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Abstract Due to new standards in fostering life-long learning at school, research has
increasingly dealt with the promotion of self-regulated learning, resulting in a large number
of intervention studies conducted at primary and secondary school. The current study aimed
at investigating the impact of various training characteristics on the training outcomes,
regarding academic performance, strategy use and motivation of students. Two meta-
analyses were conducted separately, one for primary and one for secondary school level to
allow for comparisons between both school levels. The meta-analyses included 49 studies
conducted with primary school students and 35 studies conducted with secondary school
students; analyzing 357 effect sizes altogether. The potential effects of training character-
istics were investigated by means of meta-analytic multiple regression analyses. The
average effect size was 0.69. For both school levels, effect sizes were higher when the
training was conducted by researchers instead of regular teachers. Moreover, interventions
attained higher effects when conducted in the scope of mathematics than in reading/writing
or other subjects. Self-regulated learning can be fostered effectively at both primary and
secondary school level. However, the theoretical background on which the training
programme is based, as well as the type of instructed strategy led to differential effects at
both school levels.
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Introduction
Self-regulated learning in the context of lifelong learning

Self-regulated learning represents a major topic in educational research and has had a large
impact on research on learning and instruction for several decades (Winne 2005). As
indicated by the European Framework of Life-long Learning (EU Council 2002), today’s
society requires students to be able to learn in a self-regulated way during and after schooling
and throughout their entire working life. Consequently, interest in educational research on
improving learning and making it more efficient has resulted in a high number of intervention
studies aiming at fostering self-regulated learning. The results of studies that examined the
effects of self-regulated learning are consistent regarding the general positive impact on
academic achievement and learning motivation (e.g., Zimmerman and Bandura 1994;
Zimmerman 2001). When studying the literature on how to promote self-regulated learning,
it becomes obvious that there is still a gap in the research about how teachers can bring self-
regulated learning into the classroom. Most studies report attempts to improve students’
academic self-regulation, but only little information is available about supporting teachers in
how to do so. In order to advise teachers on this, it is essential to know which components of
promoting self-regulated learning have proven to be valuable. Thus, a closer look at the
effectiveness of components of intervention studies seems reasonable before e.g., developing
a training programme for teachers. As former reviews on the promotion of self-regulated
learning and teaching efficiency have indicated differences in younger and older students
acquiring self-regulated learning (e.g., Hattie et al. 1996; Seidel and Shavelson 2007), a
closer look at the differences between primary and secondary school level seems necessary.

In the present review, we wanted to examine the impact of self-regulation strategy
training programmes at primary and at secondary school level; i.e., the impact of training
characteristics (e.g., on which theoretical background training programmes were developed,
what kinds of strategies were trained, who delivered the training) and study features (e.g.,
assessment instruments, sample size) on training effectiveness was investigated. We studied
the effects of training programmes aimed at increasing self-regulated learning on academic
achievement (mathematics, reading/writing, and other subjects), cognitive and metacogni-
tive strategy use, and motivational aspects.

Although self-regulated learning is proving to be a recently well studied issue, the
concept is based on historical results from educational research (e.g. Piaget 1954; Vygotsky
1978; Bandura 1989). With the beginning of constructivist learning theories, the idea that
students should take responsibility for their own learning and should play an active role in
the learning process replaced instructional theories, which assigned a reactive rather than a
proactive role to the learner (Zimmerman 2001). Based on this paradigm shift, theories
about self-regulated learning have evolved. According to Paris and Paris (2001), research
on self-regulated learning changed from a cognitive strategy-oriented focus in the 1970s to
experimental investigations of various strategy conditions in the 1980s, focusing
increasingly on metacognitive aspects of learning. In the 1990s, research finally highlighted
strategy intervention in the classroom (Paris and Paris 2001). Only over the last few years
have theories accounted for motivational and volitional components of learning and
academic self-regulation (Boekaerts and Corno 2005).

Nowadays, a large variety of different theoretical conceptions of self-regulated learning
exists, relating to “considerable confusion in the literature with respect to the critical
attributes of self-regulation, its key components, and related constructs... [and] there are
almost as many definitions and conceptions of self-regulation as there are lines of research
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on the topic” (Zeidner et al. 2000, p 750). Definitions on self-regulated learning commonly
view self-regulated students “as metacognitively, motivationally, and behaviourally active
participants in their own learning process” (Zimmerman 1986), who “self-generate
thoughts, feelings, and actions to attain their learning goals” (Zimmerman 2001). Boekaerts
(1999) distinguishes three areas of psychological functioning in which self-regulated
learning can appear: cognition, metacognition, and motivation/affect. Cognition concerns
itself with the different cognitive strategies, applied to learn and perform a task, that refer to
information processing. Metacognitive strategies are used to control and regulate cognition.
Motivation and affect concern themselves with all motivational beliefs about oneself related
to a task, such as self-efficacy beliefs, interest, or affective reactions to oneself and the task.

The effectiveness of promoting self-regulated learning

Despite the large amount of research on fostering self-regulated learning among students,
some unanswered questions still remain. Weinstein et al. (2000) formulated some questions
that should be addressed during further research: “What are the precursors of effective
strategy use? How can we facilitate the development of these skills at differing ages? What
can we do to help teachers incorporate learning-to-learn activities into their classroom
teaching?” (Weinstein et al. 2000, p. 744). Meta-analyses should be an appropriate way to
give an overview of the field of research, and additionally increase the statistical power of
the primary studies (Becker 1988).

Former meta-analyses already reviewed training programmes that were developed to
foster effective learning at school in order to examine the effectiveness of different training
characteristics. Hattie et al. (1996) analysed the impact of diverse training characteristics of
interventions to foster study skills for all possible age groups—from kindergarten through
to adulthood. They compared 51 interventions already published by 1992 that aimed at
enhancing students’ learning by improving their use of study skills. This analysis included
programmes that focused on task-related skills, as well as on self-management skills and
motivational and affective elements. The results indicated that interventions were most
effective when situated in a context, and when fostering a high amount of student activity
and metacognitive awareness. Since the theories of research on self-regulated learning of
the last decade have “evolved due to new research findings and cross-fertilization of ideas”
(Zimmerman 2001), a further meta-analysis that includes recent studies published within
the last 15 years, could reflect the current status of research. Theoretical understanding of
promoting self-regulated learning among students has been elaborated on during the past
decade (Zimmerman 2001), resulting in new programmes on self-regulated learning
(Boekaerts et al. 2000; Zimmerman 2001). Also Hattie et al. (1996) stated in their article
that “at the present time, however, attempts at modelling intervention programmes for
enhanced learning lack broadly based supportive data. Not to put too fine a point on it,
theory may have leapt ahead of the evidence” (Hattie et al. 1996; p. 103). Therefore, our
aim was to conduct a meta-analysis that includes recent primary studies which already
reflect and account for theories on self-regulated learning that have emerged in the last
decade in order to tie in with the valuable results of the review by Hattie et al. (1996).
Because our research aim was to investigate the promotion of self-regulated learning in
primary and secondary classrooms, we wanted to investigate interventions, which were
integrated in the normal teaching context, while Hattie et al. (1996) only “reviewed studies
that aimed at improving student learning by intervention outside the normal teaching
context” (Hattie et al. 1996, p. 99). As Paris and Paris (2001) stated, in the 1990s research
studies were conducted that aimed at including instruction on self-regulated learning in the
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classroom. These recent studies should be included in the investigation as well. For the
same reason, we concentrated on the analysis of studies conducted with primary or lower
secondary school students instead of including learners from all age groups, and we did not
include studies that were conducted with particularly low or high achieving students. While
Hattie et al. (1996) reviewed studies of which the “majority [...] was implemented in
universities wherein students self-selected to participate” and “was conducted for atypical
students (the low, high, and underachievers)” (Hattie et al. 1996, p. 112), our investigation
might reveal new results as it is based on a different sample. Therefore, a new meta-analysis
seems indicative of our purpose.

We did the first meta-analysis with training studies conducted at primary school to
analyze the research of the last decade that has dealt with promoting self-regulated learning
amongst primary school students (Dignath et al. 2008), revealing that self-regulated
learning can be taught effectively as early as primary school age. In line with these results,
Hattie et al. (1996) had found higher effect sizes for primary and lower secondary school
than for older school levels or university. One noticeable result of both meta-analyses (see
Dignath et al. 2008 and Hattie et al. 1996) was the superiority of researcher-directed
interventions over those interventions directed by teachers. Due to differences in teacher
education among primary and secondary school teachers, as well as different developmental
theories on students’ capacity for academic self-regulation, it seems interesting to compare
this effect with studies conducted with secondary school students. Another result that
motivated us to examine intervention studies at secondary school level was higher effect
sizes for interventions among younger rather than older primary school students. If
interventions are more effective when conducted with first to third grade students than for
fourth to sixth graders, the question arises whether secondary school students are even
harder to train effectively, or whether they, due to their developmental advantage, achieve
even better than younger students.

As we are interested in fostering self-regulated learning among primary and secondary
school students, a closer look at the particularities determining the effectiveness of
interventions for the different age groups would be interesting and might give new insights
into the differences in acquiring self-regulation strategies at different ages. The present
article will therefore analyze the effectiveness of self-regulation interventions of the last
decade among students at primary and secondary school, and shall allow comparing the
effectiveness of interventions between primary and secondary school students.

With regard to the method, this meta-analysis should correct for possible relationships
among the training characteristics under investigation: Investigating the potential moderator
effects one by one can lead to inaccurate results in the case that particular training features
might appear together, leading to different effects under various circumstances; e.g. two
training characteristics might be correlated, showing an effect for one characteristic, which
in fact results from the effect of the second characteristic. To control for these co-
occurrences, this present meta-analysis integrates the whole set of possible moderators
simultaneously into one analysis.

Potential moderator effects

The following questions will be investigated by analyzing the moderator effects of training
characteristics:

Are there age differences in acquiring self-regulation competence? According to the
suggestions resulting from most of the research from the 1980s and 1990s, children in the
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elementary grades and younger should have difficulties in applying cognitive and
metacognitive strategies (Paris and Newman 1990; Zimmerman 1990). One would
therefore assume differences in acquiring different components of self-regulated learning
between younger and older students. There are some research results on cognitive and
metacognitive strategies indicating that independent strategy use increases with age (e.g.,
Waters and Andreassen 1983). In particular, the metacognitive development has already
been investigated from the 1970s onwards, indicating age differences in metacognitive
knowledge and skills. Alexander et al. (1995) conducted a literature review on studies
conducted in the 1970s and 1980s that examined developmental differences of
metacognition in gifted children, also providing hints on developmental differences in
non-gifted children: They divided their analyses into three areas: 1) Children’s declarative
metacognitive knowledge, 2) their cognitive monitoring, and 3) their regulation of strategy
use. (1) Developmental changes in declarative knowledge were found not only between
ecarlier and later elementary school grades, but also between later elementary and earlier
secondary school grades (see Alexander et al. 1995). (2) With regard to cognitive
monitoring, children already start developing monitoring skills by the age of 4-5 (Cultice et
al. 1983), but only use them later, not before the age of 11-12 (Veenman and Spaans 2005).
Only a few studies deal with developmental differences in cognitive monitoring, indicating
that due to the high cognitive demands, monitoring is even difficult for adults (Alexander et
al. 1995). (3) Concerning the regulation of strategy use, children differed in complexity of
strategy use from earlier to later elementary school grades (Robinson and Kingsley 1977).
Moreover, according to Alexander and her colleagues (1995), students already acquire
maths strategies during the early primary school years, while text comprehension strategies
are only used in later elementary school years.

Within the last couple of years, more and more research has been done about young
students’ self-regulation, giving empirical support to the presumption that young children
already can and do engage in activities of self-regulating their learning (e.g. Biemiller et al.
1998; Bronson 2000; Perry et al. 2004; Perry et al. 2002; Whitebread 1999). According to
Schneider and Sodian (1997), the use of “classical” strategies as rehearsal, organization and
elaboration is rarely found in children younger than the age of six. However, recent research
shows strategic competence in very young children, so that a “barrier theory” assuming that
children around the age of 6 would shift from not using to using metacognitive strategies is
no longer tenable (Schneider and Sodian 1997). Empirical studies provide evidence for a
developmental progression of children’s competent strategy use from kindergarten to
elementary school age (e.g., Flavell et al. 1993). The development of children’s
metacognition goes on during schooling from 5 to 16 years: children increasingly become
aware of their thinking—meaning their own personal knowledge state, the characteristics
of tasks that have an impact on learning, as well as their own strategies to monitor their
learning (Paris and Winograd 1999). Sophisticated strategy use progresses further during
adolescence and early adulthood (Schneider and Sodian 1997).

Further research is required concerning age differences in the acquisition and instruction
of self-regulatory skills (see e.g., Zeidner et al. 2000). Pressley et al. (2006) propose cross-
sectional research by conducting interventions at different age levels to allow for insight
into developmental changes in the effectiveness of interventions: Meta-analysis can provide
insight into these changes in the effectiveness of interventions by combining individual
studies of interventions conducted at different age levels.

Which type of strategy is most effective? Concerning the training contents, Hattie et al.
(1996) found in their meta-analysis that unistructural interventions, in which students were
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taught cognitive strategies, such as mnemonic devices or graphic organisers, had the
strongest effect on performance and a moderate effect on affect. Relational programmes,
which trained a combination of metacognitive, cognitive, and motivation strategies, were
effective for performance and highly effective for affect. Due to a small number of effect
sizes, no effect sizes for measures of study skills are available (Hattie et al. 1996). In the
meta-analysis conducted with primary school studies (Dignath et al. 2008), effect sizes were
highest for training programmes that did not only instruct cognitive strategies, but rather a
combination of various strategy types. Moreover, effect sizes were higher when the benefit
of strategy use was emphasized, when students learned planning and action control
strategies, and when feedback was provided.

With regard to the different types of strategies, Weinstein and Mayer (1986) distinguish
between cognitive and metacognitive strategies: Cognitive strategies refer to the learners’
cognitive processes during the process of encoding information while problem solving or
text studying. Metacognitive strategies refer to the learners’ knowledge of, and control over
their own cognitive processes. Motivation strategies play a significant role by providing the
learner with the will to use these strategies (McCombs and Marzano 1990). To get a more
detailed picture of the effects of promoting the various strategies, analyses should
investigate the impact of instruction of cognitive, metacognitive, or motivation strategies,
as well as of more general metacognitive reflection.

Instruction of cognitive strategies Following Weinstein and Mayer (1986), the major
categories of cognitive strategies are (1) rehearsal strategies such as copying or
underlining, (2) elaboration strategies such as paraphrasing or summarizing, and (3)
organizational strategies such as outlining or creating a hierarchy, as well as problem
solving strategies (Mayer and Wittrock 1996).

Instruction of metacognitive strategies Schraw (1998) mentions three groups of metacog-
nitive strategies: planning, monitoring, and evaluation. Planning involves the selection of
appropriate strategies and the allocation of resources. Monitoring refers to checking one’s
comprehension and performance, e.g. by means of self-testing. Evaluating designates the
judgement about the products and efficiency of one’s learning, e.g. by re-evaluating one’s
goals and conclusions (Schraw 1998).

Promoting metacognitive reflection Several researchers (e.g., Butler 2002; Schraw 1998)
emphasize the importance of understanding how to use strategies. Strategy training should
integrate information about sow to use several strategies, and about the conditions under
which these strategies are most useful, and should illustrate the benefit of using them.
Besides the instruction of several types of strategies, students should acquire knowledge
about how, when, why, and where to apply these strategies (Veenman et al. 2006).

Instruction of motivation strategies Recent models additionally stress motivation as an
important component in self-regulation processes (see, e.g. Boekaerts 1999; Pintrich and De
Groot 1990; Pintrich 1999). According to McCombs and Marzano (1990), students need to
have the skill and the will to self-regulate. Following these models, motivation therefore
seems to have a high impact on the efficiency of learning. Pintrich (1999) mentions three
motivational components that may be linked to the components of self-regulated learning:
1. an expectancy component, including students’ beliefs about their ability to perform a task, 2.
a value component, comprising students’ goals and beliefs about the importance and interest of
the task, and 3. an affective component, referring to students’ emotional reactions to the task.
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What is the influence of students’ cooperative learning on training effects? Most studies
investigating the influence of cooperative learning on self-regulation draw a favourable
balance: students working in groups acquire higher learning motivation, work more
independently, and achieve higher academic performance (e.g., Rojas-Drummond et al.
1998; Stevens and Slavin 1992). Despite this consensus about the positive impact of
cooperative learning, it is still unclear whether the conditions under which cooperative
learning have such a positive effect (Slavin 1996). There are only a few studies which
compare interventions that allow for cooperative learning with those that do not (Slavin
1996; for comparison see e.g., Kramarski and Mevarech 2003). While these studies found
positive effects for cooperative learning results, we found negative effect sizes for studies
that reported the use of cooperative learning methods to foster self-regulated learning at
primary school (Dignath et al. 2008).

How should instruction be delivered? When researching the literature on promoting
learning strategies, one finds competing theories about how the intervention contents
should be instructed (Pressley et al. 2006). Several researchers have criticised the gap
between theoretical research and educational practice. Even intervention studies conducted
in educational settings have to face the critique of lacking internal validity and therefore
practical relevance in the classroom (De Corte 2000). As a consequence, intervention
studies have been accomplished that cooperate with teachers during the implementation of
training programmes in the classroom. Since these teacher-directed programmes have
emerged only in the last few years, it seems interesting to compare teacher- with researcher-
directed programmes.

Research Questions

The goal of this meta-analysis is to review intervention studies on self-regulated learning,
and to investigate the following research questions:

1. Do primary and secondary school students benefit from interventions that aim to foster
self-regulated learning and does one of both groups benefit more regarding
performance, strategy use, or motivation?

2. Are there training characteristics which make intervention programmes especially
effective, and which characteristics are these?

a. Does it make a difference on which theoretical basis intervention programmes are

developed?

b. Is the instruction of cognitive, metacognitive, or motivational strategies more
efficient?

c. Are intervention programmes more successful when also promoting metacognitive
reflection?

d. Does it make a difference in the scope of which school subject the intervention
takes place?

e. Are interventions more successful when directed by researchers or by teachers?

Does the duration of the intervention have an influence on its effectivity?

Does the assessment instrument, which was applied for the evaluation of the

intervention, have an impact on the effect sizes?

3. Do these training characteristics work in the same way at primary and secondary school
level?

gQ ™
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Methods
Data collection
Literature search

The literature search was carried out in the Psyclnfo and ERIC online data bases as well as
in the German online data base Psyndex. Forty-five words describing self-regulated
learning and its components were selected for an all-inclusive search, in order to identify all
relevant references of interventions that aimed at improving students’ learning behaviour
(Dickersin 1994). Based on the meta-analysis of Hattie et al. (1996), we used the following
key words: study skills, learning strategies, self-regulatory strategies, self-regulatory skills,
metacognition, metacognitive skills, metacognitive strategies, self-regulated learning,
motivational skills, self-motivation, life long learning, learning to learn, thinking skills,
learning processes, cognitive style, cognitive strategies, study habits, learning style,
cognitive processes, goal-directed behaviour, self-monitoring, goal-setting, self-control,
self-determination, self-management, organizational skills. Furthermore, according to the
Hattie et al. (1996) review, the following criteria for including a study in the sample were
applied:

a) The study had to be concerned with self-regulated learning

b) It had to be possible to compute effect sizes

¢) It had to be some type of training

d) The outcome had to be performance, self-regulation strategy, or affect/motivation.

The search was restricted to studies conducted at primary and secondary school level by
means of keywords like primary school, elementary school, junior high school etc. Finally,
the search was limited to the publication years 1992 to 2006.

Eligibility criteria

1. Time frame: To follow up the meta-analysis of Hattie et al. (1996) on the effectiveness
of study skills interventions including studies published until the year 1992, this review
only includes studies published after this time in order to give subsequent information.

2. Purpose of the study: Studies focused on fostering self-regulated learning within a
school context. Therefore, experimental laboratory settings were not included, and the
intervention had to last more than one single session. The intention of the research was
to support and promote self-regulated learning amongst students by means of direct
strategy instruction in terms of an informed training programme (Brown et al. 1996).
Interventions without any explicit strategy instruction, which aimed at fostering self-
regulated learning, e.g., only by implementing cooperative learning arrangements in the
classroom, were not included.

3. Training contents: Although the interventions do not obligatorily need to be named
“self-regulated” they should aim at fostering self-regulated learning among students
according to the definition of Schunk and Zimmerman (1998) stating that the self-
regulation of learning refers to the impact of students’ self-generated thoughts, feelings,
and actions serving to strive for their own goals. In addition, primary studies have to
include one or more components of academic self-regulation in their intervention.
Following the model of Boekaerts (1999), these can be classified in the broader
categories cognitive, metacognitive, or motivational strategies.
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4. Students’ characteristics: In order to be able to generalize the results to school learning,
studies should be conducted with primary or secondary school students up to the tenth
grade following American and most European School Systems. Grade numbers from
different countries were adjusted so that grade 1 includes students at the age of 5 to 6,
and grade 10 students at the age of 15 to 16. Participating students should not suffer
from learning disabilities, but should be representative for the general school
community.

5. Research design: For assuring a methodological standard, which allows meta-analytic
statistical procedures, the studies had to be conducted with a pre-post control-group
design to control for systematic pretest differences. In the case that pretest results were
not reported, studies were only included if they had tested that there were no significant
differences between the groups before the start of the intervention. Studies had to report
the sample sizes, mean and standard deviations, or respective F-values, to compute
effect sizes. The samples had to include at least ten students per group in order to
assure that the effect size d is approximately normally distributed (Hedges and Olkin
1985). Only interventions that lasted for at least a minimum of 1 week were included to
distinguish between interventions and one-time experiments (see Slavin 1996).

6. Publication type: Due to difficulties in obtaining unpublished papers, only studies
published in peer-reviewed journals or as an ERIC document (conference papers) were
included in the review.

Information coded from the studies
Outcome measures

Interventions fostering self-regulated learning and thus aiming at improving students’
learning are supposed to have a direct influence on academic performance (see e.g. Paris
and Paris 2001; Zimmerman and Bandura 1994). Therefore, all included primary studies
evaluated interventions by assessing students’ academic performance.

Besides, and especially if several components of self-regulated learning are trained, it is
interesting to see how students improve in applying the trained strategies. As a
consequence, most of the studies did not only report results from academic achievement,
but also strategy use and motivation of the students. Thus, three outcome categories were
operationally defined for this review: (1) academic performance, (2) use of’/knowledge
about cognitive and metacognitive strategies, and (3) motivation.

Based on the meta-analysis of Hattie et al. (1996), we grouped outcome measures into
these three categories: those measuring students’ strategy use, those assessing students’
motivation and related affect, as well as those measuring students’ academic performance.
These three categories were again sub-divided into several sub-categories, which will be
presented later.

Characteristics of intervention contents

A coding scheme was developed to ensure accuracy in the coding process, conducted by
two different coders. Interrater agreement was determined by means of Cohen’s Kappa, and
was within acceptable bounds (ranging from 80% to 100%). Ratings of theoretical
background categories were done collaboratively, and differences were resolved by
discussion. Studies were coded for information about the participants, and the analysis
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procedure including available results, as well as for further training characteristics. The type
of instructed strategies was coded based on the classification described earlier. Most of the
interventions aimed at instructing (a) cognitive learning strategies to the students. These
strategies have a direct impact on the information processing, and are mostly related to a
certain discipline (Klieme et al. 2001), e.g. text comprehension strategies, or mathematical
problem solving.

In addition, some of the interventions also include (b) metacognitive or (c) motivational
aspects of strategy. More generally, (d) metacognitive reflection was coded to investigate
the impact of providing students with strategic knowledge or knowledge about the benefit
of strategy use. As recent literature on self-regulated learning also focuses on the
characteristics of the learning environment that can contribute to effective learning by
creating opportunities for students to self-regulate their learning (De Corte et al. 2004),
interventions were also coded for (e) providing situations of group work.

Characteristics of implementation of interventions

Interventions were coded for the (f) school level at which the training took place. As most
of the studies were conducted in countries where the first 6 years of schooling are called
primary school, studies conducted within grade 1 through 6 were coded for primary school,
and those conducted among students from grade 7 to 10 were coded for secondary school.
Moreover, little is known about whether students acquire knowledge about learning more
efficiently when taught by their regular teachers or by researchers from university who
developed the intervention themselves. To fill this gap, interventions were coded for
implementation by (g) regular teachers versus external researchers. To gain insight in the
practicality of training, the (h) length of the intervention was also included as a potential
moderator. Since not all studies provided information about the duration of the training in
terms of the number of weeks or months, the number of training sessions was included into
the analyses as a continuous variable.

Computation of effect sizes
The standardized mean differences to compare the effects of pre—post data

Effect sizes were calculated as standardized mean differences between treatment and
control conditions (Hedges and Olkin 1985) for all outcome variables in each study. All
effect sizes were transformed into a common metric. It was required that they all estimated
the same treatment effect. The treatment effects were grouped into the categories academic
achievement, strategy use, and motivation.

Intervention studies usually compare results across independent groups relative to the
variability within the groups. All the included studies reported mean differences between a
treatment and a control group. Therefore, the standardized mean difference (Hedges and Olkin
1985) is an appropriate estimator, according to the research question of this review. As studies
using a single-group pretest—posttest design focus on change within a person relative to the
variability of change scores, instead of the variability within groups, they examine different
research questions and should not be combined. Studies using a single-group pretest—posttest
design were therefore excluded from this review (e.g. Lipsey and Wilson 1993). (A further
description of the computation of effect sizes can be found in the Appendix.)

When aggregating the effect sizes across the studies, it should be taken into account that
the effect sizes from studies with different sample sizes do not estimate the treatment effect
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with the same precision. We therefore weighted the effect sizes of the studies by the
inverse of their estimated sampling variance in order to give more weight to effect sizes
resulting from larger samples, assuming that these effect sizes estimate the population
parameter more precisely (Cooper and Hedges 1994; Hedges and Olkin 1985; Morris and
DeShon 2002).

Dealing with statistically dependent data

As mentioned earlier, most of the studies evaluated the effectiveness of the training by
means of several instruments measuring different constructs. In order not to compare
“apples with oranges”, effect sizes were analyzed separately, grouped according to the
construct. This also reduced the probability of dependent effect sizes extracted from the
same study (Gleser and Olkin 1994). However, there were still two sources of dependency
amongst effect sizes: (1) some effect sizes came from the same sample and measured the
same construct, e.g. when studies assessed the same construct with several instruments or
did not report an overall value for a questionnaire but only subscales. (2) Some studies
compared different treatments to the same control group.

1. To keep as much information in the analyses as possible, these effect sizes were
aggregated per study and construct (see Slavin 1996). To account for dependency and
to avoid studies with a larger number of outcome variables having a higher impact, the
variances of the effect sizes were aggregated by dividing their sum by the square of
numbers of effect sizes. Consequently, effect sizes extracted from the same study do
not get a weight of more than one altogether.

2. In addition, several articles reported the results of different treatments compared to the
same control group. When pooling effect sizes across studies, each treatment—control
comparison counted as one observation, each delivering effect sizes from similar
measures. These effect sizes resulting from different treatments were therefore not
averaged. However, counting each dependent measure as a separate effect size gives
too much weight to studies with a large number of treatment comparisons. The sample
sizes of these control groups were therefore adjusted to the number of treatments,
resulting in an adjusted inverse of variance for the weighting procedure.

Estimating a mean effect size

Effect sizes were combined across studies by using standard meta-analytic procedures
(Lipsey and Wilson 2001) for every outcome category separately. Each effect size was
weighted by the inverse of its variance (Cooper and Hedges 1994; Hedges and Olkin 1985;
Morris and DeShon 2002) and an additional random variance component to account for
heterogeneity amongst the effect sizes (Hedges and Pigott 2004).

Identifying potential moderator variables
Meta-analytic models: fixed, random and mixed effects models
The fixed effects model assumes that each study in the meta-analysis has the same

underlying effect (Brockwell and Gordon 2001). A significant Q value, indicating
heterogeneity amongst the effect sizes, leads to the assumption that the variability of the
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effect sizes does not result only from the sampling error within a study as assumed under a
fixed effects model (Hedges and Olkin 1985). Rather, it seems appropriate to suppose that
the observed effect sizes do not share a common population effect size, but have a study-
level sampling error in addition to a subject-level sampling error associated with them
(Lipsey and Wilson 2001). In contrast to the fixed effects model, the random effects model
allows a variance in both the estimated and the true effect between the individual studies.
Unless only little between-study variation is found, simulation studies show that random
effects models outperform fixed effects models concerning the trueness of results due to
substantial differences in standard error estimation (e.g., Berkey et al. 1998; Brockwell and
Gordon 2001). Consequently, fixed effects models risk producing high Type I error rates if
effect sizes are heterogeneous (e.g., Cohn and Becker 2003; Higgins and Thompson 2004).
As we can assume substantial heterogeneity in the data, in this review random effects
(between-study differences) were supposed to have an impact in addition to the impact of
the moderators. Thus, a mixed model was applied which treats the between-study effect as
random and the moderator effect as fixed. Following Overton (1998, p. 365), the mixed
model defines the moderator variable in the context of r; = B, + CB, + 7; + e; with the
random effects variance component 7; as a measure of the between-study heterogeneity.

Fitting meta-analytic models: the procedure of meta-regression

In order to incorporate multiple moderators in the same analysis, moderator analyses were
conducted by means of multiple regression analysis for effect sizes (Hedges and Pigott
2004). A meta-regression investigates the impact of special training characteristics on the
heterogeneity among results of multiple studies. In contrast to a standard weighted
regression, in meta-regression the inverse variance is specified as the weight, the effect size
as the dependent variable, and training characteristics as independent variables. The
standard weighting procedure would assume weights to represent different numbers of
subjects. Consequently, the significance testing of a standard weighted regression would be
based on incorrect assumptions concerning the sample size (Lipsey and Wilson 2001).
Therefore, the standard errors for the regression slopes must be corrected by dividing the
usual standard errors by the square route of the mean-square residual (Higgins and
Thompson 2004). In comparison to univariate multi-analytic ANOVAs, which might detect
a significant difference between treatment X and treatment Y, other factors than the
examined ones could account for the apparent differences, which are significantly different
in studies of treatment X and Y (Slavin 1996). The meta-analytic regression integrates the
whole group of potential moderators in the analysis and can consequently control for shared
variance among training characteristics. In addition, the type I error rate, which can be
inflated by conducting several univariate analyses, is controlled for. An Omnibus test is
used to investigate whether the group of moderator variables is related to the effect sizes.
The specification of the regression model is tested by the goodness-of-fit statistic O with k—
p degrees of freedom, where & is the number of studies and p is the number of entered
moderators. In the mixed model the moderator variables do not explain all of the variation
in the effect size parameters, but a study-specific random effect is assumed in addition to
the within-study sampling error. Therefore, a residual variance component is computed to
investigate the amount of residual variation over and above the sampling error variation
(Hedges and Pigott 2004). The analyses are conducted with statistical procedures by Lipsey
and Wilson (2001). The regression model is fitted by first including all potential moderators
in the model. Most of the variables are dummy-coded into dichotomous variables to be
included in the regression. Only the number of training sessions and the school grade
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remain continuous variables. Following backward elimination (see Heij et al. 2004), a
parameter is removed from the model if the confidence interval amounts to zero. The model
is refitted, and the elimination is repeated step-by-step until all remaining variables are
significant (Viechtbauer 2006).

In order to identify any potential training characteristics, regression analyses are
performed on each of the various outcomes.

Comparing primary and secondary school level

In addition to the impact of school level on the effectiveness of the training programmes,
analyses should also reveal if the effect of moderators is different for primary or secondary
school level. Thus, analyses are conducted for both school types separately. Differences
between the school levels in size and direction of the effects will be reported.

Results
Descriptive analyses of the studies

After excluding studies, which did not meet the eligibility criteria, the literature search
yielded 74 studies in which a treatment was compared against a control condition. These
training evaluations contained a sample of 8,619' students overall. Three hundred fifty-
seven effect sizes were extracted from the studies and grouped within the three outcome
categories. One hundred thirty-six effect sizes described academic performance, 167
described cognitive and metacognitive strategy use, and 54 were concerned with
motivational aspects.

Two hundred sixty-three effect sizes resulted from studies conducted at primary school
and 94 effect sizes from secondary school interventions. At primary school, 102 effect sizes
measured academic performance, 113 cognitive and metacognitive strategy use, and 48
measured motivational aspects. At secondary school, 34 effect sizes resulted from academic
performance outcomes, 54 from cognitive and metacognitive strategy use, and six from
motivational aspects.

Frequencies of training characteristics

A summary of the characteristics of the studies and effect sizes is given in Table 1. Most of
the studies placed their theoretical focus on metacognition (39 studies) or social-cognitive
learning theories (35 studies), whereas only nine studies were based on a motivational
background. Fifty-five training programmes instructed cognitive strategies, 49 focused on
metacognitive strategies, and 43 trained metacognitive reflection. Only 27 studies included
the instruction of motivation strategies. Thirty-three studies used group work as an
instruction method. Almost half of the interventions were conducted by researchers, and
half by regular teachers. Twenty-eight interventions took place in the domain of
mathematics, 26 programmes had a reading/writing context, and 20 programmes were
conducted within other subjects. The number of training sessions ranged between 2 and 90
sessions per intervention, with around 20 sessions on average.

' Sum of all the treatment and control group samples throughout all the studies, while control group sample
sizes were adjusted if several treatments were compared against the same control group.
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Table 1 Summary of study and effect size characteristics

Variables

n=357 (effect sizes)

N=74 (studies)

School level

Theoretical background

Instruction of cognitive strategies
Instruction of metacognitive strategies
Instruction of motivation strategies
Promotion of metacognitive reflection
Direction by

School subject

Duration of the intervention
Assessment instrument

Primary school: 263
Secondary school: 94
Metacognitive: 173
Social-cognitive:163
Motivational: 54

240

238

153

207

Teachers: 179
Researchers: 178
Mathematics: 132
Reading/writing: 142
Others: 83

M=2.1 (SD=1.19)
Performance test: 150

Primary school: 49
Secondary school: 25
Metacognitive: 39
Social-cognitive: 35
Motivational: 9

55

49

27

43

Teachers: 35
Researchers: 39
Mathematics: 28
Reading/writing: 26
Others: 20

Questionnaire: 90
Simulation task: 78
Multiple choice:31
Interview: 3

Sample size M=98.33 (SD=116.03)

Distribution of training characteristics

An inspection of the distribution of the effect sizes revealed statistical outliers that were
more than two standard deviations above or below the mean effect size. Statistical outliers
can exert an exceedingly strong influence on the results and were therefore eliminated from
the analyses following a procedure suggested by Lipsey and Wilson 2001. Figure 1 presents
the distribution of effect sizes grouped according to the various outcome categories and the
school level (Table 2).

Inferential analyses of the studies
The overall effect of interventions

On the basis of the 357 effect-size estimates an overall average effect size was computed.
Following the APA guidelines, weighted and unweighted mean effect sizes are reported
(see Becker 2005): The unweighted average was 0.73 and the weighted overall, underlying
a random effects model, was 0.69 and was significantly larger than zero (Z=27.30, p<0.01).

A separate inspection of the primary and secondary school data revealed a weighted
overall mean effect size of 0.68 for primary school and 0.71 for secondary school.
Considering the averaged effect sizes for the different outcome categories separately for
both school levels displayed a mean effect size of 0.61 for the overall measure of academic
performance at primary school and 0.54 at secondary school. Mathematics performance
yielded a mean effect size of 0.96 at primary and 0.23 at secondary school. For reading
performance, the effect size average was 0.44 at primary and 0.92 at secondary school, as
well as 0.64 at primary school for academic performance in subjects other than mathematics
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Fig. 1 Distribution of effect sizes
grouped for primary and second-
ary school
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and reading, while it was 0.05 at secondary school. However, it should be taken into
consideration that the latter mean effect size was only based on six single effect sizes when
interpreting this result. The mean effect size for strategy use was 0.72 at primary school and
0.88 at secondary school. We found a mean effect size for motivation outcomes at primary

Table 2 Average effect sizes grouped according to outcomes

Primary school —95%
mean ES (SE) CI

+95%
Cl

Secondary school
mean ES (SE)

—95% +95%
CI CI

All dependent variables
Academic performance overall
Academic performance mathematics
Academic performance
reading/writing
Academic performance
other subjects
Strategy use
Motivation

0.68 (0.03) n=263 0.63
0.61 (0.05) n=102 0.52
0.96 (0.13) n=25  0.71
0.44 (0.06) n=55  0.34

0.64 (0.09) n=22  0.46

0.72 (0.04) n=113  0.64
0.75 (0.09) n=48  0.57

0.74
0.70
1.21
0.55

0.83

0.79
0.92

0.71 (0.05) n=94
0.54 (0.11) n=34
0.23 (0.08) n=12
0.92 (0.20) n=16

0.05 (0.15) n=6
0.88 (0.06) n=>54

0.17 (0.06) n=6
wv=1)

0.61 0.81
031 0.76
0.07 0.38
0.52 131

-0.25 0.36

0.76 1.00
0.04 0.31

n Indicating number of effect sizes; N indicating number of studies
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school of 0.75 and at secondary school of 0.17. Again, this last result is only based on six
effect sizes and should therefore be interpreted carefully.

Due to heterogeneity among the effect sizes (Q statistics to test for homogeneity were
significant for the empty model of all outcome categories), the average weighted effect
sizes should only be understood as a description of the mean of the observed effect sizes
and not as estimates of a population parameter (Shadish and Haddock 1994).

Relationship between moderators and effect sizes

A meta-analytic weighted multiple regression analysis was performed using an SPSS macro
(METAREG.SPS) provided by Lipsey and Wilson (2001) to model the relationship
between moderators and effect sizes. This macro adjusts the regular weighted least squares
multiple regression and delivers correct standard errors and significance testing. The sum of
the random effects variance and the estimation variance was calculated as an estimate of the
residual variance component. The effect estimates were weighted by the inverse of their
residual variance component and used as a dependent measure in the regression. The
moderators were integrated into the analysis as predictors.

The individual regression coefficient B for each predictor was used in testing the
significance of individual study features. Standard errors were corrected, and confidence
intervals were calculated according to Hedges and Olkin (1985).

(1) Academic performance

Academic performance overall

Primary school The R* coefficient of determination for effect sizes regarding academic
performance at primary school was 0.29, indicating that the statistical model accounts for
29% of the variability in the primary school effect sizes of academic performance. For
academic performance, effect sizes were higher

— if the intervention was based on social-cognitive theories (B=0.33) rather than on
metacognitive theories (reference category). Motivation background led to significantly
lower effect sizes (B=-0.38).

— if interventions also included the instruction of metacognitive (B=0.39) and
motivational strategies (B=0.36) rather than for interventions that did not (constant).

The results of the regression analysis for primary school concerning the academic
performance outcomes are presented in Table 3.

Secondary school The R* coefficient of determination for academic performance effect
sizes at secondary school was 0.85, indicating that the statistical model accounts for 85% of
the variability in the secondary school effect sizes of academic performance. The results of
the meta-regression are presented in Table 4. Effect sizes for academic performance overall
at secondary school were higher

— if the intervention was based on metacognitive theoretical background (reference
category) rather than on social-cognitive (B=—1.41) or motivational theories (B=—0.97).
— if the intervention focused on metacognitive reflection (B=0.82) or motivation
strategies (B=0.56) rather than on cognitive strategies (reference category), but higher
for interventions promoting cognitive rather than metacognitive strategies (B=-0.64).
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Table 3 Stepwise backwards meta-regression analysis for primary school academic performance outcomes
(overall)

v=0.15 B SE —95% CI +95% CI P
Constant 0.20 0.14 —-0.07 0.46 0.15
Motivational theory -0.38 0.19 -0.74 —-0.01 0.04
Social-cognitive theory 0.33 0.13 0.07 0.58 0.0113
Metacognitive strategies 0.39 0.14 0.11 0.67 0.0058
Motivation strategies 0.36 0.13 0.10 0.62 0.0075
Group work —0.24 0.13 —-0.50 0.02 0.0695

v Method of moments random effects variance component

— if group work was used as a teaching method (B=0.56).

— if the intervention was conducted by researchers (constant) rather than by regular
teachers (B=-0.80).

— for interventions conducted in the context of mathematics (reference category) rather
than in reading/writing (B=—1.00) or others (B=-0.92).

Academic performance mathematics

Primary school The R* coefficient of determination for effect sizes for mathematics
performance at primary school was 0.44, indicating that approximately 44% of the variation
in effect sizes for mathematics performance at primary school can be explained by the
following moderator variables. Effect sizes for mathematics performance at primary school
were higher

— for interventions focusing on cognitive strategy instruction (reference category) rather
than on metacognitive reflection (B=-1.08).
— for interventions with a large number of sessions (B=0.05).

Secondary school The R? coefficient of determination for mathematics performance effect
sizes at secondary school was 0.94, indicating that 94% of the variability in effect sizes for

Table 4 Stepwise backwards meta-regression analysis for secondary school academic performance
outcomes (overall)

v=0.06 B SE —95% CI +95% CI V4

Constant 1.68 0.31 1.06 2.29 <0.0001
Motivational theory -0.97 0.36 —1.68 -0.25 0.0078
Social-cognitive theory -1.41 0.26 -1.93 —0.89 <0.0001
Metacognitive strategies —0.64 0.19 -1.02 -0.26 0.0010
Motivation strategies 0.56 0.22 0.14 0.99 0.0089
Metacognitive reflection 0.82 0.19 0.46 1.19 <0.0001
Group work 0.56 0.20 0.16 0.96 0.0063
Teacher-directed —0.80 0.18 —-1.16 —0.45 <0.0001
Reading/writing -1.00 0.32 —-1.62 —0.38 0.0017
Rest category -0.92 0.32 —-1.55 -0.29 0.0044

v Method of moments random effects variance component
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mathematics performance at secondary school may be attributed to the following
moderators: Effect sizes representing mathematics performance at secondary school were
higher

— if the theoretical background of the intervention focused on motivational (B=0.55)
rather than on metacognitive learning theories (reference category). No significant
difference was found compared to social-cognitive theories.

— if group work was not used as a teaching method (constant) rather than if it was used
(B=-0.65).

— with an increasing number of training sessions (8=0.02).

Academic performance reading/writing

Primary school The R* indicated that 19% of the variation of the effect sizes was explained
by the model. Effect sizes assessing reading/writing performance at primary school level
were higher if the intervention was based on a social-cognitive theoretical background (B=
0.38) rather than on a metacognitive one (reference category).

Secondary school There were not enough effect sizes measuring reading/writing
performance at secondary school to conduct meta-analytic regression analyses with this
number of predictors.

(2) Strategy use

Primary school The R* coefficient of determination for strategy use effect sizes at primary
school was 0.33, indicating that the statistical model accounts for 33% of the variability in
the primary school effect sizes of strategy use. Table 5 summarizes the results of the meta-
regression for strategy use at primary school. Effect sizes for strategy use were higher

— if the intervention was based on a motivational (B=1.12) or on a social-cognitive
theoretical background (B=0.68) rather than on a metacognitive one (reference
category).

— if the training focused on cognitive (reference category) rather than on motivational
strategy instruction (B=—0.45). No difference was found between cognitive and
metacognitive strategy instruction.

Table 5 Stepwise backwards meta-regression analysis for primary school strategy use

v=0.12 B SE —95% CI +95% CI )4

Constant 0.56 0.11 0.34 0.77 <0.0001
Motivational theory 1.12 0.27 0.59 1.65 <0.0001
Social-cognitive theory 0.68 0.10 0.48 0.87 <0.0001
Motivation strategies -0.45 0.13 -0.71 —-0.19 0.0008
Metacognitive reflection 0.22 0.11 0.02 0.43 0.0346
Group work —0.53 0.12 -0.77 -0.29 <0.0001
Teacher-directed -0.67 0.13 —-0.92 —0.42 <0.0001
Reading/writing -0.34 0.10 —-0.52 —-0.15 0.0005

v Method of moments random effects variance component
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— if the intervention provided metacognitive reflection (B=0.22) rather than focusing on
cognitive strategy instruction (reference category).

— if group work was not used as a teaching method (B=-0.53).

— if the training was conducted by researchers (constant) rather than by regular teachers
(B=-0.67).

— for interventions conducted in a mathematics context (reference category) rather than in
reading/writing (B=—0.34). The analyses did not reveal significant differences between
mathematics and the rest category.

Secondary school The R* is 0.59, indicating a 59% of variability explanation by the
statistical model. Results of this meta-regression are shown in Table 6. The effect sizes
measuring strategy use at secondary school were higher

— for interventions based on a metacognitive theoretical background (reference category)
rather than on a motivational (B=—1.83) or social-cognitive one (B=-1.67).

— for interventions focusing on motivation strategies (B=0.88) and metacognitive
reflection (B=1.45) rather than on cognitive strategy instruction (reference category).
No significant differences were found for interventions fostering metacognitive
strategy use compared to those emphasizing cognitive strategies.

— if researchers directed the training rather than regular teachers (B=—0.64).

— for interventions conducted in the context of mathematics instruction (reference
category) rather than in reading/writing (B=-0.79) or other subjects (B=—0.45).

(3) Motivational outcomes

Primary school The R* coefficient of determination for motivation effect sizes at primary
school was 0.40, indicating that the statistical model accounts for 40% of the variation
within the motivation effect sizes at primary school. Table 7 represents an overview of the
results of this meta-regression. Effect sizes for motivational outcomes at primary school
were higher

— if group work was not used as a method of instruction (B=-0.77).
— if the training was conducted by researchers rather than by regular teachers (B=-0.78).
— if the training consisted of a larger number of sessions (B=0.01).

Table 6 Stepwise backwards meta-regression analysis for secondary school strategy use

v=0.09 B SE —95% CI +95% CI )4

Constant 1.28 0.11 1.06 1.50 <0.0001
Motivational theory —-1.83 0.16 -2.15 -1.51 <0.0001
Social-cognitive theory -1.67 0.12 -1.91 —1.44 <0.0001
Motivation strategies 0.88 0.10 0.68 1.09 <0.0001
Metacognitive reflection 1.45 0.10 1.26 1.64 <0.0001
Teacher-directed —0.64 0.09 —0.82 —0.47 <0.0001
Reading/writing -0.79 0.14 —-1.06 —0.52 <0.0001
Other subjects —0.45 0.10 —-0.65 —-0.25 <0.0001

v Method of moments random effects variance component
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Table 7 Stepwise backwards meta-regression analysis for primary school motivational outcomes

v=0.19 B SE -95% CI +95% CI P

Constant 0.122 0.18 0.86 1.58 <0.0001
Cooperative -0.77 0.20 -1.15 -0.39 0.0001
Teacher-directed -0.78 0.18 —-1.13 -0.43 <0.0001
Number of sessions 0.01 0.01 0.003 0.02 0.0087
Reading/writing —0.52 0.17 —0.85 -0.20 0.0017
Other subjects —0.88 0.40 -1.66 -0.09 0.0290

v Method of moments random effects variance component

—  for training programmes conducted within mathematics instruction (reference category)
rather than in reading/writing (B=-0.52) or other subjects (B=-0.88).

Secondary school For secondary school, effect sizes measuring motivational outcomes
could not be analyzed since only one study (Perels et al. 2005) reported results for students’
motivation.

Differences between primary and secondary school level

Mean effect sizes at primary versus secondary school In the empty model, the weighted
averaged effect sizes did not differ significantly between primary and secondary school
when considering the overall measure for all dependent variables or for all academic
performance measures together. However, for all more differentiated outcome categories,
effect sizes differed significantly between primary and secondary school: Effect sizes for
mathematics performance were higher at primary than at secondary school, while for
reading/writing performance they were higher at secondary than at primary school. Effect
sizes of students’ strategy use were slightly higher at secondary school, but motivational
outcomes at primary school easily exceeded those measured at secondary school. Yet, this
result should be interpreted carefully due to the small number of effect sizes measuring
motivation at secondary school level. Mean effect sizes and regression coefficients are
presented separately for both school levels in Table 8.

Correlation analyses of predictors

Due to the large number of potential moderators that should be tested within one model, it
was not possible to include more detailed sub-categories of the instructed strategies as
further moderators in the analyses. Instead, the type of instructed strategy was categorized
into three broader instruction categories of cognitive, metacognitive, or motivational
strategies. However, more detailed sub-categories were coded from the studies. This
information may be particularly interesting since it describes the training contents in more
detail. In order not to loose this information, we correlated these sub-categories with the
type if theoretical background which was used by the authors of the studies. Significant
correlations would provide more information about what the training programmes looked
like.
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Table 8 Mean effect sizes primary vs. secondary school

Primary school
mean ES (SE)

Secondary school
mean ES (SE)

Regression
coefficient (p)

Random effects
variance component

All dependent variables  0.68 (0.03) n=263 0.71 (0.05) n=94 0.02 (p=0.68) 0.19

Academic performance  0.61 (0.05) n=102 0.54 (0.11) n=34 —0.08 (p=0.44) 0.26
overall

Academic performance  0.96 (0.13) n=25 0.23 (0.08) n=12  —0.70 (p<0.01) 0.17
mathematics®

Academic performance  0.44 (0.06) n=55 0.92 (0.20) n=16 0.47 (p<0.01) 0.21
reading/writing”

Academic performance  0.64 (0.09) n=22 0.05 (0.15) n=6 —0.57 (p<0.05) 0.15
other subjects®

Strategy use” 0.72 (0.04) n=113  0.88 (0.06)n=54 0.15 (p<0.05) 0.17

Motivation® 0.75 (0.09) n=48  0.17 (0.06) n=6  —0.57 (p<0.05) 0.26

V=1

*Significant differences (on the 5% level) between primary and secondary school mean effect sizes

® Significant differences (on the 1% level) between primary and secondary school mean effect sizes

Therefore, correlation analyses were conducted between the predictors’ #ype of
theoretical background and type of instructed strategy. We found significant correlations
for training programmes that were based on a metacognitive theoretical background with
the instruction of problem solving strategies and with metacognitive reflection. The
correlation was negative with motivational strategy instruction. A theoretical focus on
motivation correlated significantly with the instruction of cognitive, metacognitive and
motivational strategies, but negatively with metacognitive reflection. The analyses revealed
negative correlations between a social-cognitive theoretical background and cognitive as
well as metacognitive strategy instruction.

For more detailed analyses, each type of theoretical background was correlated with the
subcategories of each strategy type (see Table 9). It was not possible to include these
subcategories of strategies into the meta-regressions, since the number of predictors would
have become too large in relation to the number of effect sizes.

The correlations led to the conclusion that training programmes based on a
metacognitive theoretical background focused mainly on problem-solving strategies in
combination with metacognitive reflection, but not fundamentally on metacognitive
strategy instruction, and even less on motivation strategies. Compared with this, training
programmes with a motivational theoretical background emphasized cognitive, metacog-
nitive and motivation strategy instruction by leaving out any metacognitive reflection. No
correlational pattern was found for training programmes based on social-cognitive
theoretical background.

Discussion

The present meta-analysis investigated 74 studies for the effects of training characteristics at
primary and at secondary school level (Table 10).

The results will be discussed against the background of the theories mentioned earlier on
the development of metacognition and self-regulated learning between early primary
through to secondary school age.
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Table 9 Correlations of theoretical background of a study with instruction of subcategories of strategy types

Theoretical
background

Metacognitive
theoretical background

Social-cognitive
theoretical background

Motivational
theoretical background

Cognitive strategies
Elaboration
Organization
Problem-solving

Metacognitive reflection
Reasoning
Knowledge about strategies
Benefit of strategy use

Metacognitive strategies
Planning
Monitoring
Evaluation

Motivation strategies
Resource management
Causal attribution
Action control
Feedback

n.s. -0.16° 0.39°
n.s. -0.18° 0.36°
0.21° —-0.13* n.s.
0.34° -0.25° ns.
0.19° n.s. n.s.
0.23° n.s. n.s.
—0.15° n.s. 0.31°
n.s. n.s. 0.19°
n.s. n.s. 0.20°
-0.11% 0.13* n.s.
-0.14° n.s. 0.32°
—-0.39° n.s. 0.49°
n.s. 0.13% -0.13%

?Significant correlation on the 5%-level

® Significant correlation on the 1%-level

n.s=not significant

Table 10 Summary of main

effects

Primary school

Secondary school

Highest effect size in...
Direction of the training
School subject domain

Theoretical background
of the training program

Group work
Type of strategy

Duration of the training
program

Motivational aspects maths
performance

Strategy use reading/writing
performance

Effect sizes are higher when the training is conducted
by researchers instead of regular teachers

Interventions attain higher effect sizes when conducted in the
scope of mathematics than in reading/writing or other subjects

Effect sizes are higher if
the intervention is based on

social-cognitive learning theories
Negative impact on effect sizes
For maths performance, cognitive

strategy instruction leads to
higher effect sizes than
metacognitive reflection, but

for strategy use it is the opposite

Effect sizes are higher if the
intervention is based on
metacognitive learning theories

Positive impact on effect sizes

Instruction of motivational strategies
as well as metacognitive reflection
is superior to interventions that
mainly focus on cognitive strategies

Effect sizes increased with the number of training sessions
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Drawing inferences from the results

With regard to students’ academic performance:

(M

@

3)

For primary school level, training programmes that were developed based on social-
cognitive theories on self-regulated learning reached higher effects than those based
on theories emphasizing motivational aspects or metacognition. For secondary school
level, programmes based on metacognitive theories had the highest effects. As the
literature review on the development of metacognition revealed, metacognitive
strategy use arises during the elementary school years, but the development continues
during the secondary school grades (e.g., Alexander et al. 1995; Paris and Winograd
1999; Schneider and Sodian 1997; Veenman et al. 2004), and even remains
incomplete over the life-span (Kuhn 1999). According to Paris and Newman (1990),
children entering primary school rarely reflect and control their learning compared to
children entering secondary school. As secondary school students already dispose of
metacognitive knowledge and strategies, training that emphasize these metacognitive
aspects can be functional, while younger students, who do not yet dispose of a
strategy repertoire, might still need more support, so that training based on
motivational theories is more effective.

At primary school level, effect sizes were higher if metacognitive strategies were
trained, while at secondary school level, effect sizes were higher for training
programmes including metacognitive reflection. This is the same for both, students’
academic performance, as well as their use of strategies. According to Alexander et al.
(1998), children’s strategic behaviour changes as they become more experienced and
competent in a subject by being more effective, flexible and sophisticated. Young
children, whose metacognitive and metastrategic knowledge is still developing (Kuhn
1999), might therefore benefit more from pure instruction of metacognitive strategies
in order to broaden their strategy repertoire, while older students benefit more from
elaborating the application of strategies that they might already possess in order to
reach a level of more sophisticated strategy use (see Schneider and Sodian 1997). This
result also supports developmental theories of self-regulated learning which postulate
that learners have to pass through different levels of self-regulation until they achieve
a level of self-regulating their learning in an adaptive way and in changing conditions
(Zimmerman 2002). Following Zimmerman’s model of the development of self-
regulated learning (2002), learners start with learning by modelling and imitating, so
that they are still dependent on external feedback. Only on the higher developmental
levels can the learner control and regulate their own learning process independently of
others. In these stages, metacognitive reflection about when and how to use which
strategy can take place in an independent way, while students still need more support
at the earlier levels (Zimmerman 2002).

Effect sizes measuring students’ maths performance were higher for primary school
students, while effect sizes that measured reading/writing performance turned out to
be higher at secondary school level. The fact that the effect sizes for maths
performance of primary school studies even exceeded those of secondary school
studies reinforces the finding that students can benefit from strategy training already at
primary school level (Dignath et al. 2008; Hattie et al. 1996). With regard to the
higher effect sizes in reading/writing at secondary school, research on the
development of metacognition has revealed that especially in the context of reading
and writing, inexperienced students have problems with using metacognitive
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strategies, as they do not have enough cognitive capacities left for using strategies in
addition to the demanding task of reading or writing (Alexander et al. 1998). Older
students, who have automated the process of reading and writing, still have free
capacity for metacognitive processes, and can therefore benefit more from strategy
training in this context. Furthermore, this result is concordant with findings of the
review of Alexander et al. (1995) on metacognitive development studies: While
students already acquire maths strategies during the early primary school years, they
only start applying text comprehension strategies in the higher grades.

Only little empirical research has examined the impact of contextual differences in
achievement beliefs between classes of different academic disciplines (Wolters and Pintrich
1998). Wigfield (1994) reports a negative development of students’ achievement beliefs as
they get older, which is more pronounced in the area of mathematics than in other areas. In
addition, students value mathematics more highly in elementary school than in high school,
while the older students value language arts more (Wigfield 1994). As expectancies are
strongly related to performance (Pintrich and De Groot 1990; Wigfield 1994), students’
lower efficacy beliefs might lead to a lower efficacy of the intervention programme in the
respective subject, while those subjects, in which students have higher achievement beliefs,
might work better for the training programmes.

(4) Interventions are more effective the longer they are, for both school levels. This result
is in line with former research on the development of metacognition and self-
regulation, emphasizing the importance of developmental aspects of strategy use: As
students gain experience in strategy use, their strategic behaviour shifts in both, a
quantitative and a qualitative way: Students’ strategy use becomes more automated
and sophisticated with time. Moreover, children often do not generalize the use of
strategies to new contexts (Alexander et al. 1998). Providing students with
opportunities to practice strategy use will foster the transfer of metastrategic
knowledge to real learning contexts. Consequently, the development of strategic
behaviour is not only related with age, but also develops with experience (Alexander
et al. 1998). Following a large amount of research on strategy interventions, learners
need time to adopt strategies into their learning behaviour. Interventions should
therefore last for a longer time period to allow for intensive acquisition and practice of
self-regulated learning strategies (see e.g., Pressley et al. 2006; Veenman et al. 2006).

With regard to students’ strategy use:

(1) The finding that effect sizes of students’ strategy use were higher at secondary school
is in line with former research, having shown already that older students learn in a
more strategic way (Paris and Newman 1990; Zimmerman 1990). This might be due
to the fact that secondary school students already dispose of a complex strategy rep-
ertoire, resulting from their experience with strategic situations, while primary school
students might not yet possess automized backup strategies (Alexander et al. 1995).

(2) Primary school students achieved higher effects regarding motivational outcomes than
secondary school students. This result is concordant with earlier findings, demonstrat-
ing that young children are already motivated to learn when they arrive at school—
however, this motivation declines during schooling (e.g. Helmke 1993; Krapp 1998;
Spinath and Spinath 2005). In general, students’ achievement beliefs become more
negative with increasing age, especially during early adolescence (Wigfield 1994).
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3)

“4)

®)

(6)

Yet, the result for motivational outcomes is only based on one single study conducted
at secondary school that reported motivational outcomes (Perels et al. 2005) and
should therefore not be generalized.

With regard to students’ strategy use, the effect sizes at primary school level were higher
when interventions were developed against the background of theories that emphasized
motivational aspects of self-regulated learning. According to Dweck and Elliot (1983),
young children attribute success and failure more often to their effort, while children
above the age of 12 relate it more often to fixed ability. Motivational strategies or
motivation of strategy use might therefore be more accessible to younger children.
At secondary school level, effect sizes were highest for training programmes that
were developed based on metacognitive theories. In order to see what distinguishes
the interventions from one another when based on the various theoretical
backgrounds, it seems interesting to look in more detail at the training contents
of the programmes that were based on the different theoretical research traditions:
As the correlations between the fype of theoretical background and the type of
instructed strategy showed, it is not possible to conclude that training programmes
based on metacognitive theory would focus more on metacognitive strategies, while
those based on motivation theories would emphasize mainly motivation strategies.
Rather, the correlation analyses revealed that for all three types of theoretical
orientations, the instruction of metacognitive strategies seems to be relatively equal.
Training programmes with a social-cognitive background basically focused on any
strategy instruction, combined with feedback and resource management strategies.
This focus on strategies combined with strategy-related feedback seems to be easiest
to learn and most efficient for younger students (e.g., Schunk 1994, 1996, 1997) as is
noticeable in the effect sizes measuring academic performance. In contrast, training
programmes with a theoretical focus on metacognition included many different types
of higher-order thinking strategies, namely problem-solving strategies, and metacog-
nitive reflection. These training programmes, which focus on combining metacognitive
strategies with complex cognitive strategies and metacognitive reflection, revealed the
highest effect sizes at secondary school level; thus they might be very efficient, but may
be too difficult for younger students (see Zimmerman 1990). The programmes with a
motivational theoretical background integrated many different types of strategies
(cognitive and metacognitive strategies, and some types of motivational strategies).
However, they left out the most effective characteristics from both school levels:
These interventions did not provide feedback, which is helpful for younger students
(Schunk 1997), and they did not foster metacognitive reflection (e.g., Schraw 1998;
Butler 2002), which improves programmes for older students.

For both school levels, effect sizes were higher when metacognitive reflection was
included in the training. Instructing metacognitive strategies—like planning, moni-
toring, and evaluating one’s learning process—does not improve learning outcomes,
strategy use, or motivation per se. There are some supplementary components that
seem to make the promotion of self-regulated learning effective: Students need
feedback about their strategy use (Zimmerman 2002), and they need knowledge about
strategies and about the benefit of using them (Schraw 1998).

Moreover, for both school types training programmes reached higher effects when the
training was conducted in the scope of maths rather than reading or writing. As
mentioned above, processes of reading and writing are so demanding to inexperienced
students, that the additional cognitive capacity, which would be required for strategy
use, is too limited (Alexander et al. 1998).
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Moreover, Wolters and Pintrich (1998) reported that students tend to view mathematics
as more important, useful, and interesting than language arts or social studies, which could
be an explanation for students’ potentially higher commitment in mathematics than in
reading and writing. Thus, Wolters and Pintrich (1998) did not find a greater use of
strategies in mathematics than in other subjects. Although there might be variation between
subject areas, the relations between motivation and cognition seems to be stable across the
different subjects (Wolters and Pintrich 1998).

(7) Furthermore, for both school types, effect sizes were higher if the training was
provided by researchers rather than by regular class teachers. This is an alarming
result as it is an essential long-term goal of educational research to be able to
implement relevant research results into school practice (De Corte 2000). According
to Waeytens et al. (2002), teachers lack knowledge about the concept of self-regulated
learning. Observation studies also showed that they spend only little of their
instruction time on strategy teaching (Hamman et al. 2000). Therefore, when
implementing an intervention to promote self-regulated learning by the regular
teachers, extensive teacher training would be necessary. Yet, following Kline et al.
(1992), teachers lack an overall instructional plan, the required preparation time for
strategy instruction, support with implementing strategy instruction, as well as the
necessary skills that teachers and managers need for effective implementation of those
strategies. In addition, whether teachers even realize changes in their instruction is
dependent on their prior beliefs and value orientations. Therefore, providing them
with information is not sufficient, but should be completed by transforming the
information into tools usable for teachers and by involving the teachers in the research
project (De Corte 2000). Thus, the low effect of interventions conducted by teachers
might be a consequence of inadequate or insufficient teacher training. The effects of
teacher training on the teachers themselves should also be investigated when
implementing a training programme directed by teachers. More information on
teacher training of the studies under investigation would have been necessary in order
to get a detailed picture on the difficulties of implementing the training contents in the
classroom. When developing a training programme, it should be clear that teachers are
the most important contact person for the students, who stay close to them for a long
time period and could therefore help students to automate strategy use in the long run.
Furthermore, teachers can function as facilitators of students’ accumulating
knowledge and skills necessary to self-regulate their learning.

(8) Finally, at primary school, interventions attained higher effect sizes on strategy use if
they did not include group work as a teaching method. Meanwhile, there is some
research showing the positive impact of cooperative learning on students’ perfor-
mance, strategy use, and motivation (e.g., Guthrie et al. 1998; Slavin 1996)—at
elementary as well as at secondary school level (Slavin 1989). Even very young
students were found to benefit from collaborative learning settings (e.g. Whitebread
2007). In the studies included in this meta-analysis we only found very little
information about the implementation of group work in the learning setting. Since
cooperative learning was not the main topic of the interventions, little is known about
how teachers or trainers introduced group work in the classroom. We also did not find
any information about the experiences of students with cooperative learning, and
whether they received any instruction about cooperative learning. As it is obvious that
the positive effects of cooperative learning can only surface if students know rules
about how to behave when working in groups, it would not be enough to let students
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sit around a table in small groups without providing them with any systematic
instruction. Hence, a possible reason for the negative effect of group work on training
effects at primary school level might be that students were not used to working in
groups and did not receive enough instruction about cooperative learning. Older
students have a higher probability of already knowing about cooperative working,
since children develop cooperation skills during middle childhood (Cooper et al.
1982). The impact of this prior knowledge on cooperative learning at various ages has
not been studied (Slavin 1987). As strategy development is more likely to result from
cooperative learning when the collaborators are already well informed and skilled
(Alexander et al. 1998), a detailed instruction of cooperative skills might be necessary.
However, this does not always take place: Veenman et al. (2000) observed that teachers
devoted only little time to the instruction of cooperative skills, and the implementation
of cooperative learning did not meet the characteristics recommended in the literature
about effective cooperative learning (Veenman et al. 2000). Thus, further research
should focus more on the implementation of training, including skills of working
cooperatively in the classroom, especially when assigning more learning responsibility
to the students. This goes hand in hand with further research on professional
development to provide teachers with the instructional competencies needed to support
cooperative learning in the classroom (Slavin 1996; Veenman et al. 2000).

Limitations of the findings

Before coming to the conclusions, which can be drawn from this meta-analysis, it is
necessary to consider its limitations:

Firstly, during the literature search, studies can be selected in a biased way, e.g. by only
including published studies, as we did in this review. Following Glass (1976), published
studies are more likely to report significant results, which can lead to a publication bias.
Effect sizes might therefore be lower on average if considering non-significant results
which are usually not published. However, mean effect sizes ranged between 0.60 and 0.90,
which is very high for interventions in educational settings: Following a meta-synthesis
conducted by Sipe and Curlette (1997) on 103 meta-analyses that investigated the effects of
educational intervention, published from 1984 through to 1993, an unweighted average
effect size of 0.38 was suggested as a benchmark of effectiveness. Even if effect sizes were
lower by incorporating unpublished studies, the training effects would still be substantial.

A second critical point to mention is that in meta-analysis studies of differing quality are
often taken into account together, giving equal weights to studies of high and low quality. It
was not possible to weight studies in relation to their reliability, since not all studies
reported a comparable reliability indicator; and weighting of only parts of the studies seems
to be problematic (Cooper and Hedges 1994). However, we took the sample size into
account by weighting the studies with the inverse of the variance, allowing a higher impact
on larger samples which are assumed to more closely approximate the actual effects
(Hedges and Olkin 1985).

Thirdly, generalization is limited in relation to the type of intervention, as we did not
include computerized intervention in the analysis. However, this kind of training takes
place more and more often (Boekaerts and Corno 2005). Nevertheless, we decided not to
include these interventions in the analysis in order to avoid comparing “apples with
oranges” (Hedges and Olkin 1985): Computerized interventions in school settings differ in
many aspects from the interventions included here, making analyses more complex. Due to
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the large number of predictors included in the analyses and the limited number of effect
sizes, it was not possible to realise more complex models in this study.

Implications

It can be concluded from the results that self-regulated learning can be promoted in an
effective way—at primary as well as at secondary school level. For future interventions at
primary school level, students’ need for encouragement and motivational support should be
taken into account, while at secondary school level, interventions should build on the
strategic repertoire that students have already acquired by then. For both school levels,
long-term interventions should provide enough opportunities to practice and automate
strategy use in order to facilitate transfer to other learning situations. In addition, the impact
of metacognitive reflection should be acknowledged.

Yet, thorough research is needed to improve teacher training and the implementation of
these interventions in the classroom, combined with a close collaboration between
researchers and practitioners. Moreover, further research should meet the challenge of
working on self-regulation programmes in the reading/writing context to achieve effects as
high as in the field of mathematics. Furthermore, the negative impact of group work on
primary school students’ strategy use and motivation leads to the conclusion again that
more research is needed in the field of how to implement research into real classroom
settings by integrating the teachers as important collaborators.

The evidence presented in this review shows that there is already a large variety of high-
quality research about how to promote self-regulated learning amongst students. This
should encourage researchers and teachers to collaborate by taking the next step of
investigating how these programmes can be implemented successfully in the classroom.
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Appendix

Computation of Effect Sizes When analyzing the size of interaction effects in intervention
studies with a nonrandomized control-group design, as it is common for research in
educational settings, potential group differences before the start of the intervention have to
be taken into account. Thus, the effect gain (Rustenbach 2003) was computed by first
estimating the pre-standardized mean differences and the post-standardized mean difference
separately (Hedges and Olkin 1985), and then subtracting the pre-effect size from the post-
effect size. The variance for this effect gain is substantially overestimated, which leads to
more conservative testing (Rustenbach 2003). For studies, which only reported that pretest
differences were not significant, without providing this pretest data, the post-standardized
mean differences between treatment and control group were computed (Hedges and Olkin
1985). In the case that mean and standard deviation were not reported, the effect gain was
estimated by taking the square root of the F-value and multiplying it with the squared sum
of twice the sample size of the treatment and twice the sample size of the control group
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(Viechtbauer 2006): /F x (2 X ngg +2 x nc(;)z. The variance of the effect gain was
calculated by taking twice the sum of the inverse of the treatment and control group
(Viechtbauer 2006). All effect sizes were therefore scaled in the same metric, resulting in
the standardized mean differences, which were adjusted to pretest differences. This
equivalence is important when combining effect sizes estimated in different ways. Effect
sizes were computed in such a way that a positive effect size indicates a favourable
outcome for the treatment group.
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