groups are smaller than differences between experimental
conditions and business-as-usual control groups.

The following research questions are addressed:

1. What are the effects of reading strategy interventions in whole classroom settings on
students’ reading comprehension measured by standardized and researcher-developed tests?

2. Which intervention-, student-, and study-design characteristics moderate the effects of
reading strategy interventions?

Method

Inclusion Criteria

We chose the year 2000 as a starting point for our literature search, because from this year
onwards the instruction of reading strategies started to become more and more mainstream in
education (Pressley 2002). Criteria for inclusion of studies in this meta-analysis were as follows:

1. The participants were in grades 3–12.
2. The study measured the effects of reading strategy-interventions on students’ reading

comprehension skills in regular classroom settings.
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3. The dependent measure(s) included quantitative measures of reading comprehension.
4. The study compared an experimental group, participating in the intervention, to a control

group that did not.
5. The article was written in English, but the study could have taken place in any country.
6. Pretest data were available.
7. The information provided should be sufficient for calculating effect sizes.

The following exclusion criteria were utilized:

1. The study’s treatment focuses on strategies that pertain to decoding and morphemic strategies.
2. The treatment takes place in foreign language classes (e.g., Chinese students learning

English).
3. The treatment is implemented outside the classroom (e.g., one-on-one tutoring or remedial

teaching).
4. The treatment takes place during a summer school.
5. The treatment is lab-based (e.g., experiments in which students are given individual

instruction with a computer).
6. The treatment is a curriculum-wide program in which it does not become clear which

specific reading strategies are taught and how this was done (e.g., Success-for-All)
7. The student population of the study consists mainly of students with a developmental

disorder (e.g., autism or ADHD), students are deaf or hearing impaired, or students suffer
from aphasia.

8. The study design is a single-subject or single-case research design.

Literature Search

Two databases were accessed; ERIC and PsycINFO. Search queries consisted of synonyms of
Breading comprehension,^ Bintervention,^ Bstrategy-instruction,^ and Bchildren.^ See
Appendix A for the search syntax. Articles had to be peer-reviewed and written in English.
The initial search was carried out in April 2012 and resulted in 2422 articles, of which 31
articles met the inclusion criteria. A search update on 11 May 2015 resulted in 1088 articles,
with an additional 16 articles that met the criteria. Snowballing resulted in 5 more articles. An
overview of the database search and selection is presented in Appendix B. Thus, a total of 52
articles were included in the meta-analysis.

Coding Procedures

Based on Cooper et al. (2009), we devised a coding scheme containing both theoretical and
statistical elements. This scheme was piloted and refined until the first two authors reached
agreement on all topics. At the start of the second round of literature search, two coders joined
the team. They had completed training on how to use the coding scheme and had reached a
high level of reliability.

Interrater reliability was measured at the level of the decision to include articles to be coded.
From the first batch of the literature search (until 2012), twenty articles were randomly selected.
The two new coders (who were oblivious to the articles thus far included in the meta-analysis)
independently checked the twenty articles and, based on the aforementioned criteria, decided
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which of those should be included in the meta-analysis and which should not. Overall interrater-
reliability between all coders was calculated as percentage agreement, which reached 86%.

Regular meetings between the coders were held to discuss particular issues or concerns and
to collaboratively decide in cases of doubt how to interpret aforementioned criteria when
coding and other coding problems, such as the definition of types of reading strategies.

The coding scheme included the following five elements: intervention characteristics, student
characteristics, study design characteristics, and measurement characteristics and statistics.

Intervention Characteristics

Intervention characteristics pertain to who implemented the treatment (researcher/teacher/
Bother^), the educational context in which the study took place (language classes/content area
classes/other), whether the treatment included scaffolding, modeling and/or group work to
teach reading strategies, duration of the intervention (both in total number of sessions, number
of hours (time per session × number of sessions), number of weeks, and an BIntensity^ variable
in which the total number of hours was divided by the number of weeks), and which reading
strategies were taught.

To guide the coding of reading strategies, we took the seminal work of Pressley and
Afflerbach (1995) as a starting point in identifying and sorting the many reading strategies
that are described and reported in experimental studies. These authors analyzed 40 think-aloud
studies and reported strategies that were executed by good readers as they go through a text.

Reading strategies included goal-directed activities that occur before a text is read, during
reading, and after the reading of the text is completed. For example, setting reading goals is a
reading strategy utilized before one starts reading, while inferencing is used during reading.
Summarizing has been observed both during and after reading, and therefore is listed both
under Bduring reading^ and Bafter reading.^ In our analysis, we included all strategies that
were explicitly directed at the comprehension of text on the word-, sentence- or whole-text
level. Strategies that were directed at focusing students’ attention to specific ways of improv-
ing their text comprehension (e.g., clarifying word meanings, setting boundaries for monitor-
ing comprehension or error detection), were taken together in a strategy called Bexplicit
monitoring strategies.^ Examples of such comprehension directed strategies are: clarifying
the meaning of a word, error detection and fix-up strategies such as rereading. Strategies only
used for decoding words, such as spelling, phonemic analysis and phonics were excluded.

Table 1 lists the strategies that we coded with the accompanying studies. For each reading
strategy, we coded whether the reading strategy was taught (1), or not (0).

Student Characteristics

With regard to student characteristics, we wanted to be able to differentiate among student
populations. Therefore, we coded the grade(s) in which the study took place and type of
student (typical students/learning disabled/low-achieving or struggling readers).

Study-Design Characteristics

As for study design characteristics, we coded the design of the study (randomized, quasi-
experimental, matched, and Bother^), whether multilevel analysis was used, and type of
control group (business as usual or controlled).
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Outcome Measures

With respect to the outcome measures, we coded reading comprehension measured with
standardized and researcher developed tests. Furthermore, as many studies also reported on
measures for strategic ability (i.e., the quality of application of reading strategies), strategy
knowledge and/or self-reported strategy use, we also included these in our analysis. We
distinguished immediate posttests and delayed posttests in our analysis. Thus, we ran analyses
for five outcome measures (i.e., reading comprehension standardized, reading comprehension
researcher-developed, strategic ability, strategy knowledge, and self-reported strategy-use).

In cases in which multiple outcome measures (for example, three measures of strategic
ability) were reported for one of our outcome measures, we decided to include one of those
based on the following decision tree:

1. If both subtests and a total score of the instrument were analyzed and reported, we used
the total score in our analysis (this was often the case for reading comprehension).

2. If different instruments were reported and it was not possible to include a total score, we
chose an instrument that measured summarizing or main idea identification (this was often
the case for measures of strategic ability).

3. If (1) and (2) were not available, we chose the first measure that was described in the
study.

To determine the effect size (Cohen’s d), we coded group size (n experimental and n
control), whether and which covariates were used in the specific statistical comparison by the

Table 1 List of coded reading strategies

Reading strategy Description

Before reading
Predicting Make predictions about text content before reading, based on text features

such as title, subheadings, and pictures
Activating prior knowledge Doing a mental search of what the reader already knows about the text
Setting reading goals Defining what the reader wants to achieve by reading the text

During reading
Questioning Ask questions to oneself about important aspects of the text to monitor

understanding
Paraphrasing Restating the meaning of a small passage
Summarizing (during) Providing a short account of a main idea in a paragraph, for the purpose

of checking understanding of the text so far
Inferencing Relating information in the text to prior knowledge
Underlining important
information

Deciding what is important and highlight/underline this information.

Use of graphic organizers/visual
representation

Making illustrations that depict relationships among the key concepts
in a text

Using text structure Identify the global structure of a text, and using signal words for local
structure

Using mental imagery Forming mental images of the text to promote deeper understanding
Explicit monitoring strategies Focusing on specific ways of improving text comprehension: clarifying

word meanings, setting boundaries for monitoring comprehension,
error detection and fix-up strategies (e.g., rereading)

After reading
Summarizing (after) Stating the main ideas of the text to check on understanding
Memorizing Recall the main ideas for later use
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authors, pretest- and posttest values (means and standard deviations) and the type of statistic
the effect size is based on (t-value, F value, regression weight) with accompanying degrees of
freedom and p values.

Method of Analysis

In a number of studies, multiple experiments were described, or multiple samples were
researched, resulting in more than one experimental comparison within one study. For that
reason, the unit of analysis was Bexperimental comparison.^ As described above, we distin-
guished five outcome measures, and also distinguished between immediate and delayed
posttests. Thus, for one experimental comparison it was possible to have 10 outcome mea-
sures, which were analyzed separately.

To calculate the average effect sizes (Cohen’s d) (Cohen 1988) for our outcome measures, a
random effects model was used. To take into account differences in sample size between the
comparisons, the effect sizes are weighted based on the variances within the samples and the
between-study variation.

To analyze whether the variance in effect sizes can be attributed to differences in interven-
tion-, student-, and study-design characteristics, moderation analyses were carried out using
mixed effects models for categorical moderators (for example, type of design or reading
strategy yes/no). The Q-statistic was calculated to analyze between-group differences for the
categorical moderators (Lipsey and Wilson 2001). To examine how continuous variables are
related to variation in effect sizes, a random effects meta-regression was used. The random
effects meta-regression model allows for within-study variation as well as between-study
variation. This procedure applied to all variables concerning duration of the intervention
(number of sessions, total number of hrs, number of weeks, and intensity: hrs/weeks).

Publication bias was tested by applying Duval and Tweedie’s trim-and-fill method (Duval
and Tweedie 2000). A random effects model was used to estimate if there were any interven-
tions missing in the meta-analysis.

All analyses were performed by a statistician (Author 5), with a registered version of the
Comprehensive Meta-Analysis software package (version 3; Biostat, Englewood, NJ).

Results

Descriptives

A total of 52 articles met our eligibility criteria. Within those 52 articles, 125 eligible effects
were found. Of those 125 effects, 89 effects measured reading comprehension. Sixty-one
effects concerned reading comprehension standardized tests as dependent variable, of which 9
were delayed posttests. For reading comprehension researcher-developed tests, 28 effects were
found, of which 4 were delayed posttests. For strategic ability 22 effects were found, of which
5 were delayed posttests. For strategy knowledge a total of 8 effects were found, of which 3
were delayed posttests. Finally, for self-reported strategy-use 6 (immediate) effects were found.

Mean duration of the interventions was 47.11 h, with a standard deviation of 55.01. The
range of duration in hours was 6–233. The interventions were spread over 17.47 weeks on
average with a standard deviation of 11.37. In Appendix C an overview of the key character-
istics is given of all experimental comparisons in the meta-analysis.
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Main Effects

First, main overall effect sizes for our outcome measures were analyzed. In Table 2, an
overview of the effect sizes per outcome measure is displayed. All overall effects were
positive, but not all were significantly different from zero. For reading comprehension, the
effect sizes for both immediate standardized measures (Cohen’s d = 0.186) and delayed
measures (Cohen’s d = 0.167) can be considered trivial (Cohen 1988), whereas the effect size
for researcher-developed measures was significant but small for immediate tests (Cohen’s d =
0.431), and large for delayed researcher-developed tests (Cohen’s d = .947). The difference
between the effect sizes for standardized and researcher developed tests of reading compre-
hension is also significant, Q(1) = 10.599, p = .001; with effects on researcher-developed tests
being larger.

In terms of reading strategy related outcome measures, the immediate measures of strategic
ability, strategy knowledge, and self-reported strategy use were significantly different from zero
with respectively medium and small effect sizes (Cohen’s d = 0.786, Cohen’s d = .366, and
Cohen’s d = 0.358). For the delayed reading strategy measures, effect sizes were small and trivial,
and, probably due to the small number of comparisons, not significantly different from zero.

Heterogeneity analyses (Table 2) and forest plots (Appendix D) show large and significant
variation in effect sizes across the studies, which justifies moderation analyses for our three
dependent variables of interest (immediate measures of reading comprehension standardized,
researcher-developed tests, and strategic ability).

Moderator Effects

We chose to analyze only moderator effects on Bimmediate^ outcome measures, as only a few
studies included delayed measures. For the same reason, we did not analyze moderator effects
for strategy knowledge (n = 5) and strategy-use self-report (n = 6). All significant moderators
of the three outcome measures (reading comprehension standardized, reading comprehension
researcher-developed, and strategic ability) are presented in Table 3.

Intervention Characteristics

As a first step, moderation analyses were performed on the three overarching categories of
reading strategies (Bbefore reading,^ Bduring reading^ and Bafter reading^). None of those
moderation analyses were significant, apart from Bbefore reading^ for strategic ability (see
Table 3). Effect sizes tended to be less strong for studies in which Bbefore reading^ strategies
were taught.

In the next step, the separate reading strategies were examined. Only Bsetting reading
goals^ appeared to have a significant contribution to the overall effect size on all three outcome
variables (Table 3). Interestingly, this contribution was positive for both reading comprehen-
sion outcome measures, but it had less impact on strategic ability. In other words, when
Bsetting reading goals^ was part of the intervention, the overall effect size of strategic ability
was lower for the intervention than for the control. Furthermore, Bunderline important
information^ was a significant contributor to strategic ability.

In addition, a number of other reading strategies had less impact compared to when those
strategies were not taught in the intervention. For reading comprehension standardized, this
was the case for Bmental imagery^ and Bmemorizing.^ For researcher-developed tests, this was
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the case for Bcomprehension directed strategies^ and the use of Bgraphic organizers/visual
representation.^ Lastly, for strategic ability, this was the case for Bpredicting^ and Bprior
knowledge.^

As for other intervention characteristics, Bmodeling^ (applying reading strategies while
thinking aloud by the teacher) was a significant contributor for measures of strategic ability,
but not for the reading comprehension measures. The educational context in which the
intervention took place mattered only in the case of strategic ability. A higher overall effect
size was obtained in language-arts classes compared to content area classes. The type of trainer
of the intervention only mattered in the case of researcher-developed tests with the effect size
for researchers as trainers being larger than the effect size of teachers as trainers.

We did not find significant contributions of the following intervention characteristics:
scaffolding, group work, questioning, summarizing (during reading), inferencing, text struc-
ture, paraphrasing, hinge words, summarizing (after reading), and duration in weeks, number
of sessions, total hours of the intervention (time per session × number of sessions) and intensity
of the intervention (total hours/number of weeks).

Student Characteristics

When looking at student characteristics (Table 3), reader type mattered only for strategic
ability measures, with a higher overall effect size for low-achievers compared to typically
developing students. Grade was a significant contributor for researcher-developed tests, with
the largest overall effect size for students in grades 6–8.

Study-Design Characteristics

When looking at study-design characteristics as moderators (Table 3), whether the data were
analyzed with multilevel analysis mattered in the case of standardized reading comprehension
tests. As expected, significantly higher effect sizes were found for studies that did not control
for the hierarchical structure of the data. In addition, the type of control condition mattered
only for researcher-developed tests of reading comprehension. A higher overall effect size was
observed when the control condition was a business-as-usual compared to controlled control
groups. Design (randomized experiment vs quasi-experiment) did not influence effect sizes on
the three outcome measures.

Publication Bias

We also tested for publication bias by applying the trim-and-fill method (Duval and Tweedie
2000). The funnel plot for reading comprehension standardized (immediate) showed evidence
of asymmetry (see Appendix E). The addition of the Bmissing^ studies imputed using the
Duval and Tweedie’s trim-and-fill method (Duval and Tweedie 2000) shifted the effect size
from Cohen’s d = 0.186 to Cohen’s d = 0.115 (0.093; 0.208), but still significant. Egger’s test
(Egger et al. 1997) confirmed the presence of publication bias, t(50) = 2.087, p = .042. The
opposite was found for researcher-developed tests (immediate), with evidence of asymmetry
on the right side of the funnel plot (see Appendix E). With the Duval and Tweedie’s trim-and-
fill method (Duval and Tweedie 2000), the effect size shifted from Cohen’s d = 0.431 to
Cohen’s d = 0.522 (0.382; 0.662), but Egger’s regression intercept (Egger et al. 1997) did not
confirm this, t(22) = 1.489, p = .151, suggesting a weak indication for publication bias. No
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indications of publication bias were found for strategic ability (immediate) with a symmetric
funnel plot (See Appendix E) and an Egger’s regression intercept of t(15) = 0.507, p = .620.

Conclusions and Discussion

This study set out to summarize the overall effects of interventions aimed at instructing reading
strategies on both reading comprehension and strategic ability in whole-classroom settings. In
addition, it was determined whether intervention-, student-, and study design characteristics
influenced the effects on reading comprehension and strategic ability. To establish the overall
effects of reading strategies interventions, a search of literature published from 2000 onwards
yielded a total of 52 studies, which comprised 125 effect sizes.

We found a significant, but very small, effect on reading comprehension (Cohen’s d = .186)
for standardized tests and a small significant effect on researcher-developed reading compre-
hension tests (Cohen’s d = .431). Given these results, our expectation that effects of reading
strategy instruction in classroom-based studies are less convincing than was found in previous
meta-analyses, is confirmed. As expected, effects were significantly larger when researcher-
developed tests were used compared to standardized tests. A significant medium overall effect
was found for strategic ability tests (Cohen’s d = .786) and significant, but small effects for
strategy knowledge (Cohen’s d = .366) and self-reported strategy use (Cohen’s d = .358). For
delayed tests, we found a significant, but very small effect on standardized reading compre-
hension tests (Cohen’s d = 0.167) and a large effect for researcher-developed reading compre-
hension tests (Cohen’s d = 0.947). No significant effects were found for delayed tests of
strategic ability and knowledge.

Moderation effects were analyzed for intervention characteristics (type of strategies
instructed, type of trainer, didactic principles, educational context and duration). From all
types of strategies discriminated in this study, only Bsetting reading goals^ was found to
positively moderate the effects on reading comprehension tests (both standardized and re-
searcher-developed). Some strategies did not positively impact effect sizes. For standardized
tests of reading comprehension, this was the case for Bmental imagery^ and Bmemorizing.^
For researcher developed tests, this was the case for Bexplicit monitoring strategies^ and the
use of Bgraphic organizers/visual representation.^ Lastly, for strategic ability, this was the case
for Bpredicting,^ Bsetting reading goals^ and Bprior knowledge.^ Intervention characteristics
which positively influenced effect sizes were Bmodeling^ (strategic ability), the educational
context of language arts classes (strategic ability), and researchers as type of trainers (research-
er-developed tests).

For student and study design characteristics, larger effect sizes were obtained for low-
achievers compared to typically developing students (strategic ability), students in grades 6–8
(researcher developed tests), and when control classes were business-as-usual (researcher-
developed tests). It should be noted that all moderation analyses are exploratory in nature and
are not based on explicit manipulation of experimental variables.

Main Effects of Reading-Strategy Interventions

Our findings concur with the findings of the meta-analyses of Rosenhine and Meister (1994)
and Chiu (1998). They also found quite small effects (respectively d = .32 and d = .24) of
reading strategy interventions on standardized tests. The finding that effects on standardized
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tests are hard to accomplish with reading strategy interventions has already been recorded in
several instances (Paris et al. 1984). The transfer of instructed strategies to standardized
reading tests is probably difficult to accomplish, because it may require quite different
strategies than were provided in the instruction, such as how to handle multiple choice
questions and how to interpret typical reading comprehension questions that are posed in
standardized tests with limited time for thinking and using strategies. In sum, results of our
study call into question whether the skills needed for achieving higher scores on standardized
measures for reading comprehension can be improved by teaching students how to apply a
limited set of reading strategies. On top of that, it shows that there is a systematic difference in
the skills required for standardized tests and researcher-developed tests, justifying that both
measures are treated separately.

On the other hand, we found a stronger effect size for researcher-developed reading
comprehension tests, suggesting that such tests are better suited to capture the learning effects
of strategy instruction on reading comprehension than standardized tests. Assuming that
researcher-developed tests for reading comprehension measure significant aspects of students’
comprehension of texts, this shows that reading strategies taught in whole classrooms may be a
valuable addition to students’ reading development. In addition, our finding that for delayed
tests there was a large effect on researcher-developed measures of reading comprehension
(d = .947) gives substantial support to the usefulness of instruction in reading strategies. This is
an important finding because it shows that the reading strategies taught in interventions are
quite durable. Possibly, this is the result of the students using the strategies effectively, even
after the intervention has stopped.

Furthermore, we found a quite large effect of reading strategy interventions on strategic
ability. Tests for strategic ability require applying the learned strategies, which are qualitatively
scored. This finding is of relevance because it shows that application of strategies is improved
by strategy training. Furthermore, we found small effects on students’ strategy knowledge and
self-reports of strategy use, indicating that both knowledge about the different strategies and
students’ awareness of the type of strategies that are taught can be increased by the reading
strategy interventions.

Moderation of Intervention Characteristics

Our analysis of moderation effects of types of strategies taught showed that only a few reading
strategies did affect the effect sizes positively, while others impacted the effect size less in
comparison with interventions that did not include that specific strategy. In most of the studies
included in the meta-analysis several strategies are taught in combination, only in a few cases
did interventions focus on one reading strategy only (DiCecco and Gleason 2002; Jitendra
et al. 2000; Lubliner and Smetana 2005; Miller et al. 2011; Ng et al. 2013; Redford et al.
2012). This means that the overall effect sizes for reading comprehension and strategic ability
have to be attributed to the teaching of different combinations of reading strategies instead of
one of the types of strategies discriminated. As a consequence, the results of our moderation
analysis for types of reading strategies should be interpreted in terms of whether it matters if
one or other type of strategy is part of the package offered. In most cases, our findings show
that this is not the case: it does not seem to matter if, for example, inferencing is part of the
package of reading strategies taught. In some cases (see Table 3), inclusion of some types of
strategies in the package (e.g., explicit monitoring strategies, or the use of graphic organizers)
results in lower effect sizes on reading comprehension in comparison to studies that do not
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contain these types. That, however, does not mean that such types used in isolation would
result in negative effects. It only means that packages of strategies without them result in
higher effect sizes.

An exception to the above is the positive effects for one of the 15 types of trained strategies
on the measures for reading comprehension. This strategy, Bsetting reading goals,^ requires
students to critically reflect on their reading goals before reading. The finding of this type of
strategy to be effective is based on only 3 experimental comparisons for standardized tests and
one experimental comparison for researcher developed tests. Therefore, the finding must be
treated with caution. However, it is interesting that this type of strategy sticks out as an
important aspect of reading strategy instruction, because goal setting may be one of the main
determinants of a successful task approach, especially when it is important to select relevant
information from texts (Rouet and Britt 2011). We also found that Bsetting reading goals^ had
a lower impact on measures of strategic ability. However, there was only one experimental
comparison for the combination of Bsetting reading goals^ and strategic ability, thus the result
cannot be generalized.

For strategic ability, we also found that Bunderline important information^ and the didactic
principle of Bmodeling^ were positive contributors. Modeling refers to trainers (and eventually
students) thinking aloud while reading and thereby exposing their cognitive process of
comprehending texts and making clear how to use reading strategies when reading. It appears
that this is a useful practice in comparison to approaches that do not contain modeling, because
it increases effects on strategic ability. BUnderline important information^ is a reading strategy
that was instructed in four studies (Guthrie et al. 2004; Ponce et al. 2012; Souvignier and
Mokhlesgerami 2006; Sung et al. 2008). In these studies, strategic ability was measured by
underlining important parts of a text, which is closely aligned to the strategy BUnderlining
important information.^ This may explain the effect found on strategic ability.

As expected, effect sizes for reading comprehension (researcher-developed) were smaller for
interventions in which instruction was given by the teacher compared to interventions in which
researchers provided instruction, an outcome which is in line with earlier findings (Chiu 1998;
Scammacca et al. 2015). Thus, researchers seem to be better able to deliver the interventions in
whole-classroom settings than teachers. This supports the results of qualitative studies in which
teachers were followed implementing reading strategy instruction in their classrooms (Duffy
1993; Seymour and Osana 2003; Hacker and Tenent 2002). They found that teachers in whole-
classroom settings face problems in the implementation of interventions directed at instructing
reading strategies. For example, teachers found the didactic principles of reciprocal teaching and
the specific reading strategies that had to be taught hard to understand (Seymour and Osana
2003), teachers found it hard to induce strategic thinking in students (Duffy 1993), and students
showed poor application of reading strategies and poor discourse skills while collaborating when
teachers implemented reciprocal teaching in their classrooms (Hacker and Tenent 2002).

An interesting finding is the fact that duration of the intervention did not influence the
overall effect size. Thus, it did not matter how long interventions lasted for the effect size. It
should be noted that there were very few long interventions (> 1 year), which may have limited
this effect to become significant.

Moderation Effects of Study-Design and Student Characteristics

As mentioned previously, effect-sizes can be overestimated when there is no control for the
hierarchical structure of the data (students within classes). This is especially of importance in
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our meta-analysis because we are mainly interested in effects on classroom level. We therefore
used the variable multilevel-analysis (yes/no) as a moderator. It turned out that only in 10 of 52
studies multilevel analysis was carried out. Moderation analyses showed that significantly
higher effect sizes (Cohen’s d = .305) were obtained for standardized reading comprehension
tests when these studies did not control for the hierarchical structure of the data, in comparison
to studies that did use multilevel analysis (d = .106). Although not significant, the same trend
was present for researcher-developed tests and strategic ability. These findings stress the
importance of taking into account the hierarchical structure of the data in interventions that
are directed at the class-level (Hox 2010).

As expected, studies in which the control group comprised a business-as-usual control
group, effect sizes tended to be larger compared to controlled control groups for researcher
developed reading comprehension tests. Controlled control groups refer to conditions in which
the control students were given a different intervention (for example a vocabulary intervention)
or one of the components of the reading strategy intervention. This finding seems logical given
that the difference between a controlled-control group and the intervention group is most likely
smaller than between business-as-usual control groups and intervention groups.

In terms of student characteristics, it seems that students in grades 6–8 profited the most
from reading strategy interventions to improve reading comprehension, measured by research-
er developed tests. A possible explanation is that middle grade students are increasingly
required to learn from texts in school and therefore learning reading strategies is of more
direct use to them. In addition, low-achievers’ strategic ability improved more from strategy
instruction than was the case for typically developing students. This is a quite puzzling result,
that should however be treated with some caution, because the result is based on a small
sample of studies (3) involving low-achievers and it is marginally significant. Consequently, to
take this result seriously future research should be carried out.

Limitations

We chose to only include published articles as a way to ensure research quality, but this means
that we did not take into account unpublished research reports. Generally, effects estimated in
published work tend to be higher than in unpublished reports, which could affect the results of
the meta-analysis. For that reason, we used the trim-and-fill method (Duval and Tweedie 2000)
to estimate whether our meta-analysis was subject to publication bias. For reading compre-
hension standardized tests the effect size decreased significantly (from d = .186 to d = .115),
while for researcher-developed tests there was a significant increase (from d = .431 to
d = .522). No indications of publication bias were found for strategic ability. Thus, there was
a small publication bias for our reading comprehension outcome measures, but this does not
change our main conclusions for these measures.

Another limitation was that we could not include implementation quality as moderator.
Implementation quality refers to the degree in which interventions are carried out as intended,
and especially in whole-classroom contexts in which teachers are often the trainers as opposed
to researcher, this moderator is of importance. Many of the studies that we analyzed above do
not give enough information about the quality of implementation to include this variable in our
analysis, such as the way that teachers and trainers worked according to protocol, the way that
students responded to instruction and the quality of training and coaching of teachers. It is
quite interesting for future research to find out whether interventions with high implementation
quality succeed in improving students’ reading comprehension skills more than interventions
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with lower implementation quality, as it is known that especially when studies are performed
outside strongly controlled settings, implementation quality is of importance in finding effects
(Hulleman and Cordray 2009).

Finally, we should be careful in generalizing the moderation effects. First, we need to
acknowledge the fact that the moderation analyses are exploratory in nature, and as such,
represent correlational relationships and not cause-effect relationships. Second, many of the
moderation analyses were done with small sample sizes, which limits the power of the
analyses.

Suggestions for Future Research

As demonstrated, studies using multilevel analysis controlling for the hierarchical nature of
classroom level interventions showed lower effect sizes, especially in the case of standardized
reading comprehension tests. This finding was mirrored also in other effect sizes, although the
differences were not significant, presumably because of a small number of cases for compar-
ison. These findings should be considered as a strong recommendation for future studies
directed at classroom level interventions, to use multilevel analysis.

Another issue is that some studies cannot be included in meta-analyses, because of
inadequate or missing data to calculate the effect size. We therefore call for more rigorous
descriptions of statistical data in future research. Both journal editors and researchers should
take care in registration of statistical results and should take into account that studies might be
used in a meta-analysis in the future. For example, presenting pretest data is indispensable in
determining a proper effect size. Also presenting student characteristics (e.g., gender or age) of
each condition, as opposed to characteristics that apply to the whole student sample, is helpful
to accurately synthesize data. For intervention studies in particular, it is interesting to be able to
include moderators pertaining to intervention duration (e.g., intervention duration in terms of
total hours and number of weeks) and more elaborate descriptions of what the intervention
specifically entailed are helpful in determining whether a study is eligible for coding (e.g.,
training procedures for the trainers who delivered the intervention, what strategies were taught,
what kind of tasks were the students required to do in the lessons, what didactic principles
were underlying the intervention).

A third suggestion for future research pertains to the mediating effect of strategy-use by the
students. The only feature that was experimentally manipulated in the studies included in the
meta-analysis was the presence or absence of an intervention aimed at instructing reading
strategies. The underlying assumption in the studies is that the strategies taught are also used
by the students, but we cannot be sure that was always the case (Donker et al. 2014). It would
be interesting to investigate in future research how strategy-use by students mediates the level
of reading comprehension.

Implications for Educational Practice

Our meta-analysis gives rise to some important implications for the use of interventions
aimed at fostering reading strategies in whole-classroom contexts. In the first place, the
question whether reading strategy interventions can be effective for improving students’
reading comprehension can be answered in the affirmative. Although the overall effect
size of strategy interventions on researcher-developed tests appears to be small, the effect
on the delayed measures is stronger (large) and shows that strategy instruction can be
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considered to be quite durable in achieving effects on reading comprehension. The
researcher-developed tests used in our analyzed interventions are presumably directed at
reading comprehension skills that are needed for specific types of comprehension prob-
lems, which may arise in textbooks used in school (e.g., in content area teaching). For that
reason, the results of our meta-analysis give support to the teaching of reading strategies
for the purpose of improving such textbook reading in school (in contrast to improving
achievement on standardized reading tests).

As the studies used a package of multiple strategy instruction to foster students’ reading
comprehension, our findings do support the recommendations provided by the National
Reading Panel (2000). The panel concludes that teaching of multiple reading strategies
Bleads to increased learning of the strategies, to specific transfer of learning, to increased
memory and understanding of new passages, and, in some cases, to general improvements
in comprehension^ (p. 4–52). In addition, our study suggests that the strategy called
Bsetting reading goals^ is a promising one for adding to such packages of multiple
strategies, since it has shown to have a positive moderating effect on reading comprehen-
sion. This type of strategy requires that students think beforehand what the purpose of
reading is, for example, knowing something, answering questions or enjoying a story (e.g.,
Aaron et al. 2008). This means that teachers should make their students think and be aware
of their purpose for reading and ask questions that elicit such awareness. Setting reading
goals is an important type of strategy in task-oriented reading, which is often asked for in
content-area classes. In task-oriented reading, students need to select relevant parts of the
text, specific for the task at hand, they need to know when to skip information, and they
need to know when to search for information (Vidal-Abarca et al. 2010). To do this
successfully, knowing the goal(s) of reading is necessary. Thus, especially for content-
area teachers, asking their students to think about their reading goals might be a valuable
addition to learning from texts.

Our study has made it clear that reading strategy instruction seems to be especially effective
in the middle (grades 6–8), and earlier grades (3–5), as substantial effects on researcher-
developed measures of reading comprehension are found (d = .618 and d = .387). This implies
that instructing reading strategies in whole-classroom settings should begin from the earliest
grades to be effective. In contrast, for the group of older students (grades 9–12), the effects on
reading comprehension are negligible. Although, the results found for the latter were derived
from only two experimental studies, it remains doubtful whether strategy instruction for this
oldest group in our analysis is fruitful.

Lastly, we need reflect on the result that teachers are not as proficient as researchers in
successfully implementing an intervention aimed at instructing reading strategies. This
finding calls for more emphasis in teacher education on the teaching of reading strategies
to foster reading comprehension. As the National Reading Panel (2000) recommends,
such instruction should be extensive, especially on how teachers should teach those
strategies. In order for teachers to know how strategies should be taught, it seems
necessary that teachers have a deeper understanding of the reading comprehension
process. This deeper understanding should start during teacher education. For example,
student-teachers could be stimulated to think aloud while reading a text and reflect on
what reading strategies they use and whether the use of those reading strategies is helpful
in understanding. In addition, in their apprenticeships, they could do the same with their
younger students, to acquaint themselves with the reading problems that they are
confronted with.
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Conclusion

Summarizing our findings, we conclude that reading-strategy interventions in whole classroom
settings can be beneficial, especially for students in grades 3–8. Larger effects were found for
researcher-developed tests of reading comprehension, compared to standardized tests, which
shows that researcher-developed tests are more sensitive to the specific reading strategies
learned by students. In addition, the finding that delayed (researcher-developed) tests demon-
strated a large effect on reading comprehension is certainly an important support for the case
that strategy interventions may be quite durable in achieving effects on reading comprehension
in whole-classroom settings.
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