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Title: A systematic review and meta-analysis of interventions based on metacognition and self -

regulation in school-aged mathematics 

Abstract 
Abstract: Mathematics is an important gatekeeper for educational and professional opportunities 

and a useful tool for discovery and expression. Given previous research and theory 

demonstrating potential for metacognitive and self-regulated learning (MC/SRL) interventions to 

support mathematics achievement with diverse learners, a systematic review was conducted to 

evaluate their effectiveness within the years of general education, with pupils of ages three to 

18. Appropriately-designed studies that were reported in English between 2005 and 2019 were 

included. Following a systematic search, with double-reviewing and expert consultation for 

consistency, 1,761 bibliographic items were screened, resulting in 60 included studies. 

Qualitative aspects of the designs, contexts, participants, and intervention activities were 

synthesised narratively. Posttest-only and adjusted, random effects meta-analyses were 

performed using a single mathematics achievement measure from each study. The results 

indicate a generally positive effect from the included interventions (combined Cohen’s d=0.46, 

SE=0.08, 95% CI=0.30 to 0.60). This represents a somewhat more modest effect compared 

with previous reviews in this area, possibly due to a greater range of included reports. No risk of 

publication bias was identified, reflecting the breadth and diversity of included studies, but 

efforts to mitigate heterogeneity were only partially successful. Interventions using structured 

problem-solving with metacognitive prompts were more effective than those not using it, while 

dissertations reported lower effects than journal articles. No differences were found based on 

participant age or intervention dose. Primary studies used a variety of assessments and differed 

on reporting of interventions and quality-related factors, and there remained substantial 

heterogeneity in the meta-analysis. Implications of this review for educational theory, research, 

and practice are discussed, with emphasis on reporting studies fully, using broad-scope, 

comparable assessments, and investing in comprehensive metacognitive and self-regulated 

learning interventions that can support lasting change in teaching and learning.  
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Chapter 1: Introduction 

1.1 The research context and rationale 

Modern societies value measurable results, and this is especially true in the context of 

learning in school. The project of universal education has been largely triumphant in raising 

literacy (Figure 1) and numeracy rates (Figure 2) and economic opportunities for students 

around the world to unprecedented levels, but not all pupils have benefited equally. In fact, the 

most privileged students have consistently demonstrated the highest school achievement levels, 

and it is not clear that disparities in outcomes are improving (Schleicher, 2019, p. 5). During the 

recent pandemic, school closures put pressure on already over-taxed educational systems, with 

many localities attempting and failing to provide high-quality distance-learning opportunities. We 

are still coming to grips with the academic impacts, with especially large gaps in mathematics 

and for poorer and minority students (Kuhfeld & Lewis, 2022, pp. 5-7). Even prior to COVID-19, 

there was a sense that students needed to be prepared for an increasingly complex working 

world, with more frequent changes in work environments and required skills, especially in light 

of new technologies. Despite geopolitical tensions, global mobility has never been higher, and 

the need to compete for opportunities is frequently expressed. TIMMS and PISA rankings have 

been cited to demonstrate the ascendancy or decline of nations relative to each other (e.g., 

Wright, 2022), as much as to show the improvement or maintenance of educational quality 

within a single nation. The perception is that the stakes for education grow ever higher, while 

achievement itself (and possibly the standards by which it is judged) stagnate. 
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Figure 1. Literacy rates by country and year. 
Graph reused from Roser & Ortiz-Ospina (2016), under “creative commons.”



Hitt 000266412   13 
 

 

Figure 2. Basic numeracy rates by country and year. 
Graph reused from Roser & Ortiz-Ospina (2016), under “creative commons.”

 

Within this context, an explicit focus on soft skills, such as metacognition and self -

regulated learning, could seem like a distraction. Every minute students spend writing journals, 

discussing their difficulties, or outlining their goals for the future is one less minute available for 

practising long division, diagramming sentences, memorising the periodic table, or learning 

C++. Recent decades have seen “back to basics” movements come and go (Weiss, 2005; 

Schoenfeld 1992, p. 336), and political movements aimed at eradicating unnecessary “social 

and emotional” learning from mathematics textbooks (Gross, 2022). At the same time, there 

have also been movements that recognized the potential of “learning to learn” (e.g., Goodburn 

et al., 2005) to benefit rather than detract from domain-based achievement, by encouraging and 

enabling students to take ownership of and responsibility for their own learning. Indeed, higher-

level and strategic thinking may be as important for adapting to future work and life challenges 

as subject-based knowledge and skills. Inviting pupils to become active participants in 

structuring their learning also sends the message that school is for them as much as for the 

good of society.  
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This thesis brings together evidence on an area of educational theory, research, and 

practice that has grown enormously during my own lifetime, and therefore has personal 

significance: metacognition (MC) and self-regulated learning (SRL). At its core, metacognition 

emphasises awareness and control of one’s own thinking, involving evaluation of oneself and 

one’s abilities within a specific context or task. Self-regulated learning, on the other hand, 

highlights strategic adaptivity in learning and performance situations, often relying on motivation 

and self-efficacy. Yet there are many areas of overlap between these two concepts. Since 

around 1980, these two ideas have come to have a global impact on teaching and learning, one 

which has been felt through structured programs of research, as well as through informal 

teaching approaches and school and district level pushes to boost “thinking skills” (Higgins et 

al., 2004) along with measurable, subject-based learning. There have been studies that strongly 

supported such efforts, as well as those with less impressive results. Aggregations of research 

evidence including systematic reviews, meta-analyses, and overviews are valuable tools that 

have demonstrated the ability of MC/SRL to benefit learning in many contexts.  

However, there have also been factors that have limited the uptake or effectiveness of 

MC/SRL approaches. In addition to concerns about test scores and “back to basics” 

movements, theoretical misalignments and ambiguities, competing models and terminology, 

and questions about assessing MC/SRL have also made it difficult to capitalise on the 

presumed value of these theories for school-based learning. Multiple “branded” approaches to 

teaching MC/SRL exist, and many approaches require substantial time, training, and flexibility to 

fully implement in the classroom. Before considering the evidence for the effect of these two 

theories on mathematics learning in primary and secondary schools, it is worth asking the 

question: Why should we expect theories of metacognition and self-regulation to make a 

difference to learning?  

Simply put, MC/SRL offers the potential to re-write our approach to learning tasks, the 

goals toward which they are aimed, and the balance of power and responsibility in the 

classroom. Not only this, but MC/SRL promises to aid students in tackling unpredicted obstacles 

for which school cannot directly prepare them, and to carve out life-paths characterised by 

reflectiveness, intentionality, and efficacy. No subject-based knowledge or skill claims so much. 

The perceived centrality of these MC/SRL theories has arisen over time, and research evidence 

has confirmed many of these promises. Still, there have been variable effects of incorporating 

MC/SRL theories in the classroom, and this variability may relate to key points that have been 

arrived at through empirical research and theoretical development, discussed below.  
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In the next section of this chapter, a background of the development of theories of 

metacognition and self-regulated learning is presented, with evidence from laboratory and 

school-based research. I explain why I consider MC/SRL a single, overarching construct in this 

review. Next, the special relevance of MC/SRL for mathematics learning is discussed, along 

with potential costs and challenges of implementing them in school. Chapter 2 presents findings 

from previous syntheses, including systematic reviews and meta-analyses, addressing the 

effectiveness of MC/SRL approaches for raising achievement. In light of these, the rationale for 

the current study is outlined. In Chapter 3, the research questions and methods for the 

systematic review are described. I present the review results in Chapter 4, first focusing on 

qualitative aspects of the included studies and MC/SRL programmes and then the combined 

effects on mathematics and potential moderators of effect. Finally, Chapter 5 discusses the 

results, limitations, and potential applications of the current study findings, as well as 

recommendations for future empirical and theoretical work. 

1.2 Development of meta-cognitive and self-regulated learning theories 

This section considers the development of metacognition and self -regulated learning as 

objects of theory, research, and classroom practice. Attention is paid to the particular role of 

MC/SRL within mathematics learning, and a specific rationale for MC/SRL interventions in 

school-age mathematics is developed.

1.2.1 Early psychology, behaviourism, and constructivism 

With the advent of democracy and modern industrial conditions, it is impossible to 

foretell definitely just what civilization will be twenty years from now. Hence it is 

impossible to prepare the child for any precise set of conditions. To prepare him for the 

future life means to give him command of himself; it means so to train him that he will 

have the full and ready use of all his capacities; that his eye and ear and hand may be 

tools ready to command, that his judgment may be capable of grasping the conditions 

under which it has to work, and the executive forces be trained to act 

economically and efficiently. (Dewey, 2019, My pedagogic creed, p. 37) 

 

To understand the importance of metacognition as impacting achievement through 

regulating thought, thought itself must be recognized as a central determiner of action. Ideas of 

self-directed learning and goal-seeking are woven throughout “classic” literature in the areas of 

philosophy, religion, and politics, among others, and this classical basis for reflection and self-



Hitt 000266412   16 
 

directed learning is still referred to by education researchers today (e.g., Bond & Ellis, 2013; 

Baliram & Ellis, 2019). The extended quote above from Dewey, originally published in 1897, 

illustrates his aim to make the burgeoning field of general schooling one based on self -control 

and judgement rather than academic knowledge and skills per se. Though Dewey was a 

philosophical naturalist (Bishop, 2021) and considered the state and education more important 

than religion for improving individuals and society (Dewey, 2019, Moral principles in education, 

p. 3), Judeo-Christian ideals of thinking and good character still echo in his writing. In these 

systems of thought, the reality of the mind and its malleability were unquestioned, and to 

become truly educated was to become, first of all, a better thinker. In terms of school pedagogy, 

Dewey recommended teaching led by children’s natural interests and developmental 

affordances, framing subject-based knowledge within a social and practical context, rather than 

following a rigid curriculum of book-learning (Dewey, 2019, My pedagogic creed, p. 42-44). Still, 

Dewey’s educational writings concerned a general philosophy and approach, and he did not 

investigate what might be effective for daily teaching.   

Psychology at this time was dominated by structuralism and functionalism as competing 

schools (Cherry, 2021). Structuralism sought to categorise the basic elements of thinking 

through the first psychological experiments, in which participants trained in introspective 

techniques responded to stimuli (Lopez-Garrido, 2021). Inspired by Darwin’s naturalism, 

functionalists like Dewey were more concerned with the roles fulfilled at an individual and social 

level by the “coordination” of the senses and action (Dewey, 1896, p. 370). Importantly for 

educational theory, while structuralism emphasised universals, functionalism had more concern 

for differences between individuals (Cherry, 2021). Despite their differences, both schools of 

psychology relied mainly on subjective methods and suffered from a lack of acceptance as 

legitimate science (Jastrow, 1929).  

Behaviourists, next to emerge on the scene, called for external manipulation and 

measurement to make psychological explanations more reliable and practically useful. Just as 

physics, biology, and chemistry exploited nature to produce desired structures, lifeforms, and 

reactions, psychological experiments with animals and humans were undertaken to produce 

desirable behaviours. Control, rather than explanation, was paramount. Hard-line behaviourists, 

such as John Watson (1913), eschewed the concept of mind as making any notable contribution 

to this project: 

Psychology as the behaviorist views it is a purely objective experimental branch of 

natural science. Its theoretical goal is the prediction and control of behavior. 

Introspection forms no essential part of its methods, nor is the scientific value of its data 
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dependent upon the readiness with which they lend themselves to interpretation in terms 

of consciousness.  (p. 158) 

Behavioural methods soon came to dominate psychology, even if allusions to consciousness 

never fully disappeared. Notably, Watson downplayed affection and traditional nurturing as 

important for child-rearing. According to Watson, avoiding emotional coddling freed children up 

to do their work of interacting with and learning about the natural world systematically (Houk, 

2000). In fact, he believed a cold and logical parenting approach would be more conducive to 

children’s emotional and mental balance (Bigelow & Morris, 2001, p. 27). He also believed 

preferable behaviours could be produced in children through routine and reinforcement without 

using overtly moral terms.  

Watson’s advice, based on his own parenting techniques and experiments in infant and 

child conditioning (Houk, 2000), was taken up by a new generation of parents looking to make 

their domestic life more scientific (Bigelow & Morris, 2001, p. 26). Such ideas also had 

implications for learning in school. From a behaviourist perspective, learning is merely the 

training of associations (Tomic, 1993, p. 38), and there is no fundamental difference in this 

process between a bird or rat and a child, or between children of different ages. Through 

experimentation, it should be possible to uncover optimal methods of reinforcement to train 

students efficiently in any desired curriculum or to prepare for any profession, without reference 

to their subjective interests or motivations. Watson complained that it was futile to wait, as 

recommended by Dewey, for “hidden possibilities of unfolding” (Watson & Watson, 1928, p. 40) 

to be revealed in a child: “The behaviorists believe that there is nothing from within to develop” 

(p. 41). At the same time, Watson assigns some importance to a child’s understanding of the 

world, for example when he recommends frequent parental dialogues to uncover the child’s 

current “verbal consolidations” (Watson & Watson, 1928, p. 160) about natural processes like 

reproduction. With a focus on how students actually respond to teaching, behaviourism made 

some lasting contributions to education, such as the “mastery learning” and “behaviour 

modification” approaches (Tomic, 1993, p. 43). Still, behaviourism was unable to account for 

differential learning capacities in different species, such as a human’s ability to learn natural 

language (p. 44). At a more fundamental level, it is undeniable that the concept of mind and the 

communication of mental and emotional experiences has been important throughout history, 

and behaviourism has little to explain these.  

Although it is commonly believed that behaviourism has now undergone a complete 

rejection, Roediger (2004) points out that behaviourist influence on psychology remains in how it 

relies on experimental verification of theories. Piaget, according to Schoenfeld (1992, p. 346) 
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was largely responsible for the rehabilitation of the concept of  mind in psychology, especially its 

development over time. In the interpretation of Von Glasersfeld (1982), Piaget’s mental schema 

are based on testing and finding ideas that work, more or less, to maintain one’s equilibrium 

within a certain context (p. 619). This could be seen as internalisation of the behaviourist 

approach, but it originates from the frame of reference of the thinker, rather than appealing to an 

external and measurable reality. Indeed, in Von Glaserfeld’s interpretation of Piaget, one’s 

recognition of and even communication with others is nothing more than a judgement about the 

continued “viability” of such schema (p. 625).  

Despite his “genetic epistemology” leaving little route for verification of “facts” as such, 

Piaget was captivated by observable and consistent patterns of behaviour and understanding in 

children of different ages. His categorisation of the stages of human mental development, and 

the conditions beneficial for growth, have greatly influenced contemporary pedagogical 

approaches. In Piaget’s presentation of learning, children’s representations of the world become 

increasingly complex and abstract as they age. This is not a completely automatic process, 

however, as it depends on their encountering specific phenomena sufficient to disrupt their 

current representations and spur them to adapt to reach equilibrium again (Bandura, 1991, p. 

258). Conscious deliberation on the meaning of experiences is also key, and it is through this 

interactive process that knowledge is constructed. In later accounts of constructivism, emphasis 

is placed on the need for schools to be nurturing environments where children are supported to 

develop new knowledge through cognitive conflict and shared discussions with peers, rather 

than passively accepting such knowledge from an authority (Hendry, 1996). Key in such an 

environment is teachers’ ability to “. . . generate inferences and form judgements about 

children’s developing knowledge . . .” (Hendry, 1996, p. 33), in order to devise activities to spur 

future growth. They must also provide opportunities for students to make their thinking explicit 

and reflect on its suitability for themselves (Hendry, 1996, p. 33). 

Constructivism discouraged students from taking a subservient position in the classroom 

and rebranded their misconceptions as understandings that had some, albeit limited, 

usefulness. With its focus on “viable” rather than “correct” knowledge, there was the sense 

external assessment should be downplayed and that even less able students could offer 

valuable contributions in the classroom, such as giving feedback on others’ ideas (Hendry, 

1996, p. 32). However, the relativism seemingly inherent in constructivist pedagogy, with all 

knowledge seen as tentative and with no truly objective standard, could call into question the 

specific knowledge goals learners should aim to reach. Nor is it the case that constructivism has 

been able to completely quash the performative and competitive tendencies of schooling, even 
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if it has come to represent the pedagogical ideal. During the same period that constructivism 

was growing in influence, for example, ways of measuring and ranking mental abilities were also 

being taken up. Since the late 19th century, access to educational, vocational, and life 

opportunities has been controlled through the use of standardised intelligence and achievement 

tests (White & Hall, 1980). This points to a belief that the kinds of mental development society 

values are not only linked to either training, as in behaviourism, or opportunities and 

encouragement to actively reconstitute understanding, as in constructivism. The belief is that 

they are constrained by the nature of the mind/brain itself, with individual differences in 

genotype and phenotype seen as largely predictive of  outcomes. Even those concerned with 

providing more opportunities for those considered less capable essentially demonstrate this 

logic when they seek strategies for improving mental functioning. 

1.2.2 “Meta” concepts in psychology and pedagogy 

 It was against this backdrop that the first “meta” in psychology arose, metamemory 

(Brown, 1977, p. 2), which is concerned with learners’ adeptness with memory strategies and 

their understanding of their own storage and retrieval of information. Flavell, Friedrichs, and 

Hoyt (1970) studied normally-achieving schoolchildren and found age-related differences in 

memory performance and predictive accuracy. On the other hand, Brown (1977; 1980), who 

initially participated in behaviourist, animal-learning research (cf. Brown, 1994), went on to work 

with mainly learning-disabled children, prompting them to remember lists of items, numbers, 

pictures, or elements of a story. Children’s own, un-prompted strategies for remembering were 

also considered, and optimal strategies were elicited or taught and assessed over time. In her 

work, Brown (1977) indicates a strong link between memory abilities and development, stating 

that at certain stages of maturation, strategies can be acquired untaught, while the use of 

trained strategies will fade over time if learners are not developmentally ready to maintain them.  

Research on metamemory from this period highlights the general failure of young 

participants to learn, apply, maintain, transfer, or generalise memory strategies. Frequently 

children are presented as ignorant or even dishonest (Brown, 1977, p. 65) about their own 

cognitive awareness and strategies, showing a clear deficit. Yet it must be remembered that the 

laboratory studies and even the structured learning environment of school may not represent 

optimal cognitive contexts for very young children. Subpar performance in memory tasks could 

be a symptom of poor ability, or it might be due to a lack of interest in the decontextualised 

tasks, a point Brown (1977; 1994) herself makes. She also shows a concern that this line of 

investigation could decrease opportunities for disabled students. Rather than debate the 
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possible “structural” (p. 67) impairments, researchers should work toward effective interventions 

that teach generally applicable cognitive skills like “self-interrogation” (p. 97), which could 

include checking one’s knowledge of a task, searching for more information if needed, and 

evaluating performance. In fact, Brown comes close to equating such skills, when used 

spontaneously and appropriately for a given task, with intelligence itself.  

Building on metamemory research, Flavell (1979) presented metacognition as a “new 

[emphasis added] area of cognitive-developmental inquiry” even though the term was in use 

some years prior (e.g., Brown, 1977, p. 4). While metamemory was more limited in scope, 

metacognition signified higher-level knowledge and control of all types of mental processes. 

Flavell (1979), who was strongly influenced by Piaget, sought to formalise children’s 

metacognition into a model that could explain and predict differential functioning across and 

within individuals. He was also influenced by the concept of theory of mind (Flavell, 2000), 

which refers to the beliefs an individual has about their own and others’ mental qualities, formed 

through observation and self-reflection. Research on babies and young children show that 

theories of mind become increasingly sophisticated as they age. It has even been suggested 

that primates display a simple theory of mind (Flavell, 2000).   

Despite the basic simplicity of metacognition as a concept, Flavell (1979) drew early 

attention to the complex web of interactions it represented. According to Flavell (1979), 

metacognition can be categorised into knowledge and experiences, cognitive tasks, and the 

actions or strategies used to accomplish such tasks. Consider, for example, his detailed 

categorisation within just the category of metacognitive knowledge, shown in Table 1. Although 

other aspects of his “model” are not specified in as much detail at this point, Flavell (1979) 

makes clear his goal is to demonstrate the interdependence of the components, as well as their 

practical usefulness. His focus is on metacognition, not simply for its own sake, but in the 

service of a more mature management of thinking and behaviour, and this is a key theme that is 

repeated throughout the theoretical literature on metacognition. It also pre-figures later efforts to 

connect MC and SRL. 
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Category Sub-components  Explanation 

Person Intraindividual 

dif ferences 

Knowledge or beliefs about how one thinks or learns in 

dif ferent contexts 

Interindividual 

dif ferences 

Knowledge or beliefs about how others learn or think, as 

dif ferent f rom oneself  

Universals of  cognition Knowledge or beliefs about commonalities of  thinking and 

learning 

Task  Available information Knowledge or beliefs about task-related information and 

how it inf luences one’s task approach 

Demands or goals Knowledge or beliefs about task criteria and dif f iculty 

Strategy  Cognitive Knowledge or beliefs about strategies for making 

cognitive progress 

Metacognitive Knowledge or beliefs about monitoring cognitive progress 

Table 1. Illustration of metacognitive knowledge from Flavell’s 1979 model of metacognition, including 

categories, subcomponents, explanations, and examples.

Other researchers would criticise Flavell’s early version of MC as too unspecified and all-

encompassing--Schoenfeld (1992, p. 347) calls it a “kitchen-sink definition”--yet from the 

beginning, Flavell was clear that metacognition involved two central components: knowledge or 

information about thinking and active processes to control thinking. These two essential aspects 

of metacognition would go on to contribute to expansive models of self-regulated learning that 

also include the learner’s self-system (e.g., motivation, self-efficacy, and affect), and the social 

setting and culture in which learning takes place. While each of these plays a role and will be 

discussed below, it should be emphasised that accurate and relevant metacognitive knowledge 

is at the core of the SRL system. In fact, “metacognitive knowledge” was added as a new 

category to Krathwohl’s (2002) revision of Bloom’s taxonomy, showing the broad reach of this 

concept into educational theory1.  

Even with its inherent complexity and potential to encompass many elements of a 

learning situation or task, metacognition is still distinct from other related theories that arose 

around the same time. For example, theory of mind involves knowing general characteristics of 

minds, but metacognition is concerned with how specific minds function within the context of 

 
1 Krathwohl (2002, p. 214) does not cite Flavell, instead referring to concurrent work by Pintrich, but he 
does utilise Flavell’s sub-categories of  person- (“self ”), task-, and strategy-related metacognitive 

knowledge.  



Hitt 000266412   22 
 

“tasks” or problems. Metacognitive knowledge is separated by Flavell (1979) into knowledge 

about people (self, others, humans generally), about tasks (their nature, requirements, and 

difficulty), and about strategies or actions (cognitive and metacognitive). This knowledge, 

according to Flavell, can sometimes be accessed without one's awareness within routine 

activities, which would align with Winne's (1995) "inherent features of SRL” or "automatic 

inferences,” but it can also be brought to the forefront of the mind during metacognitive 

experiences, which is the next category Flavell (1979) discusses.  

Metacognitive experiences are most likely to occur adjacent to or during a specific task 

in which there is a moderate, but not overwhelming, level of challenge and something of value 

at stake. Intuitions about one's progress or likely success in a task are examples of 

metacognitive experiences that can draw on, as well as update, our metacognitive knowledge. 

Strategies they trigger can be aimed at considering the problem, ourselves as problem-solvers, 

or both. Although Flavell (1979) includes tasks and strategies in the same list as metacognitive 

knowledge and metacognitive experiences, he does not cover them extensively except as 

subcategories of the other two. Task and strategy knowledge is key to self -regulatory actions, 

and are covered in more detail below, but whether such knowledge is always metacognitive is 

not clear. Likewise, metacognitive knowledge is not always accurate, according to Garofalo and 

Lester (1985), nor is it always helpful. In the context of developing metacognitive knowledge to 

improve learning, Pintrich (2002) sees it as essential that students develop a language to 

discuss metacognition with teachers and peers, which they can also use in their own self -

reflections and monitoring/evaluation of cognitive functioning.  

Flavell’s (1979) original model of metacognition needed clarification and demonstration 

in research and practice. One issue is the potential overlap between Flavell’s different 

categories of metacognition (i.e., knowledge, experiences, tasks, and strategies). Garofalo 

(1986) notes that an item of metacognitive knowledge may combine information about specific 

tasks and strategies, for example. Flavell (1979) himself asserts that any of the four aspects 

may be cued successively or simultaneously in a real-life situation. He also points out that the 

same cognitive or metacognitive move may serve multiple aims, or it may not serve the desired 

aims at all. Monitoring may be necessary but not sufficient to benefit learning or task 

performance, yet Flavell (1979) argues that increased monitoring is more likely than the 

alternative to lead to constructive aims and " . . . wise and thoughtful life decisions . . ." (p. 910). 

Flavell’s (1979) model was also limited in its support from empirical research and teaching 

practice. At the time, there had been few attempts to test the accuracy or predictive power of 

learners’ metacognition within learning settings, and Flavell (1979) does not offer clear 
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pedagogical recommendations for building students’ metacognitive abilities. However, he does 

suggest a possible developmental sequence of metacognitive skills which could be looked for in 

the classroom. According to Flavell (1979), a child's general awareness of "knowing" would 

precede an awareness of different kinds and levels of knowledge, which would be followed by 

an awareness that knowledge may be false, incomplete, or difficult to acquire. Flavell states that 

the child's initially limited MC abilities should be seen as "building blocks" (p. 909) for the future, 

rather than as simply inadequate. Kuhn (2000) agrees with the idea of a developmental 

progression of metacognition, and she even argues that metacognitive awareness enables or 

constrains other kinds of cognitive growth, as learners suppress outmoded task approaches and 

reinforce newly acquired ones (cf. Siegler, 1994).  

Although detailed classroom interventions based on MC/SRL had not been tried when 

Flavell (1979) published his model, Brown (1980) reports on metacognitive aspects of reading 

comprehension, such as checking if a text agrees with one’s current knowledge or underlining 

important passages. Brown (1980) notes that mature readers seemed to use such techniques 

spontaneously, while others did not apply reading strategies even when trained. Greater 

cognitive development seemed linked to more effective reading behaviours, but Brown (1980) 

admits some of the reported tasks might not resemble authentic school reading activities. 

Several years later, Palinscar and Brown (1984) developed one of the earliest MC/SRL-based 

reading interventions, Reciprocal Teaching (RT), which would later be expanded into Fostering 

Communities of Learners (FCL). Both RT and FCL utilised a Vygotskyan approach, in which a 

less able student engages in dialogue with a relative "expert" to internalise productive learning 

strategies and improve performance in school. Palinscar and Brown (1984) emphasise that the 

RT intervention is designed to probe students' "zones of proximal development" (Vygotsky, 

1978, cited in Palinscar and Brown, 1984), where learners cannot yet perform tasks alone but 

can with sufficient scaffolding. As competence grows, the scaffolding must be judiciously 

decreased so there is always an optimum level of challenge and a chance to test their skills. 

Although commonly used now, these ideas were just becoming influential in education and 

applied psychology at the time of writing. 

One key point of Palinscar and Brown (1984) is that it describes an increasingly realistic 

application of the RT intervention, first with a pilot stage that is reported only briefly, then with a 

researcher-led small group intervention compared to an alternate intervention and two non-

synchronous control groups, and finally a teacher-led intervention with intact groups of remedial 

or low-ability readers. Within the RT intervention, teachers and students took turns completing 

certain comprehension tasks related to a set passage of text, such as summarising, asking 
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"teacher-like" questions, clarifying, and predicting. It is notable that RT did not directly ask 

students to reflect on their thinking patterns per se, or to consider how they would use these 

comprehension strategies in other work. Still, the RT treatment was associated with impressive 

gains in almost all measures relative to the alternative intervention, no treatment, and test-only 

comparison groups. There is also evidence that RT assisted the participants in other subjects, 

such as science and social studies. Although RT is named for the exchange of typical teacher-

student roles, there is only clear evidence that this was happening in the final stage of the study, 

when RT was implemented by teachers in groups of four to seven students. In these groups, 

transcripts show multiple students taking the lead at different points to summarise the passage 

and ask questions, while other students offer suggestions and criticisms, and the teacher 

intervenes much less often. These patterns of interaction support the implication by Palinscar 

and Brown (1984) that the teacher is actively responding to the students' growing skills by 

removing scaffolds and increasing demands on performance, and this points to the importance 

of input and buy-in from practitioners when developing interventions. What is less clear is 

whether the positive effects of RT are attributable to the group dialogue, the reading strategies 

themselves, the regular feedback offered to students, or an increase in self -monitoring. 

Palinscar and Brown (1984) acknowledge this uncertainty and state their intentions to focus on 

the mechanisms of action now that the RT intervention has had some success. 

While early efforts to implement metacognition in teaching were underway, the concept 

of metacognition (and a closely related concept, self-regulated learning) were still in need of 

expansion and clarification, and there were numerous efforts to do this throughout the 1980s 

and 1990s. Reeve and Brown (1984) present Flavell's version of metacognition as being 

primarily about an individual's conscious knowledge of thinking, though this knowledge is not 

necessarily always utilised effectively, while in their own "information-processing approach" (p. 

346), metacognition begins as implicit and can be consciously controlled through internalisation 

of social interactions with more mature thinkers. For Reeve and Brown, metacognition is closely 

tied to executive function, and they use the terms almost interchangeably. Problem-solving is 

the aim of metacognition/executive function for them. Reeve and Brown (1984) lament that little 

research to that point had fully considered individuals' development of metacognition throughout 

life, but they reference Piaget and Vygotsky in their explanation of social-interactive 

development. They state that effective teaching should include learners in shaping the purposes 

of such interaction, should differentiate between learners of different needs, should remove 

scaffolds as learners grow, and should try to facilitate internalisation of scaffolds. Although 

Reeve and Brown acknowledge the tentative nature of their developmental theory of 
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metacognition, they present evidence from their own experiments and those of others that 

interventions based on this theory can be effective in expanding students' regulation of their 

learning and self-concepts within a specific learning domain (i.e., reading and writing), and that 

this growth can be maintained over time, as shown in the RT research. In future metacognition 

research, Reeve and Brown state they would support a deeper consideration of learners' 

perceptions of competence and how these affect task performance, a theme that would be 

taken up by Zimmerman (1990) and other researchers under the heading of self -regulated 

learning, to which I turn next. 

1.2.3 Self-regulated learning  

It is clear that more than person, task, and strategy knowledge is necessary to be 

successful in school (Pintrich & De Groot, 1990, p. 33). By the late 1990s, models of 

metacognition (e.g., Borkowski, 1996) were expanding to include motivational and self -system 

management, that is, how individuals “self-regulate” within a learning situation. While according 

to Schoenfeld (1992), Bloom’s original taxonomy (1956, cited in Schoenfeld, 1992, p. 358) 

reflected a period of “sharply delineated distinction” between affective and cognitive research, 

self-regulated learning and self-efficacy theories sought to reconcile the two strands of work. 

Researchers increasingly recognized that learners’ goals, attributions for success or failure, and 

self-efficacy can have important influences on their actions (Dweck, 1986; Zimmerman, 1995; 

Efklides, 2009, p. 80). In fact, affective components may be key sources of information about 

the meaning and value of tasks, as well as about a learner’s capabilities and likely success. In 

writing about self-efficacy, Bandura (1977; cf. Schunk, 1991) states that individuals acquire and 

process information from many sources, including beliefs, prior experiences, observations, and 

discussions, and they compare and weigh this information to make judgements about their 

capabilities. This again reflects the information processing approach to human cognition 

(Borkowski, 1996), in which external stimuli are believed to affect behaviour not directly, but 

through individuals’ interpretations and choices based on the information they have available. 

Bandura (1977) also considers self-efficacy judgments an element of “social learning” because 

so much of the information individuals utilise originates in social contexts. These judgments 

result in different kinds and amounts of effort, which lead to different task performances. 

Like metacognition, self-regulation may sometimes be inadequate or inconsistent 

(Pintrich, 2000, p. 452). Winne (1996) argues that learners are in fact always “self-regulating” in 

some way, even when there is little prompting to do so, but because their values and 

information may differ greatly from those of adult stakeholders, performance may not meet 
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external standards. Nor do learners always meet their own performance goals (Dweck, 1986). 

Winne (1996) presents possible "sites" where individual differences in self -regulation can be 

seen. Because of the interconnectedness of the factors in his model, a difference in one factor 

could be amplified or compensated for by differences in the others. Like Flavell (1979), Winne 

(1996) begins with knowledge as a critical component, both knowledge of the general domain 

and task, as well as knowledge about potentially useful approaches. Winne (1996) notes that 

experts in a domain more than novices may accomplish many ordinary tasks with little need to 

overtly self-regulate; however, experts also develop an extensive repertoire of strategic patterns 

or “chunks” that support complex efforts to regulate in novel or challenging tasks (Perkins & 

Salomon, 1989; Schoenfeld, 1992; Zimmerman, 2002, p. 66). Knowledge of strategies or tactics 

includes not only the procedures that should be carried out, but also information about aspects 

of the learning situation that cue those procedures, which Winne (1996) calls “IFs” (p. 336), but 

this is often referred to as conditional knowledge (Moshman, 2018, p. 600). Without helpful 

conditional knowledge, learners may misapply or fail to apply strategies they know.  

While knowledge is important in SRL models, active regulatory processes are the main 

focus. Any student may occasionally use techniques to boost motivation, suppress distractions, 

or increase effort, but Zimmerman (1990; 2002) presents a truly self-regulated student as one 

who employs such means systematically, consistently, and in a way that is tailored to specific 

tasks. Whether in metacognitive or SRL explanations, regulatory behaviours can be separated 

into planning, monitoring and evaluating of efforts. These are often thought of as pre-, during-, 

and post-performance activities, but there may not always be a linear progression between 

them (Pintrich, 2000, p. 455). Pre-performance activities can include task analysis, dividing the 

larger task into sub-tasks, establishing monitoring systems, and allocating resources. Discrete 

task analysis and goal-setting seem to benefit performance on shorter as well as extended 

tasks. Students’ conceptualizations of academic tasks can vary based on their prior experiences 

in the domain, level of expertise, and cultural values (Schoenfeld, 1992). Winne (1995) 

demonstrated that students who viewed reading and comprehension of academic texts as a 

speedy and straightforward process (i.e., "quick learning") were more likely to under-utilise 

effort, to employ simplistic strategies like memorization, and to overestimate success, while 

students who saw it as slow and complex better regulated their efforts to the task demands. 

Pre-performance regulation can also include insuring against likely problems. Lewis (1989) 

found that training college students to graphically represent the operations required in 

mathematical word problems prior to solving them avoided a common reversal error. Related to 

goal-setting, Bandura and Schunk (1981) found that having young children set challenging 
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short-term rather than long-term goals for self-directed learning of arithmetic increased their 

performance and improved self-efficacy, motivation, and calibration. Dweck (1986) and 

Borkowski (1992) believe that learners with mastery rather than performance goals are more 

likely to have incremental ability views and higher self-efficacy, and Dweck (1986) states such 

learners will more readily transfer strategies to new contexts. Despite this evidence about the 

importance of goal-setting, learners in school contexts may have little freedom to set their own 

goals, which may discourage SRL efforts.  

Monitoring to check progress towards a goal, also discussed in metacognitive models, is 

another area where individual differences in self-regulated learning can be seen. According to 

Winne (1996), learners differ in their propensities to monitor and evaluate. SRL actions can be 

effort-intensive, and learners need to perceive the likely outcomes as justifying the effort, known 

as “expectancy-value theory” (Pintrich, 1999, p. 467). Some learners display “perfectionist” 

tendencies in Winne’s (1996) view, and they are not satisfied unless they reach a high 

confidence in their performance, while others are more tolerant of ambiguity regarding their 

performance. In challenging tasks that require frequent modification of effort and strategy, 

individuals need to balance the resource demands of monitoring against task-completion, and 

there may be maturational limits to how well learners do this (Zimmerman, 1990). Several 

researchers have discussed whether monitoring too early with a domain or task could impede 

acquisition but there does not seem to be consensus on this issue. Monitoring can also be 

affected by aspects of the task situation itself, such as time pressure (Winne, 1996), and the 

amount and type of monitoring will directly influence learners’ regulatory choices. Structured 

self-questioning is a monitoring strategy that has been used successfully within RT (Palinscar & 

Brown, 1984) and other MC/SRL approaches.  

Feedback from others and self-attributions are two other valuable sources of SRL input 

that may often come following a learning activity. Although Borkowski (1996) states that 

feedback can spur SRL behaviours through motivation, feedback can also inform individuals 

about the suitability of their approaches and level of goal-achievement. Feedback from teachers 

that responds to students’ current patterns of thinking rather than the correctness of answers 

may lead to better self-regulation and learning (Cardelle-Elawar, 1990). Not only do students' 

perceptions of their own learning matter, but teachers' "working models" of their students' 

thinking also have a large impact in the classroom, according to Borkowski (1992). Cardelle-

Elawar’s (1990) work with mathematics teachers illustrates that teachers need not only domain 

expertise but experience in analysing and discussing models of thought within the domain, 

including misconceptions and ineffective strategies, in order to give productive feedback, a 
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theme also reflected in Schoenfeld (1987; 1992). Feedback usually refers to others’ 

assessments of students’ work, but students’ own assessments can provide important SRL 

information as well. Attributions, or explanations for success or failure, can have a strong 

motivational effect. Bandura (1991) states: “The effects of causal attributions on motivation and 

performance attainments are mediated almost entirely through changes in self-efficacy beliefs” 

(p. 258). Attributions based on effort or acquired skills are more likely to increase self -efficacy 

beliefs than those based on chance or unchangeable attributes. Bandura’s (1991) social-

cognitive theory proposes that self-efficacy drive is a major reason people undertake 

challenging endeavours, and this theory is frequently referred to in MC/SRL-based mathematics 

research.

1.2.4 MC/SRL as an overarching construct  

 From the preceding section, it is evident that metacognitive and self-regulation theories, 

as applied to academic learning, share common features. Metacognition highlights learners’ 

awareness, but action, as well as reflection, is at the heart of Flavell’s (1979) and Brown’s 

(1977) views of metacognition as an essential tool for mature functioning. Self-regulation 

theories add an emphasis on emotions, motivations, and the social milieu of school, but self -

awareness and adaptive strategies (i.e., metacognitive knowledge) are still considered key 

aspects of self-regulation. Both models assume that individuals do not always use meta-level 

skills in a manner that is consistent or appropriate to a task, but both also claim that explicit 

training can help such skills develop. Under both systems, training helps learners “externalise” 

(Brown, 1997, p. 402) mental processes and act strategically to reach goals. Additionally, 

authors of research reports frequently refer to both groups of theories, and interventions based 

on these theories often feature similar activities. For these reasons, I consider MC/SRL as a 

single, overarching construct within this review, and the implications of this choice are discussed 

further in the final chapter. 

1.3 Metacognition and self-regulation in mathematics 

The previous section demonstrated how theories of metacognition and self -regulation 

might make a difference to learning generally. It also demonstrated why I have grouped 

metacognitive and self-regulated learning together to form the theoretical base for the research 

synthesised here. Next, the role of MC/SRL in mathematics specifically can be examined from a 

theoretical and practical perspective. This section is not exhaustive but outlines several potential 

benefits from incorporating MC/SRL approaches in school mathematics, as well as some of the 
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expected costs and potential challenges of such approaches. In the following chapter, I consider 

extant reviews of MC/SRL approaches that show measurable benefits on academic 

achievement in order to set the context for the current review. 

1.3.1 Benefits of MC/SRL-based mathematics approaches  

First, approaches based on MC/SRL theories might be important for developing a 

mature understanding of the nature of mathematics, of which Schoenfeld (1992) is a major 

proponent. Although mathematics achievement is highly valued within the school context and is 

a frequent prerequisite for upper-level STEM courses, there is still a perception that 

achievement results from a simple combination of ability and effort within a relatively 

straightforward learning sequence. This impoverished view of mathematics learning leaves little 

room for adaptability, creativity, or the construction of new knowledge by pupils (cf. Kajander, 

1999). It also presents mathematics as a largely solitary activity. Thus, mathematics learning in 

school fails to reflect the approach of actual mathematicians. Schoenfeld (1992) suggests that 

mathematics learning be re-conceptualized from acquisition of content to development of a 

mathematical perspective on the world and membership within a community of practice (i.e., 

“enculturation,” p. 340; cf. Cobb et al., 1997, p. 152), as well as the ability to be creative within 

the domain. Students would achieve this through grappling with extended, non-routine 

problems, working collaboratively, and engaging in dialogue that is not simply “Socratic” 

(Schoenfeld, 2020, p. 1164), that is, designed to lead to the correct answer. In short, Schoenfeld 

(1992) advocates aiming for students’ development of an identity as mathematicians, and for 

classroom activities to reflect realistic mathematics activities without a predefined correct 

answer. This pedagogical ideal is also echoed by Davidson, Deuser, and Sternberg (1994), who 

state that adaptive problem-solving approaches and creating the conditions for mathematical 

insights should also be taught (cf. Kramarski & Mevarech, 2003, p. 302). A broader 

conceptualization of mathematics teaching as identity formation requires students to take a 

much more active role in the classroom, and it would benefit from or necessitate the 

metacognitive and self-regulatory techniques discussed above. 

Metacognitive and SRL approaches would also be predicted to benefit learners’ beliefs 

about the process of learning mathematics according to Garofalo (1989) and Mayer (1998). In 

“traditional” mathematics teaching, students are judged primarily based on their operational and 

problem-solving performance and less so on conceptual knowledge and beliefs. Students can 

display mistaken mathematical assumptions in their problem-solving approaches and persist in 

an unproductive approach because they believe it is the only acceptable way to solve a certain 
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type of problem (Schoenfeld, 1992, p. 356). If they believe they have carried out the correct 

procedures, they may fail to check the reasonableness of their responses at a deeper level or 

seek empirical confirmation. Therefore, a focus on “correctness” might not always lead to the 

best performance. Prompting students to reflect on and explain their problem-solving efforts 

may lead to more correct responses and more importantly may be instrumental in convincing 

them they can make sense of the mathematical principles at work. Research has indicated that 

even mathematics teachers do not always demonstrate productive beliefs about mathematics 

(Garofalo, 1989, p. 502) and may resist teaching it in a more reflective way that decentres 

correctness and their own status as authoritative sources of knowledge. The success of 

MC/SRL approaches to mathematics, therefore, may depend on teachers’ own 

reconceptualisations of the discipline and their roles as teachers, which is discussed further in 

the next section. 

Mayer (1998) argues that three interrelated competencies are important for mathematics 

achievement, “skill,” “metaskill,” and “will” (p. 50). Relating to the third category, will, 

metacognition and self-regulated learning could support a more balanced affective and 

motivational perspective. Mathematics performance situations trigger anxiety and intimidation in 

many students. Students often believe mathematics is a “hard” discipline, in which activities are 

designed to make them struggle or to test their innate ability. Cardelle-Elewar (1995, p. 91) 

states that lower ability students display minimal persistence in the face of difficulty in problem-

solving. This is logical from a traditional mathematics perspective in which ability is signalled by 

rapid insight and extra effort will not produce results. Within a MC/SRL framework, especially 

those focusing on “meta-affect,” students could be taught strategies for recognizing and coping 

with feelings of difficulty and frustration when they arise. They might also be taught to retrain 

their attributions from ability-based to effort-based ones, to adopt an internal locus of control, 

and to recognize their own achievements without comparing them to others’. Students from 

diverse backgrounds, who may face barriers to developing their identities as competent 

mathematicians, might especially benefit from MC/SRL training to deal with negative affect and 

demotivation. For example, it seems that males are more likely to estimate their mathematics 

abilities highly and be less thrown-off by challenging mathematics tasks (Seegers & Boekaerts, 

1996), which may lead to gender-imbalance in school mathematics achievement. MC/SRL 

approaches that emphasise all students can achieve in mathematics through focused and 

strategic efforts may help to mitigate this. Destigmatizing asking questions, producing errors, or 

asking for help in the mathematics classroom could also be components of an MC/SRL 

approach (Cardelle-Elewar, 1995, p. 93). While such an approach empowers students to take 
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an active role in their own growth rather than simply relying on teachers to guide them, it also 

encourages collaboration more than competition and the opportunity to use peers as a resource 

(Brown, 1994). As Stanbridge (1990, cited in Hendry, 1996, p. 32) points out, even students 

who may not be high achievers on individual assessments can make valuable contributions to 

the class through voicing their struggles and challenging others' ideas. Altogether, such 

changes triggered through an MC/SRL approach may produce a more supportive social 

atmosphere and boost pupils' confidence and self-efficacy in mathematics learning.  

The building and organising of a mathematics knowledge base is another area in which 

MC/SRL approaches could benefit students. To become truly proficient in mathematics, learners 

need to be able to make connections between different mathematics principles and operations, 

and to apply strategies whenever they might be fruitful, regardless of the original context in 

which they were learned. This is known as the “transfer” problem (Mayer, 1998, p. 49; 

Schoenfeld, 1992, p. 352, Desoete, Roeyers, & De Clercq, 2003, p. 197), and it has been 

lamented that individuals frequently fail to apply knowledge across domains even when it would 

be appropriate and helpful. This could be exacerbated by the extent to which higher-level 

training, particularly in mathematics, becomes increasingly specialised and disconnected from 

what has come before. Pupils may believe there are separate rules for every type of problem 

presented to them (Garofalo, 1989, p. 503), and fail to learn from analogies, as recommended 

by Pólya (1954, p. 13)2. As discussed above, it would be better to convince students of logic 

and interrelatedness of mathematical systems and principles, so that they persist in trying to 

“connect the dots.” In a MC/SRL-based approach, students would be prompted to explicitly 

consider ways in which new knowledge is aligned with or diverges from what they currently 

accept to be true. They would also be led to work through inconsistencies in their mathematical 

beliefs, and to build up potentially weaker areas of their knowledge, exposed through dialogue 

and attempts to practically apply it. 

Finally, MC/SRL approaches would be expected to assist pupils in a core mathematics 

learning activity, solving routine and non-routine problems (Mayer 1998, p. 49). Problem-

solving, as Schoenfeld (1992, p. 337) laments, is an underspecified concept, but one that is the 

heart of school mathematics learning. He outlines several common rationales for problem-

 
2 Pólya (1954, p. 13) states, “. . . two systems are analogous, if  they agree in clearly definable relations of 
their respective parts” (emphasis original). He argues for the usefulness of  examining simpler systems, 

f igures, or equations when trying to make sense of  more complex ones. Yet choo sing appropriate 
analogies is constrained by knowledge and intuition developed through experience in the domain, so his 
recommendations may not be as helpful for novice mathematicians and students still building their 

knowledge base.   
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solving, including as a type of “recreation” (p. 338) or to practise recently taught principles and 

strategies. According to him, most problems are posed inauthentically, leading students to 

ignore the context, or “window dressing” (p. 342) and focus on the operations alone, especially 

those taught most recently. Most school mathematics problems have no real-world importance 

and have a single correct answer, which the teacher already knows. Pupils also believe they 

should be able to solve them quickly by executing the appropriate operations (Garofalo & 

Lester, 1985, p. 167), without the need for deep consideration, an impression sometimes 

reinforced by teachers themselves (Schoenfeld, 1992, p. 359). Even in traditional problem-

solving, raising MC awareness can help students “manage” and “coordinate” (Garofalo & Lester, 

1985, p. 169) the complex operations necessary, as discussed below. However, MC/SRL 

approaches reach beyond computation to prepare students for real-world problems, in which 

judgments must be made as to what relevance mathematics has, whether the operations 

required are simple or complex, and the need to be strategic in other, non-quantitative ways. 

Whereas in school mathematics, solving an equation may be the end goal of a problem, in life 

this is often just the start of the solution. In MC/SRL-based mathematics, students would be 

much more frequently exposed to real problems without a pre-set answer, requiring ingenuity, 

creativity, patience, and collaboration. They would be exposed to problems they do not yet have 

the competence to solve, or for which there is no precise solution, and they would be 

encouraged to set their own problems.  

Not only do MC/SRL approaches seek to provide a richer problem-solving experience for 

students, in which problems are used to build more than “display” knowledge, they may also 

train strategies that raise performance on traditional assessments. One such strategy is to 

check understanding of a problem before attempting a solution. Students need to be prepared 

to deal with both well- and ill-posed problems (see Table 2), and to consider the context 

carefully rather than casting it aside. Mathematical language and complex problem-statements 

may be especially challenging for learners with special needs or second language learners, and 

Cardelle-Elewar (1990), citing a problem-solving model by Mayer (pp. 166-167), trained 

teachers to support the latter type of student through metacognitive instruction and feedback. 

Students were led to identify whether their errors were related to misinterpretation of the 

problem or difficulties with calculation, indicating the appropriate corrective actions.  Another 

approach, IMPROVE (Mevarech & Kramarski, 1997), has also been used to help pupils make 

sense of and address mathematical tasks. In IMPROVE, pupils are prompted to restate a 

problem or use a graph to represent the mathematical situation and the information provided, to 

relate the problem to others they have encountered, and to evaluate exactly what they are being 
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asked to do. Only then should pupils choose from among possible strategies and plan their 

problem-solving approach. In such approaches, students can be led to estimate a reasonable 

solution and use this to check results. MC/SRL-based strategies can also be taught for 

monitoring and “control” during problem-solving, though Schoenfeld (1992) points out a lack of 

theoretical and research-based agreement on what effective control looks like (p. 364). Building 

students’ task- and person-related MC knowledge could help them predict when errors are more 

likely and when monitoring efforts are necessary (Garofalo & Lester, 1985, p. 168), such as in 

extended tasks requiring multiple calculations.

 

Type of 

problem 

Problem statement Underlying 

operation(s) 

Solution strategy 

Well-

posed 

George and Khaled are baking 

cupcakes for a 200-person charity 

event. They want to be sure every 

person can buy 2 cupcakes, if  

desired, and each of  them will bake 

half  the cupcakes. George takes 2 

hours to bake 100 cupcakes, while 

Khaled takes 3 hours. How much time 

will be spent in total on baking?  

200 x 2 = 400 total 

cupcakes, or 200 

cupcakes for each 

baker.  

 

(200 / 100) x 2 = 4 

hours for George.  

 

(200 / 100) x 3 = 6 

hours for Khaled.  

 

4 + 6 = 10 hours total.  

Ignore the context and 

isolate and complete 

the required 

computations.  

Ill-posed George and Khaled need to bring 400 

cupcakes to a charity event, and they 

agree to each bake half . George 

wants to save time by using boxed 

cake mix and premade f rosting, but 

his cupcakes may not be as popular, 

and they would cost 40% more to 

produce. Last year, 300 made-f rom-

scratch cupcakes sold out within 3 

hours of  the 5-hour event. This year 

the event will be 4 hours long. Khaled 

refuses to use pre-made ingredients. 

What should George do?  

400 / 2 = 200 cupcakes 

per baker.  

 

George’s prof it = 

(cupcakes sold X price) 

- (cupcakes sold x cost 

x 1.4). 

 

300 / 3 = 100 scratch-

made cupcakes sold 

per hour. 

 

(Several more 

operations are possible, 

using estimated 

quantities).  

Consider the context 

and compare last year’s 

and this year’s events. 

Determine the rate of  

sale for scratch-made 

cupcakes and estimate 

their prof itability.  

Estimate the rate of  

sale for George’s 

cupcakes and calculate 

their relative 

prof itability. Argue for a 

course of  action.  

Table 2. Examples of well- and ill-posed problems.
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1.3.2 Costs and potential challenges of MC/SRL-based mathematics approaches  

Zimmerman (1986, p. 311) posits that self-regulation does not emerge spontaneously 

but is essentially a “culturally transmitted method for optimizing and controlling learning events,” 

and he labels authority figures as important “socializing agents” in this process. Therefore, 

considerable attention must be given to training and supporting classroom teachers when 

adopting an MC/SRL approach. For teachers as well as students, MC/SRL may operate as a 

“threshold concept” (Meyer & Land, 2003), transforming their perspectives on the classroom 

and their role in it. Supporting MC/SRL could also be potentially “troublesome” (Meyer & Land, 

2003, p. 5) because teachers may need to reconsider the nature of the mathematics discipline, 

how people learn it, and their own roles in the classroom. Research has indicated teachers’ 

underlying beliefs may be open to change, but efforts may depend on how traditional their own 

mathematics experiences have been (Schoenfeld, 1992, p. 360). Hendry (1996, p. 32) indicates 

a high degree of teacher confidence is needed to avoid overly “directive” pedagogy, in which 

teachers present mathematics principles, engage students in problem-solving and practice, and 

use tests to check learning. In an MC/SRL approach, teachers need to operate at a meta- as 

well as practical level and see their roles as “facilitators” (Baumfield, 2006, p. 188) rather than 

simply instructors. They must regularly gauge pupils’ mental states and assist them in 

confronting negative affect. They must also be open to reorganising plans in light of what 

students are ready to learn. Acting as models of self-questioning (Cardelle-Elawar, 1995, p. 86; 

cf. Callahan & Garofalo, 1987, p. 23) and decentring their own expertise could be especially 

challenging for teachers. In Cobb et al. (1997, pp. 165-6), a teacher in an interactive 

mathematics approach used her expertise to recast students’ explanations of problem-solving 

into more standard forms, yet she made it clear they were the experts when it came to their own 

thinking processes. Finally, of course, teachers must spend time building pupils’ metacognitive 

knowledge, vocabulary, and strategies. This last requirement may be the primary focus of many 

MC/SRL training programmes, but it is not clear how effective this would be without an 

accompanying shift in pedagogical philosophy and a more flexible learning environment in 

which students’ choices really matter. Regardless, the role of the teacher in MC/SRL training is 

paramount, and this is covered in the narrative synthesis for the current review.  

Investing in an MC/SRL programme further requires consideration of the monetary 

costs, which can include the potentially extensive training for teachers described above. In 

Cardelle-Elawar (1995, p. 84) mathematics teachers completed 17 hours of training to 

implement a MC/SRL approach, while in Desoete, Roeyers, & De Clercq (2003, p. 192) they 

completed 10 hours. Additionally, some studies have included handbooks, lesson plans, and 
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ongoing teacher supervision, which can also add to the cost of the MC/SRL interventions. 

Regarding the materials for students, various MC/SRL approaches to mathematics have 

included interactive devices and tutoring software, manipulatives, games, books, handouts, and 

whiteboards, among other materials. An MC/SRL approach is more concerned with the mindset 

of students and teachers than with the learning materials per se, yet a more creative and flexible 

interpretation of mathematics is more likely to be supported with materials that facilitate 

collaboration, discussion, and practical application (Garofalo, 1989, p. 504). Regarding 

technology investment, adaptive tutoring and problem-solving software could relieve some of 

the burden from teachers to explicitly teach MC/SRL strategies and give feedback (Zimmerman, 

1986, p. 312). Online tools could also facilitate collaboration between pupils and allow teachers 

to monitor and guide productive discussions. Technology could also be useful for automatically 

generating and giving students opportunities to respond to feedback on their strategies or 

solutions to tasks. Finally, a combination of hardware and software could be used to capture 

elements of a learning situation and record students’ reflections on what they have contributed 

and learned (e.g., Motteram et al., 2016). The cost of such technologies is likely to be the 

biggest financial barrier to implementing a comprehensive MC/SRL-based approach to 

mathematics, but where students already have access to computers, tablets, or mobile devices, 

there are many affordances for implementing at least some MC/SRL strategies. As with any 

technology-reliant approach, planning, training, and ongoing support must also be included as 

investments, or teachers may revert to established practices.  

Other possible challenges of implementing an MC/SRL mathematics approach could 

relate to students themselves. Norman (2020) states that, in some cases, being overtly 

metacognitive could be detrimental to students’ emotional well-being and even their task 

performance, and that these risks are overlooked in “normative” (p. 2) research about 

metacognition. To begin with, students may be ill-prepared by prior school experiences to start 

taking responsibility for their own learning. They may be comfortable being told what they need 

to learn, given structured opportunities to practise, and tested in predictable and straightforward 

ways. Pupils may not be prepared to struggle through open-ended tasks or collaborate with 

peers of different ability levels, and they may shy away from revealing areas of confusion to 

teachers and peers. Although MC/SRL approaches, specifically those dealing with meta-affect 

and motivation, offer strategies for dealing with emotional states that could hamper learning, the 

potential for MC/SRL approaches to disrupt the established social structure and students’ 

perceived roles should not be minimised. Teachers should therefore expect a certain degree of 

resistance, and they should also be explicit about the social norms and value inherent in the 
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new approach, illustrated effectively in Cobb et al. (1997). Furthermore, since a foundation of 

MC/SRL approaches is a higher-level awareness and adaptivity, pupils should be oriented to 

the potential benefits of the new approach and led to consider contexts in which MC/SRL 

strategies may not be the most efficient. Structured monitoring during problem-solving, for 

example, could increase cognitive load and might be less effective than relying on automatic 

processes to complete simple operations. Nor is it always helpful to try out every possible 

solution to a problem. To be truly MC/SRL proficient in mathematics, learners must have a 

repertoire of strategies and a solid base of mathematical knowledge (Schoenfeld, 1992, pp. 

351-2) at their disposal. As Norman (2020) points out, individuals must judge when it beneficial 

to employ MC/SRL strategies, that is, when the returns will be worth the efforts and potential 

discomfort.   

Finally, key stakeholders, such as school administrators and parents, must be prepared 

to accept that MC/SRL approaches may look very different from traditional mathematics 

teaching, and they may not lead to higher achievement on traditional measures in the short 

term. MC/SRL takes time and resources to implement, and students must begin taking 

ownership of their learning through making real choices. They need to be allowed to 

experiment, question, and make mistakes without fear of repercussions or of being categorised 

as less mathematically able. In the same way, assessments should reflect the range of 

knowledge and skills developed within an MC/SRL-based approach. Until assessments look for 

a mature mathematics mindset as well as operational proficiency, MC/SRL approaches may or 

may not make a substantial difference in any particular school or classroom, although the 

evidence points to the fact that they often do. This is explored in the next section, as evidence 

for effectiveness within existing research syntheses is considered and the rationale for the 

current review is developed. 
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Chapter 2: Narrative overview of previous systematic reviews on metacognition and 

self-regulation in mathematics teaching3 
 Given the presumed benefits of MC/SRL approaches for mathematics learning 

described above, research studies and syntheses have attempted to uncover the effect of 

implementing them within school mathematics. To set a context for the current systematic 

review, a number of previous reviews were examined, shown in Table 3.

 

Author(s) and 

Publication Date 

Dates Searched or 

Included 

Reports screened for 

inclusion 

Reports retained in 

review 

Hattie, Biggs, & Purdie 

(1996) 

1968-1992 1,415+ 51 

Higgins et al. (2004)  1984-2002 6,424 23 in-depth 

(191 mapping review) 

Higgins et al. (2005)  1984-2002  318 

(incl. 191 previous) 

29 

Dignath, Büttner, & 

Langfeldt (2008) 

1992-2006  100 approx.   48 

Dignath, & Büttner 

(2008) 

1992-2006 not reported 74 

Donker, et al (2014);  

de Boer, Donker, & 

van der Werf  (2014) 

2000-2011 1000+ 58 

Dent & Koenka (2016) 1986-2011 3,585  79 

Ergen & Kanadli 

(2017) 

2005-2014 115 21 

de Boer et al. (2018)4 2000-2016 4,251 36 

Lee et al. (2018) 1998-2017 121 18 

Perry, Lundie, & 

Golder (2019) 

2000-2017 Not reported 51 "core studies," 

(plus other "relevant 

texts”) 

Verschaf fel, Depaepe, 

& Mevarech (2019) 

1997-2019 109 22 

Wang & Sperling 

(2020) 

1992-2019 341 36 

Table 3. Reviews included in narrative overview.

 

 
3 A version of  this section was presented at the British Education Research Association (BERA) 2021 
annual conference and can be accessed at https://doi.org/10.13140/RG.2.2.15807.59047/1 
4 This review is not presented below in detail, as it deals with longer-term ef fects of  interventions, which 
are not a major focus of  this review.  
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2.1 Overview approach  

Although detailed and useful for setting the context for the current review, this is not a 

comprehensive overview of the MC/SRL research area, for several reasons. First, the reviews 

included here were not gleaned through a systematic search and screening process. Instead, 

online searches as well as personal contacts were used to locate reviews that have had an 

important impact in the field. There could be other relevant reviews that were not identified. All 

the included reviews were completed since the mid-1990s, and they all documented the 

processes for finding and summarising relevant studies, but most were missing elements now 

accepted as important for systematic reviews. Overall, the estimated effect of MC/SRL 

programmes on academic outcomes has been substantial, with an effect size of around 0.6. 

Three of the included reviews focused on mathematics outcomes only, Lee et al. (2018), 

Verschaffel, Depaepe, & Mevarech (2019), and Wang and Sperling (2020). The latter two 

reviews only report study-level effects without combining them in a meta-analysis. Earlier 

reviews included effects in mathematics as well as other domains. Although Hattie et al. (1996) 

does not present effect sizes or summary estimates specifically in mathematics, but rather 

combines outcomes in all subjects, it was included because it is a landmark study that is often 

referred to in the other reviews.  

When considering individual studies, reviews have highlighted the fact that not all 

metacognitive or self-regulatory interventions have led to greater learning gains, and reviews 

have sought to differentiate studies with regard to the types of students served, the domain 

specificity and theoretical basis of the intervention, the “dose” or amount of the intervention 

given, and other pedagogical choices such as group or individual work and the use of 

technology. Studies have also been examined for whether a researcher or classroom teacher 

has delivered the intervention and whether the study used purpose-built or standardised 

assessments. Comparing study designs and interventions in this way would be expected to 

assist practitioners in choosing the most appropriate types of metacognitive or self-regulated 

learning interventions for their own teaching situations, however different reviews have not 

shown strong agreement in the estimated effects of specific features of the interventions or 

study designs. It is not clear whether these differences might arise due to different search 

strategies, inclusion criteria, or screening procedures for studies reviewed, or whether there 

have been real shifts in intervention effects over time that are reflected in the reviews. Because 

the relevant reviews only partially overlap in terms of their conceptual frameworks and review 

methods, and because they cover different publication periods, the differences in review 

outcomes should not be very surprising. These differences will be discussed with the intention 



Hitt 000266412   39 
 

of providing a rationale for the current review to cover potential gaps in understanding around 

metacognition and self-regulated learning interventions in mathematics.

2.2 Overview results    

The primary studies included in the reviews span the years 1968 to 2019 (see Figure 3), 

with 18 to 79 included reports per review. Because some reports did not make it clear which 

studies were included in the systematic review or meta-analysis, it is not possible to determine 

how much overlap there is between reviews. Even where reviews covered the same publication 

years, differences in the search and screen process could mean a lack of overlap. Still, some 

primary studies have been included in multiple reviews, and thus performing a meta-synthesis 

would not be appropriate. It is not always possible to determine which specific references or 

publication types were included in each review, but Table 4 indicates the numbers of reports for 

each publication type. In some cases, numbers of studies, comparisons, or effect sizes are 

reported rather than number of reports, and it is not always possible to determine these 

numbers specifically within the mathematics domain. Because unpublished research and “grey” 

literature is more likely to show null or negative intervention results (Song, Hooper, & Loke, 

2013), a lack of balance in publication types could increase the risk of bias in the summary 

estimates of effect. Reviews that included mostly or all journal articles might show a higher 

overall effect from MC/SRL interventions. Only reviews of MC/SRL interventions with a meta-

analysis for academic outcomes are included in Table 4, but all studies are discussed below.

 

Figure 3. Included publication years of reviews in narrative overview. 
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Review Total 
reports 

Mathematics 
studies or 

effect sizes 

Journal 
articles  

Book 
chapters  

Dissertations 
and theses 

Conference 
papers  

Combined 
effect (all 

subjects) 

Combined 
effect 

mathematics  

Hattie, Biggs, & Purdie 
(1996) 

51  U 189 or 
2075 

(ef fect 

sizes) 

22 (ef fect 
sizes) 

41 (ef fect 
sizes) 

U 0.57 
(“performance”) 

NR 

Higgins et al. (2005)  29 9 27 2 0 0 0.62 0.89 

Dignath, Büttner, & 
Langfeldt (2008) 

306 25  287 0 0 1 0.62 1.00 

Dignath & Büttner 
(2008) 

468 25 (primary), 
12 

(secondary) 

46 0 0 0 0.61 (primary), 
0.54 

(secondary) 

0.96 
(primary), 

0.23 
(secondary) 

Donker, et al. (2014);  
de Boer, Donker, & van 

der Werf , (2014) 

58  44  57 0 0 1 0.66 0.66 

de Boer et al. (2018) 36 8 36 0 0 0 0.12 
(immediate to 

delayed) 

0.22 
(immediate to 

delayed) 

Ergen & Kanadli (2017) 21 8 14 0 6 1 0.86  1.10 

Lee et al. (2018) 18 18 (22 ef fect 

sizes)  

18 0 0 0 NA 0.97  

Table 4. Reviews of MC/SRL with report types and combined effects in all academic subjects and in mathematics. 
Reviews without a meta-analysis are not included. U=unclear from report, NR=not reported, NA=not applicable. 

 
5 This is reported dif ferently on pp. 113 and 118.  
6 The authors state (p. 111) there were 48 total “studies,” but this likely means comparisons.  
7 Numbers are based on only 29 asterisked items in the review reference list.    
8 On p. 243, the authors state there were 74 “studies,” but this likely means comparisons.   
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2.2.1 Hattie, Biggs, and Purdie (1996)  

Like the current review, Hattie, Biggs, & Purdie (1996) sought to compare and combine 

effects from a “disparate” group of “study skills interventions” (p. 99). They state: “These 

interventions have aimed at enhancing motivation, mnemonic skills, self -regulation, study-

related skills such as time management, and even general ability itself; creating positive 

attitudes toward both content and context; and minimising learning pathologies” (pp. 99-100). 

Thus, MC/SRL-type interventions would clearly be included. By the mid-1990s, interest in 

“learning to learn” and broadly metacognitive approaches had gained momentum in educational 

practice, to the extent that Hattie, Biggs, and Purdie (1996) collected 51 intervention studies for 

their review and meta-analysis. Their review has become a commonly referred to benchmark for 

individual studies and subsequent reviews in this research area. Although not labelled as a 

systematic review, Hattie et al. (1996) reported the general inclusion criteria, the databases and 

dates searched, and the keywords for their review but did not report on the screening process 

and how many studies were excluded with reasons at each stage. There were then fewer 

commonly accepted guidelines for performing a systematic review, and this term was often 

conflated with “meta-analysis” as it seems to be here. This review is still systematic, however, 

since it uses pre-specified criteria and search strategies. In addition, Hattie et al. (1996) 

scanned reference lists of included reports for studies missed by the initial search. This 

“snowballing” may increase the review coverage but is less replicable and could introduce bias. 

Only two databases were searched, ERIC (Educational Resources Information Center) and 

Psychological Abstracts. While several inclusions are theses or dissertations, the great majority 

are academic journal articles. The dates range from 1968 to 1992, although the authors state 

that they searched the databases for reports published between 1983 and 1992. Earlier studies 

may have been identified through snowballing. The included studies in Hattie et al. (1996) 

needed to provide information sufficient to calculate an effect size, operationalised as between 

group differences or within-group changes in performance.  

Rather than classifying interventions based on theoretical foundation, Hattie, Biggs & 

Purdie (1996) chose to use the SOLO taxonomy, which categorises interventions based on their 

“structural elements,” being either “prestructural,” “unistructural,” “multistructural,” “relational,” or 

“extended abstract.”9 They also reported whether each intervention aimed for near or far 

transfer of skills. Transfer refers to the application of skills to a new context that is conceptually 

 
9 The authors note they did not use the “prestructural” category, as such interventions would be 
automatically excluded as “unsatisfactory” (p. 104).  
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similar or distinct from the original one, and this can be achieved with either a “high” or “low 

road” (Perkins & Salomon, 1989). The SOLO classifiers are explained in detail by the authors 

and relate mainly to the complexity in and integrative nature of the strategies to be learned. As 

with transfer, the SOLO taxonomy has not been employed the later reviews covered here, and it 

is doubtful that practitioners would be assisted by these categories to choose an intervention. 

Hattie, Biggs, and Purdie (1996) also note whether the outcome of interest is “reproductive” 

(e.g., memorising domain content) or “transformational” and measures “performance,” 

“memory,” “attitude,” or “study skills.” They also note the “thrust” of the intervention, described 

as either “structural aids,” “memorization,” “study skills,” “motivation,” or a “Feuerstein” program 

(i.e., instrumental enrichment). Although the authors explain these categories, their boundaries 

and applications to included studies have some ambiguity. All included studies are classified as 

self- or teacher-directed, implying there were no researcher-led programmes. The academic 

domain of each study is not reported.  

As mentioned, effect sizes were calculated for all included studies. Aggregate outcomes 

are reported by the number of effect sizes (n=270 total), not the number of studies, and these 

could represent multiple assessments or multiple treatment groups. In some cases, the total 

effect sizes within a category (e.g., “publication form,” “test quality,” “design of study,” p. 113) do 

not sum to 270. Predictably, “study skills” (n=106) accounted for the most effect sizes under 

“program thrust,” and “extended abstract” (n=40) was the SOLO classification with the most 

effect sizes. The other SOLO categories were applied to between 16 and 29 effect sizes, 

showing diversity in the interventions. “Performance” (n=157) was the most common outcome, 

with most outcomes being “transformational” (n=122) rather than “reproductive” (n=92), or 

“other” (n=56). Notably, most effects were associated with students of high ability (n=109), while 

low ability and underachieving students were the next common. As distinct from most other 

reviews, studies at university level are included in Hattie, Biggs, and Purdie (1996), and they 

account for more effect sizes (n=103) than those at each of the lower grade-levels. The authors 

infer that university participants chose their participation status (p. 112), which could impact the 

effect size interpretation.  Overwhelmingly, effects were from teacher-directed interventions 

(n=204) more than self-directed ones (n=29). Most assessments were considered high quality, 

with seven effects from low quality tests being excluded from further analysis (p. 112).  

Combined effects are reported for all outcomes (ES=0.45) and with the study as the 

analysis unit (ES=0.63). Effects did not differ substantially based on whether there was a 

comparison group (ES=0.42) or whether the intervention group’s own pretest was used to 

calculate effect size (ES=0.48), but designs labelled “other” showed somewhat higher effects 
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(ES=0.59, p. 116). Publication type also showed a correlation, with journal articles having the 

highest effect (ES=0.55), the next most effective being books/book chapters (ES=0.41), and 

dissertations (ES=0.0) being “not effective” (pp. 116-118). Within the studies remaining after 

excluding those with low quality tests, study quality in general had no impact on effect (p. 118). 

Due to having multiple effect sizes for each study, it is sometimes difficult to interpret the 

variation in effects. For example, under program “thrust,” attribution is reported as accounting 

for 11 effect sizes and having a higher-than-average combined effect (ES=1.05, p. 118), yet 

elsewhere it is shown these all relate to the same primary study (p. 111). The combined effects 

also do not distinguish between academic domains, although the reviewers do report effect size 

differences for performance (ES=0.57), affective (ES=0.48), and study skills related 

assessments (ES=0.17). Related to performance, “extended abstract” or “Feuerstein” 

programmes were found to be particularly effective on measures like Raven’s Progressive 

Matrices (p. 121), and this could have a large influence on the combined effects due to the 

higher number of included effects in these categories (p. 113). Still, the authors report that 

“unistructural” interventions are the most effective (ES=0.84) for performance outcomes 

possibly due to their focus on simple, immediately applicable study skills (p. 116). Because 

“performance” here may include language arts, science, history, and even general cognitive 

skills in addition to mathematics, the effects reported in Hattie, Biggs, and Purdie (1996) are not 

directly comparable to those of the current review. 

2.2.2 Higgins et al. (2004, 2005) 

 The EPPI-Centre in the UK released two technical reports describing a systematic 

review and meta-analysis of “thinking skills” programmes, which “require learners to articulate 

and evaluate specific learning approaches; and/or…identify specific cognitive and related 

affective or conative processes that are amenable to instruction” (Higgins et al., 2004, p. v). As 

in the Hattie, Biggs, and Purdie (1996) review, Higgins et al. (2004) point out the difficulties of 

precisely defining “thinking skills,” but their focus is on giving practitioners evidence with which 

to choose among programmes, especially commercially available ones (p. 8). Thus, rather than 

a detailed theoretical model, Higgins et al. (2004) present five categories of such interventions, 

each epitomised by a well-known MC/SRL-type programme being used in schools. For 

example, under “cognitive operations,” they discuss Feuerstein’s Instrumental Enrichment, while 

under “heuristics (strategies),” they refer to de Bono’s Cognitive Research Trust programmes. 

The other categories comprise “formal thinking,” “thinking as manipulation of language and 

symbols,” and “thinking about thinking: metacognition” (p. 9).  However, the reviewers state the 
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challenge of neatly categorising interventions has only increased as interventions “infuse” and 

combine approaches (Higgins et al., 2004, p. 10).  

 To execute their review, Higgins et al. (2004) report a comprehensive electronic search 

process, in addition to direct contact and reference list-searching, which resulted in 8,053 initial 

returns to be screened for inclusion.  After screening 681 full-text reports, Higgins et al. (2004) 

identified 191 reports for their “systematic map” (p. 20), which outlined key aspects of thinking 

skills studies, such as the educational contexts, samples, and subject areas. They give details 

of each study’s approach and outcomes in the appendix. Over half of reports originated in the 

US (34%) or the UK (27%), but all reports needed to be in English (p. 21). Importantly, studies 

could involve a variety of settings and subject areas, including arts, physical education, and 

religion, but they needed to focus on the years of compulsory schooling (ages 5-16). More 

reports described secondary (45%) than primary contexts (34%, p. 22), but early secondary 

(ages 11-13) was the most common. Both pupils and teachers could be the focus, although it 

was more often the former (p. 24), and the design did not need to be an intentional manipulation 

of the thinking skills programme with a control group (p. 71). In fact, Higgins et al. (2004) 

indicate that 40% of included reports were of “naturally occurring intervention[s]” (p. 29), 

although most (n=150 reports) involved some kind of quantitative data collection, mainly 

attainment scores, with only 41 reports being purely qualitative. Forty-eight percent of reports 

involved researcher-led evaluation (p. 28). Half (51%) used the regular teacher to implement the 

programme, while researchers implemented it 14% of the time, and 25% of reports did not 

specify implementer. As with the current review, this is a concerning omission, since teachers’ 

roles in supporting the new skills during normal class sessions could influence outcomes. 

Higgins et al. (2004, p. 40) state teachers’ shaping of classroom discussions of thinking is likely 

to be important. Half (49%) of reports discussed a named programme, such as Philosophy for 

Children, Cognitive Acceleration through Science Education (CASE), or Feuerstein’s 

Instrumental Enrichment (p. 25), but the remainder of reports did not feature a pre-packaged 

intervention. Thinking skills were taught as part of a regular class (i.e., “infused") most of the 

time (n=111), rather than being given in separate sessions (i.e “enrichment"), but this was not 

coded for all included reports (p. 25). Science (34%), literacy (20%), and mathematics (19%) 

were the most common subjects, with all others accounting for 6% or fewer reports each (p. 23). 

The substantial focus on science makes sense, given that CASE or its mathematics equivalent, 

CAME, accounted for more reports (13%, p. 25) than any other “branded” intervention. 

 To carry out an “in-depth review” (Higgins et al., 2004) and meta-analysis (Higgins et al., 

2005), the researchers whittled down the initial set of 191 reports, first by considering only those 
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with both qualitative and quantitative outcomes and a “researcher manipulated intervention” 

(2004, p. 31). This left 23 studies, whose characteristics generally reflected those of the larger 

group, except there is a higher proportion of primary level studies (p. 32) and those using 

named programmes. Each study is presented with a rating in several quality-related categories, 

though the reviewers state that underreporting, especially of qualitative details, was a limiting 

factor along with actual errors, and these contributed to seven studies being judged as “low 

weight of evidence” (p. 38). Half of the studies were judged as “medium,” and the rest “high 

weight of evidence” (p. 38). Higgins et al. (2004) presents preliminary findings about trends in 

effectiveness based on the in-depth review, but Higgins et al. (2005) includes a full meta-

analysis. Here, 29 studies are included, since the original systematic searches were updated 

and the inclusion criteria shifted slightly, such as requiring data sufficient to generate effect 

sizes and at least 10 student participants (p. 12). The combined effect from such studies is 

reported as ES=0.62 (p. 28) for both cognitive and curricular outcomes, whereas for affective 

outcomes it is much higher at ES=1.44, but this was with a subgroup of only six studies. In 

mathematics, the combined effect is ES=0.89 from nine studies, which is higher than in science 

(ES=0.78) and almost twice that of outcomes in reading (ES=0.49, p. 32), but the mathematics 

effects were much more variable than the other two. Although a range of interventions were 

included, the reviewers found that those training “metacognitive strategies” were associated with 

higher effects (ES=0.96) than either Instrumental Enrichment (ES=0.58) or Cognitive 

Acceleration (ES=0.61) programmes. These trends support the focus of the current review on 

MC/SRL-based interventions in mathematics.  

Higgins et al. (2004) were able to double-rate a portion of the studies to strengthen 

confidence in their results, and they report “a high level of reliability” (p. 17). In some cases, 

differences arose when one team member coded a higher level of detail than another (p. 29) or 

there was uncertainty in coding distinctions. Higgins et al. (2004, p. 29) state that the 19 

keywords under “thinking skills” were the most challenging to apply consistently across the 

research team. Raters were instructed to select up to three codes from a list that includes, for 

example, “critical thinking, “higher order thinking,” “logical thinking,” and “systems thinking” (p. 

72), which could be a challenge to differentiate, or, if referring to the authors’ own labels, could 

vary in their applications from study to study. Even though this could limit the interpretation of 

their review, the intervention labels chosen would likely be recognized by practitioners and other 

stakeholders, more than would the SOLO taxonomy labels utilised in Hattie, Biggs, and Purdie 

(1996). Overall, Higgins et al. (2004, 2005) is a user-friendly review; the search and screening 

process is comprehensive and transparent, and the qualitative and quantitative reporting 
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balances judiciousness and helpful detail. The reviewers demonstrate awareness of the 

drawbacks of some of their choices, and their claims about effectiveness are balanced. Still, 

their findings related to mathematics are based on a small subset of studies, with unclear 

comparability to the current review. 

2.2.3 Dignath, Büttner, & Langfeldt (2008); Dignath & Büttner (2008) 

 Coming several years after Higgins et al. (2005), Dignath, Büttner, & Langfeldt, (2008) is 

the first review of self-regulated learning (SRL) interventions with mathematics outcomes, 

though it is limited to programmes for primary level learners. Being more clearly defined than 

either “study skills,” or “thinking skills,” SRL involves “. . .cognitive, metacognitive and 

motivational processes, which work together during information processing” (p. 104). Learners’ 

goals and adaptation to the learning context are also important. References are made to works 

by Winne, Pintrich, Zimmerman, and Bandura, among others, showing that Dignath, Büttner, & 

Langfeldt, (2008) rely on these different researchers’ common focus on domain-level and meta-

level functioning, and on the regulation of learners’ affect. These emphases are still comparable 

to much more recent reviews, covered below. Unlike some other reviews, Dignath, Büttner, & 

Langfeldt, (2008) consider metacognition an aspect of self -regulation. In fact, they posit three 

levels of functioning for the learner: the cognitive as the lowest “information processing” level, 

the metacognitive directing the cognitive, and the motivational at the highest level, providing the 

impetus for strategic regulation (Boekaerts, 1999, cited in Dignath, Büttner, & Langfeldt, 2008, 

p. 104). These assumptions generally align with the current review, although I am more 

concerned with areas of overlap between MC/SRL-type models than their distinctions.  

 To execute their review, Dignath, Büttner, & Langfeldt, (2008) used a systematic search 

of both English- and German-language academic databases. Their numerous keywords 

included “study skills,” “learning to learn,” and “thinking skills” (p. 104), indicating high overlap 

with the central constructs of Hattie, Biggs, and Purdie (1996) and Higgins et al. (2004, 2005). In 

fact, the authors were concerned that self-regulated learning alone was too “fuzzy” (p. 104) a 

term to capture all relevant studies, but checking alignment with SRL was part of the process for 

screening “about 100 articles” (p. 105) from the searches. Additionally, studies had to involve 

mixed or average ability classes within a normal school setting led by teachers or researchers, 

so laboratory studies, those using computer-based teaching (CT), and those involving students 

with special designations were excluded (p. 105). English-, German-, or French-language 

reports were admissible. Control groups were also required, which is a more stringent design 

requirement than Hattie, Biggs, & Purdie (1996). The included reports were dated between 1992 
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and 2006, and the authors report them with their theoretical bases, treatments, academic 

subjects, number of sessions and outcomes (pp. 123-126). The main focus of the report is the 

meta-analysis and moderator analysis. The authors included multiple effect sizes per article, 

leading to 263 total effect sizes, but they combined those for the same construct within one 

article and adjusted sample sizes when the same control group was used for multiple 

comparisons (p. 109). Three main categories dealt with academic outcomes: mathematics, 

language arts, and other subjects. The authors also considered cognitive/metacognitive and 

motivational outcomes. Dignath, Büttner, & Langfeldt, (2008) did not differentiate cognitive 

versus metacognitive strategies within outcome assessment as they stated it would be 

especially challenging to assess when students were being metacognitive (p. 106), but they did 

distinguish these strategies with the SRL interventions. Motivational strategies were also 

considered as part of the SRL training, and subcategories under the three main strategy 

categories were also coded. Cognitive strategies could involve repetition, elaboration, 

organisation, or problem solving; metacognition could involve knowledge and skills, like 

planning and checking; and motivation could involve making attributions, feedback, and “action 

control” (pp. 107-108). The intention was to use these categories and other aspects of the study 

as moderators to home in on the potential reasons for variations in effects.  

 The combined effect for all outcomes was ES=0.69, with a combined effect for academic 

performance of ES=0.62. The review included 25 total effect sizes for mathematics performance 

from nine total studies, with a combined effect of ES=1.00 (95% CI=0.75 to 1.24). Notably, not 

all studies taking place within the mathematics classroom had a mathematics performance 

assessment. The combined effect in mathematics performance was larger than in any other 

category for this review, but there was greater uncertainty in this effect given it is based on 

fewer primary studies. In terms of other potential moderators, there was no clear impact on all 

outcomes based on the type of instructed strategy, intervention length, or pupil year level, nor is 

there a clear pattern of effectiveness for researcher versus teacher implementation in 

mathematics, though scores in other measures were higher when the instruction was led by 

researchers. Regarding theoretical background, the review found lower effects for those 

programmes based on motivational rather than metacognitive or social-cognitive theories, and 

this was particularly true for mathematics performance and motivational outcomes (p. 113). The 

latter finding is unexpected. Effect sizes based on strategies and combinations of strategies are 

also reported within each domain area, and those including cognitive strategies were associated 

with the worst outcomes in mathematics (p. 113). In most outcomes including mathematics, 

programmes without group work performed better than those with it. Although the reviewers 
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draw implications about what effective SRL programmes “should” include (p. 121), such as 

specific strategy types, it needs to be remembered that some analyses were done with small 

numbers of primary studies per group. As with Hattie, Biggs, and Purdie (1996), using multiple 

analyses increases the risk of spurious findings. Another limitation on this review’s usefulness is 

that no examples from the primary studies are included to illustrate the coding categories. This 

would have been especially warranted when discussing the specific SRL strategies trained. 

Finally, the choice to exclude ICT-based programmes and those for students with 

exceptionalities may have made the included studies more comparable but most likely limited 

the number of studies to be included in each analysis. It also limits comparisons with the current 

review.  

 A second article by Dignath & Büttner (2008) expands the review to include secondary 

school contexts until ages 15 or 16 (p. 239). Many but not all of the original studies were 

included in the second review, and some new primary-level studies were added, leading to 49 

total primary-level studies and 35 studies at secondary level.10 Still, effects reported for the 

primary level are very similar to those of the first report. Dignath and Büttner (2008, p. 244) 

report a combined effect of ES=0.69 on all outcomes, using a random effects (RE) model. The 

SRL interventions showed a higher effect at secondary level for reading and writing 

performance and for strategy use. For all other outcomes, there were greater effects at primary 

level. In mathematics, primary level effects (ES=0.96, from 25 effect sizes) were much higher 

than secondary level (ES= 0.23, from 12 effect sizes), which is of importance for the current 

review. Other academic outcomes were considerably higher in primary (ES=0.64, from 22 

original effect sizes) than secondary (ES=0.05, from 6 original effect sizes). Dignath and Büttner 

(2008) exclude outliers more than two standard deviations from the mean,11 but they do not 

specify which effects from which studies were excluded. 

 To examine potential moderators of effect, Dignath and Büttner (2008) utilised a method 

of moderator analysis different from the previous study. Rather than synthesising effects within 

each potential moderator category separately (i.e., running multiple meta-analyses with different 

numbers of included studies and outcomes), as had been done in Dignath, Büttner, and 

Langfeldt (2008), here a meta-regression is used (p. 242). Moderators considered are similar to 

the earlier review, namely: theoretical basis (metacognitive, social-cognitive, motivational), 

strategies trained (metacognitive, cognitive, motivational), inclusion of metacognitive reflection, 

academic subject, teacher- vs. researcher-implementation of the intervention, length (number of 

 
10 Based on the report, it is not possible to determine which specif ic studies were changed.  
11 In the previous review, they had used a three-sigma cut-of f .  
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sessions) of training, and the use of group work. Final models for each outcome only included 

moderators whose confidence interval did not include zero (p. 243), and only those relevant to 

the current review are given here. More variance was explained in the secondary-level model 

(85%) than in the primary-level (29%), possibly due to a higher number of included effects in the 

latter. Longer interventions were generally more effective, unlike in the earlier review, but there 

is no suggested minimum or maximum length. At primary-level, social-cognitive theories were 

associated with better (B=0.33) and motivational theories with worse (B=-0.38) outcomes, but at 

secondary level, social-cognitive theories led to worse outcomes (B=-1.41), as did motivational 

theories (B=-0.97). Metacognitive strategies were a positive moderator at primary-level (B=0.39) 

but a negative one at secondary-level (B=-0.64, p. 246). For general academic performance, 

cognitive strategies were not an important moderator, but in mathematics outcomes were 

different. At primary level, cognitive strategies and longer training had a more positive 

connection with mathematics performance than did metacognitive reflection (B=-1.08, p. 247). 

In contrast, for secondary-level mathematics performance (p. 248), motivational theories 

(B=0.55) had a more positive association than did metacognitive theories (reference category). 

Dignath and Büttner (2008) found that students’ strategy-use following the included 

interventions was more positively associated with mathematics than with other subject areas 

both at primary-level and especially at secondary-level (p. 249). Group work at primary level 

was unimportant as a moderator and at secondary-level was a negative moderator (B=-0.65, p. 

248). Interventions led by researchers had higher effects.  

These results indicate that SRL interventions may catalyse students’ strategy-use in 

mathematics more than other subjects. The results also imply that mathematics teachers should 

receive thorough training, and they should teach cognitive strategies at primary-level and 

motivation at secondary-level. De-emphasising metacognitive strategies diverges from the 

implications of the prior review. Yet several caveats should be made. First, only a small number 

of effects in mathematics at secondary-level were synthesised, and the model explained 94% of 

the variation, but the primary-level mathematics model only explained 44% (p. 247). Second, 

theoretical bases and taught strategies were not compared consistently in the primary studies. 

One study may have included metacognitive and cognitive strategies in the same treatment 

group, while another used them in different groups. Performance outcomes could be affected by 

the specific combinations of moderators, the discreteness or domain-embeddedness of the SRL 

approaches, or the fidelity of treatment implementation, but these cannot be judged from 

Dignath and Büttner (2008). It is also not clear whether metacognitive theoretical basis, strategy 

training, or reflection looked similar in mathematics versus other domain areas. The authors 
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note there were discrepancies between stated theoretical bases and strategies instructed (p. 

255). For example, all studies regardless of theory, had nearly equivalent use of metacognitive 

strategies. Social-cognitive based interventions focused on “feedback and resource 

management strategies” (p. 255), while motivational-based training omitted feedback and 

metacognitive reflection for the most part. Interventions based on metacognitive theory included 

cognitive and metacognitive strategies as well as reflection and problem-solving approaches, 

but these complex interventions may have been difficult for less mature learners to benefit from, 

according to Dignath and Büttner (2008). Finally, as with their earlier review, categories are 

explained but not illustrated with examples from the primary studies, complicating the 

interpretation of the findings. 

2.2.4 Donker et al. (2014); de Boer, Donker, & van der Werf (2014); de Boer et al. (2018) 

 The next team to synthesise SRL-programme studies was Donker and colleagues, 

publishing two reports in 2014. A further paper in 2018 reports on the delayed effects of 

“metacognitive strategy instruction.” The first review considers the role of the SRL strategies 

themselves and the second focuses on other aspects of the research that could impact 

outcomes. Donker et al. quote Pintrich’s definition of self-regulated learning as “an active, 

constructive process whereby learners set goals for their learning and then attempt to monitor, 

regulate and control their cognition, motivation and behaviour, guided and constrained by their 

goals and the contextual features in the environment’’ (Pintrich, 2000, p. 453). Thus, SRL here 

includes metacognitive, cognitive, motivational, and behavioural strategies, the last being an 

important expansion on the construct as used by Dignath and colleagues. However, Donker et 

al. (2014) agree that SRL is the more general construct, with metacognition being an important 

component of SRL. Donker et al. (2014) searched titles of English language, peer-reviewed 

publications in ERIC and PsycInfo. They chose 2000 as their starting date for inclusions based 

on foundational work by Boekaerts, Pintrich, and Zeidner being released that year (cited in 

Donker et al., 2014, p. 5). The search terms were simple, including only “metacognit*” and “self -

reg*”. Donker et al. (2014, p. 6) state they did not search by the taught strategies because of the 

myriad descriptors used and the concern that relevant studies could be overlooked (p. 6). 

However, this decision means that those studies incorporating similar strategies but not under 

the SRL/MC umbrella would be excluded. With an initial return of “over 1000 articles” (p. 6), 

Donker et al. screened them in successive stages to include only those done in a school 

context, having “core” academic outcomes measured, and intentionally manipulating 

participants’ condition. Interventions needed to be described in detail to code the taught 
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strategies, and some were excluded for insufficient reporting. Correlational studies were 

excluded as not able to lead to causal inferences (p. 6). Participants could be in primary school 

through grade 12 and could be average students or exceptional. Donker et al. (2014) concluded 

that there was no noteworthy publication bias (p. 13), even though visual inspection of their 

funnel plot for included articles shows some groupings of effects outside of the expected range. 

Because non-peer-reviewed reports were excluded, the review may be of higher quality but 

might not represent all research done in this area.  

 For the data-extraction, Donker et al. (2014) adapted a coding scheme developed by 

Lipsey and Wilson (2000, cited in Donker et al., 2014, p. 6), and each category is illustrated with 

at least one example from the included studies, which could be very helpful for teachers and 

researchers seeking to build on this research. Under cognitive strategies, Donker et al. (2014) 

list rehearsal, organization, and elaboration. Elaboration, or processing content in a way that 

strengthens connections with previous knowledge (p. 3), seems the broadest category, and it 

was also the most commonly used cognitive strategy in included studies (p. 8). Metacognitive 

strategies included planning, monitoring, and evaluation, and the reviewers cite Schraw and 

Dennison (1994, cited in Donker et al., 2014, p. 3). The authors noted that metacognitive 

strategies can be implemented in a general or domain-specific way (p. 6), but it is not clear this 

distinction was reflected in the coding. Metacognitive knowledge, covering declarative, 

procedural, and conditional knowledge of strategies (p. 15), was coded as “personal,” such as 

specific feedback to the learner, or “general” (p. 7). Motivational “aspects” were coded as 

relating to “self-efficacy,” “task value,” or “goal orientation” (p. 18), but motivation as a whole 

was the least common intervention element (p. 8). The final category, management strategies, 

was divided into strategies for managing effort, peers and others, and the environment in which 

the learning takes place (p. 3) and was also less commonly used. While motivation and 

behavioural regulation are often studied independently, the requirement to be under the SRL 

umbrella might exclude many motivational and behavioural interventions. 

 After adjusting for studies with multiple interventions and outcome measures and 

“Windsorizing” outliers (p. 7), Donker et al. (2014) reported combined effect on academic 

outcomes as Hedges g=0.66, which is similar to other reviews. Mathematics was the most 

common domain and reflected the overall effect (ES=0.66 from 44 interventions), with reading 

(ES=0.36 from 23 interventions), writing (ES=1.25 from 16 interventions), and science (ES=0.73 

from 9 interventions) being less commonly investigated. While the mathematics effect is not as 

high as in writing or science, the higher number of included mathematics studies makes the 

combined effect somewhat more certain. Regarding specific strategies, “task value” (ES=1.84, 
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from 6 interventions) and “rehearsal” (ES=1.39, from 10 interventions, p. 9) were associated 

with the largest effects. However, Donker et al. (2014) also investigated the strategies in 

regression analyses, and this presented a different picture. Strategies trained explained 36.1% 

of the total variance in the regression. Considered individually, “rehearsal” had a coefficient of  

B=0.42, but it fell to B=0.01 when part of the simultaneous regression (pp. 9-10). “Task value” 

on the other hand, was still considered to be a significant predictor of performance (B=0.94 

separate, 0.81 simultaneous regression, pp. 9-10). Donker et al. (2014) caution against over-

interpretation of results based few studies (p. 10), and both task value and goal orientation 

(ES=0.46 from 6 interventions, B=-0.35 separate, B=-0.33 simultaneous regression, pp. 9-10) 

estimates relied on only 6 interventions. General metacognitive knowledge seemed to be a 

worthwhile strategy to include from all of the analyses, and the number of studies contributing 

information to this conclusion adds value. Donker et al. (2014) also found a coefficient of B=0.20 

(simultaneous regression) for purpose-built rather than standardised assessments, which 

indicates outcome effects could have been biassed by the nature of the assessments used. 

With regard to the age/level and type of students involved, Donker et al. (2014) found that SRL 

interventions were somewhat more beneficial for younger students and students with special 

needs, although these differences were not considered significant (p. 15). Other potential 

moderators, such as length of the intervention and who did the training, were not analysed due 

to inconsistent reporting (p. 17).   

Strategies were also analysed for associations with mathematics performance 

specifically, but many correlations are based on small numbers of studies. Only those with more 

than 10 studies or interventions are mentioned here. Elaboration (B=0.21 from 18 interventions) 

was the only statistically significant predictor of mathematics performance, while metacognitive 

strategies were the most common in mathematics studies but their value for outcomes was less 

clear. Monitoring (B=0.20, SE=0.14, from 36 interventions) was the most widely used in 

mathematics and had the same coefficient as elaboration but with more uncertainty. Planning 

(B=0.08, SE=0.12, from 32 interventions) and evaluation (B=-0.03, SE=0.11, from 21 

interventions) were also frequently incorporated but appeared less effective. General 

metacognitive knowledge (B=0.03, SE=0.11, from 14 interventions) had a lower association with 

performance in mathematics than in other domains. Summarising the mathematics-related 

effects, Donker et al. (2014) conclude that elaboration should be recommended widely. As 

stated above, elaboration is potentially a broad category of strategies and contextualising it 

appropriately for specific mathematics learning objectives needs to be considered. Although the 

problem of “self-developed” tests was mentioned earlier, in mathematics the majority (90%) of 
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tests were purpose-built (p. 13). Such assessments tended to show higher effects than 

standardised tests, but according to Donker et al. (2014), these differences were not significant 

in mathematics and were in the opposite direction than expected (ES=0.84 “intervention 

independent” and 0.61 “self-developed,” p. 13).  

Based on the information reported by Donker et al. (2014), it is possible to determine 

how many and which studies were included in each analysis, which is not possible for some 

other reviews. However, Donker et. (2014) did not analyse the effects of the specific 

combinations of strategies as they were implemented, similar to Dignath’s and colleagues’ 

reviews. From a theoretical perspective, it could be expected that the studies were designed 

using strategies that might be mutually reinforcing and that would fit the specific learning context 

best. Donker et al. (2014) also state that “...performance was almost always improved by a 

combination of strategies” (p. 14), and that they were also not fully able to isolate single strategy 

effects as they were mainly used in combination (p. 17).  Another important point is to clarify 

what the interventions are being compared to. If the normal teaching already includes some 

elements of MC/SRL, then a lower intervention effect could be seen. Donker et al. (2014, p. 14) 

raise this issue in the context of writing but seem to overlook it in mathematics.  

De Boer, Donker, and van der Werf (2014) published a further analysis of the same 

groups of studies, estimating the effects of implementation factors on the academic outcomes of 

the SRL interventions. Intervention type had the strongest relationship to outcomes. Next, 

unstandardised assessments showed higher intervention effects, which may be due to the 

narrower scope of such interventions (p. 536). Subject domain was the next most influential 

variable, with interventions in writing, science, and mathematics being more effective than those 

in reading or other domains. The third most important variable was duration of the intervention, 

with shorter interventions being more effective (p. 527) but minimally so and without a clear 

reason (p. 534). Whether or not the control group believed they were in a normal class was also 

a “significant” predictor, with higher effects when the control group perceived the class condition 

to be unusual. However, the authors stated that this variable was not always reported clearly (p. 

534). Interventions led by teachers or done on a computer were somewhat less effective than 

those led by researchers, and, after ruling out a “novelty effect” (p. 534) the authors suggest this 

may be due to teachers’ lower enthusiasm and expertise with the intervention (p. 535). De Boer 

et al. (2014) stress proper training and support for teachers implementing interventions (p. 537). 

Using cooperation did not improve intervention results, and the authors suggest this may be due 

to a ceiling effect from the interventions or because group work was often not well-utilised with 

both group and individual-level accountability (Slavin, 1991, cited in de Boer et al., 2014, p. 
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535).The fact that control groups often collaborated as well made this factor more difficult to 

interpret (p. 535). Randomisation was considered non-significant as a predictor, but de Boer et 

al. (2014) coded both group- and individually-randomised studies equally. Fidelity checks and 

intervention session frequency and length of the intervention sessions had no impact on 

outcomes. Limitations of the second study are underreporting in primary studies and small 

group sizes within moderator analyses. The authors could have addressed this by reducing the 

number of variables considered, especially since there is a risk of collinearity between some of 

the implementation factors. For example, randomisation and externally-validated tests may both 

be used by researchers concerned with robust research design, and interventions of longer 

duration may have fewer sessions each week to compensate. This potential collinearity is not 

mentioned by de Boer et al. (2014). Even with these limitations, the work of Donker, de Boer, 

and colleagues from 2014 is the most directly comparable to the current review. It also included 

a more focused look at SRL in mathematics than other previous reviews.  

In 2018, de Boer et al. shifted their focus to the longer-term impacts of MC/SRL 

interventions, with delayed assessments ranging from four to 108 weeks following the 

intervention. The current review includes some studies that measured longer-term effects, but 

only the immediate effects are meta-analysed for consistency. Thus, de Boer et al. (2018) is not 

directly comparable but helps to set the context for this research. To define the limits of their 

review, de Boer et al. (2018) considered programmes that included at least one metacognitive 

component (i.e., planning, monitoring, evaluation, or knowledge, p. 101), but they also coded 

included studies for their use of cognitive and “management” strategies, as well as “motivational 

aspects” like self-efficacy, task value, and goal orientation (pp. 103, 106). In this way, the 

conceptual system clearly reflects that of the earlier reviews by Donker, de Boer, and 

colleagues (2014). Emphasising metacognition as essential for SRL, de Boer et al. (2018) state: 

“. . . we automatically excluded studies in which strategies were only taught as a ‘trick’, and the 

application of the strategy was a goal in itself instead of a means to enhance learning” (p. 101). 

The electronic search was restricted to English-language, peer-reviewed publications from 

2000-2016, and it produced 8,744 initial returns and 36 final inclusions. Studies had to have at 

least a three-week delay between the intervention and follow-up assessment. (p. 101). 

Included primary studies are reported in de Boer et al. (2016) with their posttest to 

follow-up effect size change, length of intervention and follow-up period, types of students, and 

the specific learning strategies focused on, but without using illustrative examples from the 

studies. The authors found that the follow-up period usually mirrored the length of the 

intervention itself (p. 106). Effect sizes were calculated through comparisons with the control 
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group at each assessment point, and the follow up effect on academic performance (ES=0.63) 

was larger than the immediate effect (ES=0.50). This supports the idea that MC/SRL skills 

generally maintain or increase their benefits for learning after the active intervention period, and 

this was especially evident in mathematics. There was an ES=0.22 difference in the immediate 

to delayed posttest effects in mathematics, which was considerably higher than other in 

domains (ES=-0.03 to 0.12, p. 108). However, the mathematics effect is based on only eight 

interventions and apparently does not adjust for potential differences in the length of the follow-

up period in each domain-based subgroup. Still, the reviewers determined that length of 

intervention and follow-up did not make a difference to outcomes, nor did the implementer of the 

MC/SRL programme (p. 108). The cognitive strategy “rehearsal” was found to be an important 

negative predictor of effect, as was metacognitive knowledge, and students with special needs 

had worse outcomes than those with low SES. These latter two findings were judged unstable, 

however, with a sensitivity analysis (p. 110). Rehearsal strategies could induce students to 

process learning material in a shallower way, according to the reviewers (p. 111). No moderator 

analysis within mathematics effects is reported. Finally, de Boer et al. (2018) discuss some 

limitations, such as high intra-subgroup variation in effects and too few primary studies per 

subgroup, but these would apply to many reviews of educational interventions. The overall 

finding, that MC/SRL interventions may have a lasting positive impact, especially in 

mathematics, is still important for practice.    

2.2.5 Dent and Koenka (2016) 

The goal of Dent and Koenka (2016) is to explain the links between achievement and 

self-regulated learning processes, with or without active manipulation of condition. Since this 

review focuses on the assessment of MC/SRL, not how it is trained, it presents a unique view of 

the field and is presented here in detail. The authors divide self -regulated learning into cognitive 

versus meta-cognitive processes, and they cast a wide net in their search strategy, described in 

detail and yielding 3,577 returns. The core concepts were metacognition and self-regulated 

learning, with grades and test scores as outcomes. Although Dent and Koenka (2016) refer to 

Pintrich’s (2000, cited in Dent & Koenka, 2016, p. 425) SRL definition used by prior review 

teams, they did not use terms related to motivational or behavioural regulation in their review, 

but only those related to SRL, metacognition, and cognitive strategies. In one of their searches, 

Dent and Koenka (2016) included outcome measures, such as the Motivated Strategies for 

Learning Questionnaire (Pintrich and DeGroot, 1990). It is not clear whether studies were 

required to have measured metacognition, self-regulated learning, or motivation to qualify for 
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inclusion, or whether they could qualify by simply naming these as theoretical bases. It is clear, 

however, that Dent and Koenka (2016) include both experiments/quasi-experiments and 

observational studies. The focus on correlations rather than effectiveness is a major difference 

from the present review. Dent and Koenka (2016) also used "direct-contact strategies" (p. 441) 

and explain that almost 10 percent of the 79 studies were located this way. To control for 

publication bias, grey literature such as dissertations and theses were also included, but studies 

had to be from an English-dominant country (p. 442) and those included were only from the US 

or Canada. 

Dent and Koenka (2016) calculated correlations between academic achievement and 

the two main self-regulated learning markers, metacognitive and cognitive strategies. Under 

"defining metacognitive processes" (p. 447), there were 61 studies synthesised, including 

studies focused on task approach and planning, self-checking or monitoring during a task, 

adjusting the task approach, and self-evaluation following a task. In the next analysis focusing 

on cognitive strategies, Dent and Koenka (2016) included 57 reports, some of which overlap 

with the first group to form 79 total reports meta-analysed. Cognitive strategies included both 

"deep processing" and "surface processing" (p. 457). Among the former would be elaboration 

and making connections between new content and prior learning, making inferences, and 

identifying main ideas, and among the latter would be rote memorization and making lists. Dent 

and Koenka (2016) used the original authors' descriptions and categorisation of both cognitive 

and metacognitive strategies for some of their analyses, but they also grouped some strategies 

together for other analyses. They separately discuss the correlations between metacognitive or 

cognitive strategies and academic achievement, then they conduct numerous moderator 

analyses to understand the correlations between specific types of strategies within these two 

groups and achievement for different ages/grade-levels and academic subjects and utilising 

different measures for the strategies and for achievement. They considered online and offline 

SRL measures, including interviews, surveys or inventories, and behaviour or speech during a 

task. As achievement measures, they looked at scores on standardised tests, grades, 

programme placement, and performance on a study task. For each of these variables, Dent and 

Koenka (2016) described detailed hypotheses based on previous research about the potential 

strength and direction of the correlations they would find, and they reflected on these 

hypotheses. 

Dent and Koenka (2016, p. 449) found that metacognitive processes in general had a 

0.20 (RE) correlation with academic achievement, with strong correlations for planning 

behaviours (0.30 FE and 0.38 RE, p. 450). Online measures of metacognitive processes 
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correlated much more with achievement (0.39 RE and 0.40 FE, p. 449) than did offline 

measures (0.15 RE and 0.17 FE, p. 449), and standardised test scores correlated more strongly 

with metacognitive processes than did other achievement markers, like course grades. They 

also found a strong correlation between metacognition and achievement in the subject area of 

social studies (r = 0.34 RE and 0.31 FE, p. 449), while in mathematics the correlations were 

weaker (r = 0.21 RE and 0.26 FE, p. 449). The authors had hypothesised that achievement in 

mathematics would be less likely to be improved by metacognitive processes because it may be 

taught in a rigid, linear, and externally structured way, without expecting students to self -

regulate (p. 434). This belief represents a divergence from the basic assumptions of this thesis, 

that mathematics can be better mastered when students are guided to approach it creatively 

and reflect on and regulate their own learning (see Schoenfeld, 1992).   

Several other expectations of Dent and Koenka (2016) were not supported by their 

results. Metacognitive processes correlated more strongly with achievement in earlier grades, 

although they expected (p. 435) that MC/SRL would have a greater influence on achievement 

as learners matured cognitively and faced more challenging tasks. Next, they expected the 

“self-oriented feedback loop” (p. 430) to show a stronger correlation with achievement than did 

planning since monitoring and control might compensate for insufficient planning. They also 

thought measures of monitoring and control were more likely to probe actions critical to 

performance, while planning-related measures might reflect how often planning is done rather 

than the quality of those plans (p. 431). Overall, they still thought planning activities, such as 

task analysis, knowledge activation, and choosing effective strategies, would have important 

connections to academic outcomes. In fact, their analysis showed planning (r=0.30, p. 451) to 

be more strongly related to achievement than either self-checking (r=0.24, p. 451) or monitoring 

(r=0.09, p. 451), but when combined with goal setting, planning was found to have “the weakest 

correlation” (p. 451) with outcomes (r=0.01, p. 451). 

Regarding cognitive rather than metacognitive processes, Dent and Koenka (2016) 

found as expected that the latter were more highly correlated to academic achievement than the 

former (0.11 RE and 0.08 FE, p. 455). This finding supports the theories of Brown (1977, p. 66) 

and other researchers in metacognition that posit students, especially those with special 

educational needs, will not fully benefit from disciplinary or task-based strategies unless guided 

to monitor and “generalize” them (e.g., Borkowski et al., 1989). Within this line of thinking, it is 

not metacognition in the form of simple awareness of thinking patterns and behaviours that can 

improve learning, but rather metacognition that aids the learner in optimising their use of lower-

level strategies. Dent and Koenka (2016) also found higher correlations for high school rather 
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than lower-level students and for GPA rather than standardised test score as a measure of 

academic achievement. Mathematics as a subject focus showed a relatively low correlation with 

cognitive strategies (0.07 RE and 0.05 FE), but language arts showed an even lower correlation 

(0.06 RE and 0.00 FE, p. 455), both of which are much lower than for metacognitive strategies. 

In terms of similar patterns with metacognitive strategies, cognitive strategies correlated more 

highly with achievement when online (0.39 RE and 0.40 FE, p. 455) rather than offline (0.15 RE 

and 0.17 FE, p. 455) measures were used. Dent and Koenka (2016) had hypothesised that 

online measures looking at students’ speech or behaviour during a task and judging the amount 

and type of strategies used would be more accurate interview or questionnaire responses, 

which could be affected by social desirability factors. The results support the conclusion that 

consistent and observable SRL strategy use during tasks may contribute to long-term 

achievement. 

In general, the correlations found with achievement for both cognitive and metacognitive 

factors were low or moderate, which makes sense given that Dent and Koenka’s (2016) meta-

analyses included both active and passive designs. While the current review focuses on active 

manipulation of metacognition and self-regulation, Dent and Koenka’s (2016) review may 

illustrate the indirect or long-term impacts of these approaches even though it does not 

demonstrate causality. Regarding limitations of their research, they also mention lack of clear 

MC/SRL sub-concepts and labels, as well as the challenge of isolating effects of specific 

factors. To a large extent, these are issues inherent to the field, and they will affect the current 

review as well. If reports were more detailed about the operationalisation of the relevant 

concepts for all types of education research, then practitioners as well as researchers and 

reviewers would gain understanding about how key educational constructs from research align 

with other constructs and with classroom practices. 

There are some further limitations to the synthesis by Dent and Koenka (2016) which are 

not mentioned by the authors themselves. First, as mentioned above, some of the included 

studies were found through personal contacts (p. 441), which would not be a replicable search 

strategy and may introduce bias. Next, although the authors did mention using only reports of 

US or Canada-based research (p. 442) as a limitation, this could have been avoided, had the 

authors been willing to include sources from outside English-dominant nations. While some 

relevant reports from such countries would not be published in English, many would be, given 

the prevalence of English as an academic language. Excluding research from Israel, for 

example, means that much of the relevant literature on metacognition (e.g., IMPROVE studies, 

such as Kramarski & Mevarech, 2003) is missing from the synthesis. Last, as with other 
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reviews, undertaking multiple moderator analyses with the same studies raises concerns. There 

is an increased likelihood of a type 1 error, where “significant” findings turn out to be tenuous or 

unreplicable. In Dent and Koenka (2016), some analyses used small and often unequal groups 

of studies. For example, they found a higher correlation for online rather than offline measures 

(p. 449), yet this is based on 67 original correlations for offline measures and only 16 

correlations for online measures. Connected to this issue, the main report does not show which 

specific papers were used in the moderator analysis, though one could reconstruct this from the 

online supplementary table. Had Dent and Koenka (2016) reported overall correlations, or 

focused on fewer moderators, the review may have produced more unambiguous and 

applicable findings. As it is, practitioners could struggle to make sense of the findings, to judge 

their confidence, and to strategically adapt their teaching in light of them.

2.2.6 Ergen and Kanadli (2017)  

No previous meta-analyses combined effects from studies of self-regulated learning 

performed specifically in Turkey, and Ergen and Kanadli (2017) seek to fill this gap. However, 

the authors do not present detailed reasoning regarding how SRL might operate uniquely in the 

Turkish context, but instead they refer to social-cognitive and motivational theories and 

international research to support SRL teaching as generally beneficial. Like other reviews, they 

adopt Pintrich’s (2000) definition of self-regulated learning, and while SRL is the overarching 

construct used in Ergen and Kanadli (2017), they include metacognitive strategies as a category 

for coding the primary studies. The authors report a systematic search with keywords in English 

and Turkish, and they utilised Google Scholar, ERIC, EBSCO, and several Turkish databases. 

Covering only nine years, 2005-2014, the date range is narrower than in other reviews, and they 

report screening 115 items, with only 21 included in the meta-analysis. Meta-analysed reports 

are highlighted in their reference list. In terms of research design, Ergen and Kanadli (2017) 

included both “empirical” (i.e., experimental or quasi-experimental) and “relational” (i.e., 

correlational) studies, but they excluded purely qualitative studies and reports without 

appropriate numerical information for generating effect sizes (p. 58). They do not mention 

specific review guidelines, but they do use a flowchart for items considered and included or 

excluded from the review similar to the PRISMA standard, and they also use a forest plot to 

display combined effects and a funnel plot to rule out publication bias. No quality rating is 

reported for the included studies, and the qualitative synthesis is minimal, with no examples to 

represent the coding categories. In particular, it would be helpful to see examples of how they 

coded the four included categories of SRL strategies, namely cognitive, metacognitive, resource 
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management, and motivational strategies. There is a brief description of each strategy type, for 

example: “Resource management strategies embody . . . controlling and managing one’s time 

and study environment, effort, peer cooperation, and help-seeking” (p. 57). Since many MC/SRL 

programmes combine such strategies, it would be valuable to see how the researchers 

distinguished between these categories and what using each type of strategy looks like in 

practice. Regarding the intervention studies, who implemented the SRL programmes and for 

how long are not detailed. Ergen and Kanadli (2017) report an “inter-coder reliability” of 100%.  

The combined effect size from this review is ES=0.86 under a RE model, with 95% 

CI=0.64 to 1.08. Based on Cohen’s (1988) classification (cited Ergen and Kanadli, 2017, p. 62), 

they assert this is a “large” effect, especially compared with earlier, international reviews. Based 

on finding a statistically significant amount of heterogeneity, the authors examine the qualitative 

categories as potential moderators of effect but report that none of these are significant. Still, 

the largest effects are seen with “relational” studies rather than “empirical” ones, with 

undergraduate rather than primary or secondary students, and with metacognitive and resource 

management strategies. Regarding subject area, effects in mathematics (ES=1.10) were 

stronger than in other subjects, and this was also the largest effect for any moderator analysed 

in this study. This strengthens the rationale for the current review. A final point of interest in this 

review is that it includes a higher number of theses, six out of 21 total studies, than in previous 

reviews, and this proportion is comparable to the current review. Still, Ergen and Kanadli (2017) 

do not find a “significant” difference in effects by publication type (p. 65), but they do not report 

actual differences found. For all moderator analyses, there was a small number of studies in 

each group, and this could contribute to the lack of statistically significant findings. 

2.2.7 Perry, Lundie, & Golder (2019) 

 With an emphasis on educational policy, especially in the UK context, Perry, Lundie, & 

Golder review metacognitive intervention studies from 2000 to 2017. Here, metacognition is 

seen as the main construct, with SRL and “thinking skills,” for example, being sub-constructs. 

The authors recognize the “fuzzy quality” (p. 485) of metacognition, but they state it includes 

“strategies that help pupils to monitor, plan, evaluate, and regulate their performance . . . [or] 

solve novel problems” (p. 485). Although Perry, Lundie, and Golder (2019) report systematic 

searches of several online databases, they do not describe the search strings or screening 

processes leading to the “51 core studies” included, and they mention using “additional relevant 

texts” for background that were not found systematically (p. 486). It is unclear which specific 

studies were included, but the review included primary studies and syntheses with both 
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qualitative and quantitative methods. The authors excluded studies that were “relatively weak” 

or whose samples were too small for the “strength of the claims being made” (p. 486). Perry, 

Lundie, & Golder (2019) do not report a meta-analysis, which is appropriate given the diversity 

of included designs. Instead, they report quantitative outcomes from some of the included 

syntheses and primary studies, though it is not clear how these were selected for reporting. 

They cite the EEF Toolkit, Hattie’s (2016) Visible Learning, and Dignath, Büttner, and Langfeldt 

(2008) as showing medium to high effects of metacognitive programmes. As background, the 

authors briefly outline the development of metacognitive theories from the work of Flavell and 

Vygotsky, and they discuss several “branded” MC/SRL programmes with relatively high uptake, 

such as Cognitive Acceleration (cited on p. 486). Perry, Lundie, & Golder (2019) lament that 

such programmes have not had “sufficient traction in schools” (p. 486), and the failure to 

assimilate metacognition into British educational policy, despite evidence for its value, is a 

repeating theme of this paper. They also express concern that experimental studies are being 

used inappropriately as a basis for policy and discuss the limitations of RCTs, but this stops 

short of a full critique. 

 In discussing the effects of metacognitive programmes, Perry, Lundie, & Golder (2019) 

mention various factors that could moderate effects, but how these were coded from the 

included studies or selected for reporting is not clear. Some factors mentioned are the 

embeddedness or discreteness of the metacognitive training, the length of the training, and the 

use of group work and assessment. They also discuss how effects might differ with pupils of 

different ages, ethnicities, or socio-economic backgrounds. In fact, the authors state there is 

evidence that metacognitive training “actually reverses the gap” (p. 491) between normal 

students and those considered at risk (i.e., “Pupil Premium” students). They also state that 

motivational strategies may reinforce metacognition and lead to more positive outcomes, but 

that more research on this is needed (p. 492). Without making a strong causality argument, 

Perry, Lundie, and Golder (2019) “suggest” the evidence for metacognitive training in schools is 

convincing, but that it needs to be implemented with care for the needs of the context. In fact, 

they state policymakers have a “moral responsibility” (p. 496) based on existing evidence to 

support metacognitive teaching and assessment, but the authors also recommend school 

leaders and teachers not wait for policy shifts before building their metacognitive knowledge and 

practices. 
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2.2.8 Verschaffel, Depaepe, & Mevarech (2019) 

 Focusing on ICT-based metacognitive programmes with mathematics outcomes for K-12 

learners, this paper is co-authored by a researcher, Zemira Mevarech, who with other 

colleagues has undertaken studies using the IMPROVE approach (Mevarech & Kramarski, 

1997) to MC/SRL training. The review, therefore, considers especially the effects of using 

IMPROVE and similar training when it is delivered in a computerised environment. As with the 

Perry, Lundie, and Golder (2019) review, the major construct here is metacognition, which 

includes both knowledge and regulation of cognition (i.e., self-regulated learning), according to 

the authors (p. 2). To build a rationale for using metacognitive training in mathematics, the 

authors refer to work by Schoenfeld and others showing it has both theoretical and practical 

relevance. In addition, they explain how computerised environments expanded from “drill and 

practice” activities to adaptive tutoring, “serious games,” and collaborative platforms, and how 

all of these can support both mathematics learning and metacognitive development when 

designed with intention. Thus, their review considers all intervention studies that use ICT as a 

means of enhancing mathematics-related metacognition, or that “embed” (p. 3) metacognitive 

guidance into ICT-based mathematics learning. Their systematic search and screening process 

is presented in a flowchart. It considered 109 references, a relatively small number, and it 

resulted in 12 included studies, to which 10 were added through “backward and forward 

reference search[ing]” (p. 4). Conference papers were excluded, and no book chapters or 

theses are cited in this review. The 22 finally-included journal articles are presented in a table 

summarising their designs, samples, interventions, outcomes, and findings, which is helpful for 

potential users of the review. In terms of qualitative synthesis, the authors report findings for 

different school-levels: kindergarten, elementary, and secondary. Only three studies considered 

outcomes of ICT-programmes with the youngest pupils, and they focused on early numeracy 

skills and pre-, during-, and post-task metacognition, with the later training being provided within 

the e-learning environment for two studies and provided by the teacher in one study. 

Mathematics outcomes were measured but not metacognitive ones. Due to the small sample, 

few conclusions can be drawn, but the reviewers caution that metacognitive activities could 

overtax young children’s mental resources if not done carefully (p. 5). Of the remaining included 

studies, most were conducted with late elementary and early secondary students, from ages ten 

to about 15 or 16. Within an ICT environment, elementary students practised problem-solving 

with an AI “tutor” or else they collaborated with other students. Secondary-level studies were 

similar but provided students a greater range of activities and mathematics content. Comparison 
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groups either used the same computer programme without the embedded metacognition or in 

some cases received more traditional mathematics teaching without ICT or metacognitive 

training. Again, it was rare for the latter to be supplied by the classroom teacher rather than or in 

addition to the computer. Some programmes adapted either the mathematics content or the 

metacognitive guidance based on the student’s performance, and log files were used in several 

studies to determine how students worked with the programmes.  

 Although Verschaffel, Depaepe, & Mevarech (2019) do not report a meta-analysis based 

on their review or do a formal moderator analysis, they do discuss possible trends of 

effectiveness. Overall, the ICT combined with metacognition appeared beneficial for academic 

and metacognitive skills, but in presenting the individual studies the authors report some null or 

negative results without reporting actual effect sizes. This could limit application of the findings 

since it is difficult to compare programmes. Factors that the authors report as possibly 

contributing to higher effects include a more complex metacognitive programme, greater levels 

of student engagement, working with lower-achieving students, and embedding the 

metacognitive guidance in the programme rather than having teachers implement it. 

Verschaffel, Depaepe, & Mevarech (2019) suggest areas for future work, such as developing 

programmes for more diverse mathematics skills, greater use of adaptivity and fading of 

metacognitive supports, and designing research to directly compare computer- versus teacher-

delivery of metacognitive training and to uncover the micro-processes through which students’ 

knowledge and skills change, leading to differential outcomes. They also recommend utilising 

more realistic and extended contexts for the programmes and considering motivational and 

affective outcomes.

2.2.9 Lee et al. (2018)  

 This review carried out by researchers from Texas A&M University and the University of 

Wyoming in the US is the only previous review discussed here to focus on a specific 

mathematics outcome, algebraic reasoning. The reviewers first explain that algebraic reasoning 

builds on arithmetic skills but requires learners to generalise and be able to represent abstract 

relationships between variables with mathematical symbols. These more complex skills can be 

challenging to develop and transfer to new situations, and difficulties may delay progress in 

mathematical study. Citing Schoenfeld (1987), the reviewers define metacognition as: “. . . 

students’ thought processes and beliefs that enable them to regulate their learning activities” (p. 

43). Although metacognition is the central construct here, its expression closely aligns with self -

regulated learning. They also state that metacognition serves students’ goals, and involves on- 
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and offline knowledge and skills, and can be both general and domain-specific (p. 43). Training 

focused on motivations and self-efficacy, or “. . . the connection between prior and new 

knowledge and the use of appropriate problem-solving strategies” (p. 43) is expected to be 

helpful in building skills in this subject area.   

 Through a systematic electronic search and consulting reference lists for included 

studies, 121 potential review inclusions were screened. Only English-language, peer-reviewed 

journal reports of metacognitive interventions in k-12 schools were retained, and these needed 

to assess algebraic reasoning as an outcome. In addition, the reviewers state that articles with 

numeric information insufficient to compute effect sizes were excluded. Only 18 studies with 22 

effect sizes were finally included. Effects with children of different year-groups were entered 

separately in the analysis, leading to more effects than studies. The main focus of this short 

review is on the meta-analysis results. Still the authors present the included primary studies with 

their samples, interventions, and assessment tools. No examples are given to illustrate the 

qualitative categories, so it is difficult to determine the difference between metacognitive 

“training,” “instruction,” and “guidance,” and this limits the applicability of  the review to 

pedagogy. Effect sizes for the primary studies are also presented. One “outlier” is excluded from 

further analysis, Sun-Lin & Chiou (2017), though this seems to be due to a mistake in the 

reviewers’ effect size calculation leading to a reported effect size of ES=22.203. Without this 

“outlier,” there is very low reported heterogeneity (I2=0.997), and the overall effect is ES=0.973 

(SE=0.196). This is somewhat higher than other syntheses have reported, indicating 

metacognitive interventions may be especially valuable for teaching algebraic reasoning. 

However, the limited focus of the assessments means those effects might not be as apparent 

on more general mathematics outcomes, which are the focus of the current review.

2.2.10 Wang & Sperling (2020)  

This is the most recent and most detailed review that focuses on mathematics outcomes 

of MC/SRL programmes but does not meta-analyse primary study effect. Wang and Sperling 

(2020) report the search string for each electronic database and numbers of results, but some 

studies were identified through Google Scholar and through reference searching which is a less 

replicable search strategy. They included reports from 1990 to 2020 that were “quantitative or 

mixed methods studies” (p. 5) of pupils in school, but they excluded book reports, qualitative 

studies, and those without an available, English-language full-text report. They also excluded 

studies of learners with special needs. Based on their flowchart, Wang and Sperling (2020, p. 6) 



Hitt 000266412   65 
 

considered 341 articles and dissertations for inclusion, resulting in a final list of 36 studies, 

ranging from 1992 to 2019.  

Although Wang and Sperling (2020) do not report a meta-analysis, the qualitative 

discussion of self-regulated learning–the central construct here–and its relevance for 

mathematics is comprehensive and balanced. In their definition of SRL, the authors 

demonstrate influences from key research and theory across the history of MC/SRL:  

Self-regulated learners are active agents who use a repertoire of knowledge and 

strategies to regulate their learning adaptively and efficiently . . . [and] examine their 

strengths and weaknesses against academic task standards in order to set appropriate 

goals, deploy strategies, adapt to varying environments, and to overcome obstacles. (p. 

1)  

While not explicit here, metacognition is included in this process and is featured throughout the 

discussion. On the other hand, this view of SRL especially highlights how pupils intentionally 

interact with the teaching and learning context, and even self -reflection is viewed in light of 

external demands. The authors propose that mathematical representation may prove more 

challenging for younger students, while older students may struggle more with motivation, self -

efficacy, and difficult mathematics content, indicating age-tailored SRL approaches could be 

most beneficial (p. 2). In addition to potential age-related differences in effects, Wang and 

Sperling (2020) discuss how SRL training might impact students differently based on their prior 

knowledge and ability level, or on the specific SRL theories and strategies employed. For 

example, the reviewers distinguish between cognitive, metacognitive, and motivational 

strategies, in alignment with other reviews, and they also differentiate between SRL models by 

Zimmerman, Winne, and Pintrich (Wang & Sperling, 2020, p. 7). They also discuss newer 

models, such as the MASRL model by Efklides and colleagues, which emphasise affective 

components. Based on theoretical model choice, the authors expect to see variations in the 

intervention elements (p. 3).  

Effect sizes for mathematics outcomes in Wang and Sperling (2020) range from ES=-

3.51 to ES=5.99. For each included study, Wang and Sperling (2020) also report the theory, 

sample, design, comparison, groups assignment method, intervention strategy and length, 

implementation, assessment tools, and effects in mathematics and SRL skills. They explain 

their coding categories and use examples from the primary study to illustrate them. Most 

primary studies combined metacognitive strategies with either cognitive or motivational ones, 

with combinations tending to be more effective. Only one study, Panaoura (2012), was coded as 

purely cognitive, but an examination of this study shows the intervention also prompted students 
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to self-reflect on their problem-solving approach, which seems to belong to the metacognitive 

category. As for the theoretical basis, most studies relied on a social-cognitive foundation, with 

fewer using a metacognitive model, yet the latter demonstrated higher effects. The intervention 

dose ranged from 1 session to a year-long programme. There was not a clear relationship 

between effectiveness and intervention length or researcher- versus teacher-implementation. 

Wang and Sperling (2020) had planned to investigate age-related differences in effects, but 

included studies ranged only from 4th to 9th grade, and this relationship is not discussed further. 

Although geographic location is not reported for each primary study, the authors mention that 

the greater number of studies were done outside of the US, particularly in Germany and Israel. 

Israeli studies revolved around the IMPROVE approach used by Mevarech, Kramarski and 

colleagues, with seven total studies from this group. Most studies used researcher-developed 

tests, but it is not clear if this would include studies where researchers adapted a previously-

validated test12. Researcher-developed test effects tended to be higher but less consistent than 

those from teacher-developed tests (p. 14). Over half of the studies used some kind of 

randomisation, but no formal quality-rating of included studies is done. It is not clear how 

relative effects were determined without executing a full meta-analysis, and the variation within 

each “moderator” category and strength of relationship are not clear. In addition, mathematics 

effect sizes were missing for nearly a quarter (n=8) of studies due to inadequate reporting in the 

primary studies. Still, Wang and Sperling (2020) provide value to research users by highlighting 

“emerging patterns” (p. 12) and shifts in focus over time. 

2.3 Discussion of previous review approaches and findings 

This section presented a narrative overview of previous reviews of MC/SRL-type 

programmes or aspects and their connections with academic outcomes. In earlier reviews 

(Hattie, Biggs, & Purdie, 1996; Higgins et al., 2004, 2005), the MC/SRL terminology and 

concepts were apparently broader, but reviews from 2008 onwards have either been based on 

metacognition alone or a comprehensive SRL model that includes metacognitive knowledge 

and skills alongside cognitive and motivational strategies, sometimes also incorporating 

behavioural management. Appendix 1 shows the central concepts of each review along with the 

search terms used to illustrate the variety of approaches to search for relevant studies. Along 

with the search, conceptual factors have influenced the ways included studies have been coded 

 
12 Some tests are reported as S+R, which presumably indicates an adapted standardised test but could 
indicate an average of  two assessments. Only one ef fect size for mathematics and for SRL skills is 

reported in this review for each primary study.  
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and categorised, with reviews explaining these categories more than they illustrate their use 

within the actual programmes. The omission of practical detail makes it challenging to interpret 

the real overlap between reviews with regard to included intervention types, although it is clear 

some reviews include the same studies. Hattie, Biggs, and Purdie (1996) used the SOLO 

taxonomy and other categories to distinguish between studies, and Higgins et al. (2004, 2005) 

used either the name or general approach of the MC/SRL programme without specifying the 

actual strategies or activities. Individual strategies and broader categories (e.g., cognitive, 

metacognitive, motivational) have not been consistent predictors of general academic 

outcomes, and moderator analyses within mathematics specifically are rarely reported. 

Combined effects in all subjects, based on immediate posttests, have ranged from ES=0.54 to 

ES=0.86 for all subjects and ES=0.23 to ES=1.10 for mathematics. Mathematics effects have 

mainly been higher than those in other domains, where these are compared, but in some 

reviews, this is based on few primary studies. There has been little discussion about the types 

of assessments used to judge effects, and whether these are comparable between studies, but 

some reviews have found different effects based on how the assessment was developed. Some 

reviews also found differences in effect based on age or schooling level, demographic factors, 

or ability designations. There has been no clear relationship between intervention length and 

effect size.  

In terms of the review methods, not all reviews have been labelled systematic, but most 

have included accepted elements of systematic reviews, such as structured electronic searches, 

clear inclusion/exclusion criteria, and the use of a researcher team to apply protocols 

consistently. Reviews have generally restricted the language, publication type and year, and 

other factors, but most have been dominated by English language peer-reviewed journal 

articles. Some reviews used non-replicable search strategies, such as personal contact and 

snowball strategies, which could admit researcher bias and make it impossible to judge the 

precise number of items screened for inclusion in the review. Some reviews do not clearly report 

which studies are included in each analysis, especially after adjustments for outliers. Where 

reviews have reported meta-analyses, the specific quantitative methods used have been 

reported in detail. Authors, especially of later reviews, have shown caution in dealing with some 

issues, like dependent data, heterogeneity, and risk of bias, but several reviews include multiple 

effects from the same study or execute multiple analyses with the same primary effects. This 

could lead to spurious findings and could contribute to the lack of consistency between reviews. 

The use of various terminology to refer to the primary studies (e.g., studies, effect sizes, 

interventions, comparisons, reports) also obscures the analysis methods. Finally, some reviews 
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were limited in their scope (Ergen & Kanadli, 2017; Lee et al., 2018; Verschaffel, Depaepe, & 

Mevarech, 2019), or did not include a meta-analysis (Perry, Lundie, & Golder, 2019; Wang & 

Sperling, 2020). Dent and Koenka (2016) synthesised correlations between MC/SRL measures 

and academic outcomes, which could reflect the extent to which changes in achievement are 

actually mediated by changes in MC/SRL functioning.  

It was not appropriate to perform a meta-synthesis of previous reviews due to the 

differences in their review methods and theoretical frameworks. Another reason is the overlap in 

their inclusions, which make it inappropriate to combine their summary effects. Instead, the 

current review has been designed in light of these previous reviews, with updating and 

confirming the effects of MC/SRL programmes in mathematics as a major goal. The design and 

methods chosen for the current review are either inspired by choices of previous reviews or 

seek to improve on their limitations. In particular, I increase the usefulness of the review findings 

by considering the actual activities and materials implemented in each MC/SRL programme, 

and by using these to categorise included studies rather than theoretical basis or SRL subgroup 

(i.e., cognitive, metacognitive, motivational). These categories are illustrated with examples from 

the included studies. Regarding the quantitative synthesis of effects, each study is considered 

the unit of analysis and contributes only one effect size in each analysis. In terms of potential 

moderators, only a few determined by previous research and theory are investigated to avoid 

type-1 errors. These and other methodological choices are detailed in the next chapter and their 

implications are explored in the results and discussion chapters.
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Chapter 3: Methodology and methods 

This chapter discusses the rationale and general methodological approach I undertook 

for this review. First the review questions are given, then the reasons for executing a systematic 

review and meta-analysis are presented. Recommended practices for research synthesis are 

considered, and the design and execution of the review are described in detail, starting with the 

search and screening process, moving to the qualitative and quantitative data extraction, the 

calculation of the effect sizes from primary studies, and the meta-analysis. Results of the 

qualitative and quantitative synthesis and a comprehensive discussion of the findings are 

presented in the following chapters. 

3.1 Research questions 

 Having considered the literature related to metacognition and self -regulated learning 

theories, specifically how they might be beneficial for school-based mathematics learning, and 

the evidence for effectiveness from previous systematic reviews in the area, I devised the 

following questions to guide the current research:  

1. During the last 15 years, what has been the effect of interventions based on theories of 

metacognition or self-regulation on the mathematics achievement/proficiency of school-

aged learners? 

2. What specific factors, if any, are correlated with higher effectiveness for such 

interventions?

 

Key term Working definition 

Research synthesis Any structured approach to combining qualitative and/or quantitative results 
f rom primary studies to understand trends within a research area.  

Systematic review A pre-planned, explicit method for searching, reviewing, and reporting on 
relevant literature to answer a specif ic research question or questions.  

Meta-analysis A method for comparing and combining quantitative results f rom primary 

studies to produce a summary statistic of  the pooled ef fect. 

Narrative synthesis An interpretive method for comparing and combining studies based on their 
qualitative aspects.  

Table 5. Key terms and working definitions related to research synthesis.
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3.2 General research approach and rationale 

Once the research questions for the thesis were set, it was determined that a research 

synthesis, consisting of a systematic review, narrative synthesis, and meta-analysis, would be 

the most appropriate method to address them. My working definitions of these terms are shown 

in Table 5, but definitions vary in the research literature. It is worth considering the rationale for 

utilising this approach instead of doing a new empirical study or a traditional literature review. 

The first point is that a research synthesis can help stakeholders make sense of the extensive 

evidence that exists about teaching and learning practices. Until the mid-1990’s, systematic 

reviews were not common in education, even though some had been performed much earlier 

than this in the social sciences (Higgins, 2018, p. 32). At this time, prominent academics 

lamented that research in general was having little impact on the direction of change in 

education, and that instead “. . . educational practice [was] shaped by politics, marketing, fads 

or other considerations . . . The failure to base educational policies and practices on evidence 

explains the glacial pace of change in student outcomes over time” (Slavin, 2013, p. 383). This 

was partly blamed on a distrust of causally-focused research and an alternative view, extant in 

many circles, that good teaching practices are self-evident. John Hattie, a major proponent of 

research synthesis, argues, “There is still a philosophy that assumes teachers know how and 

what data to collect to best enhance learning . . . We still teach in a manner we did 150 years 

ago . . . ” (Hattie, 2005, p. 11). Such strong statements are open to criticism, as is the belief that 

experiments and systematic reviews can reveal a generalisable intervention “effect” that will 

hold true in any teaching context. Ignorance of contextual factors would certainly be a serious 

limitation on the generalisability of causal research (Morrison, 2021, pp. 178-180), yet it might 

be equally mistaken to assume there are so few commonalities between teaching contexts as to 

render causally-focused designs valueless for practitioners.  

My own stance is that educational practice can be enriched through multiple forms of 

research, such as those that emphasise its localised, social, and personal aspects, and those 

that focus on broader trends. Indeed, without both of these, there is likely to be little 

improvement in teaching or the understanding of learning processes within the classroom. This 

is echoed by Hattie (2005, p. 14), and by Masters (2018, para. 7) when he says: “. . . evidence-

based practice depends on the integration of reliable, local, practitioner-collected evidence with 

evidence from systematic, external research.” Because research syntheses incorporate 

evidence across a range of contexts, and seek to “exhaustively” (Torgerson, Hall, & Light, 2012, 

p. 217) identify relevant studies, they may yield more robust information about what are 

generally effective educational practices. This generalist approach appears especially 
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appropriate for investigating MC/SRL interventions, since this is a broad category that rests on 

several underlying concepts and processes, namely metacognitive knowledge and control. Only 

a research synthesis could identify common effects across the range of MC/SRL programmes.  

When the review focus is the overall effectiveness of educational programmes, as in my 

first research question, there are clear advantages to systematic reviews over traditional 

narrative or more interpretivist reviews. First, a systematic review requires early clarification of 

the research questions and inclusion criteria which can make the research more straightforward 

to execute and interpret (Torgerson, 2003, p. 26). In a “rapid review” of 17 reports of systematic 

reviews in healthcare, MacLure, Paudyal, & Stewart (2016) found that only one did not have a 

clear research question, indicating this convention is generally followed. In contrast, traditional 

reviews rely on the experience and judgement of the researcher to determine what is included 

(Hart, 2001, p. 24) and are not necessarily led by predetermined research questions. In the 

current review, having focused research questions made the process more manageable for me 

as an independent researcher, but the results might have benefitted from an even more 

narrowly defined approach. Next, systematic reviews aim for detailed documentation and 

replicability, which even if not fully achievable can aid in interpreting the results of the research 

(Atkinson et al., 2014). If systematic reviews are well-reported, it is evident why some studies 

were included and not others, and this can illustrate where the review results could be beneficial 

to apply. More traditional narrative reviews, which rely on the specific background and interests 

of the researcher(s), may not report how included works were retrieved and analysed as so may 

be harder to interpret. Traditional reviews may overlook less well-known and unpublished works, 

especially if they rely on “snowball” searching which can amplify rather than challenge accepted 

knowledge. This relates to the issue of potential bias (Torgerson, Hall, & Light, 2012, p. 217). 

No research can be done without human interpretation, but systematic reviews are more likely 

to implement quality-control measures like using a team of specialists, publishing and updating 

their protocols, assessing the quality of included primary research, using multiple reviewers to 

screen or code items, and evaluating the potential risk of publication bias (Torgerson, Hall, & 

Light, 2012; Campbell Collaboration, 2019).  

Through advances in communicative technology and the growth of education research 

as a field, there is currently such an abundance of research information that synthesis 

approaches are needed to make sense of the evidence. Systematic reviews can highlight trends 

in theory or show what kinds of interventions have been used and where, as well as identifying 

where further research may be helpful. In addition, a systematic review can be a necessary step 

for doing a meta-analysis, or quantitative synthesis, as was done here. The specific meta-
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analytic approach is detailed in a later section, but meta-analyses can add value for educational 

stakeholders by showing overall effects on outcomes of interest, as well as considering potential 

moderating factors. In response to concerns about an inordinate focus on quantitative research 

in education, it should be noted that systematic reviews can also be done to locate studies for a 

“narrative synthesis” (Torgerson, Hall, & Light, 2012, p. 227), to be carried out separately or in 

conjunction with a meta-analysis. A qualitative or narrative synthesis may be more appropriate 

than a meta-analysis when a rich or nuanced answer to a research question is sought, or when 

it is inappropriate to statistically combine primary studies. In the current research, while the goal 

was to estimate a general effect through meta-analysis, a qualitative analysis was done first to 

avoid potentially privileging studies whose interventions were found to be more effective. The 

goal of the narrative synthesis was to characterise the included studies and interventions and 

identify potential moderators of the effect. The importance of this stage for interpreting the 

quantitative results is enunciated by the editors of Review of Educational Research in their 

advice for undertaking “integrative reviews”: “Meta-analyses are of particular interest when they 

are accompanied by an interpretive framework that takes the article beyond the reporting of 

effect sizes and the bibliographic outcome of a computer search” (American Educational 

Research Association, 2022). Thus, the intent of research synthesis is not only to combine 

results from multiple studies, but to integrate qualitative and quantitative perspectives to 

produce a richer picture of the research area

3.3 Potential concerns for executing a research synthesis 

Despite their benefits, synthesis methods are still being refined and have some potential 

drawbacks for education researchers. Due to their structured nature, systematic reviews and 

meta-analysis may be resource intensive and require a team rather than a single researcher to 

execute. Although this was not possible for the current review, I did consult colleagues to 

double-check the review methods at several stages. Planning the review could also be a 

challenge for education researchers. Several published guidelines arose primarily for reviews of 

healthcare studies, and few were aimed specifically at reviews of educational research until 

recently (see Table 6). Perhaps due to lack of clarity or feasibility concerns, not all reviews 

adhere to published standards (Atkinson et al., 2014). For example, Kogut et al. (2019) 

examined 40 systematic reviews of mathematics education and found that few met the 

Campbell Collaboration standards. Large bodies, like the What Works Clearinghouse (WWC), 

and Best Evidence Encyclopedia (BEE), and EPPI-Centre do not all have the same inclusion 

standards or include outcomes in the same ways (Slavin & Madden, 2011) Even journals that 
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publish such reviews do not always require that these guidelines are followed (Tao et al., 2011). 

Having clear inclusion criteria also has its benefits and disadvantages. Research syntheses 

have sometimes appeared to exclude most of the available studies because of over-rigid 

inclusion criteria (Higgins & Hall, 2004). Including primary studies of varying quality could lead to 

unclear review results, but public confidence in research synthesis could also be undermined by 

protocols that simply reject low quality studies, without even considering them in a scoping 

review (Slavin, 2008). In the current review, studies of multi-designs were included, within 

certain limits, but the requirement of being able to compute an effect size led to numerous 

exclusions. Thus, the aim of being “exhaustive” on the research topic is potentially impractical. 

Other challenges regarding the meta-analysis are discussed below.  

Regarding the narrative synthesis and identification of moderators, there are fewer 

“official” guidelines, and it can be a challenge to know what data to extract from the primary 

studies. As shown below, determining the qualitative categories was a recursive process for the 

current review, and this is an area where researcher bias could have crept in. Some reviews 

have chosen more theoretically determined categories, such as the SOLO categories for 

describing interventions (Hattie, Biggs, and Purdie, 1996) or different models of MC/SRL 

functioning. With these approaches, the synthesis results could more easily feed-back on theory 

or future research. On the other hand, theoretically categorised interventions could be more 

challenging for teachers to operationalise. For example, See, Gorard, & Siddiqi (2016, p. 65) 

found that teachers, in their efforts to implement effective feedback as defined in Hattie and 

Timperley (2007), perceived they were already applying the relevant theories to their practice, 

while the evaluators saw many areas for improvement. Since applicability for teachers was a 

goal of the current research, I emphasised the common theoretical foundation of the MC/SRL 

interventions and sought to differentiate them based on more practical elements. Yet this and 

the other goals of the narrative synthesis were hampered by the reporting of individual studies, 

especially the paucity of intervention details. The limitations of using the synthesis approach for 

the current research are discussed further in the final chapter. These issues notwithstanding, 

the methods chosen were the best ones available to address the research questions, and the 

results should lead to more focused and directly applicable studies in the future. 
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Organisation, location, and website Subject focus Systematic review guidelines Conducts and 
reports 

systematic 
reviews? 

Other resources 
offered 

EPPI-Centre (UK) 
https://eppi.ioe.ac.uk 

Education General guidance Yes Sof tware tools, 
training, consultation 

What Works Clearinghouse (US) 

https://ies.ed.gov/ncee/WWC 

Education What Works Clearinghouse 

Procedures Handbook 
(Conducting and reporting) 

Yes Registers protocols, 

training 

Best Evidence Encyclopedia (US) 
https://bestevidence.org/ 

Education General guidelines, 
“Best evidence synthesis” 

Yes None listed 

Campbell Collaboration (Norway, 

International) 
https://www.campbellcollaboration.org/ 

Social policies or 

programmes 

Campbell systematic reviews: 

policies and guidelines 
(Conduct and reporting) 

Yes Pre-registers titles, 

publishes protocols, 
training, statistical 
tools 

Cochrane (UK, International) 

https://www.cochrane.org/ 

Healthcare Cochrane Handbook for 

Systematic Reviews of  
Interventions (Conduct) 
MECIR (Conduct and reporting) 

Yes Sof tware tools, 

training 

JBI (Joanna Briggs Institute), 

(Australia, International) 
https://jbi.global/ 

Healthcare JBI Manual for Evidence 

Synthesis 

Yes Sof tware tools, 

training, registers 
protocols 

PRISMA 
https://www.prisma-statement.org/ 

Healthcare and 
other interventions 

PRISMA Statement 
(Mainly reporting) 

No Guidelines and 
templates for 

protocols, 
systematic review 
reports, f lowcharts 

Table 6. Sources of guidance for systematic reviews in education. 

https://eppi.ioe.ac.uk/cms/Default.aspx?tabid=53
https://eppi.ioe.ac.uk/
https://ies.ed.gov/ncee/wwc/
https://ies.ed.gov/ncee/wwc/Handbooks
https://ies.ed.gov/ncee/wwc/Handbooks
http://www.bestevidence.org/index.cfm
https://journals-sagepub-com.ezphost.dur.ac.uk/doi/10.3102/0013189X015009005
https://campbellcollaboration.org/
https://campbellcollaboration.org/
https://onlinelibrary.wiley.com/pb-assets/assets/18911803/Campbell%20Policies%20and%20Guidelines%20v4-1559660867160.pdf
https://onlinelibrary.wiley.com/pb-assets/assets/18911803/Campbell%20Policies%20and%20Guidelines%20v4-1559660867160.pdf
https://www.cochrane.org/
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
https://community.cochrane.org/sites/default/files/uploads/Version%20March%202020%20Final%20Online%20version.pdf
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3.4 Systematic review methods 

 This section describes the protocol for the systematic review, the systematic search and 

screening process. In order to demonstrate how the research questions for the review were 

addressed through clear, systematic, and replicable procedures, these are reported in detail 

following recent recommendations (e.g., Atkinson et al., 2014).

3.4.1 The review protocol  

The review protocol drew most heavily on the PRISMA standards for systematic reviews 

(Moher, et al., 2009)13. While PRISMA is mainly a reporting guideline, it can also be used to 

structure the review in the first place. I adopted the PRISMA-P (Shamseer et al., 2015) format 

for the review protocol. Because the process of systematic reviewing was still being learned 

throughout this research, it was not possible to have a complete, publishable protocol before 

implementing the review methods, but it would be beneficial to register a protocol for a future, 

more focused review. The sections of my protocol that were drafted before implementation 

included PRISMA-P sections 1-8, covering the title, information about the reviewer, funding, 

rationale and relationship to previous reviews, research questions and eligibility for included 

studies, and inclusion/exclusion criteria (see Appendix 2 and 3). Search outlets and strings were 

also drafted, but these went through several versions before being f inalised as described below. 

Changes that needed to be made to the protocol throughout the review process were noted with 

the date of change, and discussed with the review supervisor, but only the final version is 

included in the appendices. Noting where methods diverged from the plan is recommended in 

systematic review guidelines (e.g., Torgerson, Hall, & Light, 2012, p. 220; Campbell 

Collaboration, 2019, pp. 38-39). 

First the type of research to be gathered had to be determined. Studies that could best 

answer the research questions would have experimental or quasi-experimental designs with 

planned outcomes in mathematics skills or achievement. To make more convincing causal 

claims, there needed to be a comparison group (Gorard, 2013, pp. 94-96), and it was intended 

that allocation to groups should be unbiased, that is, random or probability-based (Campbell 

Collaboration, 2019, pp. 9-12). This criterion was broadened as it was found the method of 

allocation to groups was not reported clearly in some cases, and there was a range of grouping 

methods being described as “random” and some explicitly non-random. With regard to outcome 

 
13 There is now an updated version of  the PRISMA statement, published in 2020, but the d esign for this 
review was determined while the 2015 version was current.  
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assessment, it was expected that pre- and post-intervention assessments would be used, but In 

practice, not all studies used or reported pre-test scores, and there are arguments for using only 

posttest scores, especially if there was random assignment to groups to control for potential 

imbalances.14 So again the choice was made to include all studies with a non-MC/SRL 

comparison group and at least posttest data sufficient to calculate a between-groups effect 

size.15 If effect sizes were reported in the study without the data needed to re-calculate them, 

this could be problematic because of the weighting and other aspects of the intended 

quantitative analysis. With these design requirements set at the beginning of the review, non-

empirical or observational studies looking at self-regulated learning or metacognition in 

mathematics would be naturally excluded. Other designs, such as case studies, could certainly 

aid understanding of MC/SRL interventions, but they would not be able to support strong, 

generalisable claims about the intervention effects, and so were not included. These choices 

were necessary to conduct a coherent review and do not negate the quality or potential value 

for practice of any excluded studies. 

To design a clear and replicable search, the specific words and phrases must be 

considered, but this fact means the results are constrained by the terminology used in reports. 

In education studies, there is yet to develop a controlled vocabulary to optimise literature 

searches, similar to the Medical Subject Headings (MeSH) in healthcare research (National 

Library of Medicine, 2021). For the current review, the type of included studies was chosen early 

on, but it was challenging to specify design elements in the search terms due to the myriad 

ways in which design can be described in education studies. With their greater internal validity 

(Campbell Collaboration, 2019, p. 10), randomised controlled trials (RCTs) have been praised 

by some education researchers, while being sharply critiqued by others (e.g., Morrison, 2021; 

Norman, 2003). Perhaps due to uncertainty around the appropriateness of RCTs in education, 

the RCT label may not always be used in reports even when one has been done, and this trend 

was observed in the final review set. On the other hand, broader labels like “quasi-experimental” 

may be applied to studies without active manipulation, comparison groups, or numeric 

outcomes, and these omissions would preclude inclusion in the current review. Although some 

terms related to design were included in the search, it remained the case that design factors led 

 
14 For example, posttest-only designs would be less susceptible to a test ef fect.  
15 I intended to use the pre-test data, where available to calculate a more accurate, study-level ef fect size. 
Results for both a posttest only, and a pre-post ef fect are given, with an explanation for why the former is 

considered the of f icial result.   
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to the largest number of studies screened out, indicating the potential benefits of higher 

specification in the searches.

 

PICOS 
element 

Inclusion criteria Search terms 

Participants School aged (3-18) students, individually or in 

groups, in regular mathematics classes. 

X 

Intervention(s) Based explicitly on metacognition or self -
regulation, delivered in school settings, over 
multiple sessions. 

meta-cogn* 
metacogn* 
self -ref lect* 

self -regulat* 

Comparator(s) Normal mathematics teaching or an alternative 
intervention. 

math* 

Outcome(s) Mathematics performance on a validated 
assessment used at higher than classroom level.  

math* 

Study Design Experimental (including RCTs) or quasi-

experimental, where the intervention is 
preplanned and documented, with set, 
quantitative outcomes suf f icient to calculate an 

ef fect size. 

treatment* OR interven* OR 

experiment* OR control* OR 
compar* OR condition* OR trial* 
OR random* OR allocate *)  

Table 7. PICOS elements, inclusion criteria, and search terms for systematic review. 
Green text indicates elements directly reflected in search terms, while red text indicates criteria that could 

not be directly included in searches. 

3.4.2 The systematic search  

As shown in Table 7, the search strings were built around the PICOS framework 

(Campbell Collaboration, 2019, pp. 7-8; Torgerson, Hall, & Light, 2012, p. 220; Shamseer et al., 

2015, pp. 7-8)16: Participants, Interventions, Comparators, Outcomes, and Study design. 

However, not all the PICOS elements were productive to include in the searches. For example, 

the “participants” category was meant to include only children ages 3-18 in regular school or 

pre-school settings where mathematics was normally taught, however this could not be limited 

in the search terms due to the various ways school grades or years are labelled internationally. 

Similarly, the “comparators” category should have specified business-as-usual or alternate 

intervention comparison groups, and “outcomes” should have specified only validated 

assessments of mathematics skills or achievement, not attitudes or other affective outcomes in 

mathematics. These elements, however, could not be precisely specified in the search terms, 

 
16 The PICOS/PICO acronym has slightly dif ferent interpretations in each source. My interpretation is 
shown.  
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without restricting the returns too greatly, so they had to be screened for manually. For the 

“intervention” category as used in the searches, this was broadly conceptualised to be any 

treatment based explicitly on metacognition or self-regulated learning, with minimum length 

requirements of at least 2 hours. The intervention would also need to be documented and 

replicable to be meaningful for teachers. However, throughout the screening process, it was 

found that several interventions intended to influence metacognition or self -regulated learning 

development involved changing the basic structure of the schooling, such as block-scheduling, 

full- versus half-day kindergarten, or having a teaching aide in the classroom. Because these 

programmes could not be taken up by mathematics teachers in their normal classes, the 

conceptualisation of the intervention was refined to be some kind of “training” for students in 

self-regulated learning or metacognition. This training could still be explicit, such as monitoring 

strategies during problem-solving, or implicit, such as journaling to boost self-reflection. By 

narrowing the intervention description, I intended that the group of included studies would have 

more comparable effects and these would be more applicable to mathematics teachers. Again, 

this focusing was done following the searches within the screening process.  

Several versions of the literature searches were tried out in different search outlets 

before settling on the final search strategy. Some searches returned only a few items, while 

others returned an impractically high number. In any review, there is a need to balance 

sensitivity and specificity, to tailor the searches so that a high proportion of well-fitting items are 

returned without returning so many ill-fitting ones that the screening process becomes 

unworkable (Torgerson, Hall, and Light, 2012, p. 224). In refining the searches, it is possible 

that researchers’ personal biases could influence the review outcomes, but the choice to be 

more specific and have a smaller set of studies to screen and analyse is a necessary limitation 

of the current review, especially as it was done by a single reviewer and not a multi-member 

team. The aim was to ensure that the results are representative of the field, if not exhaustive, 

and that the conclusions are sound (Atkinson et al., 2014, p. 94).   

Search outlets feature different capabilities for searching, and some reviewers have 

chosen to craft different search strategies for each outlet to take advantage of these. For the 

current review, only very simple operators (i.e., AND to join search terms) were used to keep 

the searches as consistent as possible between search outlets, some of which do not support 

complex search term combinations. The basic search string is below and was used to search 

the text of abstracts within the chosen databases. Keywords, alternate forms, and index terms 

were not intended to be used, since it was believed that could lead to a high number of 

irrelevant items, especially given the potential terms that could be related to metacognition or 
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self-regulated learning. These theories needed to be explicitly mentioned in the report text for a 

study to be included, so it was not intended for the searches to retrieve items that mentioned 

executive function, for example, without explicitly mentioning one of the two core terms. An 

exception was made in the case of self-reflection, which is a term also featured in the search. It 

was expected that studies could feature self-reflection techniques as part of the intervention 

tested, and mention this in the abstract, while laying out a rationale based on metacognitive or 

self-regulated learning theories in the full-text document. This choice may have led to more 

items being returned by the searches which needed to be excluded in the screening process, as 

there were some studies that were based on self-reflection theories and that made little or no 

reference to self-regulation or metacognition. The abstract rather than full text was chosen for 

the search to ensure that the search terms featured prominently in the article. Still, some reports 

included the two core theories in the abstract, while drawing only tenuous links to them in the 

full-text reports. 

 

(meta-cogn* OR metacogn* OR self -ref lect* OR self -regulat*) AND (math*) AND (treatment* OR 

interven* OR experiment* OR control* OR compar* OR condition* OR trial* OR random* OR allocate*) 

Figure 4. Basic search string for the systematic review.

 

In choosing outlets to search, several factors were considered. The outlet had to be 

publicly available or accessible through institutional subscriptions. It needed to allow operators 

to combine alternate terms within a single search and wildcards to locate different versions of 

the search terms. The ability to download the citations as a batch was also required, not only for 

practicality, but also because downloading citations individually could increase the risk of error 

in the search records. Several institutional librarians were consulted before the systematic 

review searches were implemented. They were able to point out where databases overlapped, 

for example, but were not able to give detailed guidance on the design of the searches or the 

most appropriate databases to search. However, my university library does have a web page 

regarding systematic reviews (Bisset, 2020), which mainly echoes other sources on systematic 

review best practices. Each database or search outlet also offers differing levels of advice on 

how to optimise a search. It is clear that not all databases are set up to handle the demands of 

systematic searching and screening, as some offer limited options for combining search terms 

or downloading references in batches rather than one at a time. In some cases, a search outlet 

was excluded after trying out searches and discovering this lack of functionality. It should be 

noted that it is possible for databases or search outlets to change their publication coverage 
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over time, and these changes could be backdated. This means that even when searching a set 

range of dates in the past, the search returns could vary slightly if the search is re-run after 

some time. No systematic search is ever likely to be fully replicable. Appendix 4 displays the 

search outlets included in the final search and the number of returns, and duplicates that were 

removed later. Appendix 5 shows sources that were considered for the review but ultimately 

rejected, with reasons.
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3.4.3 Screening for inclusion 

Once the final searches had been run, the references from each search outlet were 

added to a review file in the EPPI-Reviewer software developed by the Institute of Education at 

the University of London (Thomas et al., 2020). It should be noted that this software has gone 

through several versions, but EPPI-Reviewer 4 and EPPI-Reviewer Web were the versions 

used for this review. EPPI-Reviewer offers many functions to assist in the systematic review and 

meta-analysis process, but manual adjustments can still be needed, for example in the 

deduplication process. In EPPI-Reviewer, the automatic deduplication feature can have its 

sensitivity adjusted to mark items that have a greater or lesser degree of similarity to each other 

as duplicates. When the same item was returned by multiple searches, the authors’ names, 

titles, abstracts, and publication type were often listed differently, leading to a lower similarity 

score. If the program is uncertain about the duplicate status, it requires manual approval of a set 

of items as duplicates. Many duplicates were missed by the automatic screening and needed to 

be manually added to the duplicate list throughout the screening process.17 The numbers here 

reflect the final counts. Out of the total returns from the searches, more than half (1,877) were 

found to be duplicates, while 1,761 unique items remained for screening by title and abstract. 

 

However careful the search was, there will be reports that do not contain any research 

evidence, ones that are unclear about what was done and found, and some that are 

actually irrelevant to your area of interest. These can be eliminated from further 

consideration by skimming the abstract. (Gorard, 2013, p. 28) 

 

There was a multistage process of screening the studies for inclusion in the review, as 

recommended by Torgerson, Hall, & Light (2012, p. 226), which began by considering the titles 

and abstracts. This screening may be represented as straightforward, as illustrated by the 

quotation above, but the reality is more nuanced. Having preset inclusion criteria decreases the 

need for reviewers’ judgement at this stage, but it does not eliminate it because abstracts can 

omit key information about a study’s design, sample, assessments, and even academic subject 

area. When there was insufficient detail in the abstract to exclude a study, it was retained to the 

 
17 Manual de-duplication was made more dif f icult by the fact that research items f rom the same author(s) 
can have very similar titles or abstracts. DOIs could have been used as unique identif iers but were not 
listed for all items, and it was not possible to sort items by DOI to check for duplicates. It is possible that 
the set of  items excluded f rom the review includes missed duplicates or that some items were wrongly 

marked as duplicates.  
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next stage of screening on the full-text report. Table 8 shows the screening codes applied to 

each title and abstract and how many studies received each code in the first screening stage. 

Note that some items were excluded for multiple reasons, so the number of codes does not sum 

to the number of items. The exclusion codes were determined based on examples from 

methods literature (e.g., Torgerson, Hall, and Light, 2012, p. 223), guidance from my supervisor, 

and the unique needs of my review approach.
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Table 8. Frequencies of applied codes after screening on titles and abstracts, with finalised descriptions of each code. 

Code Items 
Coded 

Coding Description 

Include 
Conf idently 

135 Include based on title and abstract. Need to retrieve full report for full text screening.  

Include with 

Reservations 

279 Unsure about this one due to lack of  information in title and abstract. Carry forward to next stage of  screening and 

conf irm the study details noted here with the full text.  

Exclude on 
Date 

31 The study was published before 2005 or af ter 2019. 

Exclude on 
Language 

2 The study is not available in English. 

Exclude on 

Publication 
Type 

96 Exclude: introductions; monographs, books, and book chapters; encyclopaedia, dictionary, or other reference works (or 

entries), journals, magazines, or websites not subject to peer review; works not listed in common academic databases; 
unpublished studies or data sets. 

Exclude on 
Topic 

230 Exclude any study not regarding academic teaching and learning, even if  metacognition (or similar) and/or 
mathematics are mentioned. Also exclude studies about research design per se.  

Academic 

Subject 

74 Exclude if  mathematics was not taught or evaluated as an intervention outcome. Do NOT exclude if  other subjects are 

taught or evaluated as outcomes alongside mathematics. Do  NOT exclude if  general academic achievement or skills is 
mentioned, without giving a specif ic subject.  

Exclude on 
Population 

Age / Level 

284 The subjects of  the intervention are NOT students aged 3-18 in primary or secondary settings. Exclude studies where 
teachers or teacher-trainees, college or university students, parents, or infants under three years of  age are primary 

focus of  the intervention/training or of  the outcomes assessment.  

Exclude on 
Sample Size 

32 Exclude any study with less than 10 total participants f rom the same population age/level.  

Exclude on 
Research 

Setting  

39 The study was done in a laboratory or other setting in which teaching mathematics is not a normal activity. Also 
exclude settings in which mathematics teaching is done intensively as a primary or only activity, such as summer 

schools or tutoring clubs. Also exclude studies in which the intervention or assessment was partly or completely done 
at home. 
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Code Items 
Coded 

Coding Description 

Exclude on 

Design 

739 The study is NOT an experiment or quasi-experiment, in which at least one aspect of  teaching is manipulated by the 

researchers and some type of  comparison group is included. Exclude when participants select their group or level of  
intervention. Exclude protocols/plans that do not report on work actually conducted. Exclude review studies. Exclude 
purely measurement/observation or assessment validation studies.  

Exclude on 

Intervention / 
Treatment  

39 The intervention is not training for students based on a stated metacognition/self -regulated learning approach (even if  

these are assessed). The intervention period is less than at least 2 hours or two sessions long. Also exclude 
interventions that are embedded into the outcome measures, with no other intervention or assessment.  

Exclude on 
Outcomes / 

Evaluation  

11 Mathematics learning or achievement was not a designed outcome. Exclude if  outcomes were not measured in a 
structured and replicable way. Exclude if  only observational, qualitative, or non-numeric outcomes are used, or there is 

insuf f icient data to compute an ef fect size.  

Table 8 (cont.). Frequencies of applied codes after screening on titles and abstracts, with finalised descriptions of each code. Each item was  given 

one or more codes. Code frequencies do not sum to the number of items screened.   
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Creating the exclusion codes necessitated, in some cases, clarification of what was 

required for inclusion. For example, the review aimed to identify MC/SRL interventions that 

would align with the Campbell Collaboration’s category of “Generic types of programs or 

practices [. . .] not limited to a brand name version” (Campbell Collaboration, 2019, p. 8). 

Originally, this was specified as any programme explicitly linked to MC/SRL theories and having 

mathematics outcomes, but this needed to be slightly focused during the screening process. 

Some studies mentioned self-regulation/self-regulated learning or metacognition as part of the 

rationale for the study or as measured outcomes, but the interventions relied on substantially 

changing the structure of the school day, such as by implementing whole-versus half-day 

kindergarten or using a whole, branded curriculum. These programmes were too dissimilar to 

interventions that teachers could implement in mathematics class. Therefore, the code for 

“exclude on intervention/treatment” was applied when the programme could not be 

conceptualised as direct or indirect “training” for students in metacognitive or self -regulated 

learning skills. The code, “include with reservations,” also needs comment: many reviews use 

only one “include” code in the screening stage, while the rest account for exclusion reasons. 

Because of the ambiguity found in some abstracts, “include with reservations,” was used to tag 

items that needed specific aspects to be checked in the full-text version, while “include 

confidently” was used for items where every aspect of the study reported in the abstract seemed 

to fit the criteria well.  

While the screening on title and abstract was finalised by me alone, second raters 

assisted at two points. First, my thesis supervisor joined in screening 10 items early in the 

screening process. This was a collaboration undertaken to familiarise myself with the process of 

screening on titles and abstracts. A formal interrater reliability was not calculated for the 

discussions of items, but the supervisor’s expertise in systematic reviews aided the 

development of the screening protocol. I also took advantage of this expertise through 

consultations over email or video call regarding specific aspects of the studies being screened. 

Next, a fellow doctoral student at my university, also undertaking a systematic review, was 

enlisted to screen 109 abstracts18, and his coding was compared to my own. Overall, there was 

full agreement on 61 items and some difference in the coding on 48 items, mostly regarding the 

reasons for exclusion. There were only nine disagreements about the actual include/exclude 

decision. For two of these, I had chosen to exclude them, while my colleague included them, but 

for the other seven items the reverse was true. Regarding the specific codes applied, there were 

 
18 There were 110 items in the intended double-screening list, but one item was found to be a duplicate 
and was therefore not coded.  
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more differences, especially given that each item could receive multiple codes. In some cases, 

my colleague used the “wrong” code, such as excluding on “topic” (i.e., not about teaching and 

learning in schools) when the “academic subject” (i.e., not about mathematics learning) 

exclusion code would have been better aligned with the coding descriptions. Based on 

considering the double-screening, the most logical response was to maintain the codes I had 

originally applied, rather than change some and risk losing comparability with the other items. 

Assuming the two items I excluded but my colleague included were representative of a larger 

set of “mis-coded” items, there would be about 33 additional items out of 1814 which should 

have been retained for screening on the full-text report, but it is unlikely many of these 33 would 

be used in the final review, most likely around three or four items.19 To reiterate, I took the final 

include/exclude decision at each stage of the review.  

Moving on to the full-text screening stage, it was necessary to retrieve the reports from 

the publishers, the authors themselves, or personal contacts. Fifteen reports were not available, 

of which several were also found to have other reasons for potential exclusion, such as being 

listed as a book chapter or being published in a language other than English. Ideally, these 

other aspects would have been confirmed with the full reports, but this was not possible. 

Logging into the university library allowed me to access several publications that would 

otherwise have charged a fee. For a handful of studies in this review (four reports), access was 

not possible without paying additional fees, and these studies were therefore excluded without 

regard to the specific amount to be charged. PDF files of the full-text reports were uploaded to 

the EPPI-Reviewer website where they could be read and annotated. Because so many 

potentially fitting items were identified in the earlier screening, practicality considerations partly 

determined the full-text screening. Rather than reading every report straight through, I read 

purposefully, examining each section of the report that might contain information necessitating 

exclusion of the study, such as the descriptions of the population/sample, research design, 

intervention, setting, and numeric results. Introductions and discussions/conclusions were not 

likely to yield exclusion-necessitating details and were usually only glanced over. While the 

procedure for screening on titles and abstracts retained all studies when there was uncertainty, I 

excluded studies immediately upon finding any aspect from the full-text screening that did not 

clearly fit the criteria. However, because I was still learning about the many ways that effect 

sizes can be generated for meta-analysis, I retained any reports that had appropriate designs 

 
19 Because these would be items about which I had reservations f rom the title and abstract screening, I 
applied the f inal acceptance rate of  items in this category af ter the full -text screening, which was 11%. For 
items coded as “include conf idently” in the title and abstract stage, the f inal acceptance rate was about 

49%, which would indicate 16 or 17 as the maximum number of  wrongly excluded items.  
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but reported numeric results in an unexpected format, until the numeric data could be evaluated 

further. Some items considered “borderline” were discussed with my supervisor before I made 

the final decision to include or exclude them. The code frequencies applied to the full-text 

reports are in the tables below. 
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Table 9. Frequencies of applied codes after screening on full-text reports, with finalised descriptions of each code. 

Code Items 

Coded 

Coding Description 

INCLUDE 

on Full 

Study 

62 Include based on full-text report. Item ready for in-depth review. 

Exclude on 

Full-text Not 

Available 

15 Full text is not publicly available for the study report. Exclude conference and other papers that are shorter than 1-page 

(250 words). Exclude where the electronic f iles for full-text papers are not available af ter searching Google and Durham 

library holdings, using personal connections, and contacting authors by email or other electronic means. DO NOT exclude 

for full-text versions f rom ERIC or sent through email, following an ef fort to procure the "of f icial" version of  the report.  

Exclude on 

Date 

4 The study report has an of f icial publication date before 2005 or af ter 2019. Exclude studies posted online in 2019, but 

of f icially published in 2020 or later. Include studies posted online in 2004, but with an of f icial publication date of  2005 o r 

later.  

Exclude on 

Language 

32 The study is not available in English. Exclude studies that have an English abstract, but the full text is in any other 

language. 

Exclude on 

Publication 

Type 

10 Exclude: introductions; monographs, books, and book chapters; encyclopaedias, dictionaries, or other reference works (or 

entries), journals (e.g., trade journals), magazines, or websites not subject to peer review; works not listed in common 

academic databases; unpublished studies or data sets. DO NOT exclude post -graduate theses, or conference papers 

longer than 1-page (250 words), as long as they are the "accepted" versions. DO NOT exclude chapters/articles f rom 

"books" that are actually conference proceedings. 

Exclude on 

Topic 

0 Exclude any study not regarding academic teaching and learning, even if  metacognition (or similar) and/or mathematics are 

mentioned. Also exclude studies about research design per se.  

Exclude on 

Academic 

Subject 

8 Exclude if  mathematics was not taught or evaluated as an intervention outcome. Do NOT exclude if  other subjects are 

taught or evaluated as outcomes alongside mathematics.  
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Exclude on 

Population 

Age/Level 

30 The subjects of  the intervention are NOT students aged 3-18 in primary or secondary settings. Exclude studies where 

teachers or teacher-trainees, college or university students, parents, or infants under three years of  age are primary focus 

of  the intervention/training or of  the outcomes assessment.  

Exclude on 

Sample 

Size 

6 Exclude any study with less than 10 total participants f rom the same population age/level. Even if  there are more than 10 

participants overall, exclude if  less than 10 participants completed the outcome assessments used to compute ef fect size.  

Exclude on 

Research 

Setting 

45 The study was done in a laboratory or other setting in which teaching mathematics is not a normal activity. Also exclude 

settings in which mathematics teaching is done intensively as a primary or only activity, such as summer schools or tutoring 

clubs. Also exclude studies in which the intervention or assessment was partly or completely done at home, including using 

homework as a major part of  the MC/SRL training. 

Exclude on 

Design 

108 The study is NOT an experiment or quasi-experiment, in which at least one aspect of  teaching is manipulated by the 

researchers and some type of  comparison group is included. Exclude when participants select their group or level of  

intervention. Exclude protocols/plans that do not report on work actually conducted. Exclude review studies, essays, opinion 

pieces, or general ref lections on practice. Exclude purely measurement/observation or assessment validation studies. 

Exclude if  there is no non-MC/SRL comparison group.  

Exclude on 

Intervention

/Treatment 

102 The intervention is not training for students based on a stated metacognition/self -regulated learning approach (even if  these 

are assessed). The intervention period is less than at least 2 hours or two sessions long. Also exclude interventions that are 

embedded into the outcome measures, with no other intervention or assessment. Also, exclude programmes that represent 

entire curricula ,not interventions (e.g., Montessori, Tools of  the Mind). Exclude if  underreporting makes the main 

intervention elements unclear. 

Exclude on 

Outcomes/

Evaluation 

68 Mathematics learning or achievement was not a designed outcome. Exclude if  outcomes were not measured in a structured 

and replicable way. Exclude if  only observational, qualitative, or non-numeric outcomes are used, or there is insuf f icient 

data to compute an ef fect size.  

Keywords 

Missing 

f rom 

Abstract 

5 Exclude if  none of  the intended keywords is in the abstract: “self -regulation,” “metacognition,” or “ref lection.”  

Table 9 (cont.). Frequencies of applied codes after screening on full-text reports, with finalised descriptions of each code. Each item was given 

one or more codes. Code frequencies do not sum to the number of items screened.  
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As shown in Table 9, full-text screening utilised the same exclusion codes as the title 

and abstract screening, but the descriptors of some codes were adjusted slightly to take 

account of unpredictable study elements in the reports and to ensure the codes were applied 

consistently. For example, several studies had online publication dates that were within the 

acceptable range, but their official publication date was outside of it. The wording of the 

“exclude on date” code was therefore adjusted to clarify that official publication dates only would 

be considered. The next code, “exclude on language,” had a note added because several 

studies were found to have English abstracts but not full reports in English. The “exclude on 

publication” description was revised because in some cases, especially  with regard to 

conference papers, it was unclear whether the item was a full-report or long abstract. A 

minimum of 1 page or 250 words was established to consider a report “full” within the 

“publication type” category, but it could still be excluded for m issing information or other 

reasons. “Exclude on Topic” was retained from the previous screening stage, yet this code was 

not applied to the full-text reports because I was able to screen out all studies not about 

teaching and learning in schools at the earlier stage. 

In some other reviews, such as Higgins et al. (2004; 2005), the review team considers a 

much larger set of studies for a scoping or “mapping stage” review than is finally included in the 

meta-analysis, if one is performed. The advantage of doing this is to be able to describe the 

research that has been done qualitatively, even if a meta-analysis is not appropriate or excludes 

some of the studies. Wang and Sperling’s (2020) recent review of metacognitive interventions in 

mathematics stops short of doing a meta-analysis, but it shows the wide variety of theoretical 

and practical approaches to this area. The current review seeks to address the research 

questions in a way that is useful for practitioners, and to carry out the review without greatly 

adjusting the original criteria, such as the study design. The original intent was to provide an 

estimate of the overall effect of the target interventions, to aid teachers in choosing approaches 

to consider. A scoping review which disregarded the numeric outcomes of the interventions 

might be of interest to stakeholders, but it would not clarify which interventions had more 

promise to boost learning. In addition, this review already includes more primary studies in the 

meta-analysis than other comparable reviews, but it would be impractical for me as an 

independent researcher to do a larger, qualitative review with less stringent inclusion criteria.  
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3.4.4 Narrative synthesis methods 

Once the list of included studies was finalised, I began the data extraction from the full 

study reports within EPPI-Reviewer Web, which has both “checklist” and “line by line” coding 

functions, as well as the option to enter descriptive notes for any code selected. I carried out the 

data-extraction independently in a detailed, three-stage process, with periodic supervisory 

discussions regarding uncertainties in the study reports. While the intention was to estimate the 

general effect of MC/SRL studies in a meta-analysis, I decided to undertake a qualitative 

synthesis prior to extracting the quantitative information needed to generate the effect size. As 

stated earlier, there was a concern that the qualitative synthesis might overlook important 

aspects of the studies and interventions if it was known which studies had higher effects, and 

the qualitative data were extracted and analysed first for this reason. As with the 

inclusion/exclusion codes, the data extraction categories were determined based on consulting 

methods literature, discussions with review experts, familiarity with similar MC/SRL trials, and 

my own research questions. Like a “grounded theory” approach (Bryman, 2008, p. 543) in 

qualitative studies, some of the categories and codes were developed while reading the reports 

themselves based on salient potential trends and themes. Some intended categories were 

shifted or eliminated during the coding due to inconsistent reporting. In this way, the qualitative 

synthesis was potentially more open to researcher bias than the meta-analysis, and the results 

should be viewed as exploratory rather than definitive. Optimally, such findings would be 

confirmed through a more focused review done with a team of researchers to permit double-

coding of all the reports. 

Overall, the qualitative synthesis aimed to describe several key aspects of the included 

studies: the educational contexts and participants, the study designs, the MC/SRL interventions, 

any ethical issues, and the quality of the evidence from the studies. Several of these items align 

with the TIDieR framework for intervention reporting (Hoffmann et al., 2014), but they were 

tailored to the MC/SRL focus of this research. The full codes are given in Appendix 6. In 

addition to describing the interventions and study designs, I also intended to uncover fruitful 

ways of analysing potential moderators of effect within the meta-analysis to answer the second 

research question. As will be seen in the results section, the qualitative synthesis and moderator 

analyses were limited by issues with reporting in the study reports. With regard to the 

interventions, several methods of categorising MC/SRL training have been used in previous 

reviews. Some reviews have categorised studies based on whether they used cognitive, 

metacognitive, or motivational theories or strategies (e.g., Dignath, Büttner, & Langfeldt, 2008; 
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Wang & Sperling, 2020). However, it is not clear how interventions were sorted into these 

categories, and many interventions in this field use multiple strategies. Therefore, for the current 

review, I decided to categorise interventions based on the specific activities or MC/SRL 

strategies they taught and by the SRL “stage.” I did not compare MC/SRL interventions based 

on different theoretical models, partly because it seems that students and possibly teachers 

were not thoroughly oriented to such models, and partly because all included interventions were 

thought to operate through the same feedback cycle of metacognitive knowledge and control.  

3.4.5 Methods for posttest-only meta-analysis 

Following the preliminary narrative synthesis, the quantitative information used to 

compute study-level effect sizes was extracted from the included reports into a spreadsheet 

(see Appendix 7). At the time of the review, the current version of EPPI-Reviewer (ER-Web) did 

not offer the facility to undertake a meta-analysis, so a separate spreadsheet was used to allow 

porting the data into another meta-analysis tool. Google Sheets were used to take advantage of 

the simplicity of the interface, ease of sharing, and automatic back-up. Effect sizes were 

computed for each study using the effect size calculators from the Campbell Collaboration 

(Wilson, n.d.). These tools were chosen for two main reasons: First, calculating effect sizes by 

hand was believed to be more prone to human error and inconsistency. Second, using these 

tools allowed an effect size to be generated for each study, even where the statistical reporting 

differed, in a more straightforward way than would have been possible using a comprehensive 

meta-analysis tool. These calculators generate effect sizes based on formulas from Lipsey and 

Wilson’s (2001) Practical Meta-analysis. The Hedges’ g effect size is given to four decimal 

places, and the correct sign is applied when the comparison group outperforms the treatment 

group. Hedges’ g is considered an “unbiased” effect size estimate because it corrects for bias 

due to small samples (Lin & Aloe, 2021), yet in many cases Hedges’ g is very similar to the 

more commonly used Cohen’s d, and in some cases, it can produce a slightly larger value. For 

the current review, differences between the two values were around 0.01 and thus not 

considered meaningful. These calculators also return the variance for the effect size and a 

minimum and maximum value for the 95% percent confidence interval. The variance was used 

to compute the standard error needed for meta-analysis.  

In the first round of calculations, effect sizes were generated based on performance on 

the main mathematics assessment at posttest (i.e., the first assessment point following the end 
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of the MC/SRL training)20, as all included studies had these outcomes. When multiple 

mathematics assessments were used, I chose only one as the main outcome for this review 

based on whichever was the most objective, broad-scope measure. Group sample sizes at 

posttest, along with unadjusted group means and standard deviations, were the preferred data 

to extract for the initial effect size estimate, though in some cases these needed to be 

reconstructed or interpreted from the description in the report. For example, not all studies 

reported the sample sizes at each assessment point, so outcome samples were assumed to be 

the same as initial samples unless otherwise indicated. Whenever the reporting was ambiguous 

or contradictory, the smaller of the two numbers was assumed to avoid overestimating the 

study-level effect size or its weight in the summary estimate of effect. Similarly, if only the total 

sample was given and not the sample for each group, then the smallest, equal-sized groups 

adding up to the total with interval numbers of pupils were assumed unless the description 

indicated otherwise21. See Appendix 8 for a worked example of how this assumption could have 

impacted the study-level effect. Some studies only reported outcomes by subsets of the 

intervention or control groups. In these cases, the “subgroups” Campbell Collaboration 

calculator was used. This calculator was also used whenever there were multiple MC/SLR 

interventions to be combined into a single, study-level effect size estimate, and when there were 

groups of multiple ages or grade-levels that were taught separately using the same intervention 

and assessed with the same test (e.g., Vula et al., 2017).22  

Following the calculation of study-level effects, data was entered into Meta-Essentials 

(Suurmond, van Rhee, & Hak, 2017), which operates as a special workbook within Excel. This 

programme generated the combined effect and forest plot of included studies, as well as the 

heterogeneity statistics and analyses for potential bias (e.g., publication bias). All outcomes 

from Meta-Essentials are reported without any adjustment or correction in the next chapter, 

beginning with the posttest-only meta-analysis.  

 
20 The f irst assessment of  the chosen mathematics assessment following the assessment period was 
considered as the “posttest,” regardless of  the original authors’ terminology. Any test done during the 

intervention period was ignored.  
21 This was done to avoid “cutting a student in half ” since every student could only belong to one group. 
When the reconstructed groups were added together, this could result in a very slightly smaller total 
sample than that reported, but this is noted in the table where it occurred.  
22 When dif ferent age/grade-level groups were given dif ferent assessments, then an ef fect was computed 
at each level and these were combined in a f ixed-ef fect meta-analysis to generate a single, study-level 

ef fect for use in the larger random-ef fects meta-analysis.  
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3.4.6 Pre/post and “best guess” meta-analyses methods 

 While the first objective was to generate an effect from comparing only the posttest 

scores of the group(s) based on MC/SRL to the non-MC/SRL comparison group, this could be 

unreliable if there were notable differences between the groups at baseline, and this could 

potentially lead to increased heterogeneity in the meta-analysis. Such differences are more 

likely when there is a lack of individual-level random allocation to groups. While many studies in 

this review reported using randomisation, this was usually done at teacher, classroom, or school 

level, and it was sometimes combined with matching or other efforts to ensure “balanced” 

groups. It was therefore considered optimal to include the pretest data, if reported, to compute a 

more robust combined effect size.23 Pretest values were not used if the assessment tool was 

substantially different to the posttest, but it was not considered problematic if different forms of 

the same test were used. Not all studies reported pretest scores or gains scores, even when a 

pretest was done. In some cases, authors only reported whether pretest differences between 

groups were “significant,” without reporting the group means and standard deviations.24 In order 

to calculate a pre/post effect size, the mean gain (i.e., the difference between the pretest and 

posttest means, which could be negative), was entered into the relevant Campbell Collaboration 

calculator, along with the pre- and posttest standard deviations, and the alignment between the 

pre- and posttest scores, either r or the results of a t-test.  

Because multiple assessments done with the same participants cannot be assumed to 

be independent, it is necessary to have a measure of the alignment between the observations at 

different timepoints. However, most studies reporting pretest or gains scores did not report this 

correlation. In such cases, Borenstein et al. (2009, pp. 232-233) suggest it is possible to 

estimate the correlation, but that it is necessary to consider its impact on the meta-analysis. 

Although setting the correlation to different levels does not impact the effect size itself, it does 

impact the variance and standard error, which in turn affects the interpretation of the 

heterogeneity, for example. If we assume a high correlation between the pre- and posttest 

scores of the same individuals, then the variance and standard error will increase. One 

interpretation is that there is less certainty around the effect size because the outcome is more a 

result of within-participant factors and less a result of the intervention. Setting the correlation to 

1.0, for example, would imply that the group conditions had no effect on outcomes, while setting 

 
23 It is worth noting that if  pre-test SDs were smaller than those for the posttest, including pretests would 
inf late the ES calculation, even if  there was baseline equivalence between the groups.This is because the 
ES unit, the pooled SD, is smaller.  
24 Pre-test dif ferences were also generally reported as “signif icant” or not, without reporting the actual 
degree of  the dif ference between treatment and comparison groups.  
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it to 0.0 would be akin to treating the pre- and posttests as completely independent 

measurements. Neither is considered appropriate here. Cole et al. (2011) state that pretests are 

“. . . typically the single best covariate for explaining posttest variation . . .” (p. 2), and they point 

out that psychometric properties of the test itself, such as measurement error and discrimination 

across the ability range, can limit the correlation. Using large-scale assessment data from 

several US states, Cole et al. (2011) demonstrate that pre/post correlations varied depending on 

the testing location and properties of the students sampled, such as ability. Higher- and lower-

ability subgroups show decreased correlations relative to the whole sample (p. 7). On the other 

hand, they found that correlations did not vary as much by the subject area (e.g., mathematics 

vs. English) or by participants’ ages. In addition, when scores are more closely grouped 

together the correlations are lower because there is more tendency for individuals to switch 

ranks between pre- and posttest. Cole et al. (2011, p. 35) found an average population 

correlation of 0.81, SD=0.09, while the lowest performers had a correlation of 0.60, SD=0.13. 

However, Cole et al. (2011, p. 35) found the minimum correlations ranged from 0.30 to 0.56.   

For the current review, many of the included studies used researcher-developed tests 

that had not been validated on a large sample or were more criterion-based and showed very 

low pretest scores25. In addition, because the scale of many included studies was small, and 

students were drawn from only a few classes and schools, there is reason to believe the 

pre/post correlations might be reduced. It was decided to test the impact of choosing different 

correlation estimates for the pre/post meta-analysis. The correlations tested were 0.5, 0.6, and 

0.8, based on the range of correlations for the population and low-performers subgroup in Cole 

et al. (2011). The studies included were all those studies that reported a pre- and posttest mean 

and standard deviation and had a single treatment and comparison group, as the effect size 

calculators used do not permit multiple subgroups within a pre/post analysis. This sensitivity 

analysis also excluded several studies where only posttest scores adjusted for baseline were 

reported, as there would be no way to include the pre/post correlation. In all, 30 studies were 

included, which is a substantial reduction from the original 60. Effect sizes and standard errors 

were generated for each study based on the 0.5, 0.6, and 0.8 pre/post correlation, and these 

were entered into separate workbooks in Meta-Essentials (Suurmond, van Rhee, & Hak, 2017). 

Table 10 displays the outcomes of this sensitivity analysis. It is clear that differences in the 

combined effects, standard errors, and confidence intervals are negligible or non-existent with 

 
25  For example, Baliram & Ellis, 2018, p. 99 report a suspected f loor ef fect in the pretest and ceiling 
ef fect in the posttest. They also report a pre/post correlation of  r = .47, which is lower than the average 

reported by Cole et al. (2011).  
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all three correlations. There is little difference in the markers of heterogeneity between the 0.5 

and 0.6 correlation analyses, with Q and I² being marginally higher with the 0.6 correlation, while 

T² and T are equivalent. With the 0.8 correlation, Q is noticeably higher, while I² is somewhat 

higher, but T² and T are slightly smaller. Overall, the greatest impact of increasing the pre/post 

correlation is that it appears the variation between the effects of the study is greater because 

the estimates of the within study variance are narrower. It is worth noting that with a 0.5 

correlation, the variance and standard error of the effect sizes is almost equivalent to that of the 

posttest-only effect sizes, while those with the 0.8 correlation are much smaller. Based on these 

checks, it seemed that using a 0.6 correlation would be preferred, since this indicates that more 

information is added to the model through using the pre-tests, while not reducing the variance 

and standard error considerably and thus overestimating the between study variation in effects. 

In only a few instances, the authors reported the pre/post correlation, or this could be computed 

from raw data (Edwards, 2008, p. 87), and the actual correlation was then used instead of the 

assumed 0.6.

 

Correlation of pretest and 

posttest scores  

0.05 0.06 0.08 

Combined ef fect size 0.52 0.52 0.52 

Standard error  0.11 0.11 0.11 

95% conf idence interval  0.30 to 0.73 0.30 to 0.73 0.30 to 0.74 

Q 247.74 297.76 505.20 

pq 0.000 0.000 0.000 

I2 87.49% 89.59% 94.06% 

T2 0.19 0.19 0.18 

T 0.44 0.44 0.43 

Table 10. Combined effects and heterogeneity with 0.5, 0.06, and 0.08 correlations. RE meta-analysis of 

pre/post outcomes.

 

Having made this choice, I thought it appropriate to add back the studies that had been 

removed for not reporting the pre-test scores or pre/post correlations, but that did report posttest 

scores adjusted for baseline instead of or in addition to unadjusted scores. When only adjusted 

outcomes are reported, it is presumed that the “posttest only” effect size calculation is 
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comparable to a pre/post calculation, so these values from the original meta-analysis were 

added to the workbook. In some cases, this meant that studies with multiple groups were no 

longer excluded. As with all the analyses, the goal was to utilise all the information in a fair way 

to produce the best estimate of the combined effect. I also calculated a pre/post effect size for 

studies that used multiple treatment or comparison groups by combining those into a single 

effect size to use in the meta-analysis. In primary studies, it is common practice to report a 

separate “effect” for each intervention compared to the control group or other intervention 

groups. However, it is inappropriate to combine such effects in a meta-analysis, since this would 

artificially increase the sample size from each study, giving it undue weight in the final combined 

effect (Borenstein et al., 239). The goal is that outcomes from each participant should only be 

used once in the study-level effect and meta-analysis. In some but not all of the primary studies, 

authors reported outcomes by intervention group and also reported one for “any treatment” 

(e.g., McClelland et al., 2019; Dresel & Haugwitz, 2008). In such cases, these combined 

outcomes were used for the pre/post analysis of effect. When outcomes were only reported 

separately, this was problematic, given that the “gain score” effect size calculator from the 

Campbell Collaboration does not allow for subgroups within the treatment and control.

 

Approach Explanation Effect 

Size (d) 

Standard 

Error 

1 Separate pre/post ef fects (0.6 pre/post correlation assumed) 

are computed with each treatment relative to the control, 

reducing the control sample proportionately. These ef fects are 

then entered into a f ixed-ef fect meta-analysis to produce a 

single ES for the whole study.  

0.50 0.16 

2 Pretest and posttest M/SD are averaged for all treatments, 

weighted by sample size. These are then used in a pre/post 

ES calculation (0.6 pre/post correlation assumed) compared 

to the control.  

0.54 0.16 

3 Mean gains (posttest - pretest) and averaged SD (pretest 

+posttest/2) are entered as subgroups in a single outcome 

ef fect size calculation. Pre/post correlation is ignored.  

0.54 0.18 

Authors’ 

approach 

Helmert interaction contrasts, comparing intragroup changes 

in both treatments, combined, with those of  the control.  

0.52 0.21 

Table 11. Approaches to combining groups in a pre/post effect size calculation, using data from Dresel 

and Haugwitz (2008).
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Three possible procedures were tested for combining subgroups in the pre/post 

analysis, shown in Table 11 with data from Dresel and Haugwitz (2008) to illustrate potential 

differences. This example was chosen because the combined results could be compared with 

those given by the authors (p. 12), the Ψ (psi) and SE(Ψ) values reported as an effect size 

“comparable to Cohen’s d” (p. 13). Very similar effect sizes and standard errors resulted from 

these three approaches, and all resemble the authors’ own calculation of effect. All approaches 

make assumptions that cannot be tested without access to the original, individual-level data. 

Given this, the choice was made to utilise approach 1, in which each group, treatment or 

control, was separately compared to the other, with sample sizes reduced proportionately. For 

example, if a study used three MC/SRL treatment groups and a single control group, the size of 

the control group would be reduced by two thirds for each comparison. If two non-MC/SRL 

groups were used and a single MC/SRL treatment group, then the size of the latter would be cut 

in half for each comparison.  

After generating an effect size for each pre/post comparison, all the effects were entered 

into a separate fixed-effect26 meta-analysis using Meta-Essentials, to produce a combined, 

study-level effect. There were several special cases, however. In one case, Edwards (2008), 

individual-level outcomes were included in the report (p. 87), and I calculated means, standard 

deviations, and pre/post correlations to compute a pre/post effect size. In another case, for 

Pennequin et al. (2010), F-values were used for the posttest-only ES calculation, but estimated 

means and standard deviations reported graphically (p. 211) were used to compute a pre/post 

effect size, with comparisons being made between experimental and control students in the 

“low” and “normal achievers” subgroups. Kramarski, Weisse, & Koloshi-Minsker (2010) also 

reported effects by achievement subgroups, so these comparisons were made first, then effects 

were combined into a single, study-level effect. The same procedure was used for Vula et al. 

(2017), which used both third and fifth grade classes in the intervention and comparison groups, 

and for Mevarech et al. (2010), which used third and sixth grade classes. Finally, Wijaya et al. 

(2018) presented outcomes by test order. Half of participants in each group received form A for 

the pretest and form B for the posttest, while for the other half this order was reversed. Same 

test order groups were first compared, then these effects were combined to yield a single effect 

for the study. Study-level effects were then entered into the combined pre/post meta-analysis, 

with measures of heterogeneity and potential bias being examined as in the posttest-only meta-

analysis. Fifty out of sixty included studies reported either pre/post scores or adjusted posttest 

 
26 This was chosen rather than a random-ef fects model because conceptually each study should ref lect a 
single ef fect of  MC/SRL training, even if  this took dif ferent forms.  



Hitt 000266412   99 
 

scores, and these appear in the pre/post meta-analysis reported in the next chapter. However, 

to utilise information from all studies, I next executed a meta-analysis (i.e., a “best guess” meta-

analysis) that added back the posttest-only effect sizes from the remaining 10 studies. In the 

results, I explain why neither the pre/post or the “best guess” meta-analysis produced superior 

results, and I consider the posttest-only combined effect as the official result of the meta-

analysis. 

3.4.7 Exploratory analyses 

 To address the second research question, I explored several potential reasons for 

different effects in the included studies. Coding for these analyses is shown in Appendix 11. In 

line with Burke et al. (2015, p. 4), these analyses are considered more “hypothesis generating” 

than “hypothesis testing” due to limitations in the data, but they were based on theory and 

previous research indicating likely divergences in effects. As discussed earlier, previous reviews 

have noted differences in the theoretical bases for the MC/SRL interventions (e.g., Dignath, 

Büttner, & Langfeldt, 2008; Wang & Sperling, 2020) or in their structures. Other differences in 

the MC/SRL studies, such as in the ages or grade-levels of the participants and the length or 

“dose” of the interventions, might be correlated with higher or lower effects. In my own review, I 

wanted to be able to make comparisons with these previous reviews, but I stopped short of 

drafting hypotheses regarding the potential correlations with effects because I anticipated that 

reporting and other factors would limit the trustworthiness and meaningfulness of this stage. In 

addition, the systematic search was not designed around such categories, but it was instead 

aimed at estimating an overall effect. As shown in the next chapter, the results regarding the 

apparent heterogeneity of included studies made it even more desirable to explore potential 

moderators, but the results of the moderator analysis were still mixed. This is described further 

in the discussion and conclusion chapter. 
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Chapter 4: Results  

 In this chapter, I report on the results of the systematic search and screening process, 

the qualitative aspects of the included studies, and the meta-analysis of the effects on 

mathematics skills outcomes. First, the results of the qualitative analysis of included studies is 

presented, and next the results of the meta-analysis. The first section illuminates the types of 

MC/SRL interventions and study designs used, while the latter shows the average effects on 

mathematics outcomes. 

4.1 The narrative synthesis results 

 In this section, I present the results of the narrative synthesis exploring the types of 

MC/SRL programmes evaluated with mathematics outcomes for the years 2005 to 2019. My 

goals were to outline the included studies, where they were done, and how they were reported, 

as well as the types of schools, teachers, and pupils involved. Next, I sought to uncover key 

aspects of the MC/SRL interventions, such as their activities, materials, schedules, connections 

to mathematics teaching, and other implementation factors, as well as the designs and methods 

of the included studies. Understanding participants’ views of the programmes was also a major 

goal. All these elements were analysed to form a picture of what MC/SRL training looks like in 

practice, how clear the evidence is about its effectiveness, and what factors could influence 

outcomes. As shown below, each of these goals was hampered to some extent by reporting 

issues, and this has implications for interpreting the results of the meta-analysis of effects that 

follows in the second half of this chapter. This theme is returned to in the discussion and 

conclusions chapter. 

4.1.1 Included reports  

Of the original 1,761 unique items following de-duplication, 62 reports, representing 6027 

separate studies, were retained into the data extraction phase. This process is shown in the 

PRISMA flow diagram in Figure 5. Two sets of two reports were included that overlap–that is, 

they discuss the same studies. In one case, there is a dissertation (Schmitt, 2013) and a journal 

article (Schmitt et al., 2015) that present the same study results, and the two reports differ very 

little. In the other case, it appears that the same study has been reported in two different ways: 

 
27 Two sets of  two reports each were found to substantially overlap, and this is noted in the reference list. 
The texts were not identical but very similar, and the details they co ntributed to the picture of  each study 

are convergent.  
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the first article (Tzohar-Rozen & Kramarski, 2013) compares an affective based self -regulation 

intervention group with a control group, and the second article (Tzohar-Rozen & Kramarski, 

2017) compares an intervention based on metacognition to the same affective intervention (here 

called “meta-affect”) and control groups. However, this relationship is not explained in the 

articles themselves and could not be confirmed without contacting the authors. In both cases of 

presumed overlap, only one effect size is included in the meta-analysis and intervention details 

reported qualitatively are only reported once as discussed below. This review considered 

multiple publication types, and one fourth of the studies were dissertations (15). All these came 

from the US, and this is not surprising given that dissertations are likely to be released in the 

local academic language of the institution. This could imply some geographic imbalance in the 

“grey” literature included in this review. Types of included reports are shown by region in Table 

12. 
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Figure 5. PRISMA flowchart showing identified and included vs. excluded reports.  

Exclusions were coded with one or more reasons, based on pre-set criteria. Some reports were given 
multiple exclusion codes.
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Region Journal 

articles 

Dissertations / 

Theses 

Conference 

papers 

Technical 

reports 

Total reports  

North 
America 

10 15 1 0 26 

Middle-East 16 0 2 0 18 

Europe 10 0 0 1 11 

East Asia 5 0 1 0 6 

Oceania 1 0 0 0 1 

All Regions  42 15 4 1 62 

Table 12. Reports by publication type and region, from 62 included reports.  

Included dissertations varied widely in length and quality but were generally more 

detailed than other report types, so including them could be instructive for users of this review. 

Four conference papers and one technical report were included in the review, while the rest 

(n=42) were journal articles. Of course, the use of electronic methods for searching and 

retrieving reports means that any not available online were missed in this review, and this 

potential limitation would be expected to affect especially those from the earlier publication 

years when paper-based publication was more common. In Figure 6, it can be seen that there is 

only one included study from each year between 2005 and 2007. It can also be seen that 

reports from the US and the Middle East appear most frequently across all years, those from 

Western Europe slightly less so, and those from East Asia, Eastern Europe, and Oceania are 

much less common. 
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Figure 6. Included reports by publication year and region, with 62 total reports. 

4.1.2 Geographic contexts 

Figure 7 shows the geographic spread of the included studies, and it illustrates the level 

of international interest in raising mathematics attainment through MC/SRL based interventions. 

Note that in the later screening stages, studies from a diverse range of contexts had to be 

excluded because it was not possible to calculate an effect size or for design-related reasons. 

Thus, the reach of MC/SRL interventions is even broader than those represented here. For 

practical reasons, it was not possible to report on each study considered for inclusion and 

rejected. It is not surprising that the majority of final included studies originated in an English-

speaking country since reports had to be available in English to be included, but it is notable 

that the US accounts for nearly half the set of studies (25), including all the dissertations (15), 

while the UK accounts for relatively few studies (2), and Canada, Australia, and New Zealand 

none. Israel accounts for the next largest set of studies (10), mainly those by Kramarski, 

Mevarech, and colleagues. Turkey contributed four studies to the final set, Germany and 

Indonesia28 three studies each, Iran two, and the rest of the countries only one study each. 

Overall, North America, the Middle East, Western Europe, and East Asia were the most 

common regions for the research to be conducted, but there are caveats to this generalisation. 

By restricting the reports to English-only, to those with an explicit MC/SRL focus on 

mathematics, and to those with specific intervention criteria (e.g., not done at home), 

undoubtedly this review overlooks some research that could be illuminating. However, these 

 
28 Unfortunately, several additional reports f rom Indonesia were excluded f rom the f inal set because of  
language issues.  
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choices and others were made early in the process for theoretical and practical reasons, and 

they were applied to all studies regardless of the region, so in this way the resulting body of 

studies is “unbiased.” In fact, these criteria excluded some studies from well-known researchers 

in the field, while allowing some studies from lesser-known sources to be highlighted. Having 

such a large proportion of included studies originating in one country may lead to the impression 

that the review results are unbalanced, however, it should be remembered that the educational 

contexts in the US are extremely varied. While there may be commonalities between schools in 

different states, there are clear distinctions too. For this reason, it is important to consider other 

aspects of the research context, as is done below. 

 

Figure 7. Included studies by country, with bubbles sized by number of studies.  

4.1.3 Educational contexts 

The intent was to capture as much information as possible about the educational 

contexts of the included studies, including the size and type of school, the type of community in 

which it was located, and the socio-cultural and linguistic background of the students involved. 

This was believed to be helpful information for stakeholders considering implementing 

interventions from the review in their own schools. However, it became clear that such 

information was often missing from included reports, especially those done outside the US. 

Dissertations/theses were the exceptions to this, possibly because their format allows for more 

in-depth considerations of context, yet the type of descriptions included are still variable. 
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Interpretation was needed to code contextual information. For example, if not directly stated, the 

type of community was inferred based on the name of the city or town, if reported. A code of 

“unclear” was used to mark whenever contextual information was absent, rather than assuming 

that participating students or schools reflected the “average” or “expected” socio-cultural reality 

for that country. For example, it was not assumed that all participating students for a study done 

in France would be ethnically French or speak French at home. Since reports of studies from 

the US were somewhat more likely to report contextual and demographic information, it may be 

that such information is considered more salient for educational outcomes within the US, but 

this idea was not evaluated in the present research, nor were subgroup analyses done based 

on contextual categories. The implication is that students from minority ethnicities or home-

languages or who qualified for free or discounted school meals could be more at-risk 

academically, even if this was not stated outright. Several studies from the US and elsewhere 

reported this information without stating how it would affect the interpretation of the findings 

(e.g., Bond & Ellis, 2013; Cleary, Velardi, Schnaidman, 2017). See Table 13 for the frequencies 

of codes within each socio-cultural category. More than one code could be applied to a single 

study when the research was done with multiple sites or samples. 

Table 13 shows that nearly half of studies (n=27) did not report community type (see 

also Figure 8), and the same number did not clearly report the type of school(s) (see Figure 9) 

involved in the research, and over half did not include information about students’ ethnicities 

(n=38) or SES background (n=40) (see Figure 10). Home language is considered in this 

category as well as in the socio-cultural context because understanding linguistic expressions, 

not just numeric ones, is critical for mathematical functioning and development. Several primary 

studies mention language learner status as potentially adding to the challenge of learning 

mathematics. For example, Morales (2016), as a rationale for implementing a MC/SRL-based 

writing intervention in a mathematics class, states: “Most [English language learners] have 

difficulty with problem solving due to culturally-linked content and to vocabulary found in 

mathematics word problems” (p. 27). On the other hand, Wang et al. (2019, p. 3) interprets the 

academic “risk” of English learners in the US as being primarily linked to other factors, such as 

low income and parental education level. Only 12 studies out of 60 reported that some 

participating students had a different home language from that used in school, with nearly all of 

these being from the US (11 studies). Given the level of underreporting, it would not be possible 

to test or even theorise whether different intervention effects might be seen in different contexts, 

though again this might still form part of the stated rationale within individual studies.
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Study Aspect Code All 

Studies  

US 

Studies 

Community Type Urban  15 9 

Metropolitan 12 2 

Suburban  7 7 

Rural 2 1 

Unclear 27 9 

Income or SES Low or eligible for f ree school meals (FSM) 14 13 

Middle 7 5 

High 3 3 

Mixed SES 5 3 

Unclear 40 10 

Ethnicity or 

Nationality  
Specif ic ethnicity(s) mentioned 20 18 

Ethnically diverse  2 1 

Unclear ethnicity  38 6 

Language  Home language dif ferent f rom school  12 11 

School Type  Public  25 13 

Private  3 2 

Charter  2 2 

Head Start or other preschool centre 3 3 

Unclear or multiple types 27 5 

Table 13. Numbers of codes applied for educational context for all studies and for those from the US.  
 Note that individual reports could receive more than one code. 

   

 

Figure 8. Community type codes applied to all studies and US studies. 
Some studies included more than one community type. 
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Figure 9. School type codes applied to all studies and US studies.  

Some studies included more than one school type.

 

 

Figure 10. Socio-economic status (SES) codes applied to all studies and US studies.  

Some studies reported multiple SES backgrounds. 

As covered in the theoretical background of metacognition and self -regulated learning, 

some interventions have been developed and tested specifically for use with learners having 

special needs, and this information was also extracted from the included studies where given 

(e.g., Edwards, 2008; Wang et al., 2019; Kang, 2010; Ford, 2018). Reported abilities and/or 

designations are shown in Figure 11, with US-based studies having clearer ability descriptions 

than other studies. However, as noted, all dissertations were from the US, and these also 

reported ability designations more clearly than other report types. “Unclear” was coded in 20% 

(n=3) of dissertations versus nearly 50% (n=19) of journal articles, for example. Only 10% (n=1) 
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of US-based journal articles were coded as “unclear” about students’ abilities, which indicates 

such designations may be considered more relevant to the US context. To connect MC/SRL 

and ability, some researchers have proposed that deficits or higher than average levels of 

metacognition, self-regulation, or executive function may have a direct link to academic ability 

designations (e.g., Brown, 1977; Borokowski et al., 1989). Such theories predict students could 

benefit differentially from MC/SRL training based on their designations, but not all included 

studies referred to this, and over a third (24) of studies made no reference to ability or language 

learner status. Primary studies sometimes gave numbers or percentages of students with 

functional designations, whereas other reports simply indicated there were such students within 

the classes or groups allocated to different study conditions. Not having a goal of analysing 

effects based on ability-related subgroups, I only note whether students fitting different ability 

categories were present in the samples. It could be useful to undertake a further review of 

SRL/MC interventions specifically within the special-needs literature. Surprisingly, at least one 

study in the current review excluded students with disabilities from the analysis, even though 

such students were normally present in the class (e.g., Chen & Chiu, 2016, p. 272). In such 

cases, it would be helpful if research reports discussed how learners of various abilities were 

provided for in the local education system and under what conditions the target intervention 

might be expected to benefit them. 

 

Figure 11. Ability and language status codes applied to all and US-based studies. 

Note that individual studies could receive more than one code.  

4.1.4 School level, age, and gender 

For the current review, only preschool and school-age pupils were included, and many 

studies with post-secondary or university students had to be screened out. Some research 

suggests MC/SRL interventions could have different effects for students of different age groups 

(e.g., Dignath & Büttner, 2008). For example, younger students may struggle with the domain 
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knowledge and cognitive load required to successfully self -regulate. At the same time, they may 

experience more structured teaching and have less of a need or opportunity for MC/SRL. In the 

included studies of this review, there is a nearly even split between younger and older students. 

Five studies were done with preschool and kindergarten children and 27 involved 

primary/elementary students. For older pupils, there were 16 middle school, 11 high school or 

upper-secondary, and 3 unspecified secondary school codes applied. Some studies involved 

pupils at multiple school levels. In the current review, the higher number of studies done with 

primary and middle school pupils may be related to several issues or intentions in addition to a 

desire to demonstrate effectiveness of the interventions in younger learners. First, the inclusion 

criteria may have affected the distribution of school levels included. I considered interventions to 

be most applicable for classroom teachers when they did not require extra time outside of the 

normal school day, thus after-school programmes or those relying heavily on homework to 

reinforce the MC/SRL training were excluded. This means included studies, in some cases, 

would have needed to reallocate teaching times and classrooms to deliver the MC/SRL 

interventions, especially when these were done on an individual or small group basis, and this 

presumably is more possible in the earlier grades. Children in primary classrooms often have 

one teacher for multiple subjects, and it makes sense that there would be greater scheduling 

flexibility. It should be stated here that reports sometimes mentioned, but often did not, whether 

the intervention was done completely during the normal mathematics lesson or otherwise, and it 

is possible that some included studies were actually delivered outside of the normal day without 

this being clear in the reports.  

The second reason included studies may have focused on primary and middle school 

students is that mathematics lessons in these grades are more likely to involve a range of ability 

levels. Interventions designed to assist learners in being more strategic may be most appealing 

for teaching mixed ability groups, rather than older, more homogenous groups. Finally, the 

MC/SRL interventions for younger ages in this review frequently featured games and 

opportunities for creative expression (Pappas Schattman, 2005; Wang et al. 2019; McClelland 

et al., 2019), all designed to encourage active engagement with the mathematics curriculum. 

Such activities may be seen as less important for older pupils, who may be expected to be more 

achievement-minded. In Figure 12, school-level codes applied to included reports are shown. 

Codes were applied based on the study descriptions, with no attempt to adjust for international 

differences in age or curriculum at each grade or year of school. Less commonly, school level 

was inferred based on the reported age of participating students. While the US accounted for all 

of the preschool studies, in general US-based studies were somewhat more likely to be done 
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with older pupils. Regarding preschool studies, attending preschool is non-compulsory for US 

children but has been promoted as a measure to overcome pre-existing disadvantages. Local 

and national programmes, such as Head Start, offer preschool funding for low-income families, 

and several included studies were done in such contexts (Schmitt et al., 2015; McClelland et al., 

2019) Some research has demonstrated mixed results of preschool for disadvantaged students 

(Loeb et al., 2007) most notably in the area of social skills and behaviour, making these 

included studies even more relevant. 

 

 

Figure 12. School-level codes applied to all included studies and US studies.  

Individual studies could receive multiple codes in some instances. “Secondary school” was used when it 

was not clear whether the study was with lower or upper secondary students.

 

Figure 13 shows the spread of average participant age in included studies, with most 

studies concentrating on ages eight to 14, roughly equivalent to upper-primary and middle-

school students. Twenty-four studies did not report age clearly, in which case average age was 

estimated based on the year-level. Because most studies did not report individual participants’ 

ages, an estimation procedure was used. Each study was only coded for one average age even 

when there were multiple ages or year groups, and the bars show average age up to the next 

integer. An average age of 4.5 would be coded as 4, for example. Because of this averaging, 

this chart does not reflect all ages included in the studies. The “Red Light, Purple Light” studies 

(i.e., those by Tominey, Schmitt, McClelland and colleagues) were done with ages three to five 

but were coded with an average age of four. Pupil age is not a main focus of this review, but it 

could be a factor affecting intervention effectiveness. Even within a single grade there may be 
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differential outcomes for pupils at the high and low ends of the age spectrum (Dhuey et al., 

2019). The fact that so many reports included here failed to capture this information, while every 

report included at least the general school level and usually the grade, is concerning. It 

suggests that inherent developmental processes could be obscured in how progress in 

mathematics learning is represented within the included studies. 

 

 

Figure 13. Average age of included participants in years by study and numbers of studies.

 

Based on previous studies of MC/SRL-based interventions that reported different effects 

in females and males (e.g., Cardelle-Elewar, 1990), I also coded the gender of participants, 

though this information was missing from eight reports. The great majority of student groupings 

were mixed-gender (50 reports), with four reports coded as having female-only groups and four 

reports with male-only groups. Fully gender-segregated classes were mainly found in studies 

from the Middle East (Abdolhossini, 2012; Babakhani, 2011; Mevarech & Amrany, 2008; Rizk, 

Attia, & Al-Jundi, 2017), but in one case a school in Austria had some mixed (low numbers of 

females) and some gender-segregated (male-only) classes (Fößl, et al. 2016). In no reports was 

a rationale given as to why single- or mixed-gender classes were used in the schools or in the 

study. No reports mentioned including genders or identities other than male and female. 

Reports sometimes mentioned the percentages of each gender in each treatment group, or in 

the overall sample, or they simply indicated that gender levels were approximately equivalent in 

each group without giving exact numbers. Reports rarely told how they captured gender 

information about participants. Due to the prevalence of missing information, it is not possible in 

this review to consider differential intervention effectiveness based on the gender 
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concentrations in the studies, but several studies found different outcomes by gender (e.g., 

Edwards, 2008; Falco, 2008; Jackson Jackson, 2012).   

4.1.5 MC/SRL Interventions and comparison conditions 

 This subsection describes important aspects of the study conditions in the included 

reports, starting with an introduction to the intervention and comparison groups, moving to the 

intervention details reported, the timeline or “dose” of the interventions, the roles of intervention 

leaders and classroom teachers, training for and fidelity of implementation of the interventions, 

participants’ views of the interventions, the mathematics content included in the intervention 

period, and finally the MC/SRL stages, activities, and strategies focused on in the interventions. 

The section ends with a brief look at the theoretical foundations of the included interventions 

and a summary of the key findings about the interventions.   

Various designs were included in the review, but studies needed at least one 

intervention group based on MC/SRL training for students and one comparison group not based 

on training in MC/SRL. Thus, comparison groups could have business-as-usual (BAU) or active 

controls, and sometimes included both. Active controls could share common elements with the 

experimental groups, such as the mathematical tasks, the general class structure and materials, 

and, in some cases, the same teachers. The main requirement was that active controls could 

not include MC/SRL training for students. Sometimes studies were excluded from the review 

when controls were presented as not being based on MC/SRL but they still featured what I 

interpreted as MC/SRL training, such as in calibration-type exercises (DiGiacomo & Chen, 

2016) and metacognitive practice in a different academic subject (Wessman Huber, 2010). The 

reasoning was that these elements would make the comparison group too similar to the 

interventions in other studies where the same elements are used in MC/SRL training. For 

example, in Wang et al. (2019), the active control group (“base condition,” p. 341) used a 

rewards-based motivational system and a structured problem-solving approach based on 

schema-based instruction, which are elements used in MC/SRL interventions from other studies 

in this review. In this case, only the active control group was excluded and the SRL intervention 

and BAU comparison group were retained.  

The choice was made to combine all MC/SRL intervention groups for the purposes of 

calculating an effect size based on the review goal of comparing MC/SRL and non-MC/SRL 

conditions. There was no intention to compare different types or amounts of MC/SRL training 

within the same study in the summary estimate of effect. The qualitative analysis therefore also 

does not distinguish between different MC/SRL conditions within the same study; however, the 
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original groupings are given in Appendix 9, which shows the study designs and describes the 

interventions. The table in Appendix 9 also shows whether studies used BAU or active controls, 

or both, in which case these have also been combined in the meta-analysis so that a single 

effect size was generated for each study. This avoids the problem of double-counting the control 

groups sometimes seen in the original reports, where multiple intervention groups were 

compared with the same control (e.g., Cross, 2009; Kramarski & Dudai, 2009). 

 

Study groups 

 

1 Comparison 

condition 

2 Comparison 

conditions  

1 MC/SRL condition 47 5 

2 MC/SRL conditions 5 1 

3 MC/SRL conditions 2 0 

Table 14. Included studies by number of MC/SRL conditions and comparison conditions.  

 

Studies using two or more comparison groups (see Table 14) were presumably trying to 

control for other components of the intervention besides the “active” MC/SRL elements. For 

example, Arroyo and colleagues (2007) tested a tutoring software package that provided regular 

metacognitive feedback and prompts to users (intervention) or allowed users to access non-

metacognitive hints on-demand (“tutor control”). They also included a BAU group with normal 

teaching and no access to the programme (“no tutor control”). In this case, it is apparent that the 

researchers wanted to differentiate the effects of the MC elements from those of the software 

itself. Barrus (2013) used a similar approach, comparing a BAU control, a comparison group 

which practised with the ALEKS® programme, and an intervention group that completed 

computer-based SRL training modules developed by the researcher in addition to ALEKS®. 

Shamir and Lifshitz considered the effects of using an e-book with metacognitive guidance 

(intervention) or without it (active control), and they also included a BAU control not using the e-

book. Bond and Ellis (2013) tested the effects of a newly-made mathematics teaching unit that 

closed lessons with a reflective activity (MC/SRL intervention) or a non-reflective review (active 

control). They also included a BAU control using another unit of curriculum. Jackson Jackson 

(2012) examined four study conditions in a factorial design: high and low “communal learning” 

and with and without an SRL component. 
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There were also studies that considered different versions of the MC/SRL training 

programmes. As stated, it was outside the scope of the review to compare effects based on 

different forms or “dosages” of MC/SRL training. However, the original included studies may 

have had such a goal or may have planned to test the combined impact of specific MC/SRL 

elements. For example, Dresel and Haugwitz (2008) featured several study groups. In one 

group, students practised problem-solving with a computer-based intervention, MatheWarp, 

which offered them “attributional feedback enriched with metacognitive control questions” (p. 7). 

There was also a “placebo condition,” as well as a group that used the programme without the 

metacognitive questions, but with the attributional feedback. I considered the latter group an 

intervention rather than a comparison group because attributions have been seen as part of the 

MC/SRL process (e.g., Bandura, 1991), but it is not clear what the authors’ original classification 

was. In Kramarski and Friedman (2014), pupils in all study conditions worked with a learning 

software package with metacognitive prompts that were either automatic or chosen by the 

student, or with no metacognitive prompts (control group). In another study (Kramarski & 

Zoldan, 2008), metacognitive questions (i.e., IMPROVE) are used alone or in combination with 

an error-diagnosis approach, and the latter is also used by itself in one condition. Because 

considering the source of errors has been used as a stand-alone metacognitive approach (cf. 

Heemsoth & Heinze, 2016), all three conditions were coded as MC/SRL interventions, and there 

is also a BAU control. Kramarski and Dudai (2009) used two different IMPROVE conditions, one 

which trained students to evaluate their own solutions to a problem (“self -explanation guidance,” 

p. 385) and one which trained them to provide feedback on peers’ solutions (“group feedback 

guidance”). In the control group, students could work with peers on the same tasks and had 

previously received training in mathematical explanations, but they did not use structured 

metacognitive questions to guide and check their solutions. In Tzohar-Rozen and Kramarski 

(2017), as stated above, the two interventions differed by being based on either emotional 

regulation (“meta-affect”) or cognitive regulation (IMPROVE). Cross (2009) used three 

intervention groups training students in verbal or written mathematical argumentation, or a 

combined approach, as compared with a teacher-centred BAU control. Finally, McClelland and 

colleagues (2019) implemented a previously tried intervention (“Red Light, Purple Light Circle-

Time Games”) based on behavioural regulation and added a condition that focused explicitly on 

early mathematics and literacy development (SR+).  
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4.1.6 Reporting of MC/SRL interventions 

Review reports were next coded for the level of detail used in describing study 

conditions. Results of this coding are shown in Table 15. Reports coded with “high intervention 

detail” included enough description, such as samples of materials and schedules of activities, 

for all or much of the intervention to be replicated or reconstructed in a new teaching context 

based on the report alone. Those coded as “moderate detail” would permit users to reconstruct 

some intervention components, while those coded as “low detail” would require consulting the 

original authors or other sources to be reconstructed. Level of detail was assigned holistically 

rather than being based on the length of the text because interventions differed greatly in their 

complexity. Some interventions could be fully described in a few sentences and fully 

implemented in a few minutes per class session, while others would require the use of multiple 

worksheets, teaching scripts, and other materials to implement. Where reports referred to other 

sources for additional descriptions of interventions, this was noted in the coding, but the other 

reports were not added to the review based on the decision not to use “snowball” or other 

methods that could be unreliable. If external sources of intervention detail had been admissible 

during the screening stage, this would have changed the nature and practical requirements of 

the review. Likewise, the data extraction here considers only those reports found in the 

systematic searches and retained through the screening process. Whenever there was an 

appendix or online supplemental material available from the same source as the main report, 

this was considered another section of the main report, and the inclusion of such generally 

resulted in a higher level of intervention detail. However, in the case of Baliram and Ellis (2019), 

the supplemental file was a condensed version of the article geared toward practitioners that did 

not add intervention detail.

 

Intervention 
detail 

All 
included  

reports 

Samples 
of 

activities 
or 
materials  

Schedules 
of activities 

within or 
across 
sessions 

Samples of 
students’ 

work with the 
intervention 
or dialogue  

Samples of 
intervention 

leaders’ 
work or 
dialogue 

Intervention 
described 

elsewhere 

High 16 14 14 6 3 3 

Moderate 41 24 19 6 1 10 

Low 5 2 1 0 0 1 

Totals 62 40 32 12 4 14 

Table 15. Intervention detail codes applied to 62 included reports of 60 studies.
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From 62 reports of the 60 included studies, 16 reports were coded as “high detail,” 41 as 

“moderate,” and 5 as “low.” This is partly a result of the review protocol, since reports were 

excluded that did not include enough comprehensible description to determine the nature of the 

intervention. Three reports were excluded during the data extraction phase because there was 

too much uncertainty about the intervention due to low description. Of those retained but coded 

as “low detail,” Schmitt (2013) described one activity, the “Red Light, Purple Light” game, and 

referred to other reports of the intervention, and Tzohar-Rozen and Kramarski (2017) included 

the self-questions used in the metacognitive and meta-affective training conditions. Three other 

“low detail” reports described interventions based on modelling a mathematical task visually 

(“VStops,” Abdullah, Halim & Zakaria, 2014), using classroom dialogue, and metacognitive 

journaling (Aminah et al., 2018), or reporting broad MC/SRL objectives for each lesson 

(Abdolhossini, 2012) without providing samples of teaching schedules or activities.  

Reports described as “high detail” include nine out of 42 journal articles and seven out of 

15 dissertations. The length of a dissertation may admit greater intervention reporting, although 

this was not always used to advantage, but online journals now frequently feature supplemental 

materials, as noted above. All conference papers (3) and technical reports (1) were coded as 

“moderate detail.” Overall, two-thirds of reports (40) included samples of activities or materials 

used in the interventions, such as worksheets, screenshots from software packages, 

mathematical tasks used in learning activities, or self-questioning guides. Just over a half of 

reports (34) included a schedule of activities within a sample lesson or multiple lessons, while 

less than a quarter of them (12) included samples of students’ responses in the intervention, 

such as completed tasks or dialogue transcripts. Even fewer reports (4) included the responses 

of intervention leaders, such as written or verbal instructions or feedback on students’ work.29 

Thus, intervention materials provided in reports represent what was intended more than what 

was actually done in the sessions. Reports frequently, though not always, discussed how 

intervention leaders were trained and whether attempts were made to ensure intervention 

“fidelity,” though most did not report fidelity levels quantitatively.   

The decision to present the “as intended” version of the intervention in a report rather 

than that actually used in the classroom could reflect the limitations of data-collection within the 

research site. It could also be seen as aligning with the principle of “intention-to-treat” (Gorard, 

2013, p. 168) in which study participants are assessed based on their assigned study condition, 

even if they missed sessions or switched to a different group. However, underreporting the 

 
29 Teaching scripts, like that used in Sings Jenkins (2009) were not considered teachers’ authentic 
responses but were instead coded under “samples of  activities or materials.”  



Hitt 000266412   118 
 

study conditions as implemented could lead to underestimating the intervention effect or 

overlooking key active elements. As a hypothetical, if teachers are trained to use a journaling 

intervention, and it is overlooked that they assign extrinsic rewards based on the completeness 

of pupils’ entries, then the interpretation of the study results could be skewed and difficult to 

replicate. Within the current review, many studies expressed a social-cognitive orientation (e.g., 

Barrus, 2013; Kang, 2010; Sings Jenkins, 2009), in which it is seen as important that students 

explain their mathematical reasoning in classroom dialogue and prompt each other to think 

more deeply, with teachers scaffolding the process of making thinking explicit. Students’ 

internalisation of classroom dialogue can then become a catalyst for greater MC/SRL 

skilfulness. A failure to report students' responses during the intervention may belie the social-

cognitive explanation or suggest there are other more important mechanisms of effectiveness at 

work. It should be noted that in many cases, studies did use surveys and other assessment 

tools to check for changes in students MC/SRL processes, but it is outside the scope of this 

review to synthesise these results, and this is not a substitute for seeing the intervention in 

action. Teachers could especially benefit from samples of authentic intervention responses, 

especially since they enable a clearer operationalisation of core concepts and show the 

practical ways the intervention may differ from the standard approaches. 

4.1.7 Study timeline and intervention “dose” 

This review also examined the session length, frequency, and overall timeline of the 

MC/SRL interventions. While most studies (n=49) reported intervention timing, it was in some 

cases unclear or incomplete, which made comparing the intervention “dose” between studies a 

challenge. Reports used different and sometimes non-comparable units of time, such as “class 

hours” (Ubuz & Erdoğan, 2019, p. 136) and it was often unclear whether the intervention 

encompassed a whole class period or only part. In some cases, descriptions were inconsistent 

throughout the report (e.g., Babakhani, 2011, p. 566). Thus, interpretation and inference were 

required to determine the intervention dose, and this could limit the trends seen. As shown in 

Figure 14, most studies were for 12 weeks or shorter (n=50), with 23 studies indicating the 

intervention was delivered for a month or less, and 27 reporting an intervention period of 

between five and 12 weeks. Six studies ran their interventions for between 13 weeks and the 

length of one semester, and four were between a semester and a full academic year. Note that 

sometimes the length of time given also included assessment activities and it was not always 

possible to isolate just the intervention period. The basis for choosing a certain length for the 
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intervention was rarely discussed and could have been related to practical considerations as 

much as the theoretical rationale.  

 

 

Figure 14. Length of intervention in weeks for included studies. 

 

In terms of treatment frequency, most interventions were offered either daily or almost 

daily (16 studies), or two to three times per week (20 studies) during the intervention period 

featuring sessions between 30 minutes and an hour in length. Nine studies employed a weekly 

intervention schedule, while three studies featured bi-weekly or monthly interventions. For 12 

studies, the frequency of the intervention was not clearly reported. It was only possible to extract 

data about the length of each intervention session for 42 studies, with 18 being unclear. Of 

those reporting length of the sessions, about 1 hour was the most frequent (20 studies), with 15 

to 30 minutes being the second most frequent code (15 studies). In five studies, the intervention 

was up to 15 minutes per session, one report stated the intervention was 80 minutes long 

(Lestari & Jailani, 2018), and one had sessions that were 4 hours in length (Kramarski & 

Friedman, 2014). If multiple session lengths were reported, the longer value was coded. In 

some cases, the length may refer to an entire mathematics teaching session in which explicit 

MC/SRL activities only occupied a portion of the time, with other activities being shared with the 

comparison group. It was not always possible to distinguish time spent on activities shared with 

the comparison group from that spent on unique features of the intervention. Frequently, the 

MC/SRL training consisted of a few elements used at different points throughout a session, 
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such as metacognitive prompts for structured problem-solving. In these cases, it seems 

reasonable to consider the entire session as contributing to the MC/SRL training. Number of 

intervention sessions was also coded, though this was not reported for 14 studies. The range 

was between three and 56 sessions. The most common was six to 10 intervention sessions 

total (16 studies), while the second most common range was between 16 and 20 sessions (10 

studies). Seven studies used between three and five sessions, while six studies offered 11 to 15 

sessions. Only seven studies offered 21 sessions or more. Within studies that reported the total 

length of the intervention as well as the number of sessions (n=46), most studies (n=37) were 

up to 12 weeks and 20 sessions. Within this group, six studies had up to five sessions spread 

over up to three weeks. There were 11 studies that included six to 10 sessions spread over six 

weeks or less, and there were 13 studies that implemented 11 to 20 sessions over a period of 

four to eight weeks. Outside of these concentrations, there were no clear patterns in the 

intensity of the intervention meetings.  The average length of intervention sessions makes 

sense considering they were done at school, mostly during regular mathematics classes. 

Overall, it seems that most interventions were done for at least 30 mins on multiple days each 

week, for a period of one to three months. This is important because it shows a commitment to 

sustained MC/SRL training and the need to give classroom communities time to adopt new 

discourse norms and patterns of thinking.  

There were certainly exceptions to the “dose” patterns described above. For example, 

O’Neal (2016) implemented very short, writing-based MC/SRL sessions in an Advanced 

Placement (AP) calculus course. Pupils used three types of prompts to complete daily reflective 

journal entries about their learning during the last 5 minutes of 29 class periods. The 

implementing teacher encouraged students to elaborate their responses, after they were initially 

too limited (pp. 41-42), but this could have been a challenge given the very limited time 

allocated. With somewhat longer sessions, Kang (2010) implemented 15-minute goal-setting 

activities within daily mathematics lessons for students with special needs, but the total 

intervention period was only 1.5 weeks (seven sessions total).30 Byrd (2019) used a student 

response system (SRS) known as Classflow™ to task students with responding to learning 

items anonymously and then giving “elaborative” feedback on the responses of others. This 

process was intended to stimulate students to explain and justify their thinking and share 

 
30 Kang (2010) included two studies, but only one is included in the review because of  design issues. In 
Study 1, the goal-setting intervention was used with a wait-list control group. Af ter all the students had 
received the intervention, they were re-randomised for Study 2, which used ref lection rather than goal-
setting activities. It was decided that Study 2 should be excluded based on potential confounds f rom  

Study 1, since the same participants are used.  
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productive learning strategies (p. 52). The teacher also provided the treatment group with 

explicit instruction in goal-setting, monitoring, and reflection strategies, but in total the 

interventions were done for 10 minutes, three times weekly for 12 weeks. While practicality 

constraints in these studies may have limited the time researchers had to work with students, 

these examples at least illustrate the possibility of delivering MC/SRL training in “bite-sized” 

rather than intensive sessions. They might especially appeal to teachers looking to begin using 

discrete MC/SRL elements in their instruction but without the time and other resources to use 

most of the interventions from this review. Alternatively, smaller-scope interventions could be 

used in combination. Teachers could use an SRS approach to encourage dialogue, then have 

students complete reflective journals or set learning goals following this dialogue. As mentioned, 

Byrd (2019) used multiple MC/SRL elements even with shorter sessions (10 minutes), and 

previous reviews have presented different perspectives on the complexity of MC/SRL 

interventions. This topic is explored in more detail below as the specific MC/SRL elements are 

considered for the present review.  

At the other end of the “dose” spectrum, Motteram et al. (2016) reported on the large-

scale evaluation of ReflectED in the UK, using 28 structured, 30-minute lessons about learning 

strategies, and asking students to reflect on their own learning activities at least once weekly 

throughout the year. This resulted in 56 coded MC/SRL sessions in the review, but there was 

likely great variability in the actual numbers, given that the study was implemented across thirty 

schools and 70 classes. Notably, mathematics achievement was a pre-planned outcome of the 

study, but the intervention was not limited to or specifically designed for use in mathematics 

classes. It is not clear how often the intervention was used in mathematics compared with other 

classes, thus, the idea of “dose” here could be interpreted differently. Sarette (2014) was a 

smaller-scale study in a single school that combined training in behavioural self-regulation with 

goal-setting activities and discussion to help students discover and implement learning 

strategies. The training was delivered in 55-minute sessions twice a week over most of the 

school year, with the researcher initially modelling the approach in class with a gradual 

transition to delivery by the regular classroom teacher. Importantly, the MC/SRL activities were 

tailored to students’ current needs through an ongoing collaboration between the researcher 

and the teacher, but structured lesson-plans were still used. In Barrus (2013), students in the 

intervention group worked through 19 researcher-designed, computerised self-regulation 

training modules, used in tandem with the ALEKS tutoring software. The MC/SRL modules were 

self-paced and completed in daily, 20-minute sessions for 12 weeks during one semester, while 

comparison group students either received BAU mathematics teaching or used ALEKS without 
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explicit MC/SRL training. All these examples illustrate the range of intensity of MC/SRL 

interventions used in schools.  

4.1.8 Intervention leaders and classroom teachers’ roles 

Next, the role of the intervention leader needs to be considered. All the included studies 

were done at school, as studies reporting interventions outside the normal school day or relying 

on homework activities were disallowed in the original review criteria.31 The intention was to 

estimate the effects of classroom-based interventions, but not all included studies were 

conducted by the normal classroom teacher. As shown in Table 16, 17 out of 60 studies 

included researcher-led MC/SRL sessions, while regular classroom teachers were leaders in 37 

studies. Interventions were led by other school staff in four studies. For example, Cleary, 

Velardi, & Schnaidman (2017) trained “an assistant principal, two counsellors, and a school 

psychologist” (p. 35) to deliver the intervention in small groups of pupils. Eight studies were 

based on technology use, such as computerised mathematics tutoring. In four studies, MC/SRL 

training was conducted by researchers who were also teachers or other school-staff members. 

In three cases, the intervention leader was unclear. Sometimes there was shared delivery of the 

intervention. In seven studies, the classroom teacher and a researcher or other school staff 

member led the intervention together. In six studies, the classroom teacher or researcher led a 

discrete part of the MC/SRL training, while students received computerised training for the rest 

of the sessions. Overall, 26 studies were led by classroom teachers alone, while eight studies 

were led by researchers alone. In general, the review shows a focus on ecological validity within 

these studies, with the research designed to be directly applicable to teachers’ practices. It is 

anticipated that when the interventions were led by researchers there would not be the same 

impact on teachers’ beliefs, their feedback to students, and their support of metacognitive 

dialogue.

 

Intervention 
leader 

Regular 
classroom 
teacher 

Other 
School 
staff 

Researcher Technology 
based  

Researcher-as-
teacher or other 
school staff 
member  

Unclear 

Studies   37 4 17 8 4 3 

Table 16. Codes applied to studies for intervention leaders. 

Note that the codes exceed the number of studies because some studies included multiple intervention 
leaders.

 
31 Because normal mathematics teaching of ten includes homework, studies were only excluded if  the 
homework was dif ferent for the intervention group and was an important part of  the MC/SRL training.  
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Information about how teachers or other leaders were trained and supervised in the 

intervention was also extracted from the included reports and is shown in Table 17. Most often 

(32 studies), researchers distributed intervention manuals, lesson plans, or other written guides, 

and they frequently referred to these as encouraging greater fidelity of implementation. Nearly 

as often (28 studies), live training sessions were led by researchers or other intervention 

developers. In 22 studies, both live sessions and written materials were provided. In two 

studies, video-based training was implemented, and in ten studies there were classroom visits, 

emails exchanged, or other forms of supervision or collaboration between the researchers and 

programme implementers. In 17 cases, the intervention training was not clearly reported. For 

those that did report training, use of written guides could make the implementation more 

consistent and replicable, while holding live sessions could facilitate clarification of expectations 

and a deeper engagement with the theory of the intervention. However, no studies compared 

different training modes side-by-side, and they could have complementary benefits. 

 

Training 

mode 

Live sessions Written guides Videos Supervision 

or 
collaboration 

Unclear  

Number of 
studies  

28 32 2 10 17 

Table 17. Codes applied to studies for intervention training. 

Each study could receive multiple codes.  

 

It was also noted where researchers checked if the intervention was implemented 

faithfully, though some reports did not use the term “fidelity” for such checks. Twenty-five out of 

60 studies included a description that was coded as a fidelity check, while in 35 studies it was 

not reported that this was done, or fidelity was unclear. Where checked, only 13 studies stated 

that fidelity was high, nine did not report a fidelity level, and three studies indicated there were 

problems with the implementation. For example, Ford (2018) observed every other intervention 

session led by the classroom teacher and “document[ed] the presence of the core features of 

metacognitive training . . . The same checklist was used in the control conditions to evaluate 

program differentiation and determine whether the problem-solving strategies group was 

provided any key elements of the metacognitive training” (p. 52). Through these structured 

observations, the researcher identified key elements of the intervention that were not being 

implemented but noted improvement following feedback and “retraining” (p. 54) of the teacher. 

Sings Jenkins (2009) reports that one teacher was unable to implement the intervention as 
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planned and left the study, and Wijaya et al. (2018) indicates that teachers sometimes became 

uncertain or impatient when students did not respond quickly or in predicted ways (p. 9). The 

latter study focused on the concept of “opportunity-to-learn,” and trained students to approach 

authentic tasks critically to determine, for example, what information is relevant for solving them. 

They were also expected to justify their answers. That teachers had difficulty supporting 

productive dialogue suggests a need for more careful training around the theory of the 

intervention and how core concepts are operationalised. Collingwood & Dewey (2018) reported 

high fidelity overall, but there was some variability between the different teaching assistants who 

led the intervention. They also stated that some of the intervention elements were less 

consistently implemented than others, such as teachers’ responses to boost learners’ 

mathematics self-concept (p. 84).  

As indicated above, actual implementation fidelity was missing or unclear in most studies 

(n=44), even nearly half of those that stated implementation was monitored (9 studies). For 

example, Shilo and Kramarski (2019) analyse classroom discourse from video-recorded 

intervention sessions, highlighting differences between the study groups. They also state that 

structured fidelity checks were used to give feedback to the intervention leaders, but they do not 

report the substance of the feedback or give an overall fidelity level (p. 630). Bond and Ellis 

(2013) similarly state: “The researcher closely monitored progress throughout the investigation 

to ensure that lesson scripts were followed, confidentiality was maintained, and disruptions were 

avoided” (p. 230). This implies, but does demonstrate, that implementation fidelity was high, and 

it potentially obscures actions taken to enforce it during the intervention period. Another way to 

consider fidelity of implementation would be to ask how the intervention training may have 

impacted other, unintended aspects of the classroom teaching. Within the review, there is 

almost no mention of such potential spill-overs in teachers’ practice, and it was not possible to 

code this comprehensively. However, above examples illustrate teachers sometimes had 

trouble re-adjusting classroom norms to suit the MC/SRL training. Assuming they are successful 

in this, it might be worth examining other explicit or implicit changes to the classroom that follow. 

From an evidentiary perspective, high fidelity might not guarantee the intervention has caused 

any outcomes observed in a study, since a causal argument relies on numerous factors, but low 

fidelity would certainly call this into question. 
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4.1.9 Views of the intervention 

 An issue connected to fidelity of implementation is the social acceptability of the 

intervention. Studies frequently assessed students’ MC/SRL skills and attempted to conclude 

whether these had been impacted by the training. Less often, reports included samples of 

students’ dialogue or other “snapshots” of how they responded to the intervention. However, 

students’ subjective perceptions of the intervention could also be relevant in pedagogical 

decision making, and this was coded where surveys or interviews with students on this topic 

were reported, or where researchers made observations about students’ perceptions of the 

intervention. As shown in Table 18, only positive responses from pupils are noted in 10 reports, 

while eight report both positive and negative responses, and in one report only negative 

responses are reported. Forty-three out of 62 reports did not include students' views of the 

intervention. Where positive responses are indicated, students’ verbal or written quotes 

frequently illustrate presumed mechanisms of effectiveness for the MC/SRL interventions, such 

as increased mathematics related self-concept and better control and monitoring of behaviour 

and task performance. For example, Mandaci Şahin and Kendir (2013) quote one student, 

Yeter:  

 

Mathematics has started to be more entertaining. I have started to like thinking about the 

problem, planning and drawing figures. I used to make a lot of mistakes while solving a 

problem, for the process was too fast. Our teacher asked us whether we had understood 

or not. When we reported that we had not understood, he/she would go over the 

problem again too quickly. This time I could not report that I had still not understood. 

With this method, we solve problems slowly through games. I do not make mistakes 

now. Even if I make a mistake, I see where I am wrong and understand problems in a 

better way. (p. 1787) 

 

As the above example shows, pupils also mentioned increased enjoyment of 

mathematics learning activities and pointed out specific aspects of the MC/SRL approaches 

they found helpful. As noted above, negative responses were reported less often and showed 

students sometimes found the MC/SRL-based activities difficult, boring, or unhelpful. For 

example, Lee, Yeo, and Hong (2014) trained students in a structured approach to problem-

solving based on detailed task-analysis and diagramming, which seemed at times unwarranted 

for easier problems or took too long to utilise during an assessment (p. 473). The researchers 

concluded that students need to be explicitly taught the potential benefits of such an approach. 
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There are other included examples that show students could experience negative affect related 

to MC/SRL interventions. Tominey and McClelland (2011), which used the “Red Light, Purple 

Light” intervention, found that some children were passive or apprehensive about participating in 

the circle games, but their response improved when given the chance to lead the games 

themselves (p. 513). In Motteram et al. (2016), pupils used iPads to record video, audio, and still 

images, and to annotate these samples of their work with reflections on learning. These 

materials were made available to others through the “Evernote” system for shared reflection and 

dialogue, but some pupils voiced concerns about privacy or worried their own responses could 

be deleted (p. 32). In Barrus (2013), increasing students’ awareness of their own thinking 

deficits seemed to cause a temporary drop in motivation (p. 60). In Fößl et al. (2016) and 

Kramarski and Friedman (2014) students experienced frustration with the interface for the 

computerised tutoring programmes developed by researchers and provided specific feedback 

for improvement. These examples show the range of cognitive, metacognitive, and affective 

perspectives students offer on an intervention, which could be useful for optimising it in future 

research or practice, but only 19 out of 62 reports included such views, and of these more than 

half reported only positive comments.  

Regarding teachers’ views of the interventions, 46 out of 62 reports did not include any 

responses, six included only positive responses, another six included both positive and negative 

responses, and four reported only negative responses. While some stated in a general way that 

teachers found the interventions acceptable or useful, others offered more focused feedback. In 

Collingwood and Dewey (2018), a teaching assistant who delivered the intervention expressed 

that the trained affective-regulation and task-approach strategies would also be beneficial in 

contexts beyond mathematics learning (p. 86). This touches on the idea of “transfer,” which has 

been frequently discussed in MC/SRL research, and it connects to an early assertion by Flavell 

(1979) that metacognition would lead to better life choices in addition to better school 

achievement (p. 910). Some teachers also pointed to benefits for students like improved 

behavioural regulation (Ford, 2018), motivation (Fößl et al., 2016), and resourcefulness (Byrd, 

2019). Interestingly, in Cross (2009, p. 926), teachers noted that the written and verbal 

argumentation exercises gave them insight about students’ current misconceptions. Thus, the 

MC/SRL activities could help strengthen the feedback loop of teaching and learning within the 

class. Not all intervention leaders’ responses were positive, however. Teachers sometimes 

experienced difficulty implementing the MC/SRL training as intended or on schedule. Barrus 

(2013, p. 60) states that classroom management became more difficult as pupils were expected 

to work with learning software independently, rather than having the teacher directly lead the 
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lesson. In Byrd (2019, pp. 88-89) there were frequent technology-related issues that impeded 

the intervention progress. Edwards (2008) reports that teachers in the intervention group 

thought the pace of activities was too rushed (p. 77) and that one was demoralised about taking 

time away from test preparation and did not continue using the intervention “with the same 

resolve” (p. 102).  

While such concerns could arise with a variety of interventions, there could be some 

unique to MC/SRL interventions in mathematics. For example, Cross (2009, p. 926) found 

teachers to struggle with adopting new classroom norms based on their experiences of 

“traditional” teaching and beliefs about the nature of mathematics learning. This is noteworthy 

because MC/SRL programmes encourage students to take a more self -directed approach to 

learning, while giving them the tools and opportunities to do so. Compared with a traditional, 

teacher-centred approach, MC/SRL programmes could require major shifts in classroom culture 

to be implemented successfully, as Cross points out. In Sings Jenkins (2009, p. 44), one 

intervention teacher was removed from the study because she did not fully implement some of 

the SRL strategies she found challenging, indicating a need for better training or support in the 

future. Teachers’ beliefs about their students were also illustrated in some responses, as shown 

in Ford (2018). In that study, the teacher expressed doubt beforehand that students would be 

able to meet the expectations of the new programme in their behaviour or task performance, but 

these concerns were not realised (p. 73). In other reports, teachers also voiced concern that 

students with language-related or other special needs might not benefit from the interventions to 

the same extent as others (Motteram et al., 2016, p. 29), or that the mathematical tasks used in 

the intervention could be too difficult (Vula, 2017, p. 57). While this reveals how MC/SRL 

training might be accepted or rejected by teachers, no trends can be identified due to missing 

information across the review set. Of the 46 reports that did not include teachers' views, around 

half reported studies at least partly led by the regular classroom teachers. Even for those 

interventions led by other individuals, it could be beneficial to note what the classroom teachers 

knew about the interventions and how they responded, but this has been largely overlooked32. It 

would be expected that the success of MC/SRL strategies relies, to some extent, on students’ 

and teachers’ willingness to use them. Using such strategies perfunctorily without being 

convinced of their value would undermine a MC/SRL rationale based on explicit and strategic 

thinking. Ignoring participants’ views could also add weight to criticisms of following the “medical 

 
32  In some cases, measures were taken to obscure the goals of  the research f rom teachers (e.g., 
Desoete, 2009, p. 442), though strict blinding/masking protocols were not of ten reported.  
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model” (Morrison, 2021, pp. 103-105) of effectiveness in education research, rather than 

considering teaching and learning from a more holistic, community-based perspective.

 

Response  Student responses  Teacher responses Student and teacher 

responses  

Positive only 10 6 9 

Negative only 1 4 4 

Mixed  8 6 12 

Unclear  43 46 37 

Total reports 62 62 62 

Table 18. Codes applied to included reports for social acceptability of the MC/SRL intervention.

4.1.10 Mathematics content and the MC/SRL interventions 

I next examined the mathematical content of the teaching for included studies. If not 

explicitly given, this could sometimes be determined from the assessment descriptions. Only 

some reports included samples of the mathematical tasks students worked with, and a few 

reports included a full list of the mathematics topics. Not all interventions were focused on 

mathematics specifically since all studies with a mathematics skills outcome were eligible for 

inclusion. Instead, interventions could focus on general MC/SRL strategies for learning and 

include mathematics tasks only occasionally or not at all. The mathematical operations involved 

were not always clear. Thus, the codes represent different levels of specificity and are not 

mutually exclusive. For example, Collingwood and Dewey (2018) and Jackson Jackson (2012) 

both included tasks related to money and time. In Bruce (2015) students were trained in goal-

setting and completed individualised plans to prepare for the Measures of Academic Progress 

(MAP) assessment, therefore different students would likely be exposed to different 

mathematical content, but this is not described in the report. Figure 15 shows the mathematical 

content codes applied. Although studies could involve multiple types of tasks or mathematics 

content, many had a specific focus, such as on word problems (19 studies). After word 

problems, the most common mathematics areas used were multiplying/dividing (15 studies), 

adding/subtracting (13 studies), algebraic functions (13 studies), and geometry or trigonometry 

tasks, including those examining properties of circles (11 studies). The remaining codes were all 

used in fewer than 10 studies. Some studies mentioned choosing a specific task or topic to 

intervene upon due to its difficulty for many pupils to master. For example, word problems were 
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said to represent a challenge due to their use of specialised language and the need to infer the 

necessary operations rather than have them clearly determined by the problem statement. 

Morales (2016) worked with English learners who needed assistance to understand such 

problems and explain their approaches. Wang et al. (2019) focused on fractions, which they 

argue has not received enough focus as a “foundational” (p. 339) skill with which many students 

struggle. Although the students in Wang et al. (2019) had documented “difficulties” in 

mathematics, many included studies did not make clear whether their participants found the 

target tasks hard or easy. Difficulty could be relevant to the expected usefulness of MC/SRL 

approaches. When students experience difficulty (e.g., high effort, low achievement, negative 

social comparisons), this would be viewed as important feedback on self-efficacy within the 

social-cognitive model of self-regulation (Bandura, 1991). Depending on how learners interpret 

this feedback, they may be encouraged to expend more effort or strategic behaviour or may be 

discouraged from doing so. As pointed out in the EEF’s guidance report on metacognition and 

self-regulated learning (Quigley et al., 2018, p. 18), goals or tasks should present a rewarding 

but reachable challenge that is just beyond one’s current capabilities, and MC/SRL strategies 

could be most effective in a context of optimised difficulty. Yet to evaluate the empirical 

evidence for this model, and to confirm the role of MC/SRL strategies, would require more 

primary-study reporting about students’ perceptions of difficulty.  
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Figure 15. Codes applied to studies for mathematical content. 

Studies could receive multiple codes. 

 

In some cases, the interventions were designed to accompany either a standard unit 

from the curriculum or a newly developed unit also being used in the comparison group, but 

without MC/SRL elements (e.g., Bond & Ellis, 2013; Edwards, 2008). In other cases, teachers 

were instructed to use the MC/SRL strategies in normal lessons (e.g., Baliram & Ellis, 2019). 

When the intervention involved solving problems on a computer or other device, the content of 

these problems could be tailored to the curriculum of the class or broad-ranging, and the SRL 

elements could be embedded in the problems themselves or used alongside them. To 

determine how the MC/SRL training aligned with the mathematics content, studies were coded 

for their mathematics “embeddedness” (see Table 19). From 60 studies, 51 were coded as 

having MC/SRL training taught through mathematics–that is, it was presented as being woven 

through mathematics learning, such as planning for, monitoring, and reflecting on mathematical 

tasks or learning about general mathematics principles. The IMPROVE studies, and others in 

which a structured approach to problem-solving were taught, fit this category (e.g., Babakhani, 

2011; Cornoldi et al., 2015; Jitendra et al., 2015; Tok, 2013). Aside from self -questioning, 
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studies with this code taught strategies for defining and representing tasks, such as through 

schematic drawings (e.g., Abdullah, 2014; Hughes et al., 2019), explaining task approaches to 

others verbally (e.g., Finau et al., 2018) or in writing (e.g., Morales, 2016), or controlling 

attention and affect while completing tasks (e.g., Perels, Dignath, & Schmitz, 2009). The 

intervention needed to be designed to facilitate learning and performance in mathematics 

specifically to receive this code, and the data extraction shows that most of the included studies 

had such a focus. Twelve studies trained MC/SRL skills alongside mathematics. The 

interventions focused on, for example, behavioural and emotional regulation, performance-

related goal setting, or general reflection on learning (Motteram et al., 2016). As studies were 

done in schools, students were involved in normal mathematics classes, but there was no clear 

connection between the MC/SRL activities and the mathematics learning. In several cases, 

there were multiple elements to the intervention, where some included mathematical tasks and 

some did not, and then both codes were used. Rarely, the MC/SRL training was done through a 

non-mathematical domain or outside of an academic class (six studies). Mathematics skill-

assessment needed to be a pre-planned outcome for reports to be included in the review. Still, 

the MC/SRL training was sometimes delivered in a language arts class (e.g., Hughes et al., 

2019) or during a play period (e.g., Tominey & McClelland, 2011). If the intervention included 

activities in both academic and non-academic contexts, this also resulted in multiple codes 

being applied. 

 

Level of mathematics embeddedness  Number of codes  

MC/SRL taught through mathematics 51 

MC/SRL taught alongside mathematics 12 

MC/SRL taught through other or no academic 

subject  

6 

Table 19. Codes applied to studies regarding mathematical embeddedness of the interventions.  

Note that some studies received two codes. 

 

4.1.11 Theoretical discussions and rationales for MC/SRL programmes   

 All studies in the current review needed an explicit basis in MC/SRL theory to be 

included. In addition, most studies mentioned other related theories and concepts, such as 

motivation, self-efficacy, and self-reflection. Several previous reviews considered primary 

studies’ theoretical basis and, in some cases, used this information to categorise the 
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interventions (e.g., Dignath, Büttner, & Langfeldt, 2008; Wang & Sperling, 2020). For the current 

review, I examined the theoretical discussions of included reports. I was also interested to see 

whether student and teacher participants in the studies were provided with a rationale for using 

MC/SRL strategies including a discussion of MC/SRL theories. This second point has not been 

covered in previous reviews, but I considered it relevant, since MC/SRL programs may work 

directly through participants' beliefs, motivations, and informal theories of mind. During the data 

extraction, I found that most reports included a detailed rationale for the MC/SRL intervention 

based on empirical and theoretical research and information about the target context. Three-

fourths of studies (n=44) reported rationale in “high detail,” while the remaining featured 

“moderate detail.” However, discussions of theory and rationale were less clear for participants, 

with only a third of studies (n=21) reporting they discussed theory or rationale with students, 

while half (n=29) discussed this with teachers or other intervention leaders. This latter number 

includes studies where researchers led the intervention and knowledge of the underlying 

theories is assumed where not explicitly stated. 

 

Was the theoretical basis or rationale discussed . . . 

in the report? high detail moderate detail low detail 

44 16 0 

with pupils? yes  no  unclear 

21 0 39 

with teachers or other 

intervention leaders?  

yes no unclear 

29 0 31 

Table 20. Codes applied to included studies for discussion of theoretical basis or rationale. 

There was great variety in the types of MC/SRL theories or sub-theories alluded to in the 

study rationales, with many reports mentioning multiple theories and researchers, and no clear 

patterns across the review. Similar to other reviews, I found that general metacognitive, social-

cognitive, and motivational theories were discussed in multiple studies, in addition to more 

limited concepts such as “maths anxiety” (Collingwood & Dewey, 2018), attributions (Dresel & 

Haugwitz, 2008), calibration (Riggs, 2012), executive function (Schmitt, 2013), and opportunity-

to-learn (Wijaya et al., 2018). Concepts specific to mathematics were also discussed, such as 

the use of consistent or inconsistent language in problem statements (Mevarech et al., 2010), 

Pólya’s phases of problem-solving (Morales, 2016; Lee, 2014), and cognitive conflict (Finau et 
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al., 2018). Where interventions focused on understanding and representing mathematical tasks 

(Pennequin et al., 2010), choosing effective strategies (Shilo & Kramarski, 2019), and reflecting 

on errors (Heemsoth & Heinze, 2016), rationales more explicitly linked MC/SRL theories with 

the specific needs of mathematics learners. In some other cases, MC/SRL activities were 

presented as generally beneficial for learning in school without clearly locating this within the 

mathematics domain (e.g., Motteram et al., 2016). For example, Bond and Ellis (2013) trained 

students in “reflective assessment” and a “think aloud” technique designed to encourage 

metacognitive growth, yet there is no discussion of how this would be beneficial in mathematics 

specifically. Treatment of theories within MC/SRL studies is discussed further in the final 

chapter. 

4.1.12 The MC/SRL stages, activities, and strategies  

Because specific mathematical tasks often set the context for the MC/SRL training, I 

report the “stage of MC/SRL” on which the intervention focused. Boekaerts and Corno (2005) 

refer to “orientation, performance, and verification stages of mathematics problem solving” (p. 

2011). The idea is that meta-level skills take different forms when they are used before, during, 

or after a task. For the current review, many reports alluded to models of SRL or problem-

solving that included three or four stages, one or two prior to task performance, one during it, 

and one after it. Rather than categorising studies based on such models, I recorded whether 

they focused on pre-task, during-task, or post-task strategies, or a combination. It was found 

that 47 out of 60 studies included multi-stage or general MC/SRL strategies, while four were 

considered only pre-task interventions, four during-task, and five post-task. Pre-task 

interventions included activities such as setting performance or learning goals, understanding 

tasks, and planning a task approach. Calibration, or predictions about task performance (e.g., 

Riggs, 2012), were also considered pre-task activities. During-task interventions focused on 

monitoring and control of cognition, attention, behaviour, or affect, and generally used specific 

prompts or questions to guide learners. For example, Shamir and Lifshitz (2013) used e-books 

that included prompts on each page to help students monitor their thinking. Post-task activities 

included reflections on learning or performance and making appropriate attributions for 

successes and failures. Heemsoth and Heinze (2016) had pupils consider the faulty reasoning 

or mistakes in calculation behind their own errors. As noted, more than three-fourths of the 

interventions included strategies for multiple task stages, or they utilised general approaches, 

such as verbalising thought processes, that could be employed at any stage of a task. 
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In addition to the stage of MC/SRL, the current review analysed interventions in a more 

fine-grained way by extracting information about the specific activities and strategies each 

contained, shown in the “Activities and Strategies” table in Appendix 10. As above, these were 

coded based on what was done and said in the interventions, not on the theoretical discussion 

in the reports. Because a single intervention activity could have multiple components, different 

combinations of activities and strategies were seen. Some of the codes related more to the 

mode of learning, such as writing, discussion, or graphing, while others related more to the 

MC/SRL focus, such as planning, monitoring, or reflecting on learning.

 

Activity or Strategy Used  Studies 

Questioning, monitoring, or control of  learning or task processes or performance 48 

Mathematics problem-solving  45 

Def ining or planning for tasks or learning activities, strategy choice 44 

Self -evaluation or self -prediction (e.g., calibration) of  knowledge/performance  42 

Discussion (verbal or written) 39 

Explaining task approaches/TA (thinking aloud)/ students teaching peers, recording audio 
ref lections 

35 

Providing or receiving/reviewing marks or feedback, error-correction  34 

Graphing, modelling with images, taking photographs, or colouring  28 

Writing about thinking 26 

Learning/reviewing mathematics principles 22 

Af fective/motivational regulation  17 

Behavioural, attentional, time, and environment regulation  16 

Setting learning or achievement goals 15 

Use of  play, games, music/sounds, drama, or humour 11 

Memory and "study" strategies, note-taking 9 

Mathematical language/terms and reading strategies  9 

Unstructured mathematics exploration, task formulation or choice by students  8 

Construction or manipulation of  physical props 6 

Attributions for performance  5 

https://docs.google.com/document/u/0/d/1mYGujv4B5jTnPyV-b3erPJA6azLOtzsX7Kz1Fjj_-tg/edit
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Activity or Strategy Used  Studies 

Physical exercise, movement, or breathing  4 

Table 21. Activities and strategies used in interventions and number of reports with each code.

As shown, the most common intervention activity was “questioning, monitoring, or 

control of learning or tasks” (48 studies). This is not surprising given the large number of studies 

using the IMPROVE approach or a similar self-questioning scheme. Just as IMPROVE uses a 

mnemonic to cue essential actions when problem-solving, other interventions also used a 

memorable word or phrase or pictorial guide to aid students in remembering the steps (e.g., 

Lee, Yeo, & Hong, 2014). This code was also applied when students received external prompts 

during problem-solving, such as from the teacher or a computerised tutoring programme. 

“Mathematics problem-solving” was the second most common code here, being used by 45 

studies out of 60. This was only coded when, as part of the intervention, students worked on 

tasks requiring mathematical computations, such as answering word problems or solving for a 

variable in an equation. Tasks in which students were not expected to produce a correct or 

optimal solution did not receive this code. The next most common code (44 studies) was 

“defining or planning for tasks.” Interventions with this code trained students in strategies for 

reading and understanding word problems such as by identifying relevant versus irrelevant 

information, modelling tasks with graphs or other images, identifying the requisite operations to 

reach a solution, and choosing among different potential solution strategies. Another common 

code (42 studies) was used when students evaluated their own knowledge and skills relative to 

a task, either before or after attempting it. Calibration exercises, which asked pupils to predict 

their score on an assessment tool, were also included in this category (e.g., Riggs, 2012). 

These were also combined with post-task self-evaluations, either before or after receiving 

correctness feedback. More than half of included studies (39) stated they used some kind of 

discussion around learning to encourage MC/SRL processes. Pupils explained their own 

reasoning and prompted, questioned, or challenged that of their peers, but sometimes the 

discussion was less specified in reports. The “discussion” code was only used for short, back-

and-forth exchanges in person or mediated by technology, whereas there was a different code 

for written explanations of thinking that did not presume a reply (26 studies). Thirty-four studies 

included activities relating to feedback on performance or correctness, whether on a test, or 

from a teacher or peer. Studies that focused on strategies for error-correction also received this 

code, since students had to be notified about their errors to correct them. Sometimes the 
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correctness feedback was delivered by a computer-based tutoring programme, along with 

prompts for re-thinking the task or solution (e.g., Kramarski & Gutman, 2006).  

 There was also a code for activities and strategies that utilised verbal or written 

explanations of one's own thinking (35 studies). Interventions using the term “think-aloud” were 

included in this category. Motteram et al. (2016) had pupils record their reflections in video or 

audio. Any activity where students explained or justified their task approaches fit in here. 

Another code (28 studies) was used for activities in which students generated images 

representing a task or their own learning, such as through photographs or drawings. Frequently, 

these images displayed relationships between elements in a problem (e.g., Abdullah, Halim, & 

Zakaria, 2014; Mandaci Şahin & Kendir, 2013), which could free students from only focusing on 

the numeric operations required. These images could also demonstrate whether students were 

properly interpreting information in a word-problem, for example, so that they did not start on the 

wrong approach.  

 The remaining activities and strategies were used in less than half of the included 

studies. They included (from most common to least common): learning or reviewing 

mathematics principles; regulation of affect or motivation; regulation of behaviour, attention, time 

or the learning environment; setting learning or achievement goals; use of play, games, music, 

drama, or humour; memory, note-taking, and study strategies; mathematical language and 

reading strategies; unstructured mathematics exploration or self -formulation of tasks; 

construction or manipulation of physical props; performance related attributions (self - or other-

focused); and physical movement or breathing exercises. In Appendix 10, examples for each of 

the activities and strategy codes are given from the included studies. 

 The materials used in the interventions are shown in Table 22, although this information 

was not always included in the reports. Because interventions could have multiple components 

with different materials, several codes could be used for the same study. Texts, either physical 

or digital, were used in most studies (n=46), while nearly half (n=28) reported using images of 

some kind. Personal digital devices were used in only 12 out of 60 studies, while in eight studies 

the intervention involved passive video or audio display, and in four studies “smartboards” or 

“multi-touch” devices were used. Items for creating crafts (six studies) or drawing tools other 

than pencils (two studies), were used rarely. Cards, coins, or other manipulatives and 

consumable items were used in three and two studies, respectively. In six studies, the materials 

used were not reported clearly. 
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Intervention Materials  Studies  

Books, papers, notecards, or screens with text 46 

Pictures, images, diagrams, posters 28 

PCs, laptops, tablets, phones (personal devices) 12 

Passive video or audio display, slide show 8 

Paint, coloured or craf t paper, stickers, glue, scissors  6 

Whiteboard, smartboard, or "multi-touch" device 4 

Board games, playing cards, dice, coins, or manipulatives  3 

Rulers, protractors/compasses, or other measurement/drawing tools  2 

Gum, candy, or other consumables  2 

Table 22. Intervention materials coded and number of studies receiving each code.

 

Some reports (e.g., Kang, 2010) emphasised that MC/SRL training could be 

accomplished with simple materials, such as worksheets. I had planned to extract information 

about the interventions’ costs, but these were not mentioned in most reports. Only Motteram et 

al. (2016) reported a detailed cost estimate of the ReflectED at £18.72 per pupil per year, for a 

three-year implementation. While this estimate assumed schools already had iPads or other 

devices with which to take photographs and record reflections on learning, the estimate included 

the cost of paper and other physical materials, training for intervention leaders, and a 

subscription to the Evernote programme (p. 5). The authors note that the Education Endowment 

Foundation (EEF), which sponsored the study, rates this as a very low-cost educational 

intervention. Although the cost of training intervention leaders or purchasing software licences 

could add to the overall cost of an intervention, it is likely that the cost of materials would be low 

for most of the interventions in this review. This review demonstrates that there are a range of 

approaches to training MC/SRL skills, most of which would be extremely affordable.  

4.1.13 Quality of evidence 

 While Dent and Koenka (2016) included intervention and observation studies in their 

review, I sought to include only designs that could indicate causal relationships between the 

MC/SRL programmes and mathematics outcomes and thus contribute to an understanding of 

effectiveness. This cannot be demonstrated, however, unless potential confounds and biases 

are limited (i.e., “threats to validity,” Hedges, 2012, p. 28). To gauge this, I judged included 
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studies based on specific questions regarding their quality control factors, as shown in Table 23. 

Included reports varied widely in how participants were selected and assigned to groups, 

whether they were informed about the study and their group assignment, and the nature of the 

comparisons and assessments conducted. I found that two-thirds or more of reports did not 

make it clear: whether participants were blinded or masked (42 studies); whether there was 

potential selection bias (39 studies); whether participants could have switched treatments during 

the study (46 studies); whether participants’ beliefs, such as resentful demoralisation, could 

have impacted the results (47 studies); and whether the MC/SRL programmes were 

implemented with high fidelity (44 studies). It was also frequently unclear whether groups were 

equivalent at baseline (29 studies) or had low or equivalent attrition levels (20 studies). Most 

studies did not evaluate outcomes appropriately, given the allocation to study conditions (39 

studies). That is, many studies allocated schools, classes, or small groups to study conditions, 

but they evaluated and reported student-level outcomes without any adjustment for nested or 

non-independent data. This was also unclear when there was no information about how 

students were allocated to groups in the first place. Almost one-third of studies did not use 

standard teaching as the comparison for the MC/SRL-based programme (19 studies), and a 

quarter of studies used more than one mathematics assessment (15 studies) or an assessment 

that was not developed separately and validated prior to the study (14 studies). Use of multiple 

assessments or analyses could result in spurious findings (Gorard, 2014, p. 53), and use of 

unvalidated assessments or those validated with the same data used to report the study 

outcomes could undermine reliability. In total, 11 quality-control factors were examined, and on 

average these were implemented and reported appropriately by only one-third of primary 

studies (21 studies). 
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Question or item Yes No Unclear  

Blinding or masking performed? 13 5 42 

Low or no selection bias? 15 6 39 

Baseline equivalence demonstrated? 24 7 29 

Business-as-usual comparison used? 35 19 6 

Evaluated at level of  allocation to condition? 14 39 7 

Only one mathematics assessment used? 44 15 1 

Mathematics assessment separately developed/validated? 29 14 17 

Low or balanced attrition/missing data? 28 12 20 

Low contamination or crossover? 12 2 46 

No evidence of  participants’ beliefs af fecting outcomes? 2 10 47 

High f idelity of  treatment?  13 3 44 

Total 229 132 298 

Average 21 12 27 

Table 23. Codes applied to studies regarding quality control and strength of evidence.

4.1.14 Ethical issues  

Ethical participation factors were also examined for the narrative synthesis. Although 

ethics standards for research vary, many identify the need for informed consent or voluntary 

participation. Information about how personal data will be used should also be communicated to 

participants. Since educational research frequently involves vulnerable children and 

adolescents, researchers must be sensitive to even minor harms, such as emotional stress or 

missed learning opportunities. On the other hand, explicit consent may not be required in all 

localities, especially when the interventions and assessments are similar to those already in use 

and only aggregated data is reported. Teachers could also suffer participation harms, such as 

pressure to participate in a trial or reprisals for poor performance with the intervention. I was 

interested in how studies for this review negotiated ethical issues, but reporting was generally 

lacking. Most studies did not report how students or teachers were enrolled in the study or how 

personal data was stored or protected (see Tables 24 and 25). In fact, in several cases, 

samples of student work were used in the primary study reports without de-identification 

(Edwards, 2008; Tok, 2013). Some studies, while not identifying teachers, reported their 
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engagement in the study in a negative light that could lead to consequences if they were 

identified by superiors. For example, Cross (2009) reports:  

 

 . . . teachers took a fairly traditional, teacher-centered approach to teaching and so in 

order to facilitate [discussion] they had to . . . relinquish some of the control for 

knowledge building to the students as well as manage a classroom that was active and 

alive with students’ talk and movement. Having to function in this way seemed to 

threaten the perceptions they had of their teacher role. . . .and how they thought 

students learned best. (p. 926) 

 

As illustrated in this quote, MC/SRL interventions may necessitate novel classroom dynamics 

and upset teachers’ and pupils’ beliefs about learning. While voluntary participation might 

indicate a readiness to make such shifts, Cross (2009) does not state whether teachers had a 

choice to participate or not, and this could be important for understanding their negative 

reactions and lack of intention to continue using the intervention (p. 927). Based on the lack of 

reporting in the included studies, no trends in ethical participation can be outlined for the present 

review. 

 

Question Yes No Unclear  

Consent/assent for the study sought f rom students themselves? 15 0 45 

Consent sought f rom parents/guardians?  16 1 43 

Personal data protected? 12 2 46 

Students f ree f rom negative consequences/reprisals? 6 0 54 

Table 24. Codes applied to studies regarding ethical participation of students.

 

Question Yes No Unclear  

Consent sought f rom teachers/staf f?  13 0 47 

Personal data protected? 5 2 53 

Teachers/staf f  f ree f rom negative consequences/reprisals? 2 1 57 

Table 25. Codes applied to studies regarding ethical participation of teachers and staff.  
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4.2 The meta-analysis results 

This section presents results from the posttest-only and pre/post meta-analysis of study-

level effects on mathematics skills or achievement outcomes. As a reminder, each study 

contributed a single effect size to each meta-analysis based on grouping together all MC/SRL 

study conditions and comparing them to all non-MC/SRL conditions, according to the methods 

described in the previous chapter. Study-level effects were generated using means, standard 

deviations, and sample sizes, where reported, with any necessary divergence from this detailed 

above and in Appendix 7. Effect sizes and standard errors for all 60 included studies were 

entered into a Meta-Essentials (Suurmond, van Rhee, & Hak, 2017) workbook, yielding results 

for the meta-analyses, heterogeneity check, publication bias check, and moderator and 

subgroup analyses. These results are presented and interpreted here, with further discussion in 

the next chapter. Consideration is given to how these results can be applied to teaching and 

learning practices and future research.  

4.2.1 The posttest-only meta-analysis 

The forest plot in Figure 16 shows the results of the posttest-only meta-analysis 

including outcomes from 60 primary studies. Recall that some studies only reported adjusted 

outcomes, so in a few cases these effects control for baseline differences. Studies are ordered 

by weight descending, so that those at the top have the most impact on the overall combined 

effect size. The individual study effects are shown as blue circles with the size of the circle 

indicating the weight based on the variance. Each individual effect also appears with its 95% 

confidence interval shown as black bars. As shown in the Figure 16, the studies with the lowest 

variance have the narrowest confidence intervals and the highest weight in the combined effect 

size calculation. Although the two most highly weighted studies, Jitendra et al. (2015) and 

Motteram et al. (2016) both have negligible effects, the overall combined effect size is 0.46, with 

a standard error of 0.08. This is shown by the green circle at the bottom of the plot and is also 

reported in Table 26. The 95% confidence interval for the combined effect size, represented by 

the black bars next to the green circle, ranges from 0.30 to 0.63. Using the traditional language 

of statistical significance, this means the combined effect is “significant,” or not considered likely 

to have occurred by chance, since the confidence interval excludes the null, though the 

problems with this interpretation have been discussed at length (e.g., Gorard, 2015). The green 

bars extending on either side of the black bars represent the prediction interval, which is 

sometimes interpreted as indicating the range of potential future studies (IntHout, et al., 2016). 
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Due to lack of consensus on its meaning, only the prediction interval for the posttest-only meta-

analysis is reported. 
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Figure 16. Posttest-only meta-analysis forest plot, studies ordered by weight.  
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Combined effect 
size 0.46 

Standard error  0.08 

95% Confidence 

interval  0.30 to 0.62 

Prediction interval -0.37 to 1.30 

Table 26. Results of the posttest-only meta-analysis.

4.2.2 Publication bias estimation 

A chief concern for meta-analysis is whether the combined values include all, or a 

representative fraction, of those that exist in the world. Otherwise, this undermines the validity of 

the combined effect. One way to check for this “publication bias” (Song, Hooper, & Loke, 2013) 

is to examine the range of included effects, which would be predicted to lie along a normal 

curve, with more moderate effect studies and fewer studies with high or low effects. For the 

current review, if there were imbalance in the range of effects, I would infer that some studies 

were missed due to their being unpublished or inaccessible to me. I used several helpful tools in 

Meta-Essentials to check for potential publication bias, but ultimately this is an issue of 

judgement and is more complex than simply checking a graph. Figure 17 shows a funnel plot of 

the effect sizes and standard errors of the included studies. The blue circles represent the 

individual studies, and the green circle and black bars at the bottom the combined effect size 

and its confidence interval. The red line at the bottom shows the adjusted combined effect size 

after imputing any “missing” studies, of which there are none here. Publication bias could 

include null or negative-result studies being unpublished or reported in a lower-access format, 

leading to asymmetry in the funnel plot. To correct for this potential bias, Meta-Essentials 

includes a “trim and fill” feature, based on the approach described by Duval and Tweedie 

(2000), which removes the more “extreme” studies and then replaces them with imputed studies 

designed to improve the overall symmetry and adjust the combined effect. In this case, there is 

no clear asymmetry using the original 60 studies of the meta-analysis, so no “missing” studies 

are imputed and the combined effect size is unadjusted. The range of effects from the primary 

studies does exceed that expected, as shown by the two red lines on either side of the “funnel.” 

These lines represent the 95% confidence interval for the combined effect given different 

standard errors. Despite several studies falling outside of these lines, there is no clear positive 

or negative skew, so these potential “outliers” are retained for all further analyses. 
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Figure 17. Funnel plot of included study effects and their standard errors.  

  

The interpretation that the observed effects are symmetric around the mean is also supported 

by an examination of the standardised residual histogram produced in Meta-Essentials, shown 

in Figure 18. This histogram shows the Z-scores of observed effects are mainly found between 

1.5 and 1.5, as expected, without any indication of positive or negative bias.
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Figure 18. Standardised residual histogram showing expected vs. observed dispersion from the mean of 

effect sizes.

 

While the funnel plot and standardised residual histogram examine the symmetry of 

effects, other analyses within Meta-Essentials estimate the stability of the combined effect 

based on the included studies. For example, “fail-safe n” tests predict the number of additional 

studies that would be needed to disturb the combined effect. Several of these are based on the 

“significance” of the combined effect, whereas the size of the effect is considered of more 

interest here. Thus, only Orwin’s (1983) test is reported here. Assuming the studies to be added 

had a mean effect size of 0.0, it is estimated that 498 additional studies would be needed to 

move the combined effect size to a criterion value of 0.05, essentially a null result. This 

indicates the combined effect is robust and unlikely to change should more studies fitting the 

review criteria be identified. Considering all the other analyses above, I judge there to be a low 

risk of bias in the current review due to unpublished or inaccessible studies.   

4.2.3 Heterogeneity in the results 

Several values reported in the Meta-Essentials workbooks can be interpreted as 

markers of heterogeneity (see Table 27). That is, they indicate the extent to which the observed 

individual study effects do not seem to be sampled from the same population. Although using 

the random-effects model for meta-analysis assumes that “true” effects of the interventions may 

vary from study to study, the values reported for this meta-analysis indicate a higher-than-
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expected variation in effects, indicating it may not have been appropriate to combine the review 

studies in a single meta-analysis. In fact, the developers of Meta-Essentials, the tool used for 

this meta-analysis, caution strongly that heterogeneity markers indicate a need for further 

investigation to identify potential subgroups and moderators of the effect, and that the combined 

effect size and publication bias analysis will only be meaningful given a “set of homogeneous 

results” (Hak, van Ree, & Suurmond, 2018, pp. 10, 19). Thus, considering the extent of and 

reasons for heterogeneity in the meta-analysis are crucial steps.  

To begin with, the forest plot of individual study effects in Figure 19 can be visually 

inspected for signs of heterogeneity (Siebert, 2018). From this, it is evident that the confidence 

intervals of a large number of the effects overlap, while a number of others do not overlap and 

indicate heterogeneity. Here, the studies are ordered by descending value of the standard error. 

Studies shown at the top, those with the largest standard errors, also have less overlap in their 

confidence intervals. Thus, it could be interpreted that these studies represent the region of 

greatest heterogeneity.
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Figure 19. Posttest-only MA forest plot, studies ordered by standard error.

 
As shown in Table 27, the Q-statistic of 439.77 indicates the total amount of variation 

from the mean in the meta-analysis, calculated by summing the weighted, squared differences 
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(or Weighted Sum of Squares) from the mean of the individual studies (Borenstein et al., 2009, 

p. 109). Although this value is high, it is partly due to the high number of individual studies 

included in the review, and is therefore not as relevant a marker of heterogeneity as I², which is 

a measure of the total variation in effects minus the variation expected given the degrees of 

freedom (i.e., the number of included studies minus one). This residual variation represents the 

proportion of the variation assumed to be real, or not due to sampling error. In this case, I² is 

reported as 86.58%, meaning that nearly all of the variation in the individual study effects is 

assumed to be real. The other values reported for heterogeneity are T²=0.17 and T=0.41. These 

values can be interpreted as the variance and the standard deviation of the “true” effects, 

respectively (Borenstein et al., 2009, p. 111). Higher markers of heterogeneity could indicate 

important disparities between the included studies, which will be explored further below. First, 

however, it was thought to be beneficial to consider an alternate approach to generating the 

effect sizes from the original studies, which could also impact the degree of homogeneity found 

in the meta-analysis.

 

Q 439.77 

pq 0.000 

I2 86.57% 

T2 0.17 

T 0.41 

Table 27. Markers of heterogeneity for the posttest-only meta-analysis. 

  

4.2.4 Pre/post and “best guess” meta-analysis results 

As explained in detail in the previous chapter, I sought to incorporate all relevant data 

from the primary studies, and to adjust for potential baseline differences. Therefore, I performed 

a pre/post meta-analysis using a random-effects model and included 50 studies out of the 

original 60 from the review set. The remaining 10 studies either did not have a pretest 

comparable to the posttest, did not report it, or reported it such that MC/SRL and non-MC/SRL 

groups could not be compared. The results of the pre/post meta-analysis can be seen in Figure 

20 and Table 28. The effect size is now d=0.56, SE=0.08, with a 95% confidence interval of 

0.40 to 0.73. Regarding heterogeneity markers, the total variance is slightly less in the pre/post 

meta-analysis than in the posttest-only meta-analysis (Q=404.49, 439.77, respectively), but the 
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proportion of “real” variance in the effects is slightly higher for the pre/post meta-analysis, with 

I²=87.89% compared to I²=86.58% for the posttest-only meta-analysis. 

 

Figure 20. Pre/post MA forest plot, studies ordered by standard error.
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Result  Pre/post MA  “Best guess” MA  Posttest-only MA  

Effect size 0.56 0.56 0.46 

Standard error  0.08 0.08 0.08 

95% confidence interval 0.40 to 0.73 0.41 to 0.71 0.30 to 0.62 

Q 404.49 520.55 439.28 

pq 0.000 0.000 0.000 

I2 87.89% 88.67% 86.57% 

T2 0.18 0.18 0.17 

T 0.42 0.42 0.41 

Table 28. Results for pre/post, “best guess,” and posttest-only meta-analyses.  

Since the pre/post meta-analysis contains fewer study-level effects than the original 

meta-analysis, it was decided to add back the 10 excluded studies to produce a “best guess” 

meta-analysis. Although these 10 studies could only be included using the posttest-only effect 

sizes, adding them back was expected to increase the clarity of the effects and reduce 

heterogeneity. The results are shown in Figure 21 and the second column of Table 28. 

Unexpectedly, the “best guess” meta-analysis produced an essentially equivalent effect size to 

the pre/post meta-analysis, and it increased the total variance (Q=520.55), while showing the 

largest proportion of “real” variance between effects, I²=88.67%. As different procedures were 

utilised to produce the effect sizes in this meta-analysis, this may have resulted in the increased 

heterogeneity. Based on heterogeneity markers, it seems that the pre/post and “best guess” 

meta-analysis are not superior to the original posttest-only meta-analysis, which has the 

advantage of greater conceptual similarity between the effects. Because the posttest-only meta-

analysis incorporated more consistent effects from a greater number of studies, the decision 

was made to revert to the original, posttest-only meta-analysis for the remainder of the 

quantitative investigation. Another reason to use the posttest-only result is that this is a more 

conservative estimate of the combined effect (ES=0.46 vs. 0.56 pre/post), and this might better 

predict applications of the findings by teachers. 
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Figure 21. “Best guess” meta-analysis forest-plot, studies ordered by standard error.

4.3 Moderator and subgroup analyses results 

 To address the second research question, and based on the narrative synthesis and 

previous research, I considered several variables for a possible exploratory analysis. Although 

various qualitative aspects of the included studies were examined, many of these were reported 

inconsistently or were only included in a minority of studies. It was considered preferable to 

choose more clearly defined study aspects for exploratory analysis, since these results would 
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potentially lead to more robust findings. The term “exploratory” is used here to indicate that the 

chosen variables were not part of the original design for the meta-analysis and did not impact 

the protocol for the systematic search. Because the searching and screening process was 

focused on generating an estimate of effect for all studies under the MC/SRL umbrella, this 

constraint may make the body of studies in the final review unsuitable to reliably estimate the 

effects of specific subgroups or moderators. The intention instead was to identify fruitful areas 

for further study, and to outline foci for potential confirmatory syntheses. I also sought to avoid 

over-analysing the data, leading to potentially spurious results. Thus, only a few subgroups and 

moderators are reported on from many possible options. The rationale for each is presented 

here, along with a brief interpretation of the results. Further discussion of the exploratory 

analyses follows in the next chapter.  

4.3.1 Structured problem-solving with metacognitive self-questioning 

Regarding the activities and strategies used in the interventions, studies frequently 

referred to IMPROVE (Mevarech & Kramarski, 1997), which uses specific prompts or self -

questions to guide learners through a structured problem-solving approach33 (see Table 29). 

This review features several studies led by the developers of IMPROVE, along with others that 

used the approach or referred to it as inspiration for a newly developed intervention. In addition, 

some studies did not refer to IMPROVE but to other structured problem-solving approaches 

utilising metacognitive questions or prompts, such as one based on Pólya (1971, cited in Lee et 

al., 2014, p. 466). I decided to examine the possible impact of including IMPROVE or a similar 

approach on the mathematics outcomes. To do this, studies were coded based on the extracted 

qualitative data, as either IMPROVE or a similar intervention, IMPROVE plus other main 

elements (e.g., computerised problem-solving and feedback, reflective writing, affective 

regulation), or not based on IMPROVE or a similar approach. Using these categories, it was 

found that only four reports used IMPROVE alone, so I combined the two IMPROVE categories. 

Ultimately, 28 studies were classified as having IMPROVE or a similar approach as a main 

intervention component, while 32 studies were not. The latter group included play- and game-

based, reflective writing, e-book, goal-setting, calibration, motivational, and “study skills” 

interventions, as well as those that did train problem-solving strategies but did not expect 

 
33 Note that the authors consider all these elements as comprising three overal l components: 

“metacognitive questioning, cooperative learning, and systematic provision of  feedback -corrective-
enrichment” (pp. 373-374). Not all studies by these researchers and others that cite IMPROVE have used 
the same elements as the original study, but metacognitive questioning has been the most commonly 

used element. 
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students to apply them using a set procedure for every problem. Because of this, the group of 

interventions coded as IMPROVE or similar may represent a more cohesive group than the “not 

IMPROVE” category.

 

Programme element  Explanation   

Mnemonic device   Introducing new concepts  

Metacognitive questioning  
Practising  
Reviewing and reducing dif f iculties  

Obtaining mastery  
Verif ication  
Enrichment (p. 369) 

Metacognitive questions  Pupils use index cards with metacognitive questions to prompt 

themselves during dif ferent problem-solving stages of  individual practice 
and group work. Problem types include:  
 

Comprehension questions, for understanding the problem. 
Strategic questions, related to problem-solving approaches. 
Connection questions, for drawing comparisons to other types of  tasks.   

Cooperative group work  Pupils work through challenging mathematical tasks in mixed -ability 

groups and make use of  their dif ferent f orms of  “prior knowledge,” as they 
discuss, question, suggest, challenge and explain approaches to solving 
them.  

Formative assessment, 
feedback 

Pupils complete a unit test every 10 lessons, designed to probe higher-
level thinking and application, not only mathematics skills. Low 

performers get feedback, work together to complete “corrective activities,” 
and then take a parallel form of  the test.  

Enrichment  Higher performers on formative tests complete more dif f icult “enrichment” 
activities to build mathematical reasoning instead of  remedial work. They 

work with similarly able students.  

Table 29. Original IMPROVE programme elements, from Mevarech and Kramarski (1997). 

Using the posttest-only effect sizes, a subgroup analysis was run in Meta-Essentials 

based on a random-effects model with T (tau) separated by subgroups. This assumes the true 

effect is more similar within each subgroup than over the whole study set. Based on the 

subgroup analysis, it might be interpreted that there was a small additional benefit to including 

structured problem-solving with metacognitive prompts or self-questions within the MC/SRL 

training. The overall ES of such studies was reported as 0.53 (95% CI=0.30 to 0.77) while those 

not coded as IMPROVE or similar were reported as having a summary estimate of ES=0.40 

(CI=0.17 to 0.64). The combined ES of the studies with IMPROVE or similar was also higher 

than that of the overall posttest only meta-analysis (ES=0.46, 95% CI=0.30 to 0.63). However, 
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similar to the overall meta-analysis, there is a high degree of reported heterogeneity within each 

subgroup, as seen in Table 30. With I² values around 86-87%, there is substantial “real” 

variance within each subgroup. In fact, Meta-Essentials reports a pseudo R2 for this subgroup 

analysis of 1.01%, meaning the two categories explain almost none of the total variance in 

effects. Based on the estimates of variance/heterogeneity (T² and T), there is a slightly wider 

range of potential “true” effects for studies without an IMPROVE-like component than for those 

with one. 

 

Subgroup Studies Sub- 

group 

effect 

size 

95% 

Confidence 

interval 

Q pq I² T² T 

IMPROVE or 

Similar 

28 0.53 0.29 to 0.76 197.9

2 

0.000 86.36% 0.15 0.39 

Not IMPROVE 

or similar 

32 0.40 0.17 to 0.64 241.1

9 

0.000 87.15% 0.22 0.46 

Table 30. Subgroup analysis for IMPROVE and non-IMPROVE studies. 

4.3.2 “Dose” of MC/SRL training  

I also explored whether there could be differential outcomes from the MC/SRL 

interventions based on the “dose” of the training. Previous reviews have considered this 

question (e.g., de Boer, Donker, & van der Werf, 2014; Dignath & Büttner, 2008; Wang & 

Sperling, 2020), with mixed results. The rationale is that a longer intervention would allow 

students to build more extensive knowledge and habits related to MC/SRL practices that could 

be beneficial for learning and performance. “Dose” in this case was operationalised as the time 

in weeks from the start to the end of the intervention, regardless of how many intervention 

sessions were held during each week and the length of the sessions. This choice was made 

based on the variability in reporting about the sessions. In some cases, the session length is not 

clearly stated, or it is unclear how much of each session was devoted to the MC/SRL training or 

to the standard mathematical teaching. In addition, were total hours of the intervention used as 

a moderator, this would obscure the potential effects of teachers’ spontaneous reinforcement of 

the MC/SRL training throughout the week, not only during scheduled sessions.34 Having a 

longer intervention that is more spaced out could therefore have a higher effect on students’ 

 
34 Whether or not teachers did spontaneously reinforce the MC/SRL training outside scheduled sessions 
is generally not reported.  
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learning and performance than one with the same number of total training hours compressed 

into a shorter period of time.  

To explore “dose” as a moderator, total weeks of MC/SRL training was entered into the 

Meta-Essentials workbook. Wherever this was ambiguous, an estimate was made based on the 

description in the report. For example, if the authors stated that the intervention was about one 

month, then it was coded as four weeks. One semester was coded as 18 weeks. The shortest 

interventions were one week or less (coded as one week) and the longest was 40 weeks. For 

this analysis, the effect size used was the posttest-only effect size, computed using a random 

effects model. Meta-Essentials performs a regression using only one moderator at a time, in this 

case, intervention weeks. The results show that there is no meaningful impact on the effect size 

based on the length of the intervention as coded with R²=0.19% (see Figure 22). This means 

that almost none of the variance between the effect sizes in the primary studies can be 

explained by the length of the intervention as coded.

 

Figure 22. “Dose” moderator analysis for posttest-only MA. 

Total length of intervention in weeks was the “dose” marker.   
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4.3.3 Participant age 

It was further considered whether the effects of the interventions might vary depending 

on the ages of the pupils involved in the studies. Undoubtedly, developmental stage plays a role 

in MC/SRL functioning (Siegler & Chen, 1998; Waters & Kunnmann, 2010), so the effectiveness 

of MC/SRL training could vary based on participants’ ages. For example, pupils might need to 

possess basic language skills, emotional self-awareness, working memory, time perception, and 

an understanding of cause and effect in order to reflect on their learning, articulate and compare 

strategies, and engage in planning. In addition, a certain level of domain-based knowledge 

could be required in order to enable students to be strategic in their mathematics learning and 

performance. Although many of the included studies reported details about students’ abilities 

and mathematics knowledge, it was decided that ability-based comparisons would not be 

appropriate. For example, some studies reported having “inclusive” or multi-ability classrooms, 

while others included only higher- or lower-ability students. Because the review included studies 

from many educational contexts, it is doubtful whether such classifications would be consistent 

from study to study. However, age-based comparisons would be fairer. The current review 

included by design all studies with pupils in the years of general and/or compulsory education, 

roughly corresponding to ages three to 18, though not all compulsory education systems include 

all these ages. The goal was to determine the extent to which a similar effect could be found 

across different ages. Age was coded based on the mean age of participants, if reported, or 

based on the grade or year-level if actual ages were not reported. Age reported was always 

used, even if it did not match expectations based on the grade or year of school. Table 31 

shows the coding whenever the terms “grade” or “year” were used, based on the ages 

commonly included in US and UK schools, respectively. It is acknowledged that the actual ages 

of students could vary by a year or more. Whenever multiple ages or grades were reported, an 

effort was made to determine average age based on the number of students of  each age or 

grade involved in the study. Because age seemed to be age at pretest for most of the reports, 

when both pre- and posttest ages were given, the former were used. Only one average age was 

entered for each study. Due to reporting differences, it was not possible to consider different 

ages within or between treatment groups or teaching units for this analysis.
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US grade level UK school year Age coded 

Preschool  Reception  4 

Kindergarten 1 5 

1st  2 6 

2nd  3 7 

3rd 4 8 

4th 5 9 

5th 6 10 

6th 7 11 

7th 8 12 

8th 9 13 

9th 10 14 

10th 11 15 

11th 12 16 

12th 13 17 

Table 31. Age coded based on US grade or UK year level.

 

Average age rounded to three decimal places was entered as a moderator into the 

Meta-Essentials workbook for the posttest-only, random effects meta-analysis. Results show 

that age is not a reliable predictor of effect size, with R²=0.93% (see Figure 23). This means that 

almost none of the variance in the effects can be explained by the participants’ ages as coded. 

The Figure 23 shows that there is a great variability in the effects across the age range, while 

interventions done with the youngest children seems to have more consistent effects. This could 

be a spurious finding, however, as most of the studies with very young children used the same 

intervention, the Red Light, Purple Light circle time games (Tominey & McClelland, 2011; 

Schmitt, 2013; Schmitt et al., 2015; McClelland et al., 2019). Being coded as a younger age 

study could therefore be a proxy for MC/SRL interventions that are more play-based. Most 

average ages of the included studies ranged between eight and 15, and there were a variety of 

interventions and effect sizes within this range. Fewer studies were done with students older 

than 15, and more negative effects were seen in this age range than in the other ages. 
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Figure 23. Moderator analysis results for post-only effect sizes and age of participants. 
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4.3.4 Report type 

 Research reported in academic journals tends to show a more positive effect than 

unpublished or “grey” literature. Although the reasons may be complex, according to Song, 

Hooper, & Loke, (2013, p. 73), researchers have admitted they sometimes de-prioritise 

publishing results, presumably because they are lacklustre. The fact that null or negative 

findings may be less likely to be published is one reason for examining the risk of publication 

bias in a meta-analysis. As shown in section 4.2.2, I concluded there was little risk of 

overestimating the combined effect size due to leaving out studies with lower effects, but it was 

still possible that the different types of reports included would be linked to different effect sizes. 

As mentioned, this review included a higher proportion of dissertations and conference papers 

than seen in previous reviews, so different effects by publication type could have more of an 

impact overall. To explore this, I coded each study based on four report type categories: 

conference papers, dissertations or theses, journal articles, and technical reports. The only 

technical report included was Motteram et al. (2016), which had a very large sample size (n = 

1507) but an overall null result (ES = -0.01), and including this as a “subgroup” produced an 

error in the Meta-Essentials programme due to unmet assumptions. I decided to exclude 

Motteram et al. (2016) from this subgroup analysis for this reason. The subgroup analysis used 

the posttest-only effect sizes and was based on an RE model with Τ separated by subgroups. 

The results of the report type subgroup analysis (see Table 32) show that this variable 

predicts more of the variance in effect than any other variable considered, with a pseudo R2 of 

13.22%. As predicted, the journal article subgroup (40 studies) showed the most positive results 

(ES=0.62), while conference papers (4 studies) had lower effects (ES=0.44), and dissertations 

and theses (15 studies) had negligible effects (ES=0.06). Recall that all of the dissertations and 

theses came from US-based researchers, while those in the other report categories had an 

extensive geographic and political range. This means that local cultural factors could also play a 

role in the different effects seen in the dissertation category. In addition, while dissertations had 

the lowest effects overall, they also showed the widest confidence intervals and largest values 

for Τ2 and Τ, meaning the effects reported in dissertations are more inconsistent than those in 

other report types. On the other hand, the I2 value for journal articles is slightly more than that 

for dissertations, implying there could be more “real” variance in effects within the former than 

the latter categories, but this may not be a meaningful finding since the journal article category 

contains more than twice the number of studies and has a higher Q value to begin with. The 

significance scores (pq) are reported here for transparency, but due to the low number of studies 
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and lack of statistical power in the conference paper category, it may not be meaningful to 

compare the different report type categories on this metric. Overall, it is clear there is a 

difference in the effects between these subgroups (Q between/model = 12.74), while the 

variation within each group is still much greater (Q within/residual = 83.64). This confirms the 

choice of an RE model for this analysis, and it also implies that the greater part of the variation 

in effects is related to other, still undefined factors, rather than being linked to the type of report. 

This issue is considered at more length in the discussion chapter following.

 

Report type  Studies Sub- 

group 
effect 
size (SE)  

95% 

Confidence 
interval  

Q pq I2 Τ2 Τ 

Conference 

papers 

4 0.44 

(0.18) 

0.09 to 0.79 3.76 0.288 20.23% 0.01 0.10 

Dissertations
/ theses 

15 0.06 
(0.20) 

-0.34 to 0.46 77.13 0.000 81.85% 0.22 0.47 

Journal 
articles  

40 0.62 
(0.09) 

0.44 to 0.81 300.36 0.000 87.02% 0.18 0.42 

Table 32. Report type subgroup analysis based on posttest-only effects. 
An RE model with Τ separate for subgroups was used. One technical report is excluded.
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Chapter 5: Discussion and Conclusions

 This review has focused on two key areas for education practice, mathematics learning 

and the development of self-regulation and metacognitive knowledge and skills. Unlike the 

acquisition of natural languages, for which humans seem to have a natural affinity the 

development of mathematics skills is sometimes consciously effortful (Gafoor & Sarabi, 2015), 

with inadequate integration and utilisation of knowledge and strategies (Garafalo, 1989, p. 503). 

Due to its incremental nature, mathematics expertise can take many years to develop, but it can 

prove extremely valuable for individuals in both developing and developed nations (Schleicher, 

n.d.). In addition to the practical benefits of basic numeracy, such as being able to manage 

property, avoid financial exploitation, and self-advocate as a business-owner or employee, there 

are numerous avenues for personal advancement which have mathematics skill or achievement 

as a known “gatekeeper” (Douglas & Attewell, 2017). Respected and highly-compensated 

STEM professions, for example, may remain relatively closed to individuals from less-privileged 

backgrounds if they have inferior mathematics-related opportunities and outcomes (Kotok, 

2017). Beyond the instrumental rationale, mathematics can be a powerful tool for understanding 

and communicating about the world in creative ways, and such a focus may improve the 

mathematics engagement of learners from all backgrounds. Focusing on achievement more 

indirectly, while emphasising the development of mathematics-related identities and self-

efficacy, may also offer relief for students experiencing negative affect in the mathematics 

classroom. With these goals in mind, there is clear potential in metacognitive and self -regulated 

learning approaches. By building learners’ self-awareness and agency regarding their own 

learning, these approaches can help them adapt to the demands of different tasks and domains. 

In addition, MC/SRL programmes have shown benefits for achievement outcomes, particularly 

in mathematics (e.g., Dignath & Büttner, 2008; Higgins et al., 2005), and have been listed as 

among the most cost-effective of all interventions, for example in the EEF Teaching and 

Learning Toolkit (2021). Previous syntheses, as presented in Chapter 2 of this thesis, have 

found medium to high effects for MC/SRL programmes within different domains, school-levels, 

and national contexts, but there has been no recent meta-analysis focusing on MC/SRL impacts 

on mathematics outcomes specifically, nor a consensus on the essential intervention elements 

to produce such effects. The current research has sought to fill this gap in knowledge.
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5.1 Chapter outline 

 This systematic review and meta-analysis investigated the effects of MC/SRL-based 

interventions on mathematics outcomes for school-aged pupils since 2005. A second goal was 

to understand how differences in effects could result from specific intervention elements or 

design- or implementation-related factors. This information was sought to assist researchers, 

practitioners, and other educational stakeholders in making decisions about which programmes 

to implement in their specific contexts and in conducting future empirical and theoretical work in 

the MC/SRL area. This closing chapter offers a discussion of the results of the current 

synthesis, starting with the meta-analysis and the moderators considered and following with the 

narrative synthesis. Overall, this review confirmed results of previous studies showing MC/SRL 

programmes have great potential to benefit teaching and learning, but there are nuances and 

uncertainties remaining around this message. I explain how the combined effect size could have 

different meanings in various schooling contexts, as well as how the findings about moderators 

could be applied. I next present some potential limitations of the current research as I reflect on 

the included studies, the review methods, and the chosen research foci. As mentioned, 

reporting issues somewhat obscured answers to my research questions, but several of my 

choices for the review could also come under scrutiny, especially if a replication or update were 

planned. In the following section, I outline several recommendations for future research and 

practice. With regard to the former, I argue for consideration of how reporting standards could 

and should be applied to quasi-experimental, observational, and other non-RCT designs. I also 

suggest more consistent use of validated, broader-scope assessments. Both of these would 

strengthen the evidence around educational interventions, as well as making them more open to 

comparison, replication, application, and synthesis. Within the area of metacognition and self-

regulated learning, I recommend more work to clarify “what counts” as an MC/SRL programme 

and to link this to specific features that school leaders, teachers, and researchers can observe 

and implement. Such features can then be used to categorise and compare MC/SRL 

programmes more productively. With regard to practice, my recommendation is that MC/SRL 

implementation be viewed as a worthwhile endeavour, likely to produce gains with sufficient 

training, support, and time. Near-term outcomes may be seen with structured problem-solving 

approaches that prompt learners to self-question, as these may spur better application of 

mathematics knowledge. MC/SRL training should not stop there, however, as a more 

comprehensive approach, one that incorporates affective, behavioural, and motivational 

components and ensures opportunities to practise meta-level skills, may be more likely to 

empower students to learn, grow, and achieve throughout their lives.   
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5.2 Meta-analysis findings 

I conducted a systematic search and screening process, followed by structured data 

extraction, and a meta-analysis of study-level effects to address the first research question for 

this review (shown in Appendix 2): During the last 15 years, what has been the effect of 

interventions based on theories of metacognition or self-regulation on the mathematics 

achievement/proficiency of school-aged learners? I used posttest data on mathematics 

measures from included studies at the first assessment point following the end of the MC/SRL 

training period. All MC/SRL-based participant groups were combined and compared with all 

non-MC/SRL groups, to generate a single effect size from each study, and these were 

incorporated with a weighted, RE meta-analysis in Meta-Essentials. The resulting combined 

effect from 60 included studies was 0.46 (SE=0.08), with a 95% confidence interval between 

0.30 and 0.62. This combined effect demonstrates a benefit for MC/SRL programmes similar to 

that found in previous reviews, which ranged from ES=0.54 to ES=0.86 for all subjects and 

ES=0.2335 and ES=1.01 in mathematics.36 The current estimate is somewhat more 

conservative, as discussed further below.  

5.2.1 The combined effect 

The meaning of the 0.46 effect size from this systematic review needs further 

interpretation. It would likely be viewed as a “medium effect” even though it falls just shy of the 

0.50 cut-off proposed by Cohen (1992, p. 156) for an effect “. . . likely to be visible to the naked 

eye of a careful observer.” Cohen (1992) also noted that such an effect aligned with the average 

intervention effect reported in various fields, and this has been confirmed by Hattie’s “Visible 

Learning research,” which finds an average effect of 0.4 (“The Visible Learning Research,” n.d.; 

Hattie, Biggs, & Purdie, 1996). Although an “average effect” may not seem remarkable, another 

way to interpret effect sizes is to translate them into “months of progress,” following the lead of 

the EEF Teaching and Learning Toolkit. With the assumption that one year of schooling equates 

to one standard deviation of gain on standardised assessments, the EEF (2018, p. 28) suggests 

that an effect of 0.46 equates to approximately six months of schooling and represents a “high” 

 
35 This lower combined ef fect is the secondary school mathematics outcome f rom Dignath & Büttner 
(2008), but the primary level ef fect f rom that review is considerably higher (ES=0.96). They do not report 
a combined mathematics ef fect for all years.  
36 Here, I omit results f rom de Boer et al. (2018), which are the posttest to follow-up ef fects. That is, they 
show how much additional ef fect is correlated with a delayed assessment.  
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effect. The EEF’s own research has led to a similar estimate to the current review, an additional 

seven months of progress for MC/SRL-type interventions across all pupils and domains. On the 

other hand, the EEF (2018, pp. 26-27) acknowledges some imprecision in these estimates, 

since the average yearly gain tends to decrease in the higher grades. This means a consistent 

effect of 0.46 would have a greater impact for older than for younger students. How the 

assessments were scaled to the intervention periods could also have an influence, as I discuss 

further below, and rate of normal learning may fluctuate across an academic year or term (Baird 

& Pane, 2019, p. 225). Using such estimates, there are also concerns that research users may 

erroneously conclude that interventions obviate the need for expert teaching and sufficient 

resources, leaving those susceptible to budget cuts. Baird & Pane (2019, p. 226) also caution 

that statistical uncertainty increases when converting effect sizes to other metrics. They 

recommend instead the use of “percentiles translation,” or reporting the average change in 

percentile of median-level students, though they state this can also be calculated for other 

baseline points (p. 222). The advantages are that the measure is intuitive and common to 

educational contexts with fewer assumptions than other methods, such as using thresholds and 

benchmarks (i.e., criterion-referenced conversions). Yet there are some potential downsides to 

this, not covered by Baird and Pane (2019). The percentile method still assumes use of large-

scale, standardised assessments, which do not always discriminate well for scorers at the ends 

of the distributions, as discussed by Cole et al. (2011). 

Based on an analysis of 1,942 effect sizes from 747 randomised controlled trials of 

educational programmes, Kraft (2020) proposes new “benchmarks” for the interpretation of 

effect sizes: under 0.05 for a “small” effect, 0.05 to less than 0.20 for a “medium” effect, and 

0.20 or greater for a “large” effect. Thus, the current and previous MC/SRL reviews would be 

interpreted as finding large effects. Only 18 out of 60 studies from my review fell below the 

“large” cutoff in Kraft’s (2020) “schema.” However, the appropriateness of judging the review by 

this schema may be uncertain since my included studies were not all randomised at the student 

level and did not all utilise standardised assessments. Kraft (2020) also discusses numerous 

factors that may be associated with higher or lower effects, such as the type and timing of 

assessments (p. 244), sampling and tailoring of the intervention to pupils’ needs (p. 244-245), 

the standard deviation or variance measure chosen as the effect size unit (p. 245), the nature of 

the comparison group (p. 245), and differences in participation levels and attrition (p. 245-246). 

These variables could obscure “real” effects and create challenges for research synthesis, as 

found in the current review.  
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Kraft (2020) recommends “adapting” the benchmarks based on several considerations. 

First, according to Kraft (2020) effects are higher in language arts, especially during the early 

stages of literacy development, while mathematics effects are more consistent across grades 1 

through 12, hovering around a “medium” effect of ES= 0.05 (p. 249). This confirms that the 

current 0.46 effect size in mathematics is large for every school level and may not need parsing 

based on different ages or years. Next, Kraft shows that larger samples and “broad 

achievement measures” (p. 248) are linked to lower effect sizes. In the current review, 50 out of 

60 studies included 200 or fewer pupils. Assessments varied, with most studies reporting some 

type of validation process, but it is not clear if these would be considered broad measures, so 

could be a risk of effect size inflation based on these two factors. In this review, several larger-

scale studies (e.g., Jitendra et al., 2015; Motteram et al., 2016) had lower ef fects, while Shilo 

and Kramarski (2019) included 824 participants and achieved an effect size of ES=0.39 using 

eight open-ended items adapted from Israeli national assessments. Based on Kraft (2020), it is 

possible that this larger effect is partially a result of the focused assessment tool and would be 

smaller if a more comprehensive test had been used.  

A final recommendation from Kraft (2020) is to interpret effect sizes in light of the cost 

and scalability, interpreting per pupil costs of less than 500 “2016 constant dollars” as low cost, 

between $500 and $4,000 as moderate, and $4,000 or higher as high-cost. With a year of 

school costing over $10,000 per student37 (Kraft, 2020, p. 247), a low-cost intervention would be 

one using 1/20 of funding. Although studies in this review generally did not report costs in detail, 

most MC/SRL programmes would be low- to medium-cost based on using classroom discussion 

and simple materials like worksheets, meaning that the 0.46 combined effect confirms the cost 

effectiveness of MC/SRL interventions. The use of digital devices would add to costs if they 

were not already provided to pupils. Scalability estimation would include monetary costs as well 

as other demands on the intervention site, such as training and support for making changes to 

classroom and school learning culture.  

 The above discussion shows that the value of the combined effect in practice is not 

straightforward to determine. Judgement and a knowledge of local factors must be used to 

determine when and how to apply research to practise and what effect would be valuable within 

each context. In an era when students are assessed frequently and with major consequences, 

schools will need to carefully consider what intervention impacts to aim for and what 

 
37 Clearly, this estimate may not apply to all schools globally.  
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investments to make to reach them. Based on this review, MC/SRL training is a worthwhile 

option to consider to meet mathematics performance goals.  

5.2.2 Potential moderators of effect 

 I found an overall positive effect on mathematics outcomes for MC/SRL training, based 

on a distribution of 60 primary studies with no clear imbalance or indication of bias, yet there 

were moderately high heterogeneity values resulting from the meta-analysis. As a reminder, the 

I2 value was 86.57% from the posttest-only meta-analysis, and this was not reduced in a meta-

analysis incorporating pretest data, where reported. Partly for this reason, I chose the posttest-

only combined effect as the official one, but the issue of heterogeneity remained. Heterogeneity 

could indicate meaningful differences in how the studies were designed or implemented, or in 

the nature of the included MC/SRL programmes, which might be associated with different 

effects. In planning the systematic review, I anticipated this, and my second research question 

was: What specific factors, if any, are correlated with higher effectiveness for [MC/SRL] 

interventions? Thus, I performed several exploratory analyses to check whether categorising the 

interventions based on factors gleaned from the narrative synthesis would reduce heterogeneity 

and indicate more beneficial aspects of MC/SRL training. Here I discuss possible reasons why 

several of these moderator checks showed clearer results than the others.  

First, the subgroup analysis showed higher effects for interventions based on structured 

problem-solving with metacognitive prompts or self-questions than for programmes not including 

this. Because nearly half of the included studies included or were inspired by the IMPROVE 

approach (Mevarech & Kramarski, 1997), it seemed profitable to consider if IMPROVE and 

similar programmes led to better achievement. I found an ES=0.13 difference, with IMPROVE-

type interventions being more effective (ES=0.53) than others (ES=0.40). This difference is 

small, and both intervention categories are still effective. Interestingly, the pseudo R2 value was 

1.01%, showing that the variation in effect between these two categories was minor compared 

with the internal variance. This is a result that could be confirmed with a more focused synthesis 

of all IMPROVE studies, as I did not differentiate between different variations of IMPROVE, 

such as those using a computer application to prompt students (e.g., Kramarski & Gutman, 

2006) or incorporating emotional regulation components (e.g., Tzohar-Rozen & Kramarski, 2017 

& 2013). Still, it is worth examining why IMPROVE-type programmes might lead to better 

mathematics performance. IMPROVE uses a mnemonic device to allow students to acquire and 

remember the approach more readily. It also gives students concrete steps to follow while 

executing a solution strategy and prompts them to check their performance at multiple stages. 
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Most of the assessments in this review employ complex problems, in which students need to 

synthesise information from words, numbers, and images, and execute multiple operations to 

produce an answer, and IMPROVE or similar approaches seek to help students tackle such 

items in a consistent and thoughtful way. In addition, IMPROVE is a relatively simple approach 

that is straightforward for teachers to train in a limited timeframe, so it might be easier to 

implement than other MC/SRL programmes. Thus, using IMPROVE-like training would almost 

certainly lead to an advantage in performance measures. On the other hand, studies in this 

review used IMPROVE in numerous variations, often combining it with other elements, and 

there is no clear signal about which version is better. In addition, IMPROVE by itself is very 

task-focused and does not encourage students to reflect deeply on the mathematics domain or 

their identities as mathematicians. Students may also need to build their conditional 

metacognitive knowledge (Pintrich, 2002) to decide when it is worthwhile to implement a 

structured problem-solving approach or only certain aspects of it, such as in the context of a 

timed test. Finally, there is a possibility that the differences in effects seen here are also related 

to publication type, as the non-IMPROVE-type group included 12 theses and dissertations, 

while the IMPROVE-type group included only three. This type of report had a much lower 

average effect than journal articles and conference papers, and this is considered next.  

Traditionally, there has been a perception that research published in peer-reviewed 

journals is of higher quality than “grey literature” studies, which include conference papers and 

theses/dissertations. Previous reviews of MC/SRL programmes included fewer unpublished 

reports, perhaps reflecting this belief, but this could also be due to the greater difficulty in 

accessing grey literature or the fact that dissertations are longer and less practical to review. For 

the current review, I did not assume such studies were of inherently lower quality, and I was 

able to access many of them in my electronic searches, so one-third of my inclusions were non-

journal articles. Based on this higher-than-average proportion, I checked whether there were 

differences in effects, and I found a substantially higher effect for journal articles (ES=0.62) than 

for theses/dissertations (ES=0.06). Conference papers, of which there were only four, had a 

combined effect size of 0.44, while the subgroup analysis did not permit including the one 

technical report, Motteram et al. (2016).38 Only three out of 40 journal articles reported negative 

effects, and these patterns bear out previous research (Song, Hooper, & Loke, 2013). Chong et 

al. (2016) found that, out of 1,052 studies featured at a conference on anaesthesia, those 

reporting positive results were 1.42 times as likely as those reporting negative results to be 

 
38 I calculated this study-level ef fect size as -0.01.  
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published in journals within 10 years. The reasons for these differences may be complex. 

Researchers may self-censor and refrain from releasing negative findings, or release them in a 

lower-access way, such as in a conference paper. They could also choose to report only 

“significant” outcomes of their studies, while holding back other results. Journal reviewers may 

also view negative results less favourably and not recommend articles for publication. Theses 

and dissertations should not be as prone to the “file drawer problem” (Rosenthal, 1979), since 

even with null or negative results they are still likely to be submitted and become searchable in 

a review.  

It is also possible that there are real differences in effects, with the interventions reported 

in conference papers and dissertations having lower impacts on achievement. In the current 

review, sample sizes were not substantially larger in journal articles, but theses and 

dissertations still likely represent “smaller-scale studies” since they often featured teachers 

working with their own students, with possibly fewer resources and less expert oversight. In one 

case, Schmitt (2013), the author worked with a larger research team using the “Red Light, 

Purple Light” intervention, and this dissertation chapter, even though it featured a modest 

mathematics effect (ES=0.08), was later published as a journal article. In any case, it was 

important for the current review to include studies designed and implemented by teachers 

because these may better reflect outcomes that practitioners should anticipate when 

implementing an MC/SRL programme. For example, See, Gorard, and Siddiqui (2016) show 

that teachers’ operationalisation of research-based concepts like “feedback” may differ from 

researchers’. In addition, teachers may find it time-consuming and effortful to support MC/SRL 

development along with delivering mathematics content and their implementation could 

fluctuate. It is not possible to completely account for the lower effects of dissertations in this 

review, partly because they all originated in the United States and used a range of assessments 

to check mathematics outcomes. Issues related to geographic context or assessment 

comparability could also play a role and should be considered by users of the review.  

Next, it was important to see if there would be age-related distinctions in effects similar 

to those found in previous reviews. For example, Dignath & Büttner (2008) found MC/SRL-

training effects on mathematics much higher in primary school pupils (ES=0.96) than in 

secondary pupils (ES=0.23). As discussed above, large-scale studies with standardised 

assessments tend to find higher effects in mathematics in younger students, but they are 

relatively stable after about 6th grade (Kraft, 2020, p. 249). On the other hand, some theories 

emphasise that cognitive maturity and subject domain knowledge are necessary for effective 

MC/SRL functioning, and both should be more developed in older students. In their review of 
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ICT-based mathematics programmes with MC support, Verschaffel et al. (2019), suggested 

some MC training might overtax the working memory of younger children or pupils with special 

needs (p. 5). Therefore, I did not have a strong expectation about the relationship between age 

and MC/SRL-programme effects in this review. In the current review, most studies focused on 

upper-primary and middle-school pupils. Based on the moderator analysis, there was no 

relationship demonstrated between age and effect size. There could be several reasons for this. 

As demonstrated in the narrative synthesis, even within the same age and grade ranges there 

were a variety of approaches to training MC/SRL skills. Studies also varied with regard to the 

dose or length of the intervention, discussed below. These variations might obscure real 

variation in effect due to age. It is also possible that ability-based variation could also obscure 

the effects related to age. Some studies reported that the intervention group included at-risk 

students, those with special educational needs, or gifted or high-achieving students. Other 

reports specified that participants were average-achieving or of mixed ability, and some studies 

did not report abilities or needs designations for students. Thus, it could be difficult to 

disentangle age- and ability-related factors, especially if assessments were also tailored to the 

participants. In addition, included studies often did not discuss whether they optimised task 

difficulty to encourage practice of the new MC/SRL skills. If tasks are too easy, pupils may not 

see a benefit, and if too hard they may simply give up (Efklides, Samara, & Petropoulou, 1999; 

Mevarech & Kramarski, 1997; Rellinger et al., 1995).   

It could also be the case that the data extraction methods did not capture real 

differences due to age. I coded the average age based on the range of ages or the grade-level 

reported. In a few cases, the study included multiple grade levels, and these ages were 

averaged together if all participants took the same assessment, and they were entered into a 

fixed-effect meta-analysis to get the study-level effect. For the moderator analysis, only one 

average age from each study was entered, thus it only considers variation by age between 

studies but not within studies. This reflects the choice to use only one effect size from each 

study in the meta-analysis, but it could mask meaningful differences in effects by age. Because 

the review includes studies from international contexts, it was not always clear which ages 

would be included in the year groups reported, and my conversions could be inaccurate in some 

cases. To determine whether there is a real difference in effect due to age, it would be helpful to 

compare studies using the same interventions and assessments, with each study focusing on a 

different year group of participants. Only if other elements were held constant and reported 

clearly, would a future meta-analysis yield robust results on this question.  
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The final potential moderator of effect that was considered was the “dose” of the 

MC/SRL intervention, operationalised as weeks of training for students. Because a flexible and 

strategic MC/SRL mindset can take time for students to develop, and because impacts on 

classroom climate and productive dialogue might also be important for intervention 

effectiveness, I predicted that studies with a longer “dose” of MC/SRL training would produce 

higher effects. However, the moderator analyses did not demonstrate this relationship, for which 

there may be several reasons. First, it might be possible that there is no relationship between 

MC/SRL training dose and its impact on mathematics performance. That is, a longer 

intervention might have no greater impact than a shorter one. This could be the case if MC/SRL 

concepts and behaviours operate as a “threshold” (Meyer & Land, 2003), where students simply 

need to have minimal exposure to them in order to be prompted to be more strategic in their 

learning and performance. This possibility cannot be confirmed or disproved by the current 

review, but it could be explored in further studies. In no studies from this review did the authors 

compare the effects of longer vs. shorter interventions, so this is an area open for future 

research. On the other hand, the lack of a clear correlation between dose in weeks and effect 

size does not necessarily mean there is no relationship, but it could mean that other factors, 

such as the specific activities and strategies of the intervention, had a more definite connection 

to the outcome of interest. Moderators could interact with one another, so intervention dose 

might make more difference to outcomes for certain ages or types of interventions (e.g., 

structured problem-solving vs. general metacognition).  

A third possibility is that methodological variations within the primary studies obscure a 

direct relationship between dose and effect. For example, there is reason to believe that the 

assessment tools used were already scaled to the length of the intervention, based on the 

mathematics content covered. Within the review, assessments ranged from a few items testing 

proficiency with a single mathematical concept or problem-type, to district- or state-level unit 

tests, to large-scale, standardised assessments, such as Measures of Academic Progress 

(MAP), which test a range of mathematics subskills. The choice of assessment seems to align 

in many cases with content covered during the intervention period, so that greater learning 

growth in a broad scope intervention might equate to the same effect size as a shorter 

intervention with a narrower assessment as an endpoint. If future research aimed to clarify this, 

it would be preferable to compare interventions of different lengths all being tested with the 

same assessment. Large-scale standardised and adaptive tests would be ideal for this, and 

they would also enable the researchers to avoid potential bias in tailoring an assessment to the 

intervention under study (i.e., treatment-inherency, Slavin & Madden, 2011; Rogde et al., 2021).  
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To determine the relative contributions to effect of different factors of MC/SRL 

programmes, future meta-analyses could include a meta-regression, as was done in Dignath 

and Büttner (2008). I decided against employing this approach for the current review, given the 

relatively low correlations (psuedo R2) found for each moderator analysed. It is likely that other 

factors not examined as moderators could also have an important influence on effects, such as 

the nature of the comparison group(s) and the specific MC/SRL strategies trained. Previous 

reviews frequently categorised interventions based on whether they trained cognitive, 

metacognitive, or motivational strategies, but I found that it was a challenge to distinguish 

cognitive and metacognitive strategies–for example, how should we classify asking pupils to 

draw a picture representing a mathematical task?--and motivational strategies were frequently 

combined with the other two. High variation in how MC/SRL programmes were implemented 

and reported obfuscates the analysis of moderators, which is considered further in the next 

section on study limitations.  

5.3 Narrative synthesis findings  

 This review demonstrates that it is possible to implement effective MC/SRL programmes 

in a variety of contexts with different resources and constraints, and to meet the needs of 

specific learning communities. The geographic spread of included studies was high, with the 

highest numbers from the US, the Middle East, and Europe, and fewer from East Asia and 

Oceania. There are potential gaps in coverage, with no included reports from Africa, South 

America, and the Indian subcontinent. Requiring reports to be in English may have affected this, 

but several English-majority nations were also not represented, namely Canada, Australia, and 

New Zealand. The geographic spread of the current review differed from previous reviews (e.g., 

Higgins et al., 2005), and the fact that all dissertations/theses were from the US complicates 

analysis of geographical spread. It is clear the worldwide interest in MC/SRL programmes has 

not waned since previous reviews, but more work is needed to understand the nature of 

“traditional” mathematics teaching in each context and how MC/SRL implementation could vary.  

Various school types were also featured, such as public, private, and charter schools, as 

well as students of different abilities, ethnicities, genders and language and SES backgrounds. 

US-based research tended to highlight these characteristics more, and they could be more 

salient there given the diversity of schooling contexts. Even when pupil demographics were 

reported, the expected relationship with outcomes was sometimes opaque in study reports, 

except that a few studies focused specifically on advanced or gifted learners (e.g., Rizk, Attia, & 

Al-Jundi, 2017), those with special needs (e.g., Kang, 2010), or second language speakers (e.g. 
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Morales, 2016). Several included studies reported outcomes by gender or featured gender-

segregated classes. Gender-based differences in outcomes have been seen, including in 

several studies in this review (e.g., Edwards, 2008; Falco, 2008; Jackson Jackson, 2012). In 

particular, there has been a concern that females have lower achievement in mathematics by 

the end of compulsory schooling, despite starting school on an even footing with males, and that 

gender may impact how students approach mathematics tasks (Seegers & Boekaerts, 1996). 

The reasons for these discrepancies may be complex and involve both social and individual 

factors (Entwistle, Alexander, & Olsen, 1994; Harris et al., 2021), but MC/SRL training that 

encourages all students to explore and take ownership of their beliefs about mathematics could 

be important. Future MC/SRL-based studies could explore students’ mathematical commitments 

and self-efficacy vis a vis gender or other identity categories, with an explicit focus on 

developing meta-affect, self-efficacy, and healthy attributions through hands-on mathematical 

production. As Schoenfeld (2020, p. 1173) states: “Our classrooms must be environments in 

which all students are empowered to engage meaningfully in mathematical practices, for such 

engagement is the source of agency and identity.”    

The MC/SRL-related activities and strategies were coded in detail based on included 

reports, and these varied widely. Most studies reported a multi-stage MC/SRL focus, with pre-, 

during-, and post-task strategies, such as setting goals, planning a task approach, monitoring 

performance, and assessing task completion or responding to correctness feedback. However, 

many strategies operated at the task or problem-level with only a few studies examining 

strategies for domain-level learning. Most interventions focused on structured problem-solving, 

discussion of task approaches or understanding, and calibration-type exercises, with many 

interventions including graphing, written reflection, or behavioural and affective regulation, and 

only a few interventions featuring study strategies, play-based activities, or free mathematical 

exploration. More commonly, the MC/SRL programmes were “infused” (Higgins et al., 2004) 

within specific units of curriculum rather than being used as a supplemental or “enrichment” 

activity.39 The simplicity of the required materials and activities–most interventions used 

worksheets–and their implementation by the regular classroom teachers indicate that MC/SRL 

programmes can be done at a small scale, for a low cost, and with minimal resources and 

disruption to normal classroom activities. It is less apparent which versions of MC/SRL training 

are more practical, acceptable, or effective in specific contexts. Some interventions were more 

comprehensive than others, and in some cases the intervention activities were not described in 

 
39 As a reminder, interventions needed to be done during normal school hours to be included in the 
review so that standard practice would be an appropriate comparison.  



Hitt 000266412   174 
 

detail. This leads into the potential limitations of the included studies and the systematic review 

itself.  

5.4 Limitations of the research 

No single study, even a well-planned and executed systematic review, can be the last 

word on an area of research or practice. In addition to this general limitation, this section covers 

specific limitations of the general research approach, the implementation of the methods, and 

the included studies that could muddle the interpretation or application of the findings. A major 

issue was underreporting of the primary studies, specifically related to the intervention 

components, but the mathematics assessments and quality-control measures could also be 

improved. Although I sought to implement the systematic review methods in line with accepted 

guidance, there are undoubtedly ways this could have fallen short. Finally, I reflect on 

conceptual and design issues for the systematic review, which it would be profitable to revise 

should a future review be planned.  

5.4.1 Limitations of included studies 

First, the included studies contributed incomplete information regarding some categories 

of interest for this review. All included studies met the pre-planned criteria which I devised to 

ensure they could be used in the meta-analysis, such as those relating to the design and 

assessments used as well as naming metacognition or self -regulated learning as part of the 

theoretical basis for the interventions. In extracting the statistical information to generate the 

effect sizes, I also found great variations in how studies reported outcomes, with around a third 

of studies not reporting means and standard deviations clearly for MC/SRL vs. Non-MC/SRL 

groups. I was able to use alternate effect size calculations to retain such studies. Arguably, a 

more critical omission was when studies failed to clearly and completely report the intervention 

activities, as recommended by Hoffmann et al. (2014). A research report can only be properly 

interpreted if readers understand precisely what was tried, and education research, ostensibly 

intended to improve practice, should take extra care in this. Within the current review, some 

interventions were simpler, such as writing reflective statements for the last few minutes of a 

lesson (e.g., O’Neal, 2013), while others were complex and included several MC/SRL 

components (e.g., Byrd, 2019; Falco, 2008). Only some studies included enough detail in the 

main report or a supplement to enable replication of the approach. Yet even where these were 

given, there was often little description about how students and teachers worked with and 

responded to the MC/SRL activities. Where the implementation was done by external personnel 
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or using technology, regular teachers' involvement in the MC/SRL interventions was mostly 

unclear. As most interventions were not delivered during every class period, it also would have 

been helpful to know to what extent the MC/SRL practices permeated into “normal” teaching, 

and more detail about the teaching in control groups would have illuminated the nature of the 

comparisons being made in the study. MC/SRL programmes may operate at both an individual 

and social level within a classroom, but most of the reported outcomes from studies in this 

review relate to the former while only occasionally touching on the latter. Based on reporting, it 

seems that the MC/SRL “feedback loops” (Dent & Koenka, 2016, p. 427) are presumed rather 

than confirmed, yet these are precisely the types of processes that could prove challenging to 

support in a new context. At a minimum, teachers and pupils should be surveyed about their 

perspectives of the intervention at several time points. It would also be ideal to observe class 

sessions prior to, during, and after the intervention period. Both of these measures would 

enable a more thorough representation of the potential social mechanisms of effect in MC/SRL 

interventions and show growth over time. This could be invaluable information for replication or 

application of the studies.  

Another limitation of the included studies relates to the assessment tools used to report 

mathematics outcomes, which were combined in the meta-analysis and are shown in Appendix 

7. The objective was to see what difference MC/SRL-training would make on more traditional 

mathematics assessments, and when multiple assessments were used, I chose those that were 

longer and/or of broader scope, and ideally externally developed and validated with a sample 

other than the participants of the study. Not all studies included such an assessment, so as a 

minimum I required studies to include at least one assessment where the focus was primarily on 

correct calculations, even though this sometimes represented a narrower mathematics-

achievement construct. Still, even with these efforts, there could be important ways that 

assessment differed. For example, many assessments focused on word problems, which 

require interpreting mathematical language, determining which calculations to perform, and 

executing the calculations correctly. In other assessments, questions were posed numerically, 

with less need for test-takers to determine which operations to perform. In addition to potential 

lack of comparability, as mentioned in the results chapter, it was a challenge to glean from 

reports how difficult the assessments were for the pupils in the study, which could have 

impacted results in at least two ways. If the problems were too difficult or too easy, they might 

not trigger the application of the trained MC/SRL-skills, and the test might show either a “floor” 

or “ceiling” effect, meaning they would have less discrimination power and the use of the 

standard deviation as the effect size unit might be less appropriate. In addition, some studies 
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only reported posttest scores adjusted for baseline, but this would again be less appropriate if 

the assessment difficulty were not calibrated well. In fact, the same assessment could be too 

difficult at pretest and too easy at posttest, and not able to show meaningful differences 

between individuals or between intervention and control groups. The last assessment-related 

point is that outcomes may have been scaled to the mathematics content under study during the 

intervention period. For example, effects of a semester-long intervention could have been 

assessed with a final exam or standardised achievement test while those from a shorter 

intervention could be assessed with a much shorter test of narrower scope, including, perhaps 

only a few word problems. This possibility became apparent following the conclusion of the data 

collection and the execution of the systematic review, especially upon finding no effect size 

difference based on the dose of the interventions. In future reviews, it would be productive to 

systematically investigate this. Additionally, researchers should strongly consider discontinuing 

the use of purpose-built assessments or those adapted for the research and instead using 

existing, larger scope assessments. This is discussed further below in the recommendations 

section.  

The final limitation related to the primary studies of this review is the lack of attention to 

quality-related factors, with only around a third of studies reporting adherence to each of the 

eleven criteria I checked. CONSORT (Grant et al., 2018) and other guidelines urge researchers 

to report key aspects of study design and implementation so users can determine how robustly 

they addressed the research questions. In addition, there is a rich methods literature regarding 

how research should be planned in the first place. Conducting research in a complex and 

constantly shifting social setting, like a school or classroom, means that plans may be altered, 

but such changes should still be reported. For this systematic review, I intended to use a holistic 

quality assessment similar to Gorard’s “sieve” (2014, p. 54) to rate studies. This was intended to 

assist research users in understanding the strength of the evidence about the combined effect 

size, as well as selecting high-quality primary studies from the review for detailed follow-up. In 

their EPPI-Centre reviews on “thinking skills,” Higgins et al. (2004, 2005) use their own rating 

system and label most included studies as medium “weight of evidence” regarding the 

appropriateness of designs and methods to answer the research questions. However, they also 

found many reports lacking such details (Higgins et al., 2005, p. 23). Similar issues appeared in 

the data-extraction for the current review, with numerous reports omitting details on how 

participants were selected and sample maintenance issues, like attrition, cross-over, and loss to 

follow-up. It was often unclear how teachers were recruited and what their roles were if they 

were not the main leaders of the intervention. Issues like participants’ knowledge of condition 
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and blinded/masked outcome assessment were rarely mentioned, nor was it discussed whether 

participants remained in the study voluntarily or were apprehensive about the consequences of 

participating or not participating. The latter are not only ethics issues because they may affect 

the causality logic of the study. If other factors cannot be ruled out, it is more difficult to conclude 

that the MC/SRL training led to the effects. For example, schools could have selected their best 

teachers as intervention leaders, and teachers could have invested much time and effort into 

making the programmes effective. Pupils could also try harder if they know they are in a special 

programme. Although many studies reported using random assignment and sometimes random 

sampling, it was often not stated how this was done or by whom. Even when classes or schools 

were randomly assigned to study groups, with a low number of assigned units there could still 

be baseline imbalances, and researchers frequently analysed outcomes at the individual pupil 

level without correcting for nested or correlated data. When reporting on quality factors is 

insufficient, Gorard (2014, p. 49) states research may be seen as untrustworthy. Thus, there is 

an imperative for studies, even those not strictly following an RCT approach, to report how 

quality-control factors were designed and if changes were made during the study. Such 

reporting should be considered a strength not a weakness, but with the omissions noted, the 

results of this systematic review are less conclusive. Gorard (2014, p. 48) warns that, without 

accounting for quality, there is a risk that “. . . weak evidence will be bundled along with strong 

evidence [in syntheses], leading to invalid and possibly dangerously misleading conclusions.”  

5.4.2 Limitations of the synthesis methods 

In design and executing the research methods, I sought to follow key guidelines, such as 

PRISMA, the Campbell Collaboration handbook, and chapters by experienced reviewers (e.g., 

Torgerson, Hall, and Light, 2012). These resources helped specify the inclusion and exclusion 

criteria, search strings, and screening process to make the search as exhaustive and replicable 

as possible, while still being practical for me to execute as an independent researcher. I used an 

iterative and documented process to refine the searches and databases used. I sought expert 

advice for each stage of the review, and I incorporated double-rating at two points to feed back 

on my methods. For the meta-analysis, I was able to employ free, user-friendly tools, such as 

the Campbell Collaboration effect size calculators and Meta-Essentials, demonstrating that 

researchers with various resources and training backgrounds can contribute to synthesis 

research. Overall, I was able to address the main research question regarding the effects of 

MC/SRL programmes on mathematics outcomes, based on a review of 60 primary studies. I 
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was also able to explore potential moderators, even though the results were not as clear as the 

combined effect.  

Nevertheless, there are methodological limitations within the current review. In any 

research endeavour, it could be useful to have a team of researchers pooling their resources 

and strengths. Several methods texts for systematic reviews advise using such a team (e.g., 

Peterson et al., 2017; Torgerson, Hall, & Light, 2012), yet I designed and executed the search 

and screening, data extraction, and meta-analysis working mainly independently. Even with 

careful planning and expert guidance, there could be some areas in which “best practices” were 

not followed. As I was learning the synthesis process, I could not anticipate how long each 

stage would take, and it is possible that some stages, such as the screening of items for 

inclusion, took impractically long. One reason may be that I was not aware of how much my 

search outlets overlapped in their coverage, and so there were more duplicates to screen out, 

which sometimes needed to be done manually. I also sought to account for the reasons items 

were excluded, even though many reviews do not do this exhaustively, and this undoubtedly 

added to the screening stage. In doing so, I also became aware that design issues were a major 

reason items needed to be excluded. Although I had included several terms to specify causal 

designs in my search, it still did not discriminate well between observational studies and those 

with active manipulation, for example. If the search had been refined to include only 

experimental and quasi-experimental studies, I would have spent less time screening out items 

and had more time for comprehensive qualitative analysis. Partly due to practicality reasons, I 

also excluded studies that could not contribute to the meta-analysis because they reported 

outcomes inappropriately, but I could have still included these in the narrative synthesis or in a 

broader, “scoping review” of the research area (Peterson et al., 2017). Doing so would mean the 

findings about the nature of MC/SRL-training programmes would have been more 

comprehensive, but it might have been less clear how such findings would link to effectiveness. 

Similarly, I made the choice not to meta-analyse outcomes on MC/SRL-related measures, even 

though many studies included them. This was done to focus on the mathematics outcomes 

more directly, but some researchers might consider this a limitation since the mechanisms of 

effectiveness are potentially obscured. Finally, as mentioned above, included studies varied 

widely in their quality, and this may have contributed to the overall heterogeneity in the 

combined effect and complicated the moderator analysis.  
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5.4.3 Limitations of the research topic 

 For this review, I sought to combine effects from a broad range of MC/SRL programmes. 

I combined studies with an explicit metacognitive theoretical basis with those based on self-

regulated learning because I believed these both operated in similar ways within a constructive 

teaching and learning framework. While there has been disagreement regarding which construct 

operates at a higher level subsuming the other (Verschaffel, Depaepe, & Mevarech, 2019, p. 2), 

both theories of metacognition (e.g. Brown, 1977; Flavell, 1979; Winne, 1996; Pintrich, 2002) 

and self-regulated learning (e.g. Zimmerman, 1990; Bandura, 1991; Boekaerts, 1999) posit that 

learners should develop greater awareness of themselves, their beliefs and strategies, and how 

these fit the task or domain, and they should incorporate different types of feedback to optimise 

how they function within a task or domain. There are nuanced distinctions between these 

theories. For example, metacognition might not always be considered as including motivational 

or affective components40. In practice, however, there seems to be little difference in the types 

of activities that could be included in metacognitive vs. self-regulated learning interventions, and 

many of the included studies for this review mentioned both theories. There were certainly 

differences in the activities the researchers chose, but these differences were not consistently 

related to specific MC vs. SRL theories. The meta-analysis showed that MC/SRL interventions 

of various forms could be effective on mathematics outcomes, yet there was substantial 

heterogeneity reflected in the combined effect. Differences in foundational theories or the 

intervention activities and MC/SRL strategies could be linked to differences in effects, but this 

could not be determined due to the ways studies implemented and reported them. Because 

some approaches combine multiple MC/SRL approaches in a comprehensive programme, it 

could be profitable to limit a future review to only such studies and exclude those that 

implemented only one or two strategies in a limited way or that focused on specific sub-

constructs, such as self-reflection, attributions, calibration, motivation, or behavioural control. 

Even though these may be key components of a comprehensive MC/SRL approach, by 

themselves they may fail to catalyse the positive feedback loop referred to above, and this could 

lead to confusion among practitioners. This idea is returned to below in the section on 

recommendations based on the research.    

 
40 Yet it is worth considering Panadero’s (2017) discussion of  Efklides’s MASRL model, which he says 
bridges this gap. Noticing one’s af fective or motivational state could also f it Flavell’s category of  

metacognitive experiences (1979, p. 908) 
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5.5 Recommendations from the research 

 As education research, this systematic synthesis has aimed to contribute to improved 

educational practices, thus I close with recommendations for teachers and school-leaders, as 

well as for the researchers and theorists charting new paths in the MC/SRL landscape. First, 

academics should design, carry-out, and report MC/SRL research with practice in mind. For 

example, it may be less critical to highlight distinctions between metacognition and self -

regulated learning than it is to show their symbiotic relationships, and particularly how they are 

used in teaching in both rich and concrete ways. Researchers should strive to flesh out holistic 

MC/SRL practices, while showing how these can make a difference to traditional, broad scope 

assessments. On a positive note, this review strongly demonstrates the potential for good 

outcomes when MC/SRL programmes are implemented in mathematics learning, but 

educational stakeholders need to be prepared to make deep and lasting changes in the 

classroom. Each of these recommendations is explained further below.    

5.5.1 Recommendations for research and theory 

 As discussed at length in the results chapter and above, understanding of the core 

components of the interventions and designs of the review studies was sometimes hampered by 

reporting issues. Although several guidelines state that such reporting is essential (e.g., 

Hoffmann et al., 2014; APA, 2008), these have not been applied consistently within education 

research. In many cases, reports are quiet on sampling and allocation to groups and whether 

programmes were faithfully implemented, aspects of research that are admittedly arduous to 

control in a school context. Some reports featured only a short paragraph on the intervention 

itself, while theoretical discussions and quantitative analyses proceeded for several pages (e.g., 

Abdullah, Hali, & Zakaria, 2014) or the discussions of the intervention activities are too vague to 

be repeatable (e.g., Aminah et al., 2018). On the other hand, some reporters included high 

detail about the intervention in the main report (e.g., Lee, Yeo, & Hong, 2014) or a supplement 

or appendix (e.g., Wang et al.), such that practitioners would be able to implement them without 

additional resources or training. My recommendation is that researchers follow these examples 

and report MC/SRL interventions as fully as possible and reduce other report sections if 

necessary to facilitate this. MC/SRL theories, for example, have been discussed at length and 

may need only a short summary within the research rationale, and in well-designed studies the 

outcomes may be reported with only a few carefully chosen analyses (Gorard, 2013, p. 203). 

Researchers can also link to additional files hosted online or take advantage of electronic 

supplement options from publishers if the intervention is too detailed. Logically, the length of the 
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intervention description should also be matched to the complexity of the intervention. A simple 

intervention, such as post-lesson reflection, may be described in a few sentences, while a 

complex multistage intervention may take several pages. Samples of activities and dialogue 

from the in-use intervention could be valuable in helping practitioners operationalise key 

MC/SRL concepts. The latter type of reporting, along with samples of student work, can also 

confirm expected mental and social processes, and researchers should discuss whether they 

expected the MC/SRL-training to carry-over to normal teaching sessions and if this happened. 

All of these reporting recommendations would help to draw a much richer picture of the co-

construction of metacognitive and mathematical knowledge, beliefs, and dispositions as it 

occurs in the context of MC/SRL programmes in schools.   

 Based on the current review, another recommendation is to strengthen MC/SRL-based 

studies to engender more robust outcomes assessment. In some cases, for example, 

researchers employed multiple intervention groups compared against the same control group. 

Following the lead of Dignath and Büttner (2008, p. 241), I reduced the size of control groups 

and combined all MC/SRL groups in the effect size calculation. However, the use of multiple 

variations of MC/SRL training in addition to a BAU control indicates a lack of consideration 

regarding the “gap” in current knowledge and possibly a lack of “equipoise” to justify undertaking 

the study (Lilford & Jackson, 1995; Gorard, 2013, p. 134). Ethically, studies should always try 

the best versions of their interventions, since real student outcomes are at stake, and 

eliminating extraneous groups would simplify the quantitative analysis. The current review did 

not include studies without a non-MC/SRL group, but based on my findings and those from 

previous reviews, it is perhaps more appropriate to eliminate the BAU control group, especially if 

the teaching approach is very traditional and focused on guided practice and error avoidance. At 

the same time, there is value in real replication research, though my review does not show any 

examples of such. Each time the IMPROVE (e.g., Kramarski & Gutman, 2006) or “Red Light, 

Purple Light” programmes were used, for example, there were changes, and this makes 

comparisons a challenge. Also problematic is the use of researcher-developed or adapted 

assessment tools, which could be overly sensitive to the intervention teaching or mask 

differences in effects from different intervention lengths, as discussed above. I strongly 

recommend that MC/SRL programmes utilise and report standardised or externally-validated 

broad-scope assessments to check academic outcomes, possibly in addition to more proximal, 

treatment-responsive assessments. Broad-scope assessments are the ones stakeholders, such 

as parents, administrators, and policy-makers, are most interested in, and seeking to show an 
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impact on such assessments could also create positive washback by encouraging more 

comprehensive and extended MC/SRL programmes rather than training isolated strategies.  

 Regarding theoretical recommendations, the lack of alignment between stated MC/SRL 

theories and specific activities and strategies is concerning, as discussed above. According to 

Zimmerman (1986, p. 312), “. . . theories are useful heuristically to the degree that they raise 

specific issues that can be resolved through research.” In this research area, theorists might 

offer the most assistance by clarifying what key elements should comprise MC/SRL training. I 

would propose this should be comprehensive and reflect the nature of well-known SRL models, 

as presented in Panadero (2017). Each model clearly shows a cycle or feedback loop involving 

regulation sites (e.g., person, environment, behaviour, Zimmerman, 1989, cited in Panadero, 

2017, p. 3) task phases (forethought, performance, self-reflection, Zimmerman & Moylan, 2009, 

cited in Panadero, 2017, p. 5), or cognitive, metacognitive, and motivational elements 

(Boekaerts, 1996, cited in Panadero, 2017, p. 7). As argued above, individual metacognitive or 

regulation strategies could influence such cycles, but incorporating multiple elements from 

different parts of the cycle will more likely lead to genuine and sustainable MC/SRL 

development. 

5.5.2 Recommendations for practice 

 This chapter concludes by presenting recommendations for improving practice, which 

should be the ultimate goal of education research. The results of the systematic review and 

meta-analysis offer encouragement to teachers and school-leaders interested in MC/SRL 

approaches. They can be implemented effectively in many ways, and they can be adapted to 

the various needs of mathematics classrooms and learners. Reviewing MC/SRL theories and 

preparing to implement an intervention based on them could assist teachers in developing their 

own reflective practices and informal theories of students’ thinking, which are needed to plan 

instruction and assessment. Along with this, teachers’ self-efficacy as skilled professionals 

should increase if they are given scope to make strategic decisions in the classroom just as 

students are (Baumfield et al., 2009). On the other hand, although MC/SRL programmes can be 

low-cost, teachers and administrators need to be prepared to make deep shifts in classroom 

roles and culture and to persist in MC/SRL activities for a sufficient period to see improved 

outcomes, with all the other demands placed on them. Task-related strategies like structured 

problem-solving with metacognitive prompts (e.g., IMPROVE) could lead to faster gains in 

achievement, but more comprehensive programmes focused on mathematics identity, 

motivations, and affect may be needed to change expectations about who can be successful in 
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mathematics and how. With such approaches, schools can support mathematics learning as 

well as the non-academic knowledge and skills to “make wise and thoughtful life decisions” 

(Flavell, 1979, p. 910).  
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Appendix 1. Central concepts, MC/SRL definitions, and search terms of previous 

MC/SRL reviews 

Review Core 
construct(s) 

Definition or description of 
MC/SRL, with illustrative 

quotations 

Search terms  

Hattie, Biggs, 
& Purdie 
(1996) 

Study skills  “These interventions have aimed 
at enhancing motivation, 
mnemonic skills, self -regulation, 

study-related skills such as time 
management, and even general 
ability itself ; creating positive 

attitudes toward both content 
and context; and minimizing 
learning pathologies” (pp. 99-

100).  

study skills, learning strategies, 
learning processes, cognitive 
style, study habits, cognitive 

strategies, cognitive processes, 
learning style, metacognitive 
skills, thinking skills 

Higgins et 
al. (2004, 
2005)  

Thinking skills  “. . .approaches or programmes 
which identify for learners 
translatable mental processes 

and/or which require learners to 
plan, describe and evaluate their 
thinking and learning. These can 

therefore be characterised as 
approaches or programmes 
which: 
• require learners to articulate 
and evaluate specif ic learning 
approaches 
• identify specif ic cognitive, 
af fective or conative processes 
that are amenable to instruction” 

(pp. 7-8).  

thinking, thinking skills, thinking 
skills program(me), thinking 
strategies, critical thinking, critical 

thinking skills, creative thinking 
skills, higher order thinking skills 
(HOTS), metacognition, 

metacognitive, meta-
cognitive/ition community of  
inquiry/enquiry/learners, transfer, 

near-transfer, far-transfer, 
bridging, teaching for transfer, 
reasoning, argument, Socratic 

questioning, mediated learning, 
Instrumental Enrichment/ 
Feuerstein, Somerset Thinking 

Skills / Blagg, Top Ten Thinking 
Tactics / Lake, Cognitive 
Acceleration in 

Science/Maths/Technology 
Education (CASE/CAME/CATE) / 
Adey, Shayer, Adhami, 

Philosophy for/with Children 
(P4C) / Lipman, Thinking Actively 
in a Social Context (TASC) / 

Wallace, Activating Children’s 
Thinking Skills (ACTS) / 
McGuinness, CoRT (Cognitive 

Research Trust), Six Thinking 
Hats / deBono, Storywise, 
Philosophy with Picture Books / 

Murris, Reason!Able / van Gelder 
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Review Core 
construct(s) 

Definition or description of 
MC/SRL, with illustrative 

quotations 

Search terms  

Dignath, 
Büttner, & 
Langfeldt, 

(2008); 
Dignath, & 
Büttner, 

(2008) 

Self -regulated 
learning  

“. . . self -regulated learning is 
characterized as an interaction of  
cognitive, metacognitive and 

motivational processes, which 
work together during information 
processing. . . . the f irst level 

consists of  cognitive strategies, 
which refer directly to inf ormation 
processing. The second level 

relates to the use of  
metacognitive strategies aiming 
at the regulation of  the learning 

process. The third level 
illustrates the maintenance of  
motivation, which is 

characterized by the willingness 
of  independent goal setting, self -
activation, as well as adaptive 

coping with success and failure . 
. .” (Dignath, Büttner, & 
Langfeldt, 2008, p. 104). 

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 

Donker et 

al. (2014);  
de Boer, 
Donker, & 

van der 
Werf , (2014) 

Self -regulated 

learning, 
metacognition 

“Self -regulated learners are 

students who are capable of  
supporting their own learning 
processes by applying domain 

appropriate learning strategies. . 
. Self -regulated learning can be 
described as: ‘‘an active, 

constructive process whereby 
learners set goals for their 
learning and then attempt to 

monitor, regulate and control 
their cognition, motivation and 
behavior, guided and 

constrained by their goals and 
the contextual features in the 
environment’’ (Pintrich, 2000, p. 

453). In short: students who are 
able to self -regulate their 
learning are active, responsible 

learners who act purposefully 
(i.e., use learning strategies) to 
achieve their academic goals. To 

this end, they need 
metacognitive knowledge; 
knowledge and awareness about 

their own cognition . . .” (p. 2) 

metacognit*, self -reg* 
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Review Core 
construct(s) 

Definition or description of 
MC/SRL, with illustrative 

quotations 

Search terms  

Dent & 
Koenka, 
(2016) 

Self -regulated 
learning, 
metacognitive 

processes 

“Specif ically, learning is self-
regulated to the extent that 
students are motivationally, 

cognitively, and behaviorally 
engaged in the academic task 
(Zimmerman 1986)” (p. 426). 
“. . . a working def inition that 
incorporates many of  these 
perspectives was proposed by 

Pintrich (2000), who argued that 
self -regulated learning is an 
active, constructive process 

whereby students set goals for 
their learning and then attempt to 
monitor, regulate, and control 

their cognition, motivation, and 
behavior, guided and 
constrained by their goals and 

the contextual features of  their 
environment (p. 453)” (p. 427).  
“ . . . Because metacognitive 

processes explain how  self -
regulation occurs, they are a 
source of  both consistency and 

controversy among researchers 
f rom dif ferent theoretical 
perspectives. However, a 

consensus has begun to emerge 
around f ive of  these 
metacognitive processes: goal 

setting, planning, self -monitoring, 
self -control, and self -evaluation” 
(p. 428).  

self  regulated learning, 
metacognitive strategies, 
metacognitive skills, 

metacognition, cognitive 
strategies, learning strategies, 
academic, GPA, class grade, 

achievement test, academic 
achievement, academic 
performance, course grade, 

standardized test, achievement 
test, LASSI, MSLQ, PALS, ILP, 
ASI, ASSI, SRLIS, Mandinach 

1984, Winne 1982 



Hitt 000266412   187 
 

Review Core 
construct(s) 

Definition or description of 
MC/SRL, with illustrative 

quotations 

Search terms  

Ergen & 
Kanadli 
(2017) 

Self -regulated 
learning, 
metacognition 

“Self -regulated learning is 
def ined as an active and 
constructive process in which 

individuals set their own learning 
goals, regulate their cognition, 
motivation, and behaviours, and 

are directed and limited by their 
own goals and contextual 
features around (Pintrich 2000) . 

. . Students getting to know 
themselves . . . [is] a process 
that is associated with 

metacognitive skills, acquiring 
knowledge with cognitive skills, 
and obtaining the ability to 

motivated [sic] themselves and 
manage their environment 
ef fectively. For this reason, self -

regulated learning model is 
explained in four categories: 
cognitive, metacognitive, 

resource management, and 
motivational strategies (Pintrich 
& De Groot, 1990; Pintrich, 

1999)” (p. 56).  

(Turkish and English) self -
regulating learning, self  regulated 
learning, learning strategies, 

metacognitive strategies, 
metacognition, social cognitive 
theory, academic success, 

academic achievement 
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Review Core 
construct(s) 

Definition or description of 
MC/SRL, with illustrative 

quotations 

Search terms  

de Boer et 
al. (2018) 

Self -regulated 
learning, 
metacognitive 

strategy 
instruction 

“Pintrich (2000) described self -
regulated learning as ‘an active, 
constructive process whereby 

learners set goals for their 
learning and then attempt to 
monitor, regulate, and control 

their cognition, motivation, and 
behavior, guided and 
constrained by their goals and 

the contextual features in the 
environment’ (p. 453). A typical 
characteristic of  self -regulated 

learners is that they use 
strategies which facilitate and 
enhance their learning process 

and consequently their academic 
performance (Zimmerman, 1986; 
2002).” (p. 98)  

“Metacognitive strategies are 
methods which facilitate and 
regulate cognition. Because the 

use of  these strategies involves 
monitoring and controlling one's 
own learning, including the 

application of  cognitive 
strategies, metacognitive 
strategies are considered higher-

order skills, and are more dif f icult 
to teach than cognitive strategies 
. . . Finally, management 

strategies are applied to deal 
with the context of  the learning 
environment” (p. 99). 

self -reg*, metacognit*, learning 
strat*, study strat*, learning skill*, 
study skill*, strat* use, strat* 

instruction, follow-up, delayed, 
maintenance, retention, long-
term, intervention, program, 

treatment, instruction, experiment, 
training 
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Review Core 
construct(s) 

Definition or description of 
MC/SRL, with illustrative 

quotations 

Search terms  

Lee et al 
(2018) 

Metacognitive 
training, 
algebraic 

reasoning 

“Metacognition includes 
students’ thought processes and 
beliefs that enable them to 

regulate their learning activities 
(Schoenfeld, 1987). . . .General 
metacognition refers to being 

able to regulate problem-solving 
processes regardless of  the 
specif ic situation. Domain-

specif ic metacognition focuses 
on the unique characteristics of  
each situation among 

diverse/complicated situations 
(Kramarski & Mevarech, 2003).  
During the metacognitive 

processes, both knowledge and 
cognitive skills are planned, 
monitored, analyzed, evaluated, 

and ref lected by students based 
on their own goals” (p. 43) 

metacognitive training, 
metacognitive guidance, 
metacognitive instruction, 

metacognition, algebraic 
reasoning, algebraic thinking, 
algebraic achievement 

Perry, 
Lundie, & 

Golder 
(2019) 

Metacognition “the Organisation for Economic 
Co-operation and Development 

(OECD), [states] that 
metacognition is,…a second or 
higher-order thinking process 

which involves active control 
over cognitive processes. . . .The 
majority of  researchers separate 

metacognitive knowledge f rom 
metacognitive skills. . . In 
addition to this, we accept the 

three level model suggested by 
Donker et al. who recognise ‘an 
interaction of  cognitive, 

metacognitive and motivational 
processes, which work together 
during information processing ’ 

(Donker et al. 2014)” (p. 485).  

Search terms not reported.  
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Review Core 
construct(s) 

Definition or description of 
MC/SRL, with illustrative 

quotations 

Search terms  

Verschaf fel, 
Depaepe, & 
Mevarech 

(2019) 

Metacognition, 

ICT 

"Examples of  metacognitive 
components are planning, 
monitoring, control, and 

ref lection . . . From the very 
beginning, researchers . . . 
distinguished between two 

closely interrelated components 
of  metacognition: (1) knowledge 
of  cognition (e.g., knowledge 

about the task, strategies 
appropriate for solving the task, 
and personal characteristics 

relevant to the task) and (2) 
regulation of  cognition (e.g., 
monitoring, control, and 

ref lection). (The term 
‘metacognition’ is closely related 
to the term ‘self -regulation.’ . . . 

we take the former perspective, 
implying that we conceive 
metacognition as the most 

general concept and self -
regulation as the second, 
regulatory component of  

metacognition.)" (pp. 1-2).  

metacognition, self -regulation, 
mathematics, online learning, 
computer-based learning 

Wang & 
Sperling 
(2020) 

Self -regulated 
learning 

“Self -regulated learners are 
active agents who use a 
repertoire of  knowledge and 

strategies to regulate their 
learning adaptively and ef f iciently 
(Zimmerman, 1990, 2002; 

Schraw and Moshman, 1995). 
Self -regulated learners also 
examine their strengths and 

weakness against academic task 
standards in order to set 
appropriate goals, deploy 

strategies, adapt to varying 
environments, and to overcome 
obstacles. . .” (p. 1). 

self -regulation, metacognition, 
learning strategies, mathematics, 
mathematics skills, school-based 

intervention, intervention 
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Appendix 2. Protocol for the search and screening based on PRISMA-P 

1a Title:  Effects of metacognitive and self-regulatory interventions on mathematics 

achievement in primary and secondary students: Protocol for a systematic review and meta-

analysis 

1b Update of previous review?: No 

2 Registration of protocol: None 

3a/3b Authors  

First/Corresponding author and guarantor: Loraine Hitt (Durham University Ed.D. 

candidate) Email: l.e.hitt@durham.ac.uk; Mailing address: 105 Wofford Lane, Conway, SC, USA 

29526 

Supervisor: Professor Steven Higgins, Durham University School of Education, Email: 

s.e.higgins@durham.ac.uk 

4 Amendments  

 In the event changes to this protocol become necessary, they will be listed in this section 

along with the date and rationale. The supervisor will review any proposed changes for 

appropriateness.  

5a Support 

 The first author has been provided with a free EPPI-Reviewer account by the supervisor. 

EPPI-Reviewer is a multi-function tool specifically designed for collecting, screening, extracting 

data, and analyzing data for systematic reviews. The first author will otherwise be self-supported 

in this review.  

5b/5c Sponsorship 

 The School of Education at the University of Durham, UK, will advise and oversee the 

research. The first author assumes responsibility for the methods, ethical conduct, and 

intellectual contributions of the review, along with any potential oversights, omissions, or errors.  

6 Rationale 

Interventions based on metacognition and self-regulation have shown potential to raise 

general academic achievement for lower costs than other types of interventions. Within the 

domain of mathematics, it is predicted that metacognitive interventions may of fer an additional 

benefit beyond teaching strategies for mathematical problem-solving per se. This review is 

aimed at providing teachers of primary and secondary mathematics information about the types 

of metacognitive interventions likely to be good investments of classroom time and other 

mailto:l.e.hitt@durham.ac.uk
mailto:s.e.higgins@durham.ac.uk
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resources. To do this, the review seeks to locate and summarise the most trustworthy evidence 

using clear and replicable techniques to control for potential biases.  

7 Objectives 

 This review will seek to address the following research questions. 

1. During the last 15 years, what has been the effect of interventions based on theories of 

metacognition or self-regulation on the mathematics achievement/proficiency of school-

aged learners? 

2. What specific factors, if any, are correlated with higher effectiveness for such 

interventions? 

8 Eligibility criteria (See table below for full criteria) 

a. Participants: Given that this review aims to support educational practice, the focus of 

this review is on intervention studies carried out in regular school settings where mathematics is 

a prescribed part of the curriculum, regardless of who carried out the intervention with students 

(e.g., teacher, aid, researcher). Because the ages of compulsory schooling may vary, studies 

will be included where the participants were considered to be in their normal, day to day setting 

for primary/secondary education. Studies carried out in laboratories, nurseries, camps, after-

school clubs or similar settings will be excluded. Studies carried out in tertiary institutions, 

regardless of the age or enrollment status of students, will be excluded. Studies with the 

majority of students being outside the ages of 3-18 will be excluded. Studies with fewer than 10 

students in total will be excluded.  

b. Interventions: This review is interested in interventions explicitly based on theories of 

metacognition and self-regulation because of their potential apparent in previous reviews. 

Therefore, studies without a stated theoretical basis in these areas will not be included, even if 

the interventions’ “active ingredients,” such as discussion, journaling, or drawing, may appear 

similar to those in metacognitive and self-regulatory interventions. Studies with interventions 

that simply train students in problem solving techniques without any reference to metacognition 

or self-regulation will not be included. Conversely, all studies encountered that explicitly link 

their interventions to metacognition or self-regulation in the title or the abstract will be included, 

with no prior judgements made about the potential mechanisms of effectiveness, or lack thereof. 

Interventions need to be in a form that a classroom mathematics teacher could implement 

during regular lessons and be intended to train or improve students’ metacognition or self-

regulated learning skills. Studies that refer to MC/SRL in passing, or that measure MC/SRL 

beliefs or skills, but do not actively train such skills, will not be included.  
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c. Comparators: Studies will be included that utilize a control or comparison group not 

receiving the metacognitive or self-regulatory intervention, but still receiving mathematics 

teaching appropriate to the grade or year level. Intervention groups should be compared against 

students studying similar mathematical content, so for example a study would be excluded if it 

included an “honors” class in the intervention group, but a standard-ability class in the 

comparison group. However, if the study included mixed-ability groups or classes in the 

intervention and the comparison groups, that would not preclude inclusion.  Studies with no 

comparison group, such as within-group only designs, would be excluded. Studies with ITT 

(intention to treat), in which not all students received the condition to which they were allocated 

will still be included, unless an ITT analysis indicates substantial bias in the outcomes. Natural 

experiments will be excluded. 

d. Outcomes: The main outcome of interest, effect on mathematics achievement, should 

be pre-specified as an outcome in the design of included studies, even where those studies may 

have additional outcomes, such as motivation or language proficiency. The measurement of 

mathematics achievement should be done in such a way as to enable the calculation of an 

effect size, if one is not given in the study report. Mathematics achievement should be 

understood as the skills normally assessed in standardised assessments of mathematics, such 

as problem-solving, description or manipulation of numbers or figures, recall or explanation of 

mathematical principles or techniques, or the application of mathematical techniques to address 

given scenarios. The review will exclude studies in which attitudes to mathematics are assessed 

but not the types of skills listed above. The assessments used to measure mathematical 

achievement should have been used previously outside of the study, and both intervention and 

control or comparison groups should take the same assessments. Studies in which a new 

assessment has been created specifically for the research, and no other assessment of 

mathematical achievement is used, will be excluded from the review. 
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Appendix 3. Full inclusion and exclusion criteria  

Report 
Aspect 

Included Excluded  Rationale and examples  

Dates  Published f rom 
January 2005 to 

December 2019.  

The study was 
published before 2005 

or af ter 2019.  

The object is to update several 
reviews done a decade ago, with a 

special focus for the present review 
on metacognition in the mathematics 
domain.  

Publication 

Language  
English The study is not 

available in English.  

This review is aimed at readers of  

English, which is a global academic 
language.  

Publication 
type  

Scholarly and trade 
journals and 

magazines subject to 
peer review, 
conference 

proceedings, and 
theses and 
dissertations. All 

publications should be 
listed in common 
English-language 

databases of  scholarly 
work.  

Exclude: monographs, 
books, and book 

chapters; journals, 
magazines, or 
websites not subject to 

peer review; works not 
listed in common 
academic databases; 

unpublished studies or 
data sets.  

The peer review process is 
considered essential as a quality-

control feature. Books and chapters 
are likely to not be the primary form in 
which results of  relevant studies are 

disseminated. A listing in a common 
scholarly database is considered 
necessary to ensure consistency in 

accessibility.  

Study 
Aspect 

Included Excluded   Rationale and examples  

Topic  Studies in education.  Any study not 

regarding teaching and 
learning, even if  
metacognition (or 

similar) and/or 
mathematics are 
mentioned. Also 

exclude studies about 
research design per 
se.  

Studies in the disciplines of  medicine, 

psychology, neuroscience, business, 
law etc. will be excluded.  
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Population/ 
Sample 

Students aged 3 to 18, 
enrolled in 

primary/elementary 
and secondary 
schools. There should 

be at least 10 students 
total in the study.  

The subjects of  the 
intervention are NOT 

students aged 3-18 in 
primary or secondary 
settings, or there are 

fewer than 10 students 
total in the study.   

Given the dif ferences in assessments, 
accountability, and teaching context, 

research that focuses on post-
secondary students is less likely to be 
useful for primary and secondary 

teachers. Students who are 17 but 
enrolled as normal university students 
would be excluded. Students who are 

18 but still in secondary school would 
be included. Students in 
Honors/AP/IB courses, considered to 

be university level but not open to 
normal post-secondary students, 
would be included. With fewer than 10 

students, the results of  a study are 
not likely to be useful predictors for 
the ef fects of  the intervention in future 

research or pedagogy.  

Research 
Setting  

Schools or other 
normal settings for 
teaching and 

assessment in 
mathematics. 

The study was done in 
a laboratory or other 
setting in which 

teaching mathematics 
is not a normal activity. 
Also exclude settings 

in which mathematics 
teaching is done 
intensively as a 

primary or only activity, 
such as summer 
schools or tutoring 

clubs. Also exclude 
studies in which the 
intervention was 

delivered at home.  

This criterion aims to improve the 
ecological validity of  the research. 
Studies done in laboratories or 

outside of  normal teaching settings 
would be less useful to regular 
classroom teachers. A “laboratory 

school,” or other normal educational 
setting that also conducts educational 
research would be included. Any 

setting where the intervention cannot 
be compared with “standard teaching” 
done in the same setting would be 

excluded.  

Design  Experimental or quasi-
experimental studies, 
in which at least one 

aspect of  teaching is 
manipulated, and 
some type of  

comparison group is 
included.   

The study is NOT an 
experiment or quasi-
experiment, in which at 

least one aspect of  
teaching is 
manipulated, and 

some type of  
comparison group is 
included. 

The target audience of  teachers 
should see an estimate of  the impact 
of  the intervention beyond standard 

teaching. This excludes 
measurement, theoretical, validation, 
or purely observational studies. 

Natural experiments or regression-
discontinuity designs will be excluded 
due to the dif f iculty in disentangling 

the ef fects of  the intervention f rom 
maturation or other systemic 
changes.  
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Intervention
/ 
Treatment  

Educational 
intervention designed 

to be dif ferent f rom 
“standard teaching,” 
with a named focus on 

metacognition or self -
regulation. Some detail 
and documentation on 

the intervention should 
exist, to ensure the 
possibility of  

replication by another 
teacher or 
researcher.    

The intervention is not 
dif ferent f rom standard 

practice, does not 
have 
documentation/detail 

in existence, is not 
based on an explicit 
metacognitive or self -

regulated learning 
approach. The 
intervention period is 

less than at least 2 
hours or two sessions 
long. Also exclude if  

the manipulated 
element of  the study is 
embedded into the 

outcome measure 
AND there is no further 
follow-up outcome 

measure.   

Teachers interested in this review 
would want to know what concrete 

ways are to change standard teaching 
approaches to improve learning. Any 
study without some detail on specif ic 

teaching techniques would not be 
useful for the target audience. Some 
studies may not feature interventions 

with an explicit metacognitive (or 
similar) approach, yet relate 
metacognitive outcomes in a general 

way, but such studies would be 
excluded f rom this review.  

Outcomes/
Evaluation  

Assessments of  
mathematical 
achievement given in 

quantitative results 
using standardised 
tests, curriculum 

assessments, school 
examinations, or 
cognitive measures. 

Data suf f icient to 
compute an ef fect size 
(standardised mean 

dif ference) should 
exist. Documentation 
and/or detail on the 

outcomes should exist 
suf f icient for replication 
by 

teachers/researchers. 

Mathematics learning 
or achievement was 
not a designed 

outcome. Outcomes 
were not measured in 
a structured and 

replicable way. 
Observational, 
qualitative, or non-

numeric outcomes are 
used, or there is 
insuf f icient data to 

compute an ef fect 
size.   

While there are multiple good 
purposes for teaching activities, the 
target audience of  this review is 

teachers interested in raising 
mathematics learning and 
achievement as measured by 

common standards and assessment 
tools. Reporting an ef fect size for a 
given intervention allows teachers to 

estimate the level of  additional benef it 
in using that intervention with their 
own students. If  no detail or 

documentation exists on the 
assessments used, teachers may 
question the accuracy of  such an 

estimate.   
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Appendix 4. Final searches executed for the systematic review. 

Database 
searched and 
access point 

Search String Limits applied  Date  Returns Number of 
Duplicates  

British 

Education 
Index 
(EBSCOhost) 

AB (meta-cogn* OR 

metacogn* OR self -ref lect* 
OR self -regulat*) AND AB 
(math*) AND AB 

(treatment* OR interven* 
OR experiment* OR 
control* OR compar* OR 

condition* OR trial* OR 
random* OR allocate*) 

Publication Date: 

20050101-20191231 
25 May 

2020 
26 0 

Education 
Abstracts 
(EBSCOhost) 

AB (meta-cogn* OR 
metacogn* OR self -ref lect* 

OR self -regulat*) AND AB 
(math*) AND AB 
(treatment* OR interven* 

OR experiment* OR 
control* OR compar* OR 
condition* OR trial* OR 

random* OR allocate*) 

Publication Date: 
20050101-20191231 

25 May 
2020 

169 25 

ProQuest 
Dissertations 
and Theses 

Global 

ab(meta-cogn* OR 
metacogn* OR self -ref lect* 
OR self -regulat*) AND 

ab(math*) AND 
ab(treatment* OR interven* 
OR experiment* OR 

control* OR compar* OR 
condition* OR trial* OR 
random* OR allocate*) 

Date: From January 
01, 2005, to December 
31 2019 

28 May 
2020 

145 0 

Educational 

Administration 
Abstracts 
(EBSCOhost) 

AB (meta-cogn* OR 

metacogn* OR self -ref lect* 
OR self -regulat*) AND AB 
(math*) AND AB 

(treatment* OR interven* 
OR experiment* OR 
control* OR compar* OR 

condition* OR trial* OR 
random* OR allocate*) 

Publication Date: 

20050101-20191231 
1 June 

2020 
48 44 
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Database 
searched and 

access point 

Search String Limits applied  Date  Returns Number of 
Duplicates  

ERIC-US 
Department of  
Education 

(EBSCOhost) 

AB (meta-cogn* OR 
metacogn* OR self -ref lect* 
OR self -regulat*) AND AB 

(math*) AND AB 
(treatment* OR interven* 
OR experiment* OR 

control* OR compar* OR 
condition* OR trial* OR 
random* OR allocate*) 

Date Published: 
20050101-20191231 

2 June 
2020 

395 176 

Web of  

Science Core 
Collection 

(TS=(meta-cogn*  OR 

metacogn*  OR self -
ref lect*  OR self -
regulat*)  AND 

TS=(math*)  AND 
TS=(treatment*  OR 
interven*  OR 

experiment*  OR 
control*  OR compar*  OR 
condition*  OR trial*  OR 

random*  OR allocate*)).  

LANGUAGE: (English) 
Timespan: 2005-2019. 
Indexes: SCI-
EXPANDED, SSCI, 

A&HCI, CPCI-S, 
CPCI-SSH, BKCI-
SSH, ESCI.  

3 June 

2020 
898 210 

PsycINFO- 
American 
Psychological 

Association 
(EBSCOhost)  

AB (meta-cogn* OR 
metacogn* OR self -ref lect* 
OR self -regulat*) AND AB 

(math*) AND AB 
(treatment* OR interven* 
OR experiment* OR 

control* OR compar* OR 
condition* OR trial* OR 
random* OR allocate*) 

Publication Date: 
20050101-20191231 

3 June 
2020 

535 385 

ProQuest 

Social 
Sciences 
Premium 

Collection  

ab(meta-cogn* OR 

metacogn* OR self -ref lect* 
OR self -regulat*) AND 
ab(math*) AND 

ab(treatment* OR interven* 
OR experiment* OR 
control* OR compar* OR 

condition* OR trial* OR 
random* OR allocate*) 

Date: From 2005 to 

2019  

3 June 

2020 
305  272 

JSTOR (ab:((meta-cogn* OR 
metacogn* OR self -ref lect* 

OR self -regulat*) AND 
(math*) AND (treatment* 
OR interven* OR 

experiment* OR control* 
OR compar* OR condition* 
OR trial* OR random* OR 

allocate*) )) 

2005 to 2019 3 June 
2020 

11 11 
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Database 
searched and 

access point 

Search String Limits applied  Date  Returns Number of 
Duplicates  

Scopus 
(Science 
Direct) 

ABS ( meta-
cogn*  OR  metacogn*  OR
  self -ref lect*  OR  self -

regulat* )  AND  ABS ( 
math* )  AND ABS ( 
treatment* OR interven* 

OR experiment* OR 
control* OR compar* OR 
condition* OR trial* OR 

random* OR allocate* )  

PUBYEAR  >  2004  A
ND  ( EXCLUDE ( 
PUBYEAR ,  2020 ) ) 

3 June 
2020 

762 525 

Educational 
Research 
Abstracts 

Online (Taylor 
and Francis)  

(meta-cogn* OR 
metacogn* OR self -ref lect* 
OR self -regulat*) AND 

(math*) AND (treatment* 
OR interven* OR 
experiment* OR control* 

OR compar* OR condition* 
OR trial* OR random* OR 
allocate*) 

There was no option to 
limit by date.  

2 June 
2020 

216 91 

ECO- 

Electronic 
Collections 
Online (OCLC 

FirstSearch) 

(((kw: meta-cogn* OR kw: 

metacogn* OR kw: self -
ref lect* OR kw: self -
regulat*)) and kw: math*) 

and (kw: treatment* OR 
kw: interven* OR kw: 
experiment* OR kw: 

control* OR kw: compar* 
OR kw: condition* OR kw: 
trial* OR kw: random* OR 

kw: allocate*) 

yr: 2005-2019 19 

June 
2020 

91 47 

Applied Social 
Sciences 
Index & 

Abstracts 
(ProQuest) 

ab(meta-cogn* OR 
metacogn* OR self -ref lect* 
OR self -regulat*) AND 

ab(math*) AND 
ab(treatment* OR interven* 
OR experiment* OR 

control* OR compar* OR 
condition* OR trial* OR 
random* OR allocate*) 

Date: From 2005 to 
2019  

3 June 
2020 

37 37 
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Appendix 5. Sources considered for review and rejected, with reasons.  
 

Source and 

Outlet  
Practice Search Executed  Date  Items 

Returned  
Reasons for 

Discarding  

ArticleFirst 
(OCLC 
FirstSearch)  

(((kw: meta-cogn* OR kw: 
metacogn* OR kw: self -ref lect* 
OR kw: self -regulat*)) and kw: 

math*) and (kw: treatment* OR 
kw: interven* OR kw: 
experiment* OR kw: control* 

OR kw: compar* OR kw: 
condition* OR kw: trial* OR kw: 
random* OR kw: allocate*) and 

yr: 2005-2019 

20 
May 
2020 

8 Not able to download 
references in a suitable 
format for EPPI-

Reviewer, only a few 
returns, and the returns 
may be included in the 

ECO (FirstSearch) 
search.  

Electronic 
Theses Online 
Service 

meta-cognition (any word) AND 
mathematics (any word); 
metacognition (any word) AND 

mathematics (any word);  self -
ref lect (any word) AND 
mathematics (any word);  self -

regulate (any word) AND 
mathematics (any word).  

10 
March 
2020 

43  Not able to execute 
search as a single string 
with alternate terms or 

use wildcards. Not able 
to download citations as 
a batch.  

Sage Journals [[Abstract meta-cogn*] OR 
[Abstract metacogn*] OR 

[Abstract self -ref lect*] OR 
[Abstract self -regulat*]] AND 
[Abstract math*] AND [[Abstract 

treatment*] OR [Abstract 
interven*] OR [Abstract 
experiment*] OR [Abstract 

control*] OR [Abstract compar*] 
OR [Abstract condition*] OR 
[Abstract trial*] OR [Abstract 

random*] OR [Abstract 
allocate*]] 2005 to 2019 

21 
May 

2020 

44 The majority of  these 
returns would have been 

picked up by other 
searches, leading to 
excess duplicates. 

Based on re-running the 
search on 3 Dec. 2021, I 
estimate 1-2 well-f itting 

items may have been 
lost by discarding this 
search.  

Directory of 
Open Access 

Journals  

(Article Abstract) metacogn* 
AND math*; (Article Abstract) 

meta-cogn* AND math*; 
(Article Abstract) metacognition 
AND math*; 
(Article Abstract) meta-cognition 
AND math*; 
(Article Abstract) self -reg* AND 

math*; (Article Abstract) self -
regulation AND math*; (Article 
Abstract) self -ref lect* AND 
math*; (Article Abstract) self -

ref lection AND math*  

25 
May 

2020 

133 
(maximum 

from one 
search with 
two search 

terms)  

Not able to combine 
more than two terms in a 

single search. Using 
wildcards produces 
inconsistent results.  
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Source and 
Outlet  

Practice Search Executed  Date  Items 
Returned  

Reasons for 
Discarding  

WorldCat 

Dissertations 
and Theses 
(FirstSearch)  

(((kw: meta-cogn* OR kw: 

metacogn* OR kw: self -ref lect* 
OR kw: self -regulat*)) and kw: 
math*) and (kw: treatment* OR 

kw: interven* OR kw: 
experiment* OR kw: control* 
OR kw: compar* OR kw: 

condition* OR kw: trial* OR kw: 
random* OR kw: allocate*) and 
yr: 2005-2019 and la= "eng" 

12 

June 
2020 

190 Not able to download 

batch citations in the 
correct f ile format for 
uploading to EPPI-

Reviewer.  

Australian 

Education 
Research 
Theses 

NA NA NA Not able to access.  

International 

Bibliography of 
the Social 
Sciences 

(ProQuest) 

ab(meta-cogn* OR metacogn* 

OR self -ref lect* OR self -
regulat*) AND ab(math*) AND 
ab(treatment* OR interven* OR 

experiment* OR control* OR 
compar* OR condition* OR trial* 
OR random* OR allocate*) 
Additional limits - Date: From 
January 01 2005 to December 
31 2019  

20 

May 
2020 

23 Part of  the Social 

Sciences Premium 
Collection. Not 
necessary to do a 

separate search.  
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Appendix 6. Codes used for data extraction for the narrative synthesis.  

• Report Type 
o Journal Article 
o Dissertation/Thesis 
o Conference Paper 
o Technical Report/White Paper 
o Other (Describe) 
o Possible overlapping reports? 

• Date of Publication 
o 2005 
o 2006 
o 2007 
o 2008 
o 2009 
o 2010 
o 2011 
o 2012 
o 2013 
o 2014 
o 2015 
o 2016 
o 2017 
o 2018 
o 2019 

• Study Context 
This section is used to extract basic information about the study context. 

o Continent/Region 
▪ USA 
▪ Central America and Caribbean 
▪ South America 
▪ Africa 
▪ Western Europe 
▪ Eastern Europe/ Former USSR 
▪ Middle East 
▪ Subcontinent 
▪ East Asia 
▪ Oceania/Pacific Islands 
▪ Canada 

o Country 
The country/nation in which the research was performed. 

▪ Given explicitly 
Enter the country in info and select text in the pdf. 

▪ Inferred 
Enter the country in info and select text in PDF that implies the country. 

o Region, State, or City 
Enter the local region, state, or city for the research. 

▪ Given explicitly or inferred 
Enter the location in info and select text in the pdf. 
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▪ Unclear 
The more specific location is not clear from the text. 

o Type of Community 
Urban, suburban, rural. 

▪ Urban 
▪ Metropolitian 

City centre and suburbs 
▪ Suburban 
▪ Rural 
▪ Unclear 

o School Level 
 Select the appropriate level(s) of the school(s) where the research was 
completed. 

▪ Preschool/Nursery 
Serving children aged 3 to 5 or 6, but excluding levels considered 
"compulsory." 

▪ Kindergarten 
▪ Primary/Elementary 

Including children aged 6 or 7 to 10 or 11, or from the start of compulsory 
education to early adolescence. 

▪ Middle School/Jr. High/Lower Secondary 
Including children aged 10 or 11 to 13 or 14, or from early adolescence to 
the final stage of compulsory education. 

▪ High School/Upper Secondary 
Including students from ages 13 or 14 to 17 or 18, or the final stage of 
compulsory education. 

▪ Secondary School 
o School Type 

▪ Publicly funded and administered 
State schools, run with public money and managed by a governmental 
entity. Any time a "district" is mentioned, use this code. 

▪ Privately funded and administered 
Include traditional private schools. 

▪ Publicly funded, privately administered 
Include charter schools in the US or similar. 

▪ Head Start, Abbot, or other Preschool 
▪ Unclear/Multiple School Types 

How the school is funded and administered are unclear, or there are 
several types of schools. 

o Questions and Notes 
• Student Sample 

Use this section to extract information about the student sample under study. 
o Selection of students 

▪ Random or partly/pseudo-random 
▪ Purposeful/matching/stratified 
▪ Convenience or chosen by someone other than researcher 
▪ Unclear selection 

o Sample numbers 
 Enter the total numbers of students and teachers who participated in the study. 

▪ Total number of students sampled/allocated to groups. 
 Enter the total number of students and highlight in the text. 



Hitt 000266412   204 
 

▪ Unclear number of students sampled/allocated to groups. 
 The number of students sampled/allocated to groups is unclear, or there 
is a difference between the two. Explain in info and highlight in the text. 

▪ Total number of students assessed for outcomes in all groups. 
 Enter the total number of students assessed for outcomes and highlight 
in the text. 

▪ Unclear number of students assessed for outcomes in all groups. 
 The number of students assessed for outcomes in all groups is unclear. 
Explain in info and highlight in the text. 

▪ Total number of "teacher" participants. 
 Enter the total number of teachers or other school employees (e.g. 
classroom assistants, interventionists, counselors) who participated in the 
intervention, including those who team taught or assisted external 
researcher(s). If the intervention was delivered by researcher(s) through 
pull-out sessions, enter "0". Highlight information in the text. 

▪ Unclear number of "teacher" participants. 
 The text does not give a precise number of teachers or other school 
employees who participated in the intervention. 

▪ Total number of classes 
The total number of classes allocated to groups, offered the intervention, 
or assessed for outcomes. 

▪ Unclear number of classes 
The number of classes allocated to groups, offered the intervention(s), or 
assessed for outcomes is unclear, or there is a difference between these. 
Explain in info and highlight in the text. 

▪ Total number of schools 
Enter the total number of schools allocated to groups, offered the 
intervention, or assessed for outcomes. 

▪ Unclear number of schools 
The number of schools allocated to groups, offered the intervention, or 
assessed for outcomes is unclear, or there is a difference between these. 
Explain in info and highlight in the text. 

o Ability level(s) or functional designation(s) of student participants 
Enter information about the pre-study ability designation or grouping of student 
participants. Check all that apply, enter info and/or highlight text from the pdf. 

▪ Low ability/disability/SEN/IEP/"at risk" 
 While many researchers and theories distinguish between these, such 
distinctions may not be meaningful for the review outcomes. So, they are 
lumped together here. 

▪ Average or mixed ability 
Students are not designated as having high or low ability or specific 
learning-related or general disabilities. 

▪ High ability or gifted 
▪ Home language different from school language 
▪ Unclear ability level or functional designation 

 There is not enough information in the text to clarify student participants' 
ability levels or designations prior to the study. 

o Age(s) of students 
▪ 3 
▪ 4 
▪ 5 
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▪ 6 
▪ 7 
▪ 8 
▪ 9 
▪ 10 
▪ 11 
▪ 12 
▪ 13 
▪ 14 
▪ 15 
▪ 16 
▪ 17 
▪ 18 
▪ 19 
▪ Unclear age 

o Grade level of students 
 Enter the grade designation for students. 

▪ Grades(s) explicitly given 
 Enter the grade(s) as given in the text in info, and highlight the text if 
appropriate. 

▪ Unclear grade level 
o Socio-economic status 

Enter information about parents' or families' income or education level. Select all 
designations that apply to some or all student participants in the study. Enter info 
and highlight text to illustrate coding. 

▪ Low income or FSM, or mother's education 
▪ Middle income 
▪ High income or mother's education 
▪ Mixed SES 
▪ Unclear Income level, FSM, or other social support 

The income level or FSM eligibility of all students in the study is unclear. 
o Sex, gender, and orientation 

Enter any information given about the sex, gender, and/or orientation of student 
participants. Select all that apply. Explain in info and highlight text in the PDF. 

▪ Co-ed or mixed sex/gender 
The group of all participants includes students of every sex and/or 
gender. 

▪ Girls only 
▪ Boys only 
▪ LGTBQI 
▪ Unclear sex, gender, or orientation 

There is not enough information in the text to determine the student 
participants' sex, gender, or orientation. 

▪ Discusses gender as a relevant factor 
o Ethnicity/Nationality 

Add these codes based on information from the text. 
▪ Ethnicity(ies)/nationality(ies) given 
▪ Mixed or multiple ethnicities or nationalities 
▪ Unclear ethnicity/nationality 

o Questions and Notes 
• District, school, class, and teacher samples 
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o District or local area 
▪ Selection 

▪ Random or intended random 
▪ Purposeful 
▪ Convenience or chosen by someone other than researcher 
▪ Unclear 

▪ Numbers sampled 
▪ Mentioned explicitly 
▪ Inferred 
▪ Unclear 

▪ Assignment to groups 
▪ Randomised 
▪ Psuedo- or intended randomised 
▪ Purposeful/Matching 
▪ Naturally occuring/Intact groups 
▪ Unclear 
▪ Not used as unit of assignment 

o Schools 
▪ Selection 

▪ Random 
▪ Purposeful 
▪ Convenience or chosen by someone other than researcher 
▪ Unclear 

▪ Numbers sampled 
▪ Mentioned explicitly 
▪ Inferred 
▪ Unclear 

▪ Assignment to groups 
▪ Randomised 
▪ Psuedo- or intended randomised 
▪ Purposeful/matching 
▪ Naturally occuring/Intact groups 
▪ Unclear 
▪ Not used as unit of assignment 

o Classes 
▪ Selection 

▪ Random or intended random 
▪ Purposeful 
▪ Convenience or chosen by someone other than researcher 
▪ Unclear 

▪ Numbers sampled 
▪ Mentioned explicitly 
▪ Inferred 
▪ Unclear 

▪ Assignment to groups 
▪ Randomised 
▪ Psuedo- or intended randomised 
▪ Purposeful/matching 
▪ Naturally occuring/Intact groups 
▪ Unclear 
▪ Not used as unit of assignment 
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o Teachers or other staff who deliver the intervention 
▪ Selection 

▪ Random or intended random 
▪ Purposeful 
▪ Convenience or chosen by someone other than researcher 
▪ Unclear 

▪ Numbers sampled 
▪ Mentioned explicitly 
▪ Inferred 
▪ Unclear 

▪ Assignment to groups 
▪ Randomised 
▪ Pseudo- or intended randomised 
▪ Purposeful/Matching 
▪ Naturally occuring/Intact groups 
▪ Unclear 
▪ Not used as unit of assignment 

• Grouping and Allocation 
o Intervention group(s) 

▪ Number and description 
▪ 1 
▪ 2 
▪ 3 
▪ 4 
▪ 5 
▪ Unclear number of intervention groups 
▪ Temporary Holding Cell 

o Comparison group(s) 
▪ Number and description 

▪ 1 
▪ 2 
▪ 3 
▪ 4 
▪ 5 
▪ Unclear number of comparison groups 

o Method of allocation 
▪ Randomised 
▪ Random with Matching 
▪ Psuedo- or intended randomised 
▪ Naturally occuring 
▪ Matching 
▪ Choice of student or school staff 
▪ Purposeful 
▪ Unclear method of allocation 

o Unit of allocation 
▪ Individual student 
▪ Group of students 
▪ Individual Class 
▪ Group of classes 
▪ Individual school 
▪ Group of schools 
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▪ Other 
▪ Unclear unit of allocation 

o Questions and Notes 
• Reject at this stage? 

o Maybe (give reasons) 
o Yes (explain) 

▪ Homework is a major part of the SRL/MC training 
▪ Insufficient intervention details reported 
▪ Intervention focuses on teachers not students 

The intervention training is pre-planned and delivered for teachers, and 
there is no or little direct MC/SRL training for students, even if student 
outcomes are measured. 

▪ Outcome assessment embedded in intervention 
▪ Comparison/control also includes MC/SRL elements 
▪ Numeric outcomes not acceptable 

 Either I cannot understand the outcomes (due to inaccurate, confusing, 
or insufficient reporting), or the outcomes that are reported cannot be 
used to generate ES. 

▪ No reliable outcome assessment 
▪ Intervention is not clearly based on MC/SRL training for students. 
▪ Intervention not at least 2 hrs (1 session) or at least 1 hr (2 or more 

sessions) 
▪ Outside date range 
▪ Report describes an entire curriculum, not an intervention 

o No (explain resolution, if any) 
▪ Need to Code 

• Research Timeline 
o Length of intervention period 

▪ Given explicitly 
▪ Inferred 
▪ Unclear 
▪ 1 week or less 
▪ 2 weeks to 4 weeks 
▪ 5 to 12 weeks or 1 academic quarter 
▪ 13-18 weeks or 1 semester 
▪ More than 18 weeks or up to 1 academic year 
▪ More than 1 academic year 
▪ Unclear Units of Time 

o Given or Estimated Time in Weeks 
▪ 1 week 
▪ 2 weeks 
▪ 3 weeks 
▪ 4 weeks 
▪ 5 weeks 
▪ 6 weeks 
▪ 7 weeks 
▪ 8 weeks 
▪ 9 weeks 
▪ 10 weeks 
▪ 11 weeks 
▪ 12 weeks 



Hitt 000266412   209 
 

▪ 13 weeks 
▪ 14 weeks 
▪ 15 weeks 
▪ 16 weeks 
▪ 17 weeks 
▪ 18 weeks 
▪ 19 weeks 
▪ 20 weeks 
▪ 21 weeks 
▪ 22 weeks 
▪ 32 weeks 
▪ 36 weeks 
▪ 40 weeks 

o Time-slot for intervention sessions 
▪ During normal maths period 
▪ During a free/study period 
▪ During another subject period 
▪ Unclear 

o Frequency of intervention sessions 
▪ Given explicitly 
▪ Inferred 
▪ Unclear 
▪ Daily or 4-5x per week 
▪ 2-3x per week 
▪ Weekly 
▪ Bi-weekly 
▪ Monthly or 1x per 3 weeks 
▪ More than 1 month between sessions 

o Length of intervention sessions 
▪ Given explicitly 
▪ Inferred 
▪ Unclear 
▪ Up to 15 minutes 
▪ Up to 30 mins 
▪ Up to 1 hour 
▪ Up to 1.5 hours 
▪ Up to 2 hours 
▪ Up to 3 hours 
▪ Up to 4 hours 

o Number of intervention sessions 
▪ Given explicitly 
▪ Inferred 
▪ Unclear 
▪ 1-2 sessions 
▪ 3-5 sessions 
▪ 6-10 sessions 
▪ 11-15 sessions 
▪ 16-20 sessions 
▪ 21-25 sessions 
▪ 26-30 sessions 
▪ 31-35 sessions 
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▪ 36-40 sessions 
▪ 41-45 sessions 
▪ 46-50 sessions 
▪ 51-55 sessions 
▪ 56-60 sessions 

o Time between pre-test (if any) and first post-test 
Only tests done after the end of the intervention will be considered as posttests 
for this review. 

▪ Given explicitly 
▪ Inferred 
▪ Unclear 
▪ No pre-test 

o Time between first post-test and delayed post-test 
▪ Given explicitly 
▪ Inferred 
▪ Unclear 
▪ No delayed post-test was done 

o Questions and Notes 
• Intervention 

o Name and development of intervention 
▪ Unique or specific intervention name 
▪ Unclear or generic intervention name 
▪ "Branded" or adapted from previous interventions 
▪ Newly developed, not "branded" or directly researched elsewhere 
▪ Unclear intervention development or links to other research 

o Intervention Type 
▪ Structure problem-solving with MC prompts/questions (e.g. IMPROVE) 
▪ IMPROVE or similar plus other intervention components 
▪ IMPROVE, or similar, NOT a main component 

o Description of intervention 
▪ Highly detailed in report 

Multiple examples are given and there are sufficient details to replicate 
many or most parts of the intervention, or to adapt it to a new context. 

▪ Moderately detailed in report 
Some examples are given, and there is detail allowing a few parts of the 
intervention to be replicated or adapted, but some parts are not clear. 

▪ Low detail in report 
Much about the intervention is unclear, but the basic outline and materials 
are given. 

▪ Described elsewhere 
Use this code when other reports or supplementary materials provide 
further description of the intervention materials and procedures. 

▪ Includes Samples of Intervention Materials or Activities 
 Such as lesson plans, blank worksheets, tasks, computer screens, 
graphs/images, etc. 

▪ Includes Samples of Student work or discussion 
e.g. written texts, transcripts of dialogue, drawings. These should show 
examples of how students interacted with the materials. 

▪ Includes examples of teachers' or intervention leaders' work or discussion 
Such as logs, diaries, feedback to students, transcripts of recorded 
lessons, etc. 
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▪ Includes a schedule of intervention sessions/lessons 
Do not check this unless there is a description of different sessions or 
lessons, or if they only describe the sessions in general. 

o Samples of mathematical tasks included 
▪ From intervention group teaching only 
▪ From control group teaching only 
▪ From shared teaching for intervention and control. 
▪ From assessment tool(s) 
▪ No sample maths tasks included 

o Theoretical basis and rationale for intervention 
▪ Discussed in article/report 

▪ In high detail 
▪ In moderate detail 
▪ In minimal detail 

▪ Unclear 
▪ Discussed with students 

▪ Explicitly stated or inferred 
▪ Not discussed 
▪ Unclear 

▪ Discussed with teachers or staff who led the intervention 
▪ Explicitly stated or inferred 
▪ Not discussed 
▪ Unclear 
▪ Researcher was teacher/intervention leader 

o Tailoring to specific needs of the students sampled 
Based on a formal or informal assessment of the needs of the specific students 
at the study site. 

▪ Tailored to Mathematics needs 
▪ By researcher 
▪ By teacher or intervention leader 
▪ By software or intervention structure 
▪ By students' choices 
▪ Unclear 

▪ Tailored to SRL/MC needs 
▪ By researcher 
▪ By teacher 
▪ By software or intervention structure 
▪ By students' choices 
▪ Unclear 

o Mathematical Content Area 
▪ Basic numeracy (e.g. counting, cardinality, recognizing written and 

spoken numbers) 
▪ Place value, ordinality, rank, or decimals, number sense 
▪ Adding/Subtracting 
▪ Multiplying/dividing 
▪ Fractions, percentages, ratios, or proportions 
▪ Time 
▪ Money 
▪ Shapes (classifying and describing) 
▪ Units 
▪ Data collection, organization, and presentation; measurement 
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▪ Probability and Statistics 
▪ Numberline and graphing 
▪ Algebra and/or functions, rate of change calculations 
▪ Geometry, Circles, or Trigonometry 
▪ "Word Problems" 
▪ Logic 
▪ Estimating 
▪ Calculus or pre-calc. 
▪ Equations 
▪ Exponents 
▪ Unclear maths content 
▪ No specific maths content 

o Level of mathematics embeddedness 
▪ MC/SRL taught through mathematics content 
▪ MC/SRL taught alongside mathematics content 
▪ MC/SRL taught through other or no academic domain 

o Leader(s) of intervention 
▪ Regular classroom teacher(s) 
▪ Other teacher(s) or school employee(s) 
▪ Researcher(s) 
▪ Student(s) 
▪ Technology-based 
▪ Unclear intervention leader 
▪ Researcher as teacher or school staff member 

o Training for intervention leader(s) 
▪ Live sessions led by researchers or intervention developers. 
▪ Teacher led live sessions 
▪ Manual, lesson plans or materials, or activity guides 
▪ Videos 
▪ Other 
▪ Unclear training 

o Fidelity checks 
▪ Carried out 
▪ Not carried out 
▪ Unclear fidelity checks 

o Social situation/modality 
▪ Individual student 
▪ Individual student with teacher or other adult 
▪ Pair of students 
▪ Group of students 
▪ Whole class 
▪ Internet-based (without live video/audio) 
▪ Video/audio meeting 
▪ Unclear 

o Stage(s) of SRL 
 What task stage (if any) was the intervention intended to focus on? 

▪ Pre-task 
▪ During Task SRL/MC 
▪ Post-task SRL/MC 
▪ Multi-stage or general 

o Activities and Strategies 
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▪ Mathematics problem-solving 
▪ Learning/reviewing mathematics principles 
▪ Graphing, modelling with images, taking photographs, or colouring 
▪ Construction or manipulation of physical props 
▪ Unstructured mathematics exploration, task formulation or choice by 

students 
▪ Setting learning or achievement goals 
▪ Defining or planning for tasks or learning activities, strategy choice 
▪ Questioning, monitoring, or control of learning or task processes or 

performance 
▪ Providing or receiving/reviewing marks or feedback, error-correction 
▪ Self-evaluation or self-prediction (e.g. calibration) of 

knowledge/performance 
▪ Attributions for performance 
▪ Writing about thinking 
▪ Discussion (verbal or written) 
▪ Behavioral, attentional, time, and environment regulation 

 Including help-seeking from others in the social environment. 
▪ Affective/motivational regulation 

 Including self-efficacy and beliefs about ability. 
▪ Memory and "study" strategies, note-taking 
▪ Explaining task approaches/TA (thinking aloud)/ students teaching peers, 

recording audio reflections 
▪ Physical exercise, movement, or breathing 
▪ Use of play, games, music/sounds, drama, or humor 
▪ Mathematical language/terms and reading strategies 
▪ General Reading Strategies 
▪ Unclear Activities/Strategies 

o Materials 
▪ Books, papers, notecards, or screens with text 
▪ Pictures, Images, Diagrams, Posters 
▪ Pencils, pens, markers, crayons 
▪ Rulers, protractors/compasses, or other measurement/drawing tools 
▪ Paint, colored or craft paper, sitckers, glue, scissors 
▪ PCs, laptops, tablets, phones (personal devices) 
▪ Whiteboard, smartboard, or "multi-touch" device 
▪ Passive video or audio display, slide show 
▪ Sports equipment or balls 
▪ Board games, playing cards, dice, coins, or manipulables 
▪ Dolls or toy animals 
▪ Gum, candy, or other consumables/prizes 
▪ Other physical materials 
▪ Unclear materials 

o Cost 
▪ Per student cost (GBP) 
▪ Per class cost (GBP) 
▪ Other cost estimate 
▪ Unclear cost 

o Social Acceptability 
▪ Student responses 

▪ positive 
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▪ negative 
▪ unclear/no mention 

▪ Teacher and other staff responses 
▪ positive 
▪ negative 
▪ unclear/no mention 

▪ Students Revised Coding for Social Acceptability 
▪ Student responses positive only 
▪ Student responses negative only 
▪ Student responses mixed 
▪ Student responses unclear 

▪ Teacher responses revised coding social acceptability 
▪ Teacher responses positive only 
▪ Teacher responses negative only 
▪ Teacher responses mixed 
▪ Teacher responses unclear 

• Evidence Strength and Risk of Bias 
o Blinding/masking performed? 

▪ yes 
▪ no 
▪ Unclear 

o Low or no Selection Bias? 
▪ yes 
▪ no 
▪ Unclear 

o Is baseline equivalence demonstrated? 
▪ yes 
▪ no 
▪ unclear 

o Is there a BAU comparison? 
▪ yes 
▪ no 
▪ Unclear 

o Evaluated at level of allocation? 
▪ yes 
▪ no 
▪ Unclear 

o Only one mathematics skills assessment tool (or equivalent forms)? 
▪ yes 
▪ no 
▪ Unclear 

o Mathematics Skills Outcome Assessment Seperately Developed/Validated? 
▪ yes 
▪ no 
▪ Unclear 

o Low/balanced Attrition/Missing data? 
▪ yes 
▪ no 
▪ Unclear 

o Low Contamination or Cross-over? 
▪ yes 
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▪ no 
▪ Unclear 

o No evidence of participants' beliefs affecting outcomes? 
 This could be resentful demoralisation or Hawthorne effect. 

▪ yes 
▪ no 
▪ Unclear 

o High Fidelity of Treatment? 
▪ yes 
▪ no 
▪ Unclear 

o Avoids Other Confounds and/or Limitations? 
▪ yes 
▪ no 
▪ Unclear 

o Questions and Notes 
• Ethics considerations 

o Was consent/assent for the study sought from participants or parents/guardians? 
▪ Students 

▪ Yes 
▪ No 
▪ Unclear 

▪ Teachers/Staff 
▪ Yes 
▪ No 
▪ Unclear 

▪ Parents/Guardians 
▪ Yes 
▪ No 
▪ Unclear 

o Was personal data protected? 
▪ Students 

▪ Yes 
▪ No 
▪ Unclear 

▪ Teachers/staff 
▪ Yes 
▪ No 
▪ Unclear 

o Were participants free from reprisals/negative consequences? 
▪ Students 

▪ Yes 
▪ No 
▪ Unclear 

▪ Teachers/Staff 
▪ Yes 
▪ No 
▪ Unclear
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Appendix 7. Extracted outcomes and effect size calculations for meta-analysis. 

 

Data extracted and calculations of primary-study effects for the posttest-only meta-analysis can 
be viewed at:  

 
https://docs.google.com/spreadsheets/d/124LJzgffzejKdqAPydZaZMica-
9BL2poH47bRZpZrHE/edit#gid=0 

https://docs.google.com/spreadsheets/d/124LJzgffzejKdqAPydZaZMica-9BL2poH47bRZpZrHE/edit#gid=0
https://docs.google.com/spreadsheets/d/124LJzgffzejKdqAPydZaZMica-9BL2poH47bRZpZrHE/edit#gid=0
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Appendix 8. Assuming group sizes when not reported, impact on effect sizes and their 

confidence intervals. 

  
Example 1. In Kang (2010), the original student sample is 75, but only 62 were included in the 
analysis due to attrition, missing assessment data, and lack of sufficient attendance in the study 
sessions. The sizes of the intervention and control group are not given in the report. Table A 
below shows the impact on the effect size and confidence intervals of different group size 
assumptions. Although different group sizes have a negligible impact, the outcomes could still 
be problematic based on the author’s description of key differences between those who left the 
study and those who remained, such as the former having better mathematics performance 
scores (p. 52).   
 

Intervention 
group size  

Comparison 
group size 

Posttest Only 
Effect size  

95% Confidence 
Interval Minimum 

95% Confidence 
Interval Maximum  

31 31 0.8671 0.3464 1.3878 

24 38 0.8648 0.3316 1.398 

38 24 0.8695 0.3361 1.403 

Table A. Comparison of outcomes based on different assumptions about how the total analysed 
sample (N=62) from Kang (2010) was subdivided.  
 

Example 2. In Kramarski, Weisse, and Kololshi-Minsker (2010), the student sample is 140 (72 
males, 68 females) spread across four classes and two different schools. Outcome descriptives 
are reported only based on two subgroups of achievement (higher vs. lower), and there is no 
information about how these groups were determined. For the meta-analysis, I assume equal 
groups by condition and achievement level, but the impact of changing the group sizes is 
explored in Table B below. As shown, there is a substantial difference in the effect sizes and 
their confidence intervals with different assumed group sizes. Importantly, all estimated effects 
and confidence intervals are positive, with moderate to high effects. There is some indication, 
based on the study report, that the intervention and comparison groups differed at baseline, with 
the latter having a wider range of pre-test scores and a bigger difference between the lower and 
higher achievement groups. The overall effect size is mainly the result of large pretest to 
posttest gains (M = 55.81 to M = 76.79) in the lower achieving students of the intervention 
group. Gains in the higher achieving intervention students were smaller (M = 76.92 to M = 
84.00), and they were negligible in both the lower (M = 47.50 to M = 48.21) and higher 
achieving (M = 80.71 to M = 79.56) comparison group students (SDs ranged from 14.22 to 
27.16).  

 

Intervention group 
sizes 

Comparison group 
sizes 

Posttest 
Only 
Effect 
size  

95% 
Confidence 
Interval 
Minimum 

95% 
Confidence 
Interval 
Maximum  Lower 

achievers 
Higher 
achievers 

Lower 
achievers 

Higher 
achievers 

35 35 35 35 0.7242 0.3823 1.0662 
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40 40 30 30 0.7493 0.4032 1.0953 

30 30 40 40 0.7015 0.3569 1.0462 

25 45 45 25 0.9556 0.6059 1.3053 

35 45 25 35 0.6683 0.3246 1.0121 

Table B. Comparison of outcomes based on different assumptions about how the total analysed 
sample (N=140) from Kramarski, Weisse, and Kololshi-Minsker (2010) was subdivided.  
 

Example 3. Schmitt (2013) reports an original sample size of 276 total, with 126 intervention and 
150 control group students. Reported attrition is 5% for the intervention group and 19% for the 
control group (with 241 final students overall, p. 74), so for the meta-analysis I assume the two 
final groups to have 120 and 121 students respectively. However, there is also a reported 
missing data on the mathematics outcome of 12% at pretest and 17% at posttest (26% for 
change scores, p. 83), and this missing data includes attrition and other reasons students 
missed the tests. Missing data not covered in the attrition rate is not reported by group, and only 
original samples are given in the outcome tables. Table C. below shows the differences in 
posttest-only effect sizes based on post-attrition calculated samples, and samples with an 
additional 17% missingness, either equal or unequal by group. As shown, because the overall 
effect is very small, there is almost no impact of changing the overall sample or using equal or 
unequal group sizes.  
 

Intervention 
group size  

Comparison 
group size 

Posttest Only 
Effect size  

95% Confidence 
Interval Minimum 

95% Confidence 
Interval Maximum  

120 121 0.0764 -0.1762 0.329 

100 100 0.0763 -0.2009 0.3536 

120 80 0.0752 -0.2078 0.3582 

80 120 0.0776 -0.2054 0.3606 

Table C. Comparison of outcomes based on different assumptions about how the total analysed 
sample (N=241 or N=200) from Schmitt (2013) was subdivided.  
 

Example 4. Shilo & Kramarski (2019) reported 824 total students within 32 schools, with each 
school having one teacher and one class involved in the study. The number of students for each 
group is not reported, and there is no discussion of attrition or missing data. Equal-sized groups 
are assumed for the meta-analysis, but the impact of unequal groups is explored below in Table 
D. With all assumed group sizes, the effects are positive for the intervention and moderate in 
size. Given that the comparison group used an alternate intervention, and there was only one 
teacher involved in the study per school, it is not likely there was demoralisation and attrition 
based on knowledge of group assignment. However, even if there had been unequal attrition 
within the two study groups, this would not have impacted the effect size estimate substantially, 
as seen in the last two rows.  
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Intervention 
group size  

Comparison 
group size 

Posttest Only 
Effect size  

95% Confidence 
Interval Minimum 

95% Confidence 
Interval Maximum  

421 421 0.393 0.2566 0.5294 

321 521 0.3773 0.2371 0.5175 

521 321 0.4109 0.2705 0.5514 

421 321 0.4029 0.2562 0.5496 

321 421 0.3839 0.2373 0.5304 

Table D. Comparison of outcomes based on different assumptions about how the total analysed 
sample (N=824) from Shilo & Kramarski (2019) was subdivided. As no attrition was reported, 
the final two rows assume an imaginary attrition of 100 students from the total sample, unequal 
by groups, which is not assumed for the meta-analysis. 
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Appendix 9. Interventions and designs of review studies  

 

All included reports, alphabetised by author, with intervention timing, description, and sample, comparison groups description and 
sample, and allocation method. U = Unclear from report., Ref. = Reference, Per. = Intervention period, Freq. = Frequency, Sess. = 
Session length, Interv. = MC/SRL Intervention, Interv. N = Intervention sample, Comp. = Non-MC/SRL comparison, Comp. N = 
Comparison group sample. Alloc. = Allocation method and unit.  

Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

Abdolhossini 
(2012) 

12 
sessions  

U U “Experimental group”: 
Multi-stage MC/SRL 

training, focused on 
memory, cognitive 
strategies, self -

consciousness, 
control, attitudes to 
mathematics, self -

assessment and 
problem-solving  

100 “Control group”: 
assumed to be BAU 

mathematics 
teaching, but no 
details reported.  

100  Randomised by 
school, teacher, and 

class.  

Abdullah, 
Halim, & 

Zakaria (2014) 

10 weeks U U “VStops”: Trained all 
MC/SRL stages, 

focusing on visual 
representation of  word 
problems.  

96 BAU mathematics 
teaching: “The 

conventional 
approach refers to a 
direct approach to 

teaching and giving 
explanations using 
the year f ive 

textbook” (pp. 167-
8).  

97 U 
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

Aminah, et al. 

(2018) 
1 

semester 
U U “Metacognitive 

teaching-learning 
approach”: Trained all 
MC/SRL stages, 

focusing on discussion 
of  task approaches, 
“think alouds,” and 

“metacognitive journal 
writing” (p. 50).  

36 “Conventional 

teaching”: Assumed 
to be BAU 
mathematics 

teaching, but no 
details reported.  

34 U 

Arroyo et al. 
(2007) 

3 or 4 
days 

daily  30 min “Tutor Intervention”: 
Used the Wayang 

Outpost online 
mathematics learning 
“tutor.” Students 

worked through sets of  
problems and received 
feedback and 

multistage, MC/SRL 
prompts af ter every 
6th problem.  

36 “Tutor Control”: 
Students use the 

Wayang tutor 
without automatic 
MC/SRL prompts, 

though they could 
request “hints” about 
the solution 

procedure only.   

40 “Pseudo- 
random” by student 

“No Tutor Control”: 
BAU mathematics 
teaching, without 

using the Wayang 
Tutor. No pretest 
and no posttest of  

the primary 
mathematics 
outcome. Not used 

for ef fect size 
calculation.  

38 Matched by class  
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

Babakhani 

(2011) 
16 weeks 

or 2 
months 

U 45 min “Cognitive and meta-

cognitive strategies 
training with self -
instruction procedure” 

(p. 566): Multistage 
MC/SRL problem-
solving approach with 

verbal “modelling” by 
teacher and peers.  

28 BAU mathematics 

teaching: “control 
group that does not 
receive strategy 

instruction” (p. 566).  

30 Block randomised by 

gender 

Baliram & Ellis 
(2019) 

4 weeks 4x per 
week  

20 min “Metacognitive 
practice and teacher 

feedback”: Post-stage 
MC/SRL training with 
written responses to 

MC prompts and 
individual- and group-
directed feedback f rom 

teachers.   

33 “Comparison group”: 
Began and/or ended 

class with a content-
review. No ref lective 
writing or teacher 

feedback based on 
ref lections.  

42 Randomised by class 

Barrus (2013) 1 
semester 
(half  an 

academic 
year) 

daily 20 min “SRL E-Learning 
Modules”: MC/SRL 
training focused mainly 

on domain-level 
functioning, not task-
level. Emphasised 

adaptive person-
related beliefs, 
motivation, and goal-

setting/ monitoring. 
Used prior to daily 
practice with ALEKS.  

12 BAU mathematics 
teaching: “traditional 
classroom teaching 

mathematics with 
direct instruction” (p. 
i) 

15 Students randomised 
to classes, then 
classes randomised 

to condition. 

ALEKS-based class 

without SRL e-
learning modules: 
“self -paced, 

individualised 
Algebra instruction 
with a web-based, 

intelligent tutor” (p. i) 

12 
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

Bond & Ellis 

(2013) 
4 weeks 4x per 

week 
5 min “Metacognitive 

Ref lective 
Assessment”/ 
”Experimental group I”: 

Post-task MC/SRL 
training. To close each 
lesson, students wrote 

“I learned” statements, 
discussed them with a 
peer (“Think alouds”), 

then revised their 
writing.  

47 “No ref lection 

group”/ 
”Experimental group 
II”: Closed each 

lesson with a short, 
non-ref lective review 
of  the mathematics 

teaching. 

48 Teachers randomised 

to groups, with two 
teachers per 
condition 

“Control”: Worked on 
a dif ferent curriculum 
unit.  

46 

Bruce (2015) 8 months  1x per 
week 

U “Intervention”: Mainly 
pre-task MC/SRL 

training. Students 
conferred with 
teachers to set 

performance goals 
based on MAP test 
scores in reading and 

mathematics and 
engaged in 
personalised learning 

to address goals.  

107 BAU mathematics 
teaching: Pupils 

participated in MAP 
tests without 
structured goal-

setting.  

129 Random, stratif ied by 
pupil demographics 

and ability levels 
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

Byrd (2019) 12 weeks 3x per 

week 
10 min “Immediate 

Elaborative Feedback 
Using Student 
Response Systems”: 

Intervention trained 
multistage MC/SRL 
skills like, goal-setting 

planning, monitoring, 
and ref lection. 
Students also shared 

MC feedback on 
mathematics problems 
through the 

ClassFlow™ SRS. 

12 or 

13 
BAU mathematics 

teaching: “The 
control group only 
received immediate 

corrective feedback 
with the SRS. The 
control group did not 

receive the self - 
regulation strategy 
instruction” (p. 46).   

12 or 

13 
U 

Chen & Chiu 
(2016) 

6 weeks  1x per 
week 

40 min “Collaboration scripts”: 
Pupils worked in 
teams using a multi-

touch digital device to 
create a geometric 
design based on a 

prompt. The treatment 
group received 
automatic MC prompts 

to regulate their 
collaboration within 
and between teams.  

35 “Comparison group”: 
completed the 
design activity 

without collaboration 
scripts.  

37 Matching by class  
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

Cleary, 

Velardi, & 
Schnaidman 
(2017) 

U 1x-3x 

per 
week 

25 min “Self -Regulation 

Empowerment 
Program (SREP)”: 
Coaches provided 

multistage MC/SRL 
training in small 
groups focusing on 

performance feedback, 
goal-setting and 
monitoring, and 

mathematical beliefs 
and motivation. 
Mathematics teaching 

was only 20% of  
SREP session time.  

21 “What I Need 

(WIN)”: The in-place, 
remedial 
mathematics 

sessions used direct 
instruction, problem-
solving, and group 

and peer work, 
without any explicit 
MC/SRL focus.  

16 Stratif ied 

randomisation by 
teacher 

Collingwood & 
Dewey (2018) 

4 weeks 3x per 
week 

45 min “Thinking Your 
Problems Away”: 

Multistage MC/SRL 
training for regulating 
motivation and af fect 

along with problem-
solving strategies. The 
intervention used 

mindful breathing, 
humour, and the 
IMPROVE self -

questions for problem-
solving.  

72 Wait-list control 
group with BAU 

mathematics 
instruction.  

72 Student-level 
matching and 

randomisation 
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

Cornoldi et al. 

(2015) 
2-3 

months 
1x per 

week 
1 hr “Training 1”: The 

multistage MC/SRL 
approach focused on 
working memory and 

executive function 
along with a structured 
approach to 

understanding, visually 
representing, and 
solving word-

problems.  

69 “Training 2”: Wait-list 

control.  
64 Allocated by class, 

method unclear  

Cross (2009) 10 weeks U U “Argumentation 
Group”: Within small 
groups, students 

discussed and 
defended their 
problem-solving 

approaches, with 
teacher prompting, 
then reported to the 

whole class.  

43 “Control group”: 
Teacher-centred, 
direct mathematics 

instruction with 
problem-solving and 
only incidental 

discussion. No 
argumentation or 
writing activities.  

55 Block randomisation 
by teacher within the 
treatment groups, 

control group 
allocation unclear   

“Writing Group”: 
Students “produce[d] a 
written argument 

justifying their 
response” (p. 911) to a 
problem, with teachers 

providing informal 
feedback for revision.   

51 
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

“Argumentation and 

Writing Group”: 
Students alternated 
between the two 

approaches.  

62 

Desoete 
(2009) 

2 weeks 2x-3x 
per 
week 

50 min Pupils were taught a 
structured approach to 
“metacognitive 

prediction” (i.e., 
calibration) and 
problem-solving. To 

create interest in 
MC/SRL skills, the 
intervention used 

stories about “Number 
Town” and the animals 
that live there 

(Appendix 1, p. 13).   

33 “Control group”: 
Active control, in 
which students 

completed the same 
tasks without 
MC/SRL training.  

33 U 

Dresel & 
Haugwitz 
(2008) 

1 
semester 

1x-2x 
per 
month 

45 min “Attributional feedback 
condition (AC)”: 
Students practised 

with MatheWarp, an 
online mathematics 
tutoring programme, 

and received 
performance feedback 
and attributions aimed 

at increasing ef fort and 
use of  problem-solving 
strategies.  

42 “in a placebo 
condition 
(PC), students 

worked with the 
learning sof tware 
and received 

feedback about 
the correctness of  
their answers but no 

attributional 
feedback” (p. 7) 

48 Randomised by class  
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

“Attributional feedback 

enriched with 
metacognitive control 
questions condition 

(AMC)”: Students used 
Mathewarp and 
received feedback and 

attributions as above, 
along with completing 
worksheets aimed at 

multistage MC/SRL 
skills.  

61 

Edwards 
(2008) 

11 or 12 
weeks 

daily  15 min “Ref lective 
assessment”/ “Intact 

group 1”: Students 
evaluated their own 
daily and weekly 

learning in short 
writing compositions 
based on prompts. 

Peer-teaching was 
used once a week. 
Teachers gave written 

feedback and adjusted 
instruction based on 
students’ ref lections. 

Both conditions used a 
newly adopted 
curriculum, Ramp up 

to Algebra 

27 “Intact group 2”: 
Same mathematics 

teaching with the 
new curriculum, 
without ref lective 

assessment.  

27 “arbitrarily assigned 
by the investigator to 

one of  the intact 
groups” (p. 79).  
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

Falco (2008) 9 weeks 1x per 

week 
30 min “Skill-builders”: 

Multistage MC/SRL 
training programme 
focused on self -

ef f icacy, goal setting, 
help-seeking, time-
management, af fective 

regulation and several 
other general and 
task-specif ic learning 

strategies.   

79 “Comparison 

classes”/ “wait-list 
control”: BAU 
mathematics 

teaching and 
received intervention 
af ter the study 

period.  

74 Block randomised by 

teacher and class  

Finau et al. 
(2018) 

8 months U U “Cognitive 
Acceleration in 
Mathematics 

Education (CAME)”: 
16 lessons, adapted 
for the research site, 

targeted general 
MC/SRL skills and 
specif ic reasoning 

patterns through group 
work and discussion 
around context-rich 

and ill-posed tasks, 
while teaching to 
mathematics 

objectives.  

219 BAU comparison 
using government 
curriculum and 

generally teacher-
centred approach. 
They were required 

to cover the same 
topics as the 
intervention group. 

119 U 



Hitt 000266412   230 
 

Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

Ford (2018) 3 weeks daily  30 min “Metacognitive training 

(MT)”: A structured 
approach to solving 
word problems, 

infused with 
multistage, MC/SRL 
questions, with 

modelling by the 
teacher.   

18 “Problem-solving 

strategy (PSS)”: 
Taught the same 
problem-solving 

approach without 
MC/SRL questions. 

15 Randomised by class 

Fößl et al. 
(2016) 

9 days daily  50 min “Experimental group 
(E)”/ “video supported 

seamless learning”: 
students worked in 
teams to complete 

game-boards of  
mathematics tasks to 
meet specif ic learning 

objectives. Students 
could watch learning 
videos, ask teachers 

questions, and get 
correctness feedback 
in order to earn the 

most points.  

24 “Control group (C)”: 
Taught by teacher A, 

the same as the 
experimental group 
teacher. “traditional 

face-to-face 
mathematics 
instruction” (p. 324).  

23 Allocated by class, 
method unclear 

“Further control 

group 1 (FC1)”: 
Taught by teacher B. 
“traditional face-to-

face mathematics 
instruction” (p. 324). 

25 

“Further control 
group 2 (FC2)”: 

Taught by teacher C. 
“traditional face-to-
face mathematics 

instruction” (p. 324). 

13 
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Heemsoth & 

Heinze (2016) 
2.5 weeks daily 45 min “Error-centred 

condition”: The 
intervention trained 
post-task MC/SRL by 

asking learners to 
ref lect on why they 
made errors on 

assessment items. 
They were also 
instructed to correct 

the error and construct 
a new item on which a 
similar error could 

occur.  

87 “Solution-centered 

condition”: Students 
were exposed to 
solved items similar 

to ones on which 
they had made 
errors. They had to 

explain the solution 
and then revise their 
own answers. 

87 Randomised by 

student within each 
class 

Hughes et al. 
(2019) 

U U 40-50 
min 

“Self -Regulation 
Mathematical Writing 
Strategy”: Multistage, 

MC/SRL training 
through structured 
approaches to writing 

word problem-solving 
explanations. The 
instructor modelled the 

strategy with 
“metacognitive talk”.   

18 BAU control: “the 
control group 
received business-

as-usual instruction 
and practice on 
expository/ 

informational writing” 
(p. 192). 

9 Randomised by class 
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Jackson 

Jackson 
(2012) 

2 weeks 3x per 

week 
30 min “High Self  Regulated 

/High Communal 
Learning Context”: 
Multistage MC/SRL 

approach in which 
students worked 
together to solve 

problems based on a 
structured method. 
Other intervention 

elements included 
keeping a strategy 
record and using self -

praise to improve 
mathematics-beliefs.  

37 “Low Self  Regulated 

/High Communal 
Learning Context”: 
Students were 

encouraged to work 
collaboratively but 
were not taught the 

MC/SRL problem-
solving approach.  

30 Randomised by class 

“High Self  Regulated 
Learning /Low 

Communal Learning 
Context”: Students 
learned the MC/SRL 

approach to problem-
solving but practised it 
individually.  

27 “Low Self  Regulated 
/Low Communal 

Learning Context”: 
Students were 
instructed to work 

individually, without 
the MC/SRL 
problem-solving 

approach.  

36 
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Jacobse & 

Harskamp 
(2009) 

2 weeks 2x per 

week  
30 min “Task 

stairs”/“Treatment 
group”: used a 
computer programme 

that includes problem-
solving with 
metacognitive hints 

that students choose 
based on dif ferent 
strategy categories, 

feedback on 
correctness, and 
prompting to ref lect on 

task approaches af ter 
solving a problem. 
Multistage MC/SRL 

training.   

23 “Control group”: BAU 

mathematics 
teaching without 
using the computer 

programme.  

24 Allocated by class, 

method unclear 

Jitendra et al. 
(2015) 

6 weeks daily  50 min “Schema-based 
instruction (SBI)”: A 
structured approach to 

problem-solving and 
metacognitive 
strategies that 

replaced two standard 
units on 
ratio/proportion and 

percent. Teachers 
explicitly modelled the 
approach for students 

with dialogue and 
discussion.  

944 BAU mathematics 
teaching f rom 
textbooks that varied 

by study site. 
Structured problem-
solving was 

sometimes used but 
explicit MC/SRL 
strategies were not.  

942 Randomised by class, 
with only one class 
per participating 

teacher 
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Kang (2010)  1.5 weeks daily 15 min “Treatment group”: 

Trained pre-task 
MC/SRL skills through 
goal-setting exercises. 

Students had to set a 
goal for the number of  
problems they would 

solve on a daily 
worksheet.   

31 Waitlist control 

completing the same 
tasks without trained 
goal-setting.   

31 Randomised by 

student within each 
class 

Kramarski & 
Dudai (2009) 

5 weeks 1x per 
week 

45 min “Group feedback 
guidance (GFG)”: 

Small groups of  pupils 
uses an online forum 
to discuss 

mathematics tasks, 
while working with a 
structured problem-

solving approach, 
guided by 
metacognitive 

questions (i.e., 
IMPROVE). For this 
condition the questions 

were tailored to 
encourage 
collaboration and peer 

feedback. Multi-stage 
MC/SRL.  

32 “Control group 
(CONT)”: Worked on 

the same 
mathematical tasks 
using problem-

solving 
strategies  but 
without an explicit 

metacognitive 
focus.  

36 Allocated by class, 
method unclear.  
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“Self -explanation 

guidance (SEG)”: The 
same as group 
feedback guidance, 

but this time the focus 
was on pupils’ 
explanations for their 

own solutions, using 
the IMPROVE self -
questions. Tasks were 

still completed in the 
online forum. Multi-
stage MC/SRL.  

32 

Kramarski & 

Friedman 
(2014) 

U U 4 hr “Solicited Prompts”: 

Students worked 
collaboratively in pairs 
supervised by a 

research assistant to 
complete mathematics 
learning tasks in a 

multimedia 
programme. In this 
group, they were able 

to choose 
metacognitive hints 
based on the 

IMPROVE self -
questions to assist 
with problem-solving. 

Multi-stage MC/SRL.  

30 “Control Group”: 

Pairs worked with 
the multimedia 
programme and 

were encouraged, 
like the other groups, 
to use discussion 

and “thinking aloud” 
to solve problems. 
They did not have 

access to the MC 
prompts.  

30 Individual students 

were randomly 
allocated to pairs  
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“Unsolicited Prompts”: 

Students worked in 
pairs on the same 
multimedia programme 

but were given 
IMPROVE-based 
prompts on an 

automatic schedule. 
Multi-stage MC/SRL.  

30  

Kramarski & 
Gutman 

(2006) 

5 weeks 4x per 
week 

U “E-learning supported 
with IMPROVE self -

metacognitive 
questioning 
(EL+IMP)”: Pairs of  

students completed 
online tasks 
embedded with 

IMPROVE 
metacognitive 
questions. Teachers 

modelled problem-
explanations and 
students had to 

respond in writing to 
the MC questions. 
Multi-stage MC/SRL. 

35 “E-learning without 
explicit support of  

self - 
regulation (EL)”: 
Pairs worked with 

the online tasks with 
no explicit MC/SRL 
focus, but teachers 

did show how to 
explain problem 
solutions.  

30 Randomised by class 
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Kramarski, 

Weisse, & 
Kololshi- 
Minsker 

(2010) 

4 weeks 4x per 

week 
1 hr “Metacognitive 

Support (MS) group”: 
Pupils used IMPROVE 
metacognitive 

questions to structure 
their task approaches. 
Teachers modelled 

them, and pupils 
explained their task 
approach in writing. 

Multi-stage MC/SRL. 

U “Non Metacognitive 

Support (N_MS) 
group”: Pupils did 
not use IMPROVE 

but did discuss their 
problem-solving 
strategies in class.   

U Randomised by class 

Kramarski & 
Zoldan (2008) 

3 months 3x per 
weeks
  

45 min “Diagnostic errors 
approach (DIA)”: 
Through group 

discussions and 
writing exercises, 
students diagnosed 

conceptual errors, and 
they explained the 
correct solutions to 

mathematics tasks. 
Mainly post-task 
MC/SRL.  

32 “Control approach. 
The CONT students 
were not exposed 

explicitly to 
metacognitive 
instruction, but 

rather practised the 
learning material 
individually or in 

groups. A discussion 
with regard to the 
solution was held 

either in small 
groups or among the 
whole class” (p. 

140).  

27 Randomised by class 

“Improvement via self -

questioning (IMP)”: 
Students used 
IMPROVE self -

questions to practise 
MC/SRL skills in 
mathematics tasks 

individually and in 
groups. Multi-stage 
MC/SRL. 

26 
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“Diagnostic errors 

approach embedded 
within the IMPROVE 
approach (DIA+IMP)”: 

A combination of  the 
other two 
interventions. Multi-

stage MC/SRL. 

30 

Lee, Yeo, & 
Hong (2014) 

6 weeks  1x per 
week  

1 hr “STARtUP (STARt 
Understand and 
Planning)”: Multi-stage 

MC/SRL training was 
delivered using a 
visual and written 

guide to structured 
approach to solving 
“non-routine” word 

problems with self -
questioning. There 
was also a focus on 

diagramming the 
problems.  

31 “Comparison class”: 
Normal teaching 
using “think-pair-

share” without a 
focus on 
diagramming 

problems or 
intentional MC/SRL 
skills.  

32 Allocated by class, 
method unclear 
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Lestari & 

Jailani (2018) 
U U 80 min “Collaborative learning 

embedded within 
metacognitive 
strategies 

(COLAB+META)”: 
Trained multistage 
MC/SRL skills through 

collaborative group 
work on “reasoning 
mathematics tasks” (p. 

2), while using 
IMPROVE self -
questioning to 

structure the problem-
solving approach.  

62 “Collaborative 

learning with no 
metacognitive 
strategies (COLAB)”: 

Learners completed 
the same tasks in 
groups with no 

explicit MC/SRL 
training.  

60 U 

Mandaci 
Şahin & 

Kendir (2013) 

8 weeks U U “Experimental group”: 
Multistage MC/SRL 

training with a detailed 
problem-solving 
approach based on 

self -questioning. 
Teachers modelled the 
approach and then 

students used it 
independently, while 
using ref lective writing 

at each stage of  the 
process. Students 
discussed dif ferent 

approaches to the 
same task.  

39 “Control group”: 
Problem-solving was 

done in the 
“traditional” way, 
without MC self -

questioning. The 
teacher 
demonstrated 

solving a problem, 
students practised 
on their own then 

shared their 
solutions and 
corrected errors.  

36 U 
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McClelland et 

al. (2019) 
8 weeks 2x per 

week 
15-20 

min 
“Self -regulation-only 

(SR)”: Children played 
circle time games, 
such as “Red Light, 

Purple Light,” 
designed to foster 
during-task MC/SRL 

skills, such as 
behavioural regulation. 
Children had to “pay 

attention to, 
remember, and follow 
increasingly complex 

sets of  rules through 
multiple exposure” (p. 
4).  

59 “Business-As-Usual 

(BAU) delayed 
intervention group”: 
Control classrooms 

generally did not 
include “self -
regulation games” 

(p. 8). Focus on 
mathematics or 
literacy is unclear.  

37 Block randomised by 

teacher  

“SR+”: Numbers and 

letters are used to cue 
specif ic actions in the 
games, to boost “print 

knowledge and 
phonological 
awareness” and 

“counting and 
cardinality” skills (p. 
3).  

61 
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Mevarech & 

Amrany 
(2008) 

1 month U U “IMPROVE”: A 

structured problem-
solving approach with 
self -questioning 

trained multistage 
MC/SRL skills. The 
teacher explained the 

approach and its 
rationale, and pupils 
recorded their 

thoughts in writing 
while using the 
approach.  

31 “Traditional” 

mathematics 
teaching: Pupils 
worked on the same 

mathematics 
learning tasks 
without an 

intentional focus on 
MC/SRL skills.  

30 Randomised by class 

Mevarech et 

al. (2010) 
1 month 5x per 

week 
U “IMPROVE”: A 

structured approach 
with MC self -
questioning was used 

to solve word 
problems with 
“consistent” and 

“inconsistent 
language” (p. 197), 
training multistage 

MC/SRL skills. Group 
discussion and 
pictorial representation 

of  the tasks were also 
emphasised.  

100 “Control group”: 

“Traditional” 
mathematics 
teaching, “with no 

explicit exposure to 
meta-cognitive 
instruction” (p. 198).  

94 Randomised by class 
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Morales 

(2016) 
6 weeks 2x per 

week 
30-45 

min 
“Treatment 

group”/”Writing in 
mathematics”: 
Students were taught 

a multistage, 
structured approach to 
solving word problems, 

which emphasised 
group discussion, 
writing to explain 

thinking, and explicit 
teaching of  
mathematical 

vocabulary and 
sentence structure. 
English learners were 

given special 
assistance to complete 
the writing activities.  

35 “Control group”: BAU 

mathematics 
teaching, with 
problem-solving 

practice. No explicit 
MC/SRL strategies 
or mathematical 

writing activities.  

32 Allocated by class, 

method unclear  
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Motteram et 

al. (2016) 
10 

months  
2x per 

week 
30 min “Ref lectED”: Scripted 

weekly lessons trained 
general MC/SRL skills, 
but these lessons are 

not reported in detail. 
Classes were also 
expected to have at 

least one unscripted 
session per week 
where pupils ref lected 

on learning in multiple 
disciplines and used 
EverNote to catalogue 

written, photographic, 
or audio records of  
their ref lections, to 

which they and their 
teachers could refer 
back.  

800 Control group with 

“usual teaching”: Not 
described in detail, 
but some less-

systematic MC/SRL 
teaching was 
already used in 

some schools.  

707 Randomised by class 
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O’Neal (2015) 6 weeks  daily  5 min “Experimental 

group”/”Metacognitive 
writing”: Mainly post-
task MC/SRL skills 

were trained. Students 
ref lected on their 
learning and 

addressed a dif ferent 
prompt for ref lective 
writing at the end of  

each class. Students 
were instructed to 
write full responses, 

but there was no 
indication that 
ref lections were used 

to guide later teaching 
and learning.  

21 “Control group”: At 

the end of  each 
class, students 
completed a problem 

based on the day’s 
learning and wrote it 
in their composition 

books, with no 
explicit MC/SRL 
training.  

18 Randomised by class 

Ozsoy & 
Ataman 

(2009) 

9 weeks 2x per 
week 

40 min “Metacognitive 
strategy 
instruction using 
problem solving 
activities”: Students 

were given multistage 
MC/SRL training 
focusing on structured 

problem-solving with 
self -questioning, 
discussion, and writing 

ref lections on 
learning.  

24 “Control 
condition”: BAU 

mathematics 
teaching with 
individual problem-

solving, teacher 
explanations, and 
error correction of  

students’ own 
solutions.   

23 Randomised by class 
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Pappas 

Schattman 
(2005) 

2 weeks 1x per 

2 days 
20 min “Intervention group”: 

Multistage MC/SRL 
skills were trained 
using common objects 

like coins and playing 
cards. The small group 
leader and children 

took turns acting out 
an arithmetical 
operation and then 

explaining their 
approaches, with 
increasing complexity. 

The focus was on 
raising children’s 
awareness of  their 

addition and 
subtraction strategies.  

20 BAU Control Group: 

“Children in the 
control group did not 
receive any 

metacognitive 
training or participate 
in any mathematical 

activities outside of  
the classroom” (p. 
43).   

24 U 
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Pennequin et 

al. (2010) 
7 weeks 1x per 

week 
1 hr “Experimental group”: 

A multistage, 
structured problem-
solving approach 

focusing on 
metacognition, 
problem interpretation 

and graphical 
representation, goal-
setting, planning, and 

monitoring/control 
strategies.  

23 “Control group”: 

“instead of  focusing 
on metacognitive 
skills, children in this 

group were given the 
usual instructional 
and study-guidance 

support consisting of 
memory, reading, 
writing, and 

mathematical 
(arithmetic and 
geometry) activities. 
None of  the children, 
in either the 
experimental or 

control group, was 
taught how to solve 
the actual problem” 

(p. 207).  

23 Randomised by 

student 

Perels, 
Dignath, & 
Schmitz 

(2009) 

3 weeks 3x per 
week 

U “Experimental group”/ 
“intervention”: Focused 
on multistage and 

general MC/SRL areas 
such as attitudes to 
mathematics, goal-

setting, motivation, 
planning, maintaining 
concentration, and 

responding to 
mistakes. A structured 
approach for solving 

specif ic problems was 
a minor focus.  

26 “Control group”: 
Normal mathematics 
teaching without an 

explicit MC/SRL 
focus, as well as 
“mathematical 

problem-solving 
strategies (selection, 
segmentation and 

display formats) 
which were not 
connected to the 

mathematical 
contents of  the 
learning unit.”  

27 Allocated by class, 
method unclear  
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Riggs (2012) 3 months 2x per 

month 
U “Practice group”: 

Students practised 
calibrations by 
predicting their score 

on topics-based 
sections of  
mathematics 

assessments. 
Following the 
assessments, students 

reviewed their 
predictions and their 
actual scores on each 

topic. Mainly pre-task 
MC/SRL.  

53 “No practice group”: 

Students did not do 
calibrations for the 
mid-way 

assessments but 
only the f inal 
assessment.  

57 Randomised by 

teacher 

Rizk, Attia, & 
Al-Jundi 

(2017) 

3 weeks 3x per 
week 

45 min “Experimental group”: 
Multistage MC/SRL 

skills are covered, 
including planning, 
self -questioning, and 

monitoring by thinking 
aloud. Teacher 
modelling, small group 

work, and formative 
assessment were used 
to train the strategies.  

20 “Control group”: BAU 
mathematics 

teaching with the 
“traditional method'' 
(p. 110).  

20 Randomised by 
school 
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Sarette (2014) 1 school 

year 
2x per 

week 
55 min “Experimental 

classroom”: A 
multistage MC/SRL 
curriculum was 

developed, aimed at 
regulation of  attention 
and af fect, setting and 

monitoring 
mathematics 
performance goals, 

improving working 
memory, and 
discussing and 

choosing 
individualised 
strategies. Structured 

problem-solving and 
multimedia games 
were also 

incorporated.  

17 “Control classroom”: 

BAU mathematics 
teaching.  

17 Allocated by class, 

based on teacher 
interest 
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Schmitt 

(2013); 
Schmitt et al. 
(2015) 

8 weeks 2x per 

week 
30 min “Intervention” / 

“Playgroups”: Within 
normal classrooms, 
children were led in 

large-group circle time 
games such as “Red 
Light, Purple Light,” 

which focused on 
behavioural regulation 
and progressed in 

complexity. 
Considered during-
task MC/SRL training, 

the games required 
“working memory, 
attentional f lexibility, 

inhibitory control” (p. 
77). There was no 
explicit mathematics 

focus.  

120 “Control group”: BAU 

“Head Start” 
preschool 
curriculum.  

121 Randomised by class 

Shamir & 
Lifshitz (2013) 

U U U “E-book containing 
metacognitive 
guidance (EBM)”: 

Children engaged 
individually with an 
ebook, Grandfather’s 

Minibus, designed to 

26 “E-book but without 
metacognitive 
guidance (EB)”: 

Children worked with 
an ebook version 
without any MC/SRL 

prompts.  

25 Randomised by 
student 
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teach early numeracy 

and arithmetic 
concepts. In this 
condition, the e-book 

had embedded 
metacognitive prompts 
to encourage more 

strategic use of  the 
ebook features. 
Considered during-

task MC/SRL training. 

Control group: 

“Regular 
kindergarten 
activities” without the 

ebook.   

26 

Shilo & 
Kramarski 
(2019) 

4 months 1x per 
week 

U “Experimental group”: 
Trained teachers in 
mathematical 

discourse and 
metacognitive theory, 
with self -questioning in 

a structured problem-
solving approach. The 
self -questions are 

based on the 
IMPROVE model. Pre-
structured lessons 

based on the approach 
were delivered to 
students. 

412 “Control group”: 
Alternate 
intervention focusing 

on mathematical 
discourse and also 
using questions to 

structure problem-
solving, but without 
an explicit 

metacognitive 
focus.   

412 
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Sings Jenkins 

(2009) 
10 weeks 1x per 

week 
U “Treatment group”: 

The researcher 
provided the 
classroom teacher with 

scripts for training 10 
strategies for dif ferent 
“phases” of  MC/SRL, 

such as goal-setting 
and planning, 
organising and 

remembering 
information, test-
preparation, explaining 

problem approaches, 
and “self -
consequating” based 

on learning behaviours 
and performance. 
Teachers were to use 

the strategies as they 
f it their normal 
teaching.  

25 “Control group”: BAU 

mathematics 
teaching, but no 
details reported. 

Of fered intervention 
materials af ter the 
study.  

30 Allocated by class, 

based on teacher 
interest  
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Tok (2013) 8 weeks 4x per 

week 
40 min “Treatment group”/ 

“Know Want Learn 
strategy (KWL)”: A 
structured approach to 

understanding and 
solving word problems, 
using a graphical 

f ramework to organise 
students’ prior 
knowledge, what is 

given and required in 
the problem, and what 
they learned by solving 

the problem. The 
strategy was intended 
to reduce mathematics 

anxiety and boost 
performance, and it is 
considered multistage 

MC/SRL training.  

24 “In the control group, 

instruction involved 
students’ reading the 
problem silently, 

solving the problem 
individually, the 
teacher’s checking 

the answers, a 
volunteer student’s 
solving the problem 

on the board, and 
the correction of  
missing points and 

mistakes” (p. 202).  

31 Randomised by class 
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Tominey & 

McClelland 
(2011) 

8 weeks  2x per 

week 
30 min “Intervention”/ “Circle 

Time Games”: 
Children joined in pull-
out sessions using 

self -regulation games 
with music and 
movement, such as 

“Red Light, Purple 
Light.” The rules of  the 
games were changing 

and progressed in 
dif f iculty, training 
working memory, 

attention, and 
inhibitory control. 
Percussion 

instruments and other 
simple props were 
used. Children were 

also given a chance to 
lead the games. 
Considered during-

task MC/SRL. 

28 “Control”: Normal 

preschool/Head 
Start teaching, 
focused on building 

pre-academic skills 
and using f ree-play 
or outdoor play, 

without an explicit 
MC/SRL 
component.  

37 Randomised by 

student within classes 
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

Tzohar-Rozen 

& Kramarski 
(2013) 

5 weeks 2x per 

week 
1 hr “Af fective self -

regulation group”: 
Multistage training for 
dealing with negative 

af fect during 
mathematics learning. 
Activities and 

strategies included 
classifying emotions, 
intentional relaxation, 

positive self -talk, and a 
structured approach to 
solving “authentic” 

problems. Pupils were 
given short questions 
or prompts to be used 

in dif ferent problem-
solving stages.  

54 “control group”: 

alternate intervention 
training a structured 
approach to 

“authentic” 
problems, without an 
af fective regulation 

component.  

53 Randomised by class 

or school 

 
Tzohar-Rozen 

& Kramarski 
(2017) 

5 weeks 2x per 
week 

1 hr “MA (meta-af fective) 
group”: Multistage 

training for dealing 
with negative af fect 
during mathematics 

learning. Activities and 
strategies included 
classifying emotions, 

intentional relaxation, 
positive self -talk, and a 
structured approach to 

solving “serial” 
problems. Pupils were 
given short questions 

or prompts to be used 
in dif ferent problem-
solving stages. 

54 “control group”: 
alternate intervention 

training a structured 
approach to “serial” 
problems, without an 

af fective regulation 
or metacognitive 
component.  

53 Randomised by 
school 
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

“MC (metacognitive) 

group”: Multistage 
training for problem-
solving with questions 

and prompts to 
structure the 
approach. Very similar 

to IMPROVE.  

63 

Ubuz & 
Erdoğan 
(2019) 

5 weeks 4x per 
week  

U “MAN+META group”/ 
“problems supported 
with explicit 

metacognitive 
questions”: Students 
worked with a tangram 

(a set of  seven 
geometric shapes) to 
learn a unit on 

polygons. They were 
able to manipulate the 
shapes f reely at f irst 

and then completed 
worksheets, 
embedded with 

metacognitive 
questions, to solve 
more formal tasks. The 

metacognitive 
questions are similar 
to IMPROVE and 

constitute multistage 
MC/SRL training.  

129 “MAN group”/ 
“problems not 
supported with 

explicit 
metacognitive 
questions”: Students 

completed the same 
tangram exercises 
and worksheets, 

without the 
embedded 
metacognitive 

questions.  

91 Randomised by class 
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

Vula et al. 

(2017) 
1 month U U “Metacognitive 

instruction for solving 
math word problems”: 
Pupils collaborated 

with peers to work 
through a multistage 
problem-solving 

approach with 
metacognitive 
questions based on 

IMPROVE and SOLVE 
IT!. The approach 
focused on 

mathematical 
language, making 
sense of  the problem, 

and visual 
representation, in 
addition to other 

strategies.  

126 “control classes in 

which they 
performed tasks 
without having been 

given any specif ic 
guidance, based 
exclusively on 

traditional methods 
and respective 
textbooks” (Abstract, 

p. 1).  

137 U 

Wang et al. 
(2019) 

13 weeks 3x per 
week 

35 min “SR condition”: Tutors 
led pairs of  students in 
Super Solvers, 

focusing on basic 
“facts,” word problem 
schema, and applying 

23 “Control Condition”: 
BAU mathematics 
teaching, with in-

place intervention 
sessions for some 
students.  

23 Randomised by 
student 
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Ref.  Per. Freq. Sess. Interv. Interv. 
N 

Comp.  Comp. 
N 

Alloc.  

strategies. Games 

were used to teach 
f luency, and a 
“motivational system” 

was used to manage 
behaviour. The 
additional SR 

component included 
multi-stage MC/SRL 
training, such as goal-

setting, planning, and 
progress monitoring, 
and promoting a 

“growth mindset” and 
perseverance.  

“Base condition”: 

Super Solvers was 
used without the 
additional SR 

component.  

23 

Wijaya et al. 
(2018) 

U U 20-30 
min 

“Intervention 
Program”: Based on 

the concept of  
opportunity-to-learn, 
pupils worked on ill-

posed,  “context-based 
tasks” using 
worksheets with 

embedded 
metacognitive 
questions and prompts 

that were faded out 
over the intervention 
period. Teachers also 

prompted ref lective 
discussion. 
Considered multistage 

MC/SRL training.  

144 “Control classes”/ 
“regular program”: 

“teachers used a 
teacher-centered 
approach in which 

they mainly 
explained and 
demonstrated how to 

solve tasks . . . tasks 
all had a camouf lage 
context and explicitly 

mentioned the 
mathematical 
concepts related to 

the task” (p. 9).  

155 Allocated by class, 
chosen by principal 

(i.e., head teacher) 
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Appendix 10. Activities and strategies in MC/SRL programmes.  

 

Codes are given for MC/SRL -based “activities and strategies,” with illustrative quotes from included studies and explanations for 
how they support MC/SRL skills. Note that each strategy was used in other studies beyond the examples given here.  
 

Code name  
(most to least 
common) 

Reference Coded Text Explanation and relationship to MC/SRL skills 

Questioning, 
monitoring, or control of 
learning or task 
processes or 
performance 

Chen & Chiu 
(2016) 

“Students in the collaboration script condition received these 
computerized prompts that sequenced their discussions and 
interactions in all DBL phases, whereas students without the 
collaboration scripts did not receive any prompts to structure 
their collaboration. It is supposed that scripting of the 
interactions during learning would function as a catalyst that 
prompts metacognitive processes, therefore ensuring the 
intended learning takes place” (p. 270).   

Students in both study conditions worked with multi-
touch devices to complete an activity relating to 
shapes and patterns. The intervention group 
received automated prompts throughout the activity 
for how to constructively share their work with 
others. In this case, the strategy is for monitoring 
and control of social discourse, which is expected to 
also improve individual MC/SRL skills.  

Lee, Yeo, & 
Hong (2014) 

“In the introductory session, Pòlya’s problem -solving 
approach and the STARtUP scheme were taught explicitly 
to the experimental class. Students were shown a problem 
and were given four sets of question cards, each with a 
different color. These were related to the four stages in 
Pòlya’s approach. They were then asked to order the four 
groups of questions that they would ask themselves when 
solving the problem (e.g., questions such as ‘‘What are 
given?’’ and ‘‘What do I need to find?’’ fall under the first 
stage). This introductory activity served to activate students’ 
prior knowledge of a logical sequence amidst their 
idiosyncratic problem-solving approaches” (p. 471).   

Inspired by Pòlya, the researchers designed a 
problem-solving approach with five steps, shown as 
points on a star (Fig. 2, p. 469). Pupils are guided to 
decipher the language of the problem, use a pictorial 
representation, choose an appropriate “heuristic” to 
solve it, start their plan, and implement repair 
strategies as needed. This scheme exemplifies an 
MC/SRL approach because it raises students’ 
awareness of their problem-solving moves, gives 
them multiple strategy options, and prompts them to 
be sensitive to how the chosen strategy is working, 
making adjustments as needed.  
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Mathematics Problem- 
solving  

Byrd (2019) “After accessing the account, the teacher shared the 
mathematical content to the students’ devices to allow 
students to answer a question. Students reviewed the 
question and submitted their answers, which appeared 
anonymously on the ActivPanel in the classroom. . . When 
the answers appeared on the screen, students sorted the 
answers into different sections to begin the mathematical 
discourse. The discourse included feedback regarding the 
answers that appeared on the screen. Hattie, Fisher, and 
Frey (2017) noted that the discourse provides opportunities 
for students to share the correct answer as well as voice 
agreement or disagreement with the answers” (p. 52). 

In this study, the problems to be solved are likely 
simple ones that can be answered quickly using the 
Student Response System. Still, these responses 
are used as a basis for active discussion. Pupils can 
compare their answers with others’, and receive 
feedback on their approaches, while saving face in 
front of their peers. This could encourage a more 
objective perspective as students reach a “meta” 
level in their thinking. It could also clarify 
mathematical principles and present pupils with 
more problem-solving options to choose from in the 
future.  

Finau et al. 
(2018) 

“Give out a copy of Worksheet 1 (the map of the island) to 
each pair/group. Explain there are three possible landing 
sites available (shown on the map as A, B and C), that the 
toxic waste sites are marked (as 1and 2) and that on the 
island there is a big lake that the robot cannot cross. You 
could suggest that the robot lands at A, or the class could 
agree on a landing point, or each group could choose their 
own landing point. Tell the class that you are not expecting 
them to be able to solve the problem yet. Give them two 
minutes to discuss in groups what problems there are and 
what information you need from me to overcome them” 
(Electronic Supplementary Materials, p. 2).  

This quote, taken from the teacher’s guide for 
implementing the Cognitive Acceleration through 
Mathematics Education (CAME) lessons, shows a 
more complex approach to problem-solving. 
Students have to work in groups to address a task in 
a fictional situation by first identifying the necessary 
information and steps. While basic operations would 
be required, finding an optimal solution to the 
“realistic” task would likely involve explanations of 
thinking and conflict-resolution, opening up a space 
for metacognition. There would also be opportunities 
for peer- and self-regulation within the group 
exercise.  
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Defining or planning for 
tasks or learning 
activities; strategy 
choice 

Dresel & 
Haugwitz 
(2008) 

“As a first step in setting goals and planning, we evaluated 
prior knowledge with two open-ended questions (i.e., “What 
can I already do well?” and “What do I still have trouble 
with?”). We designed one open-ended question to stimulate 
actual planning and goal setting (“What will I do today? In 
what order?”) and two multiple-choice questions concerning 
the planning of an exercise strategy and a reference to the 
available MatheWarp clues that clarified the mathematical 
subject matter (e.g., “I start with the moderately hard 
problems,” “First, I read through the relevant clues”). Two 
further aspects actively supported the monitoring control 
process: (a) one instruction (i.e., “Ask yourself now and 
again whether your plan is still valid”) and (b) two multiple- 
choice questions, which are to be answered after the 
student has worked with MatheWarp for about 10 min and 
that we aimed to prompt procedure changes in response to 
unexpectedly good or poor exercise performance (e.g., 
“Starting now, I will only work on the hard problems,” “I will 
use the clues for help”)” (p. 8).   

This example shows an approach to planning at 
both a domain and task level. Students worked with 
a computerised tutor to practise items related to the 
regular class curriculum, and the intervention 
prompts students to use the program in the most 
strategic ways. First, students have to identify their 
strengths and weaknesses and choose items of 
optimal difficulty for skill development. Further 
prompts relate to preparing for tasks within a 
specific curriculum area by reviewing basic 
principles and “clues.” This type of activity could 
spur students to be more independently 
metacognitive by synthesising knowledge of the task 
or domain with knowledge of themselves as thinkers 
to improve learning and performance.  

Jackson 
Jackson 
(2012) 

“Organizing:  
Make a Strategy sheet and place it in your planner; keep it 
handy! 
Select the strategy that best organizes your thinking to solve 
the problem 
Make a chart or graphic organizer to display your thinking 
Draw a picture 
Use manipulatives (concrete methods of counting)” (pp. 79-
80). 

This example from the teaching materials for the 
MC/SRL training suggests ways learners can record 
and recall their own productive strategies for future 
use. These concrete approaches could help make 
explicit the development of one’s thinking, and they 
might especially appeal to teachers of young 
children. They also provide scaffolding for learners 
to be more independent in approaching a task, 
rather than relying on only taught strategies.  

Self- 
evaluation or self- 
prediction (e.g., 
calibration) of 
knowledge/performance 

Vula et al. 
(2017) 

“After having solved "the equation" learners are instructed to 
have a look at the visual representation and to decide 
whether their solution makes sense. Learners are 
encouraged to reread the math world problem and to have a 
look at the diagram that represents the sentence (in the 
drawing) in order to make sure that the information is 
correctly presented. Noting down the relations between the 
numerical data (quantity) in the problem with symbols and 
drawings aids learners in all the steps described above” (p. 
54).  

Here, students are led to self-check their task 
solutions, rather than relying on only external 
feedback. To do so, students need to consider 
whether the solution fits their domain- and task-
related schema, while also utilising the provided 
information, such as diagrams of the task. This 
implies a move from a mechanistic application of 
procedures to a more reflective approach that aligns 
well with MC/SRL theories.  
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Desoete 
(2009) 

“Each of the metacognitive sessions involved a 
metacognitive prediction strategy based on a combined 
approach with modelling by teachers and improving 
metacognitive knowledge and skills … The training was 
verbal in nature and focused on the prediction of task 
difficulty as well as on the tasks and problem-solving 
procedures themselves” (p. 442). 

This study evaluated whether asking students to do 
pre- and post-task predictions of their performance 
(treatment) would lead to better achievement than 
simply practising on problems (control group). This 
activity, elsewhere referred to as “calibration,” shows 
students’ awareness of themselves and the task 
requirements and difficulty. This type of awareness 
is necessary but not sufficient for improved learning 
in MC/SRL models.   

Discussion (verbal or 
written) 

Aminah et al. 
(2018)  

“The third component of MTLA is pair discussion, group 
discussion, class discussion. According to Vygotsky’s theory 
of social constructivism, learning meaningfully will occurs in 
a social context. When students interact with each other, 
they share information and suggestion to other members of 
the group. All members of the group believe that they need 
each other and receive feedback and they share their ways 
of thinking and their ways to solve problems to each other. 
By  metacognitive scaffolding, then students construct their 
new insight, knowledge, and skills meaningfully. Like that, 
learning in small groups will motivate students to be able to 
overcome conflict and contradiction which arise while 
discussion happened, report and they construct a new and 
more appropriate knowledge” (p. 50).  

While the description of how discussion is used in 
this study is limited, there is a clear connection to 
MC/SRL theory, since pupils are given the 
opportunity to distinguish between different ideas, 
make their own explicit, and to resolve cognitive 
dissonance. The social setting is considered crucial 
here since these processes might not be initiated in 
independent work.  

Falco (2008) After students finish the worksheet, the counselor facil itates 
a discussion focusing on a few key questions, such as, “Do 
you feel comfortable asking questions during class?” and, 
“Can you think of a time when you have wanted to ask a 
question in class but didn’t?” and, “What prevented you from 
asking a question when you needed to?” The counselor can 
help students process their responses” (p. 74).  

In this case, discussion is led by the intervention-
facilitator to help students understand potential 
affective barriers to using SRL strategies. Implicit in 
this is a goal of showing that all learners experience 
challenges, and that students can choose to be self-
regulated even when it makes them uncomfortable, 
or they can choose alternate help-seeking strategies 
to minimise their discomfort.  
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Providing or 
receiving/reviewing 
marks or feedback, 
error-correction 

Baliram & Ellis 
(2019)  

“The participating teacher de‐identified the reflective cards 
and made them accessible to another geometry teacher 
(not affiliated with the participants) to provide the feedback. 
This procedure was done to avoid bias and to allow 
students to receive content‐specific feedback. Brookhart 
(2008) proposed that immediate or slightly delayed 
feedback should be provided while students are still mindful 
of the learning goal, concept, or assignment. In this study, 
students received content‐specific feedback within 3 to 5 
days” (p. 99).  

In this example, intervention group pupils solved 
sample problems on notecards and used 
metacognitive prompts to write short reflective 
statements about their current knowledge. Shortly 
after, they were provided with feedback, but the 
report lacks samples of students’ written reflections 
or the types of feedback given. Still, it is clear the 
feedback is intended to update students’ self -
awareness and identify learning needs. MC/SRL 
models suggest students may need support to use 
feedback productively.   

Fößl et al. 
(2016)  

“Continuous feedback from the teacher during the working 
phase – via incentives and comments – motivated students 
to correct their mistakes. An evaluation of the students’ 
control sheet of their individual working progress showed 
that overall 396 exercises needed to be corrected by the 
teacher during the working phase and that in fact 299 of 
them were corrected again by the students. . . While “only” 
68.2 % of the exercises rewarded with 1 star were 
corrected, 85.4 % of the difficult “3-star-exercises” were 
corrected. Furthermore, many students mentioned in the 
interview that they liked “collecting stars” and that they felt 
more motivated to do their exercises” (p. 331-332). 

The intervention in this study leveraged a game-
based approach to learning a unit of curriculum. 
Students working in teams worked at their own pace 
to complete tasks, with different numbers of points 
awarded based on their difficulty. Students had the 
option of correcting their errors based on feedback 
from the teacher. While the competition and variable 
incentives encouraged students to focus on the 
“difficult” problems, these may or may not have 
aligned with individual students’ needs. Still, it would 
be hoped that the motivational scaffolds here would 
allow students to see the benefits of using feedback 
independently in the future, thus improving MC/SRL 
skills.  

Explaining task 
approaches/TA 
(thinking aloud)/ 
students teaching 
peers, recording audio 
reflections 

Sings Jenkins 
(2009)  

“Strategy 10: Writing the Steps (Performance Phase) 
Introduce it: People who study how students learn math 
have found that when students can explain a process, it 
helps them to understand it better and be more successful 
using it. 
Sell it: Model for students how you can go through each 
step used solving a problem and explain what you did and 
why. Show them an annotated example in the textbook. Ask 
students to work with a partner to work two problems. Each 
student should work one of the problems independently first. 
After they have finished, they should take turns explaining 
what they did and why in each step to their partner. The 
partner should ask probing questions to help the student 
provide complete explanations” (p. 121).  

This sample lesson plan guides teachers in 
modelling problem-solving explanations and 
showing how such explanations could be a useful 
check on knowledge. While the ability to explain an 
approach does not guarantee the approach will 
always work, the implication is that the act of 
explaining it will help learners clarify their thinking. 
Importantly, there is an appeal to research to 
demonstrate the rationale for the MC/SRL strategy, 
however not all studies in this review seem to have 
presented students with a research-based rationale.  
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Bond & Ellis 
(2013) 

“Two separate reflection strategies were combined to form 
the independent variable: a written “I Learned” statement 
and a verbal “Thinking Aloud” strategy. These reflective 
strategies are efficient ways for teachers to facilitate student 
reflection on what has been learned while finding out if their 
lesson objectives have been attained. During the last five 
minutes of the lesson, students in the Experimental Group I 
were asked to think about what they had learned during the 
class period and then to write a sentence that began with 
the phrase “I learned.” Students were then prompted by the 
teacher to talk about what they had written with another 
student, the “Think aloud” strategy, and finally to edit as 
appropriate their “I learned” statement” (pp. 229-30).  

In this intervention, “thinking aloud” is combined with 
writing to help students produce a more accurate 
record of their state of knowledge. The activity is 
also expected to aid teachers’ understanding of 
students’ thinking and where they might need further 
instruction. While “think alouds” (TAs) have been 
used as assessment tools and are often conducted 
“online” as students work through tasks, here they 
are used “offline,” after completing the task, and 
function as a self-assessment. There have been 
some concerns that think alouds may not always 
accurately capture students’ strategies in use, and 
that the cognitive demands of explaining could 
interfere with task performance, but these concerns 
might not apply with offline use of TAs.  

Graphing, modelling 
with images, taking 
photographs, or 
colouring 

Pennequin et 
al. (2010) 

“Each training session had a different goal: The first 
concerned mental and concrete representations of the 
problem: how to create mental images, diagrams, drawings, 
or graphs. The researcher encouraged the children to 
compare their representations of the problem” (p. 207).  

Where drawing or graphing were used in the 
interventions, they were mainly either the focus of 
the mathematics curriculum itself or used to aid the 
interpretation of problems, as seen here. Although 
the description of how the images were used in this 
study is somewhat unclear, it is inferred that they 
represent students’ thinking, and, once made 
“concrete,” allow others to view and respond to this 
thinking.  
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Motteram et 
al. (2016) 

“Enabling children to reflect well takes time and is 
scaffolded using a number of tools. A colour-coded system 
is used for the children to quickly show how well they 
thought they had done in a particular task. Green, for 
example, is used by a child to show they have been 
successful at the task and blue if they believe they have 
mastered the topic. Yellow denotes they are struggling, and 
red is used to show that they are ‘stuck’. A set of pictures 
showing different feelings, like happy faces or rain clouds, is 
also provided along with a range of emotion words for the 
children to express their feelings about the learning process. 
The colour code, pictures and words are displayed in the 
classroom for children to quickly refer to. In the early stages 
of the process children fill in paper-based templates, which 
are pasted into their workbooks. When children start using 
the Evernote software on the iPads to record their 
reflections, they can either take pictures of the paper-based 
templates or take pictures of the images or words 
expressing emotion and add a typed comment. These 
comments can become very detailed” (p. 6).  

Here, the images are used to represent the learning 
task itself, as well as the social and physical 
environment and pupils’ emotions relating to their 
learning. The symbolic system using different 
colours to indicate confidence levels might appeal 
especially to younger pupils or those with difficulties 
in verbal expression. It is not clear if the 
photographs include the children themselves or the 
classroom, but if so, this could offer a more objective 
representation of the learning situation to 
accompany pupils’ subjective responses. It is also 
not clear how the intervention prompted pupils to 
make use of their reflections in future learning. 

Writing about thinking Hughes et al. 
(2019) 

“There were six major components of the [mathematical 
writing (MW)] strategy modeled during the intervention, (a) 
making sense of the word problem, (b) determining an 
appropriate plan to solve the problem, (c) drawing a 
representation of the problem, (d) explaining problem 
solving and reasoning, (e) concluding the paragraph by 
stating the answer, and (f) systematically checking all 
components of work” (p. 192).  

This intervention took place in a mixed-ability, multi-
grade writing class, not mathematics class. It was 
expected to be especially beneficial for students with 
special needs, who might struggle with the 
mathematical language to describe their reasoning 
(p. 188). As students record their thinking, they are 
guided through a structured approach to the task 
and helped to evaluate their solutions. Interestingly, 
the approach also includes drawing a picture of the 
problem, which could act as a scaffold to complete 
the written response.  
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Morales 
(2016)  

“During the first session the students worked together with 
the teacher to solve a word problem so that vocabulary was 
explicitly taught, students could receive feedback on 
strategies and skills learned, and ESOL strategies such as 
sentence frames, sentence structure, mathematical 
vocabulary, and new content vocabulary was explained to 
students. . . . The ELLs were able to write in their first 
language if they were not able to explain their answers in 
English. Additionally, they were allowed to verbally say their 
answers in Spanish and the teacher or another group 
member helped them translate those answers” (pp. 49-50).  

In this example, writing in the intervention is used 
not only as a tool for reflection but to assist students 
in developing mathematical language. The teacher 
scaffolded this by covering vocabulary and sentence 
structure before asking students to synthesise these 
subskills into a larger text. Still, there appeared to be 
residual concerns that English learners would be 
unable to cope with the tasks demands. It is not 
clear whether allowing them to use their first 
language was planned or a last-minute concession.  

Learning/ 
reviewing mathematics 
principles 

Kramarski & 
Zoldan (2008)  

“In all classes, the linear functions and graph 
representations unit was taught three times weekly over a 
period of 3 months . . . These topics were practiced by 
procedural skills such as computation (e.g., slope, 
intersection values) and by higher order skills that referred 
to problem solving and explanations. In particular, students 
were asked to draw conclusions and make algebraic 
generalizations on the basis of a given graph or algebraic 
expression (e.g., analyzing graphs, deciding whether certain 
mathematical expressions represent the given graphs)” (p. 
139).  

Although covering the basic mathematics principles 
of the target unit is also done in the control group, 
this knowledge is used in a unique way in the 
intervention group, as a foundation for “higher order” 
skills. One focus of the interventions in this study is 
careful consideration of task-related errors, which 
could reveal where the underlying concepts are 
weak. Previous research and theory have 
considered the intersection of domain-specific 
knowledge and MC/SRL skills. 

Cross (2009)  “John calculates the value of the slope of the line says m=1. 
Sue takes a look at the line and without any calculations 
says he is incorrect. a) Explain how Sue knows this without 
calculating the value of the slope herself” (pp. 927-8). “The 
general guidelines for the teachers included ensuring . . . 
ensuring that the students were making sense of the 
questions and developing better understandings of the 
mathematical content” (p. 911).  

These two passages illustrate how the intervention 
activities in this study  were meant to teach 
mathematics principles both implicitly, through the 
tasks, and explicitly if needed through teachers' 
commentary on them. Rather than requiring a 
solution, the tasks require students to explain their 
knowledge of basic concepts related to a 
mathematical topic, in this case graphing a line.  

Behavioural, attentional, 
time, and environment 
regulation 

Collingwood & 
Dewey (2018) 

“Coping self-statements were based on cognitive behaviour 
modification (CBM) type responses identified by Kamann 
and Wong (1993), which are thought to encourage and help 
an individual cope during challenging situations” (p. 79).  

In this example, the self-talk strategies are designed 
to enable learners to persist in the face of difficulties 
and negative affect. This type of regulation may 
enable the regulation of cognition per se.  
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Cleary, 
Velardi, & 
Schnaidman 
(2017) 

“The strategy learning and practice category, which 
represents approximately 60% - 70% of SREP sessions, 
provides explanation, modeling, and guided practice 
opportunities for students to use different strateg ies to 
directly enhance their learning (e.g., draw pictures when 
solving mathematics problems) or enable them to effectively 
manage their thoughts, behaviors, and learning contexts 
(e.g., self-quizzing, self-motivation, help-seeking, time 
management)” (p. 30).  

Along with teaching other strategies, the intervention 
tutors in this study trained students in regulating 
their learning environment, such as by appropriately 
allocating time and other resources to the task. 
Getting help from others can be a productive 
MC/SRL tactic, but students may need guidance on 
when and how to do this to avoid becoming over-
reliant.  

Affective/ 
motivational regulation 

Sings Jenkins 
(2009) 

“Explain that sometimes rewards and consequences come 
from teachers, parents and other adults, but self -
consequating is something each student does for himself or 
herself. Sometimes a reward is as simple as feeling good 
about ourselves when we know that we have done the right 
thing or being proud of an accomplishment. . . . Explain that 
there are also times when we are disappointed in ourselves 
such as when we meant to put in extra time studying for a 
test and didn’t. In this situation, the student may not earn 
the grade he/she would like, but that is a consequence that 
comes from the teacher. The student should also apply a 
consequence. Similarly to feeling proud when we do well, a 
consequence may be the bad feeling we have about doing 
less than our best. But students may apply a more concrete 
consequence by deciding to do some extra studying so they 
will be more prepared the next time instead of watching a 
show they had planned to”  (p. 115). 

In addition to regulating cognition and behaviour, 
included interventions also assisted pupils in 
regulating their emotions in productive ways. Here, 
the focus is not simply avoiding or relieving negative 
feelings related to performance, but rather focusing 
on the controllable inputs of performance and how 
emotions (positive and negative) can be leveraged 
to establish and sustain learning behaviours. It is 
notable that pupils are encouraged to view a reward 
or punishment system as something they can 
choose to enact for their own benefit, rather than 
passively accept. This is clearly a meta-level 
approach.  

Perels, 
Dignath, & 
Schmitz 
(2009) 

“Then she presented possibilities for stopping bothersome 
thoughts . . . For example, instead of thinking “This task is 
too difficult for me”, they could say, “Maybe I can find a 
small part of the task which is interesting and easy to solve” 
(p. 23).  

Here, students’ affect and motivation interact with 
their beliefs about themselves and the task, such as 
that some aspects of it may be more or less difficult 
or engaging. In order to use the suggested strategy, 
students need to recognize when they experience 
potential de-motivation and resolve to take action to 
improve their own affect, rather than seeing 
themselves as victims of it.  
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Setting learning or 
achievement goals 

Bruce (2015) “The independent variables for this study were the 
prescribed interventions of (a) explicitly teaching students 
individual goal-setting based on formative assessments; (b) 
having students critically assess areas for personal 
improvement; and (c) based on those goals and assessed 
areas, students setting and participating in activities to 
address those specific areas” (p. 31).   

In this study, learners were assessed with the 
Measures of Academic Progress (MAP® tests) 
several times a year, and the goal-setting was 
aimed at improving these scores. In this case, 
MC/SRL processes are activated in considering 
what goals are appropriate, which sub-skills to focus 
on, and what learning activities will bring the most 
benefit.  

Kang (2010) “Teachers kept giving students feedback on the goals they 
wrote on their worksheets. For example, there was a 
student who was very slow at answering questions (e.g., 
low processing speed or fine motor problems) and he 
typically was able to answer three to four problems. He 
often felt frustrated when asked to work on worksheets and 
therefore initially set a goal of zero. In this situation, the 
teacher stepped in and convinced the student that five or six 
might be a better goal for him ” (p. 54). 

Importantly, teachers not only give students 
performance feedback in this study. They also offer 
ongoing guidance to setting goals that will be 
motivating and achievable. With this student, the 
intervention leader encourages goals based on 
patterns of ability rather than the student’s current 
affect. Thus, the student’s MC/SRL skills were 
enlisted in the process of setting goals not only in 
implementing them.  

Use of play, games, 
music/sounds, drama, 
or humor 

McClelland et 
al. (2109) 

“The games focus on the three aspects of EF (i.e., working 
memory, attentional or cognitive flexibility, and inhibitory 
control) and enable children to practice self -regulation in a 
classroom setting (i.e., children play the games in a large 
group, such as during circle time)” (p. 3) “In the SR+ version 
of the games, literacy (print knowledge and phonological 
awareness) and math (counting and cardinality and 
numerical knowledge) content is embedded into the cues 
children are asked to respond to. For example, when 
playing Red Light, Purple Light, instead of   responding to 
colors, children are shown a circle with a number written on 
it. In addition to responding to the color (e.g., clapping when 
they see blue, stomping when they see orange), children 
are shown a number card and asked to perform the action 
as many times as represented on the card” (pp. 3-4).  

Play was used in the included reports primarily with 
younger learners to build self-regulation skills, as 
here, or to add interest and capture children’s 
attention while addressing cognitive and 
metacognitive strategies. In this iteration of the “Red 
Light, Purple Light” intervention, two conditions are 
used: One with and one without an explicit focus on 
pre-academic skills. In both cases, the belief is that 
by building self-regulation skills, learners will be 
better prepared to benefit from later academic 
instruction.  
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Cornoldi et al. 
(2015) 

“Children listened to a short story describing an 
investigation conducted by a police inspector. While 
listening to the story, children looked at a picture showing 
the characters in the story with their physical features After 
hearing the story, the children were asked to remember the 
relevant information provided by one of the witnesses to the 
crime Then, they were guided to reflect on how working 
memory was involved in this activity and transfer this 
reflection to the context of math problem, where solvers 
should be able to identify and recall relevant information” (p. 
430).  

In this intervention, researchers used a story-based 
approach to teach skills important for mathematics 
learning, in this case, noting and remembering 
relevant information. While in other similar 
interventions the connections to academic learning 
are not always made explicit, here the belief is 
implied that children will learn more if they 
understand the rationale. The researchers also 
show a belief that memory skills can be conditioned, 
harking back to studies on metamemory a precursor 
to broader theories of metacognition.  

Memory and "study" 
strategies, note-taking 

Sings Jenkins 
(2009) 

“Model how to develop a mnemonic by picking a set of 
steps or terms in the current lesson and creating a sentence 
that can be used to trigger the memory. Ask students to 
work with a partner to create their own. Point out to students 
that using a mnemonic is only useful if the mnemonic helps 
them connect to the  information they are trying to 
remember and is easier to remember than original 
information” (pp. 119-120).    

Rather than teaching children uncritical reliance on 
pre-made mnemonics, the intervention here 
encourages children to consider and use 
strategically what they know about their own 
memory. The researchers also demonstrate that not 
all MC/SRL strategies will be useful in every context. 
Learners should be adaptive and recognize when an 
approach is working and when to change it.  

Falco (2008) “Then, explain that studying for math may take more time 
than other subjects because time must be spent solving 
problems. Remind students to use their time-management 
skills to give themselves enough time to do all their math 
homework – if they skip parts or rush through it, they won’t 
learn important concepts as well as they should. Explain 
that math builds on everything that is learned before, so it is 
important for students to learn each concept completely as 
they go” (p. 71).  

While many of the interventions from the review 
focus at task-level MC/SRL skills, here the focus is 
at general learning in the mathematics domain. 
Students are taught to regulate their overall time and 
pacing in studying, and to evaluate and solidify what 
they already know before proceeding to a more 
challenging skill. Students will also need to decide 
what counts as “learn[ing] a concept completely,” 
and they may need to use external resources to 
check this. The instructions here also imply that 
learning goals are likely to trigger MC/SRL process 
more than performance goals.  
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Mathematical 
language/terms and 
reading strategies 

Pennequin et 
al. (2010)  

“The aim of the second session was to develop relevant 
strategies for solving mathematical problems; for example, 
‘‘read the question several times’’, ‘‘cross out irrelevant 
information’’, ‘‘check the Calculations’’. The aim of the third 
session was to teach children how to identify the key words 
in order to interpret the problem correctly. Which are the 
most important words in the question? What are the 
interrogative pronouns (who, how much, etc.)? What is the 
unit of the response (Euros, number of years, number of 
marbles, etc.)? The aim of the fourth session was to teach 
children to identify the mathematical expressions: for 
example, ‘‘what is the remainder?’’ indicates subtraction; the 
word ‘‘to add’’  indicates addition” (p. 207).  

In this activity, the intervention leader guides 
students in understanding the various components 
of a mathematical task statement. Students need to 
understand how morphemes and syntax represent 
different quantities, relationships, and operations. 
While reading a mathematical description or task 
statement might not always be considered an 
MC/SRL strategy, here it is because students need 
to reflect on what they do or do not understand from 
their reading of it. Considering the various 
components of the statement separately could be a 
useful repair strategy if understanding is lacking 
during the initial reading. On the other hand, 
students need to have a good grasp of the 
underlying mathematical concepts to make sense of 
the linguistic cues.  

Shamir & 
Lifshitz  (2013) 

“The number corresponding to each passenger is 
transmitted visually as an illustration demonstrating the 
order in which the passengers entered the minibus. Graphic 
symbols of those numbers and a finger pointing to each 
place appear simultaneously with the narrator’s vocalisation 
of the names of the ordinal positions” (pp. 39-40).  

In this study, pupils interact with an e-book designed 
to teach basic numeracy and the concept of 
addition. This description shows how ordinal 
numbers are presented visually and linguistically 
within the same activity. Depending on the 
language, there may be different words, symbols, or 
pronunciations for ordinal numbers versus cardinal 
ones, although the report does not specify this for 
the language of the e-book. In the intervention 
group, pupils are given prompts to continue 
interacting with a page until they understand all the 
concepts, which requires metacognitive reflection on 
their current state of knowledge.  

Unstructured 
mathematics 
exploration, task 
formulation or choice by 
students 

Ubuz & 
Erdoğan 
(2019) 

“The introduction was conducted either by teachers’ short 
presentation of the manipulative to the whole class as such 
“Today we will use 7-piece tangram consisting of seven 
different geometric shapes that you have learned before 
and let’s start to investigate them” and then students’ free 
play with manipulative” (p. 136). “students tried to construct 
different polygons by using two, three, or more pieces. 
Following that students discussed the definition of polygon 
within their groups. Thereafter, some groups shared their 
constructions and definitions with the whole class” (p. 137).  

In this activity, students freely explore with the 
different shapes to uncover their properties and 
explore different combinations. Using manipulatives, 
the students can quickly form and test different 
hypotheses, and share their knowledge with others 
with concrete reference points. In doing so, students 
are likely to develop their metacognitive awareness. 
While the same manipulatives can also be used with 
predefined tasks, allowing them to be used in an 
unstructured way may support a shift from 
performance goals to learning goals.   
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Heemsoth & 
Heinze (2016) 

“Create a problem in which a similar error could have 
occurred. Solve this problem correctly. The problem 
construction in the last prompt required the students to 
understand the rationale behind their error. Thus, the 
second and the fourth prompt triggered the learners to 
reflect the rationale behind their errors” (p. 107).  

In asking pupils to construct a problem similar to one 
in which they produced an error, the researchers are 
prompting them to better understand the source of 
their error. This is considered, at least partly, 
“unstructured exploration,” because there is no set 
formula for producing an acceptable response. They 
need to show a meta-level awareness of how 
problems require specific kinds of thinking and could 
expose misconceptions, so the focus is not on task 
performance per se. However, this awareness could 
also improve performance.  

Construction or 
manipulation of physical 
props 

Pappas 
Schattman, 
(2005) 

“The trainer then put all the pennies back into the bucket 
and modeled a subtraction problem. She said, “Now let’s 
pretend that I have 3 candies (placed three pennies in one 
hand then onto the stage) and I eat 1 of the candies 
(pretended to eat the candy and put the penny back into the 
bucket). How many candies do I have left/now (counted the 
pennies on the stage and produced an answer)?” Next, say, 
“Tell me everything I did to get 2.” Again, each child was 
asked to describe what the trainer did to solve the problem 
and was prompted if the description was incomplete” (p. 
36).  

Here, the researcher establishes a physical and 
visual reference by using pennies to demonstrate 
basic mathematical operations like addition and 
subtraction. Children are prompted to take note of 
every action and to explain what they saw, indicating 
metacognitive awareness. Instead of using actual 
candies, which might arouse more natural interest, 
the intervention leader uses coins to represent 
candies, which could facilitate a shift to symbolic 
representation later on without a physical referent. 
Yet such a rationale does not seem to have been 
communicated to the children at this point.  

Sings Jenkins 
(2009) 

“For this class, students are going to use an approach that 
doesn’t require any special materials other than notebook 
paper, pencils, and scissors. The process presented for 
organizing notes works to help study vocabulary terms, 
processes, and problem solving. Model the following 
process for students. First, fold a piece of notebook paper in 
half lengthwise (hotdog fold). Then cut strips into the top 
layer. . . . Lift the strip and on the paper underneath, write 
the definition of the vocabulary term or the part of the 
process required for the step number recorded on the top 
strip” (p. 117).   

In this activity, students are taught a useful study 
strategy, relying on basic materials. They can use 
the constructed object to check their memory of 
important information. Rather than simply displaying 
all the notes together on one page, the format of this 
object encourages students to focus on one 
important idea at a time. There is also an aspect of 
gamification here, as students may wish to improve 
their score while quizzing themselves. Brief 
guidance is given on when to use the approach 
most effectively so that students can choose when 
and how to be strategic.  
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Attributions for 
performance 

Falco (2008) “The objective of the lesson is to increase students’ self-
reflection and self-regulation by helping them become more 
aware of their mistakes and by providing them with 
strategies for correcting them. The lesson should also 
increase the accuracy of their self-evaluations and causal 
attributions; mistakes can be identified and corrected and 
are not necessarily caused by personal deficiency or low 
ability” (p. 72).  

In MC/SRL models, “attribution” refers to how 
people interpret the causes of their performance on 
an outcome. Although only used in a few studies 
here, elsewhere attributional retraining has been 
extensively investigated. The passage here 
demonstrates that maladaptive attributions can 
prevent learners from making productive changes, 
but raising metacognitive awareness can help.  

Dresel & 
Haugwitz 
(2008)  

“MatheWarp contained 142 attributional feedback 
statements in three primary classes: success effort (e.g., 
“This good result can be traced back to the high level of 
effort you gave”), success ability (e.g., “You are well versed 
in this topic”), and failure effort (e.g., “Your work was too 
cursory on this problem”). . . . The algorithm was adaptive in 
that it featured an internally programmed adjustment of the 
boundaries among the four success categories to individual 
achievement development” (p. 8).  

In this intervention, attributions are prompted 
externally through a tutoring programme. As 
elsewhere, these prompts encourage learners to 
assign responsibility for performance to internal and 
malleable causes, rather than external, 
uncontrollable ones. The concept of “ability” used 
here is somewhat uncertain, since, especially in 
mathematics, learners are wont to consider ability 
an in-born trait. Here it seems to refer to something 
developed through effort. The computerised system 
makes attributional prompts easier to deliver, but it 
is not clear whether learners place the same faith in 
them as in their own attributions or those from 
another person.  

Physical exercise, 
movement, or breathing  

Collingwood & 
Dewey (2018) 

“Exercises from the Smiling Mind App 
http://smilingmind.com.au/) were used at the start of each 
session. Focused breathing exercises have been found to 
have positive impact on maths and anxiety” (p. 79).  

This intervention made use of multiple strategies for 
relieving mathematics-related negative affect. While 
strategies for managing affect sometimes rely on 
self-talk or changing pupils’ perspectives on the 
discipline, here the approach is through direct 
physical movement (i.e., breathing exercises). 
Negative affect can be distracting and stifle 
engagement with learning activities, and it may be 
especially frequent in mathematics learning. It is 
useful to present a variety of stress-relieving 
strategies pupils can choose from.  
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Schmitt (2013) “Red Light, Green Light, a widely used childhood game, was 
introduced in the second week of the intervention. First, 
children were instructed to play in the traditional way (i.e., 
red light means stop, green light means go). Then, 
additional colors were added that also mean stop and go 
(e.g., blue means go, yellow means stop). In subsequent 
weeks, rules were changed to add increased difficulty and 
complexity (e.g., opposites were introduced so blue means 
stop and yellow means go)” (p. 77).  

Movement is used here as part of a game (i.e., “Red 
Light, Purple Light”) designed to train several SRL 
skills that could pave the way for academic learning. 
In the games, children need to attend to their 
movements and adjust them quickly in light of the 
changing rules of the game. The external 
movements display visually the children’s current 
state of knowledge about the game and may help 
them and their teachers develop better 
metacognitive awareness. It is not clear, however, 
whether the children were told about the purpose for 
the games.  
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Appendix 11. Moderator and sub-group coding for all included studies  

Study name Effect size 
Standard 

error 
Participants 

Weeks of 

instruction 
(Dose) 

Similar to 

IMPROVE (I) or 
NOT 

Report type: 
journal (j), 
conference 

paper (c), 
dissertation 

(d), technical 

report (r) 

Average age of 

participants in 
years 

Abdolhossini 
(2012) 0.6032 0.144591837 200 18 NOT c 14 

Abdullah, Halim, & 

Zakaria (2014) 1.1072 0.154617347 193 10 NOT j 9 

Aminah, et al. 
(2018) 0.2549 0.240127551 70 18 NOT j 15 

Arroyo et al. 
(2007) 0.0789 0.229821429 76 1 I c 15 

Babakhani (2011) 0.4885 0.266632653 58 8 I c 10 

Baliram & Ellis 
(2019) 0.5601 0.237066327 75 4 NOT j 14.147 

Barrus (2013) 0.5385 0.352244898 39 18 NOT d 15.7 

Bond & Ellis 
(2013) 0.9186 0.186836735 141 4 NOT j 10.567 

Bruce (2015) 0.4252 0.132193878 236 32 NOT d 11 

Byrd (2019) -1.0579 0.435867347 24 12 NOT d 10 

Chen & Chiu 
(2016) 0.0732 0.235867347 72 6 NOT j 10.5 

Cleary, Velardi, & 
Schnaidman 

(2017) -0.3518 0.334362245 37 14 NOT j 12 

Collingwood & 
Dewey (2018 0.3679 0.168061225 144 4 I j 8.09 

Cornoldi et al. 
(2015) 0.1039 0.173647959 133 8 NOT j 9 

Cross (2009) 0.3569 0.157780612 211 10 NOT j 14.5 

Desoete (2009) 1.1396 0.265408163 66 2 NOT j 8.5 
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Study name Effect size 
Standard 

error 
Participants 

Weeks of 
instruction 

(Dose) 

Similar to 
IMPROVE (I) or 

NOT 

Report type: 
journal (j), 

conference 
paper (c), 

dissertation 

(d), technical 
report (r) 

Average age of 
participants in 

years 

Dresel & Haugwitz 

(2008) 0.7943 0.180637755 151 18 I j 11.7 

Edwards (2008) -0.4045 0.274923469 54 11 NOT d 14.5 

Falco (2008) 0.00 0.161785714 153 9 NOT d 11.204 

Finau et al. (2018) 1.03 0.120561225 338 32 NOT j 12.5 

Ford (2018) -1.6934 0.407015306 33 3 I d 14.5 

Fößl et al. (2016) 0.8353 0.249311225 85 1 NOT j 10.6 

Heemsoth & 
Heinze (2016) 0.2247 0.152091837 174 2 NOT j 13.02 

Hughes et al. 

(2019) 0.2306 0.409438776 27 2 I j 10.5 

Jackson Jackson 
(2012) 0.1796 0.175765306 130 2 I d 9.015 

Jacobse & 
Harskamp (2009) 0.5035 0.296377551 47 2 I j 11 

Jitendra et al 

(2015) 0.0464 0.046071429 1886 6 I j 12.667 

Kang (2010) 0.8671 0.265663265 62 1 NOT d 17.2 

Kramarski & Dudai 

(2009) 0.4389 0.210612245 100 5 I j 14 

Kramarski & 
Friedman (2014) 0.9134 0.23372449 90 3 I j 14 

Kramarski & 
Gutman (2006) 0.4357 0.251709184 65 5 I j 14.5 

Kramarski & 

Zoldan (2008) 1.218 0.234209184 115 12 I j 8 

Kramarski, 
Weisse, & 
Kololshi-Minsker 

(2010) 0.7242 0.174464286 140 4 I j 14.5 
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Study name Effect size 
Standard 

error 
Participants 

Weeks of 
instruction 

(Dose) 

Similar to 
IMPROVE (I) or 

NOT 

Report type: 
journal (j), 

conference 
paper (c), 

dissertation 

(d), technical 
report (r) 

Average age of 
participants in 

years 

Lee, Yeo, & Hong 

(2014) 0.2469 0.252959184 63 6 I j 9.5 

Lestari & Jailani 
(2018) 0.3296 0.182321429 122 1 I c 13.9 

Mandaci Şahin & 
Kendir (2013) 1.6118 0.265969388 75 8 I j 10 

McClelland et al. 

(2019) -0.0397 0.188061225 157 8 NOT j 4.25 

Mevarech & 
Amrany (2008) 0.3834 0.258443878 61 4 I j 16.7 

Mevarech et al. 
(2010) 0.56 0.15 194 4 I j 8.4 

Morales (2016) 0.9965 0.259285714 67 6 I d 9 

Motteram et al. 
(2016) -0.011 0.051607143 1507 40 NOT r 9 

O’Neal (2015) -1.2112 0.349234694 39 6 NOT d 16.949 

Ozsoy & Ataman 
(2009) 1.9972 0.357168367 47 9 I j 11.2 

Pappas 

Schattman (2005) 0.4937 0.307295918 44 2 NOT d 5.36 

Pennequin et al. 
(2010) 1.4955 0.333571429 46 7 NOT j 10.833 

Perels, Dignath, & 
Schmitz (2009) 0.443 0.278112245 53 3 NOT j 11.033 

Riggs (2012) -0.0214 0.190816327 110 12 NOT d 11 

Rizk, Attia, & Al-
Jundi (2017) 2.8425 0.448316327 40 3 NOT j 10 

Sarette (2014) 0.1306 0.343341837 34 36 NOT d 7.5 

Schmitt (2013) 0.0764 0.128877551 241 8 NOT d 4.308 
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Study name Effect size 
Standard 

error 
Participants 

Weeks of 
instruction 

(Dose) 

Similar to 
IMPROVE (I) or 

NOT 

Report type: 
journal (j), 

conference 
paper (c), 

dissertation 

(d), technical 
report (r) 

Average age of 
participants in 

years 

Shamir & Lifshitz 

(2013) 0.7111 0.247678571 77 2 NOT j 5.88 

Shilo & Kramarski 
(2019) 0.393 0.069591837 824 8 I j 10.5 

Sings Jenkins 
(2009) 0.6233 0.277244898 55 10 NOT d 13 

Tok (2013) 1.8599 0.324591837 55 8 I j 11.5 

Tominey & 
McClelland (2011) 0.3163 0.251989796 65 8 NOT j 4.55 

Tzohar-Rozen & 

Kramarski (2017) 0.7973 0.171122449 170 5 I j 10 

Ubuz & Erdoğan 
(2019) -0.0759 0.136938776 220 5 I j 12.5 

Vula et al. (2017) 0.1756 0.123647959 263 4 I j 8.5 

Wang et al. (2019) 0.9993 0.312755102 46 13 I j 8 

Wijaya et al. 

(2018) 0.2122 0.116071429 299 2 I j 13.8 
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