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Abstract 

Metacognition (the understanding of one’s own thinking processes) has a positive 

relationship with academic achievement, is important in mental health, and is positively 

related to social skills in autism. Research in metacognition and autism has found equivocal 

results, possibly due to methodological differences, varying taxonomies of metacognition, or 

the presence of co-occurring conditions. This thesis aimed to define a taxonomy and 

determine the best methodology for evaluating metacognition in autism (studies 1 and 2), 

evaluate the relationships between autistic traits and academic achievement, social skills, and 

health and well-being (studies 3-5). Study 1 confirmed a two-factor taxonomy with statistical 

and theoretical support for 3 components relating to each factor. Study 2 suggests co-

occurring conditions may influence autistic metacognition. Research should screen or control 

for co-occurring conditions. Those with more autistic traits and accurate metacognitive skills 

have better numeracy and literacy achievement and social skills (studies 3-5). In contrast, 

those who had positive beliefs about their own metacognitive skills who also had increased 

autistic traits had elevated levels of anxiety and depression. Professionals need to be aware 

that an expression of confidence in one’s metacognitive abilities may not indicate good health 

and well-being; autistic individuals may be camouflaging. It is important to explore these 

relationships to best inform practice. 
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Chapter 1: Introduction 

1.1 Metacognition 

1.1.1 Overview of Metacognition 

 The term metacognition was first devised and defined as "thinking about thinking" 

by Flavell (1979).  Since then, metacognition has been found to be important for language 

acquisition, communication, social cognition, persuasion, focus, recall, problem solving, 

self-control and self-directed learning (Ennis, 1985; Facione, 1990; Flavell, 1979; Halpern, 

1998; Lai, 2011; Paul, 1992; Willingham, 2008).  Several studies have shown that the ability 

to problem-solve is more closely related to metacognitive skills than to intelligence (e.g.  

Schoenfeld, 2016; Slife et al., 1985; Swanson, 1990).  Further research has found that training 

in metacognitive skills can bridge the gap between expected abilities, as measured by IQ, and 

academic achievement (e.g.  Perry et al., 2018).  The application of metacognitive skills is 

not limited to learning and achievement.  Metacognitive-based therapies have been used to 

successfully treat those with anxiety and depression, and recent research has found 

metacognition to be more responsible for the variation in autistic social skills than other 

cognitive areas, such as executive functioning (e.g. Leung et al., 2016; Wells et al., 2012).  

This wide application of metacognitive skills has led to broad interpretations of Flavell’s 

definition, and researchers have since proposed many theories regarding the structure and 

organization of metacognition (e.g.  Akturk & Sahin, 2011; Lai, 2011; Pena-Ayala, 2015; 

Schraw & Moshman, 1995). 

 1.1.2 Defining Metacognition 

Brown (1987) describes the challenge of defining metacognition aptly in stating that, 

"...metacognition is not only a monster of obscure parentage, but a many-headed monster at 

that" (p. 105).  Even in current studies, researchers find it difficult to differentiate between 

metacognition, cognition, executive functioning, self-regulation and motivation, attribution 

and goal setting (Brown, 1987; Lai, 2011; Livingston, 1997; Roebers, 2017).  Regardless of 

the difficulties defining and interpreting metacognition, most researchers concur with 

Flavell's (1979) original definition of "thinking about thinking".  Furthermore, most 

researchers subscribe to the notion that metacognition involves processes that monitor and 

increase the efficiency of cognitive procedures (Akturk & Sahin, 2011; Bonner, 1988; Van 

Zile-Tamsen, 1994; Van Zile-Tamsen, 1996).  In other words, metacognition encapsulates 

an awareness of one's own learning and comprehension, the capacity to evaluate the demands 
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of a task and subsequently choose an appropriate strategy in order to complete the task, the 

ability to monitor one's progress towards a goal and adjust strategy usage, and the ability to 

reflect on one's decision making process (Flavell, 1979).  Thus, most researchers at least 

partially, if not wholly, concur with Flavell's proposed definition and taxonomy of 

metacognition as a base theory. 

1.1.3 Metacognitive Taxonomy 

 Flavell's (1979) original theory and other alternative theories are discussed in detail 

in Chapter 2 of this thesis.  Briefly, Flavell divided metacognition into factors; metacognitive 

knowledge, metacognitive experiences, goals, and actions.  Goals are one’s motivation for 

completing a task.  The behaviors undertaken to complete the task are actions.  Because 

actions are generally cognitive skills, it is not included as a factor of metacognition in most 

current organizational hypothesis.  Metacognitive knowledge refers to the knowledge one 

has gained regarding cognitive processes.  Metacognitive experience, renamed metacognitive 

regulation in current theory, describes the actual usage of strategies to monitor, control, and 

evaluate cognitive processes.  For example, an individual may realize that they did not 

understand the two paragraphs they just read (metacognitive regulation - monitoring), thus, 

knowing that rereading is a generally successful strategy (metacognitive knowledge – 

strategy knowledge) they reread the passage to fully understand the content (metacognitive 

regulation – control).  After having reread the paragraph, the individual evaluates their 

understanding of the content (metacognitive regulation – reflection) and determines that 

rereading is a good strategy for them (new metacognitive knowledge – person knowledge; 

Livingston, 1997). 

 As shown in the example, metacognitive knowledge can be further divided into 

subcomponents.  Flavell defined the subcomponents of knowledge as person, task, and 

strategy variables.  Knowledge of person variables is the understanding of one's own learning 

style and methods of processing information, as well as a general understanding of humans' 

cognitive processes.  The understanding of a task as well as its requirements and demands is 

designated as knowledge of task.  Lastly, knowledge of strategy includes the understanding 

of strategies and the manner in which each strategy can be employed (Livingston, 1997).   

Metacognitive regulation has also been divided into subcomponents (Paris et al., 

1984).  In general, metacognitive regulation is subdivided into skills that occur before 

(planning) during (monitoring and control) and after (reflection or evaluation) a task is 
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completed.  The planning stage involves skills needed to approach a task, such as determining 

task demands, making decisions regarding possible strategy use, and predicting outcomes.  

During a task, one must monitor and control their progress by checking the reasonableness 

of their answers or choices and adjusting when necessary.  Finally, there is the reflection 

stage where one verifies their answer and reflects upon their process.  All of these 

subcomponents are necessary for efficient application of metacognition (see Fig. 1).   

Figure 1 One possible taxonomy of metacognition 

 There are many versions of the general taxonomy described above (Fig. 1).  Some 

researchers have renamed and adjusted the definition of the factors.  Others have added, 

divided, or combined factors and components.  Results of studies evaluating a specific 

theorized metacognitive taxonomy are variable (e.g.  Desoete, 2008; Jacobse & Harskamp, 

2012; Porumb & Manasia, 2015; Regalado, 2017; Sarac & Karakelle, 2012; Schellings et al. 

2013; Schraw, 1998; Schraw & Dennison, 1994; Sperling et al. 2004; Veenman, 2005; 

Veenman, 2013; Veenman et al. 2006; Winne & Jamieson-Noel, 2002).  If a unifying 

construct of metacognition exists, then one would expect to find a consistent factor structure 

for metacognition and relationships between the various factors and components of 

metacognition.  Most research does suggest a two-factor taxonomy of metacognition that 

divides the processes into knowledge and skills.  But further evaluation of an underlying 

structure varies widely, hence the continued conjectures on a metacognitive taxonomy and 

definition.  This continued debate results in a wide range of instruments and methodology 

employed to measure metacognition. 
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1.1.4 Measuring Metacognition 

Chapters 2, 4, and 5 more specifically describe the instruments used to evaluate 

metacognition.  In short, researchers must choose or design an instrument to measure 

metacognition that matches their preferred definition of metacognition.  The research 

question may also influence how metacognition is evaluated.  Due to the wide range of 

definitions and taxonomies, there exists a wide variety of methods and instruments used to 

evaluate metacognition.  The variety of measures typically employed are categorized into 

two types – on-line and off-line.  On-line measurement occurs during the performance of a 

task, for example recording the amount of planning time utilized while solving various 

problems or having a participant speak their strategies aloud as they are completing a task, 

known as a Think Aloud Protocol (TAP).  Off-line measurement occurs either before or after 

a task, such as interviewing a participant about the strategies they employed on the task they 

just completed or surveying participants about the strategies they use to prepare for an exam.   

On-line measures are preferred because the data collection is occurring while 

metacognitive skills are being applied to the task, and thus are posited to be more accurate 

measures.  Data confirms this hypothesis in that on-line measures more strongly correlate 

with each other than off-line measures (Veenman, 2005).  Correlations between off-line and 

on-line measures are also weaker than between on-line measures (Veenman, 2005).  

However, there is concern that attempting to capture metacognition while it is occurring 

actually hinders the metacognitive process.  For example, research has shown that TAPs do 

not hinder or change the metacognitive process, but that TAPs do slow the metacognitive 

process (Bannert & Mengelkamp, 2008).  Thus, most researchers feel best practice is to use 

both on-line and off-line measures when evaluating metacognition (e.g.  Desoete, 2008; 

Schellings et al. 2013; Van Hout-Wolters & Schellings, 2009; Veenman, 2005; Veenman et 

al. 2014).  A multi-method design is necessary not only to understand the relationship 

between actual skills and self-reported skills (Veenman et al. 2005), but also to understand 

the relationships between the subcomponents of the structure of metacognition.  Therefore, 

this PhD research aims to use a multi-method design to evaluate metacognition.   

To use a multi-method design, an off-line measure is required.  Most off-line research 

tends to involve a mechanism for self-report (e.g.  Akturk & Sahin 2011; Georghiades, 2004; 

Schraw & Moshman, 1995; Veenman et al. 2005; Veenman et al. 2006).  The most common 

and simplest measurement is a self-report questionnaire.  However, questionnaires have been 
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shown to only weakly relate to one’s metacognitive behaviors when involved in a task.  In 

other words, questionnaire responses have often found that participants judge themselves to 

be either more highly skilled or much less skilled in their use of metacognitive strategies than 

their actual use of strategies during a task suggests (Veenman et al., 2005).  This discrepancy 

questions the validity of self-report surveys.  Unlike self-report questionnaires, interviews 

and TAPs are reflective of participant behavior, but are extremely time consuming and 

difficult to collect with a large sample size.  The volume of transcription and qualitative 

analysis required for interviews and TAPs also make the procedures expensive.  Therefore, 

despite the concern over self-report questionnaires, they continue to be widely used in 

metacognitive research.  Thus, the aim of Chapter 2 is to evaluate the use of metacognitive 

self-reports in research.   

On-line measures of metacognition typically involve the completion of a task.  

Metacognitive research has employed observation, meta-memory tasks, and even eye 

tracking to measure metacognitive accuracy or strategy use.  These are useful assessments, 

but their narrowness of only measuring one aspect of metacognition limits the application to 

a wider metacognitive construct or taxonomy.  For example, the feeling of knowing task 

(FOK) is often employed in metacognitive research.  It assesses participants ability to 

accurately evaluate whether studied information can be recalled at a later time.  This task is 

a useful measure of metacognitive monitoring but does not provide any information on other 

metacognitive skills, such as planning.  Currently there is not a single task that measures a 

wide range of metacognitive skills.  Chapter 5 of this thesis aims to create a broad on-line 

and off-line measure of metacognitive skills by combining several often used metacognitive 

measures in the completion of a single task. 

1.2 Metacognitive Performance 

Despite the lack of shared methodology in metacognitive research, studies have more 

consistently agreed on differences in metacognitive abilities in specific participant pools.  For 

example, metacognitive impairments are a hallmark of cognitive disabilities.  Poor skills have 

been found across all aspects of metacognition in those identified with a Specific Learning 

Disability (Shin & Bryant, 2015) and metacognitive abilities are regularly found to be weaker 

in those with an intellectual disability (Nader-Grosbois, 2014).  Metacognitive research has 

been carried out in a variety of other conditions, including individuals diagnosed with autism, 

attention deficit, depression, anxiety, and alexithymia.  Metacognitive abilities in each of 
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these conditions are reviewed and analysed in Chapter 3.  To summarize, impaired 

metacognitive skills have been found across each condition.  Participants with attention 

deficit have often been shown to overestimate their abilities and have poor planning skills, in 

other words impairments in both metacognitive knowledge and metacognitive regulation 

(e.g.  Alvarado et al. 2011, Geurts et al. 2004).  Likewise, both impaired metacognitive 

knowledge and regulation skills have been found in depression and anxiety.  Underestimating 

one’s own metacognitive skills and metacognitive rumination are seen in depression 

(Barahmand, 2009; Ladegaard et al. 2014; Lysaker et al. 2013).  In anxiety, heightened 

metacognitive knowledge has been shown.  But this heightened knowledge can lead to 

overthinking, and thus errors in regulation (e.g.  Grant et al. 2002).  This is particularly true 

in Theory of Mind tasks where participants tend to attribute too many emotions or thoughts 

to the social scenarios they are asked to interpret (Hezel & McNally, 2014).     

In contrast, the research to date evaluating metacognition in autism is conflicting.  

Metacognitive studies in autism have indicated that autistic adults are less accurate at 

predicting their own recall (FOK; Grainger et al., 2014), and less accurate at judging whether 

specific information has been absorbed (a metacognitive judgment typically referred to as a 

judgment of learning; JOL; Grainger et al., 2016a).  Alternatively, studies have also shown 

an enhanced awareness of one's own thoughts in autism as measured by the Metacognitions 

Questionnaire (MCQ; Grainger et al., 2014) and enhanced JOL skills (Grainger et al. 2016a).  

There are several studies that find no statistical differences in metacognitive performance 

when comparing autistic individuals to their typically developing peers (e.g.  Cooper et al. 

2016; Farrant et al. 1999b; Grainger et al. 2016a; Maras et al. 2017; Sawyer et al. 2014; Tops 

et al. 2017; Williams et al. 2018; Wojcik et al. 2011; Wojcik et al. 2014).  Likewise, there 

are several studies that find impaired metacognitive skills in autism (e.g.  Farrant et al. 1999a; 

Furlano et al. 2015; Grainger et al. 2014; Grainger et al. 2016b; Taylor et al. 2008; Tops et 

al. 2017; Williams et al. 2018).  Interesting to note is that the same researchers have collected 

varying results, sometimes within the same study. 

Further research has found significant differences in performance, but only under 

specific conditions (e.g.  Cooper et al. 2016; Palser et al. 2018; Wojcik et al. 2013).  For 

example, Wojcik and colleagues (2013) gave autistic participants and a typically developing 

control group two versions of the Feeling of Knowing task (FOK).  One FOK task was 

episodic, which involved memorizing a list of word pairs that were semantically unrelated 
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(e.g.  fireplace – laundry).  Participants had to predict whether they would be able to choose 

the second word in the pair from a list of 4 words.  The second FOK task was semantic in 

that the pairs included a word and a semantically related picture.  There was a significant 

difference in performance on the episodic FOK, but no group differences on the semantic 

FOK. 

Compounding the difficulties with metacognitive research in autism is the incidence 

of co-occurring conditions.  Elevated incidence of attention deficit, learning disabilities, 

depression, anxiety, and alexithymia occur in autistic individuals.  For example, alexithymia 

occurs in approximately 10% of the population, but in about 50% of those diagnosed with 

autism (Hill et al., 2004; Bird & Cook, 2013; Salminen et al., 1999).  Many studies do not 

control for or even collect data on the existence of co-occurring conditions within their 

autistic sample.  Thus, it is difficult to say whether variations in metacognitive performance 

in autism are due to autism or actually due to a co-occurring condition.  Chapter 3 of this 

thesis aims to investigate metacognition in autism and the possible influences of co-occurring 

conditions on autistic metacognition.   

Thus, the first 4 studies of this research aim to understand and determine best 

methodological practices for measuring metacognition in neurotypical samples as well as 

participant samples with specific conditions.  Once appropriate methodologies have been 

chosen based on the results of the first 4 studies, a metacognitive profile in autism can be 

obtained.  Furthermore, a metacognitive profile can be obtained in other conditions that are 

highly co-occurring in autism.  Critically, an autistic metacognitive profile can then be related 

to specific autistic impairments, such as theory of mind or social interactions.  If specific 

metacognitive skills can be related to specific impairments, and the effects of co-occurring 

conditions understood, it may be possible to train autistic individuals in the needed 

metacognitive skills, ultimately improving other skills that affect the quality of life for 

autistic individuals.  Thus, the remaining chapters of this thesis aims to understand which 

metacognitive skills are most related to autistic strengths and weaknesses in areas such as 

achievement, mental health and well-being, and social interactions and whether the presence 

of a co-occurring condition affects those relationships. 

1.3 The Present Research 

 The present thesis contains the results of five studies ultimately aimed at identifying 

whether metacognitive skills are related to academic achievement, mental health and well-
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being, and social skills in autism.  Metacognition is malleable, and much research has shown 

the efficacy of training metacognitive skills in order to improve academic and workplace 

skills (e.g. Perry et al. 2018).  By identifying the specific components of metacognition 

related to skills autistic individuals find challenging, training can be identified that meets 

individual needs.   

Because a strict definition and methodological procedures for assessing 

metacognition are not yet agreed upon, this thesis will begin by systematically reviewing the 

body of literature evaluating self-report in metacognitive research.  The review will include 

a narrative analyzing research that employs structural equation modelling to determine 

whether self-report measures the proposed taxonomy of metacognition.  In addition, a 

systematic review and meta-analysis of the factors and subcomponents of metacognition will 

look to confirm the results of the narrative analysis as well as understand the relationships 

between metacognitive skills.  This will provide a theoretical base from which to better use 

self-report to evaluate metacognition.  By determining the most appropriate use of self-report, 

measures can be selected that will establish a profile of metacognition in autism as well as 

typically developing individuals.   

 Given that current research in autistic metacognition has produced equivocal results 

and given that conditions that are highly co-occurring in autism are known to effect 

metacognitive performance, this thesis will also conduct a systematic review and meta-

analysis of the body of literature evaluating metacognition in autism, alexithymia, anxiety, 

attention deficit, depression, and learning disabilities.  The influence of co-occurring 

conditions needs to be accounted for in order to determine specifically how autism influences 

metacognitive skills.  This review will provide critical information that will help shape the 

methodology for the final study evaluating metacognition in autistic traits.   

Taking the results of both reviews into account, this thesis will then explore the best 

instruments for evaluating metacognition in autism.  As recommended by past research, a 

multi-method design of both tasks (on-line) and questionnaires (off-line) will be employed.  

By using a multi-method design, the relationships between the varying components of 

metacognition as well as the relationships between self-reports (knowledge) and actual 

performance (experiences) can be explored.  Analyzing these relationships will deepen the 

understanding of metacognition and allow for better identification of possible training needs 

in specific conditions.   
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The final study will be designed taking into account the results from both Chapter 2 

and Chapter 3’s systematic reviews and meta-analyses as well as the results found in Chapters 

4 and 5.  The study will evaluate a taxonomy of metacognition in those with and without 

autism, examine the effects of co-occurring conditions, and evaluate the relationship between 

autistic symptoms, metacognition, social skills, and academic achievement, as well as the 

influence co-occurring conditions may have on these areas.  Better understanding 

metacognition in autism and co-occurring conditions will allow future research to test the 

efficacy of training metacognitive skills in autism as well as in autism with a co-occurring 

condition.  Targeted training could have a positive impact on the academic achievement, 

mental health and well-being, and social skills of autistic individuals.   

1.4 Research Questions 

 This thesis attempts to address the following research questions: 

Questions 1 through 3 – addressed in Chapter 2 

1. Which metacognitive skills should be included in a taxonomy of metacognition? 

2. What are the relationships between self-report and behavior in metacognitive 

research? 

3. Which self-reports are most reliable for metacognitive research? 

Questions 4 through 6 – addressed in Chapter 3 

4. Are metacognition and theory of mind impaired in autism? 

5. Which specific metacognitive skills (e.g. monitoring) are impaired in autism? 

6. Do co-occurring conditions mitigate/exacerbate metacognitive and theory of mind 

impairments in autism? 

Questions 7 through 10 – addressed in Chapter 4 

7. Does the factor structure of the COMEGAM-eng match that of the COMEGAM-ro? 

8. Is the COMEGAM-eng reliable in adolescents and adults? 

9. Does the factor structure of metacognition depend on your skill level? 

10. Does the COMEGAM-eng correlate with achievement? 

Questions 11 and 12 – addressed in Chapter 5 

11. Does the Puzzle Task adequately measure specific metacognitive skills? 
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12. Do the various indices evaluated by the Puzzle Task positively correlate with 

academic achievement? 

Questions 13 through 15 – addressed in Chapter 6 

13. Are metacognitive skills related to social skills, mental health and well-being, and 

academic achievement? 

14. Do metacognitive skills moderate the relationship between levels of autistic traits and 

academic achievement, mental health and well-being, and social skills? 

15. Do co-occurring conditions affect the relationship between metacognitive skills and 

academic achievement and social skills in levels of autistic traits? 

1.5 Organization of the Thesis 

The thesis is organized by study.  Each chapter recounts research that was conducted 

to answer the research questions.  In order to better understand metacognition in autism, the 

best methodologies must be determined.  The first study reviews all the available literature 

evaluating self-reported metacognition to determine the best use of off-line procedures in 

metacognitive research.  Results are presented in Chapter 2.   

In addition to determine the best methodology for evaluating metacognition in autism, 

an understanding of additional conditions that could affect autistic metacognitive skills is 

essential.  Currently, there is a gap in the literature regarding the effect of co-occurring 

conditions on autistic individuals.  Research has just barely begun to explore how co-

occurring conditions may change the current understanding of autistic capabilities.  Thus, the 

second study reviews all the currently available literature on metacognition in autism as well 

as metacognition in commonly co-occurring conditions such as depression and anxiety.  

Results from this review are presented in Chapter 3. 

Based on the results elaborated in Chapter 2, a self-report questionnaire analyzing 

metacognitive skills was chosen.  The questionnaire most strongly recommended by the 

review was written in French and Romanian.  Therefore, a translated version of this self-

report questionnaire had to be tested and analyzed.  Chapter 4 details the translation process 

and then reports the results from the English version of the self-report questionnaire. 

The current battery of metacognitive tasks does not include a single on-line task that 

evaluates a full taxonomy of metacognitive behavior.  Therefore, a task had to be created.  

The creation of the task is explained in Chapter 5.  A task examining a full taxonomy of 
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metacognition will have a variety of metacognitive indices.  Therefore, a statistical 

exploration of each measure of metacognition was conducted in order to determine the 

effectiveness of each measure in evaluating metacognitive skill.  Chapter 5 presents the 

statistical analysis and results from that exploration. 

Finally, a study could be conducted that evaluated the full taxonomy of metacognition 

in high levels of autistic traits while controlling for co-occurring conditions.  The study 

examined the relationships between metacognition and critical life skills, such as academic 

achievement, mental health and well-being, and social interactions in levels of autistic traits.  

The methods used to conduct this study and results are fully detailed and explained in Chapter 

6.  Following the presentation of each study and its results, an overall discussion is contained 

in Chapter 7.  Strengths and limitations of this thesis are also discussed within the same 

chapter.  Chapter 7 concludes with recommendations for continuing this research and sets 

out possible areas of instruction that could positively impact critical life skills. 
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Chapter 2: Evaluating Metacognitive Self-Reports: Systematic Reviews of the value of 

self-report in metacognitive research 

This chapter has now been published as:  

 

Craig, K., Hale, D., Grainger, C., & Stewart, M. E. (2020). Evaluating metacognitive self-

 reports: systematic reviews of the value of self-report in metacognitive research. 

 Metacognition and Learning, 15(2), 155-213.  

 

2.1 Abstract 

 Metacognitive skills have been shown to be strongly associated with academic 

achievement and serve as the basis of many therapeutic treatments for mental health 

conditions.  Thus, it is likely that training metacognitive skills can lead to improved academic 

skills and health and well-being.  Because metacognition is an awareness of one’s own 

thoughts, and as such is not directly observable, it is often measured by self-report.  This 

study reviews and critiques the use of self-report in evaluating metacognition by conducting 

systematic reviews and a meta-analysis of studies assessing metacognitive skills.  Keyword 

searches were performed in EbscoHost, ERIC, PsycINFO, PsycArticles, Scopus, Web of 

Science, and WorldWideScience.org to locate all articles evaluating metacognition through 

self-report.  24,396 articles from 1982 through 2018 were screened for inclusion in the study.  

Firstly, a systematic review of twenty-two articles was conducted to review the ability of 

self-report measures to evaluate a proposed taxonomy of metacognition.  Secondly, a 

systematic review and meta-analyses of 37 studies summarizes the ability of self-report to 

relate to metacognitive behaviour and the possible effects of differences in research methods.  

Results suggest that self-reports provide a useful overview of two factors – metacognitive 

knowledge and metacognitive regulation.  However, metacognitive processes as measured 

by self-report subscales are unclear.  Conversely, the two factors of metacognition do not 

adequately relate to metacognitive behaviour, but subscales strongly correlate across self-

reports and metacognitive tasks.  Future research should carefully consider the role of self-

reports when designing research evaluating metacognition. 

2.2 Introduction 

Flavell (1979) was the first to utilize the term metacognition.  He defined it as 

“thinking about thinking” and described metacognition as one’s awareness of and 

understanding of their own and other’s thoughts.  Since then a variety of interpretations and 
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adjustments of Flavell’s original definition have been made.  Currently, most researchers 

subscribe to the notion that metacognition involves processes that monitor and increase the 

efficiency of cognitive procedures (Akturk and Sahin 2011; Bonner, 1998; Van Zile-Tamsen 

1996).  In other words, metacognition encapsulates an awareness of one’s own learning and 

comprehension, the capacity to evaluate the demands of a task and subsequently choose the 

appropriate strategy for task completion, the ability to monitor one’s progress towards a goal 

and adjust strategy usage, the ability to reflect on one’s decision making process, and the 

ability to discern the mental states of others (Beran 2012; Flavell 1979; Lai 2011).  

Metacognition, then, is essential for learning, and training metacognitive skills has been 

repeatedly shown to increase academic achievement (e.g.  Brown 1978; Bryce et al. 2015; 

Flavell 1979; Perry et al. 2018; van der Stel and Veenman 2010; van der Stel and Veenman 

2014; Veenman and Elshout 1994; Veenman and Spaans 2005; Wang et al. 1993).  

Furthermore, therapies grounded in metacognition have been successful in treating those with 

mental health conditions (Wells 2011).   

Because metacognition is defined as an awareness of one’s own thought processes 

and as such is not easily observed, it is difficult to measure.  The most cost effective and 

efficient way to evaluate metacognitive skills is through a self-report questionnaire.  

Currently, there is not a self-report questionnaire that is considered the industry standard.  

Instead there is a wide range of questionnaires that measure a variety of components of 

metacognition (see Table 1 in Results for a complete list of the evaluated self-reports).  

Employing a wide range of self-report assessments that evaluate a variety of metacognitive 

components results in an inconsistent understanding of the concept of metacognition and may 

affect how lay personnel, such as teachers and therapists, work directly with the 

metacognitive skills of those in their care.  Therefore, the aim of this work is to critique the 

value of self-reports in metacognitive research by summarizing their ability to measure 

metacognition in two inter-related but distinct reviews:  

1) a systematic review of the entire body of metacognitive literature that evaluates 

whether self-report can adequately measure the distinct components of metacognition 

being assessed by the researcher’s purported taxonomy  

2) a separate systematic review and meta-analysis that analyses the ability of self-report 

to adequately measure all aspects of purported taxonomies and the ability of self-

report scales to relate metacognitive components to metacognitive behaviour.   
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To our knowledge this is the first systematic review and meta-analysis to comprehensively 

investigate the use of self-report measures and their utility as a valid measure of distinct 

metacognitive components. 

This review and meta-analysis were conducted and reported in accordance with the 

preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement 

(Moher et al. 2009).  Because both the systematic review and meta-analyses were not medical 

in nature, and do not investigate interventions, published scales for assessing risk of bias 

were not applicable.  Consequently, bias was assessed following The Cochrane 

Collaboration’s (2011) recommendation of a domain-based evaluation.   

2.3 Study 1: Systematic Review: Can self-report assess distinct components of 

metacognition? 

2.3.1 Introduction 

2.3.1.1 Flavell’s original theory and definition 

Metacognition is widely used as an “umbrella term” to refer to a range of different 

cognitive processes, all of which crucially involve forming a representation about one’s own 

mental states and/or cognitive processes.  Whilst Flavell (1979) originally proposed a 

taxonomy of metacognition (Fig. 2), a range of other taxonomies are used within the field 

 

Figure 2 Flavell's (1979) proposed taxonomy of metacognition 

(e.g. Brown 1978; Pedone et al. 2017; Schraw and Dennison 1994).  As such, this has resulted 

in a wide variety of self-report questionnaires being used within the field, many of which are 

based on different taxonomies of metacognition.  Flavell’s 1979 (Fig. 2) original theory 

divides metacognition into four areas: metacognitive knowledge, metacognitive experiences, 

goals, and actions.  Metacognitive knowledge refers to the knowledge one has gained 

regarding cognitive processes, both in oneself and in others.  Metacognitive experiences 

describes the actual usage of strategies to monitor, control, and evaluate cognitive processes.  
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For example, knowing study strategies would be metacognitive knowledge, using a strategy 

while studying would exemplify a metacognitive experience.  Flavell (1979) also subdivides 

metacognitive knowledge into three areas of knowledge – person, task, and strategy.  

Knowledge of person is the understanding of one’s own learning style and methods of 

processing information, as well as a general understanding of humans’ cognitive processes.  

The understanding of a task as well as its requirements and demands is designated as 

knowledge of task.  Lastly, knowledge of strategy includes the understanding of strategies 

and the manner in which each strategy can be employed (Livingston 1997).  The remaining 

two factors of Flavell’s description of metacognition are goals – one’s intentions when 

completing a cognitive task, and actions – the behaviours or cognitive functions engaged in 

fulfilling a goal.  Because actions are generally cognitive tasks, it is an area rarely addressed 

in more recent metacognitive theories as it blurs the necessary divide between cognitive and 

metacognitive activities.   

2.3.1.2 Modifications to Flavell’s taxonomy 

From Flavell’s pioneering work, many other theories of metacognition have been 

posited.  Brown (1978) divided metacognition into knowledge of cognition (KOC) and 

regulation of cognition (ROC) and referred to subcomponents of regulation such as planning, 

monitoring, and evaluating, or reflecting.  Much like Flavell’s theory, Brown’s (1978) two 

factors comprise an understanding of one’s ability to learn and remember (KOC) and one’s 

ability to regulate their learning and memory (ROC).  Paris and colleagues (1984) took 

Brown’s model and divided knowledge of cognition into declarative, procedural, and 

conditional knowledge.  Again, similar to Flavell, these subcomponents refer to one’s 

knowledge of their own processing abilities (declarative), ability to solve problems 

(procedural), and knowledge of when and how to use specific strategies (conditional).  

Schraw and Dennison (1994; Fig. 3) further defined metacognition by adding information 

management and debugging to join planning, monitoring and evaluation as subcomponents 

of regulation of cognition. 
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Figure 3 Schraw and Dennison's (1994) proposed structure of metacognition 

2.3.1.3 Additional Taxonomies 

In contrast, some researchers look at metacognition as self versus other skills (Pedone 

et al. 2017; Semerari et al. 2012).  In other words, they separate metacognitive awareness and 

understanding of one’s own thoughts and actions from the awareness and understanding of 

other’s thoughts and actions.  Thus, subcomponents of self include monitoring and 

integrating, and subcomponents of others are defined as differentiating and decentring.  Some 

researchers posit a third factor of metacognitive beliefs or attributions (Desoete et al. 2001) 

in addition to KOC and ROC.  This factor encompasses individuals’ attribution of their 

failures and successes, for example citing poor instructions as a reason for failure.  However, 

there is a debate regarding whether attribution can be considered a true metacognitive 

process, and some researchers define it as an aspect of motivation, and not metacognition.  

Still other taxonomies build on those mentioned above by making slightly different 

distinctions, identifying more subcomponents, eliminating some subcomponents, and/or 

modifying the factors (see Pena-Ayala and Cardenas 2015 for a full comparison of all models 

of metacognition).  Clearly there is a lack of consensus regarding a theoretical organization 

of metacognition, and available self-report questionnaires reflect this lack of consensus.  A 

review of statistical representations of the structure of metacognitive self-reports may bring 

some clarity to this theoretical debate. 

2.3.2 Methods 

Searches and reviews were conducted in June and July of 2018 using EbscoHost, 

ERIC, PsycArticles, PsycINFO, Scopus, Web of Science, WorldWideScience.org, and 

bibliography reviews.  The PRISMA chart in Fig. 4 details the searches as well as the 

inclusion and exclusion of papers.  An initial search of all years of publication for the terms  
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Figure 4 PRISMA flow chart of article searches from June to July 2018 
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model, factor analysis and the various forms of metacognition (metacognition, 

metacognitive, metacognition) was conducted.  To evaluate a generalizable structure of 

metacognition, participants must represent the general population.  Therefore, articles were 

included only if: 

• they were from a peer reviewed journal or a chapter in a published book of articles 

• they statistically evaluated metacognition in the general population 

• the questionnaire used was widely applicable and not for a specific subset (thus 

research conducted in a mathematics class was included if the measures of 

metacognition were widely applicable and not specific to numeracy) 

Articles were excluded if: 

• participants had a condition or disability (e.g.  schizophrenia, Parkinson’s disease, 

learning disability)  

• the questionnaire used was built for a specific subset of the population (e.g.  patients, 

firefighters, chemistry students) 

• the questionnaire used went beyond the scope of metacognition (e.g.  included 

motivation or memory as part of the scales) 

• and if the article could not be obtained in English. 

If an article was in another language or could not be located, the authors of the research were 

contacted and a copy of the article in English was requested.  Thanks to response from 

authors, only two articles were eliminated due to language barriers.   

Thus, after a title search, 170 articles were further reviewed.  Fifty-five articles were 

excluded as duplicates, and another 65 based on analysis of the article abstracts using the 

inclusion and exclusion criteria.  Fifty full articles were read and 28 more excluded (see Fig. 

4 for an itemized exclusion record with justification).  A table was created to encapsulate the 

following data from each article; authors and year, evaluated structure as measured by 

questionnaire scales or confirmatory factor analysis, measures employed, narrative results, 

statistical analysis and any items of note (See Table 1).  Thus, each of the 22 articles were 

reviewed for statistical analysis of internal consistency, validity, and fit indices.  Measures 

were reviewed to ensure they were evaluating only metacognition.  Finally, participants were 

reviewed to ensure compliance with inclusion and exclusion criteria and to note possible 

drawbacks with participant pools. 
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Table 1 Studies Evaluating the Factor Structure of Metacognition 

Article Measure 
Hypothesized 

Model 

Participants 
Results Statistics Notes 

Akin et al., 

2007 

Metacognitive Awareness 

Inventory translated to 

Turkish (MAI) – 52 item 

self-report questionnaire 

(Schraw & Dennison, 

1994) 

• KOC 
o Declarative 

o Procedural 

o Conditional 

• ROC 
o Planning  
o Information Management  

o Monitoring 

o Debugging 

o Evaluation 

607 

University 

students 

Mean age = 

20  

310 men  

Validity: Correlated with English MAI 

 

Internal Consistency: 

Cronbach’s alpha excellent  

 

Structure: 

Multiple EFAs run to find Schraw & 

Dennison’s 8 factors 

r = .93 

 

 = .95 

 

 

 

Loadings ranged 

from .32 to .83 

CFA was not run 

Aydin & 

Ubuz, 2010 

Junior Metacognitive 

Awareness Inventory B in 

Turkish (JrMAI) – 18 item 

Self-report questionnaire 

(Sperling et al., 2002) 

• KOC 
o Declarative 

o Procedural 
o Conditional 

• ROC 
o Planning  

o Information Management  

o Monitoring 

o Debugging 

o Evaluation 

EFA – 314 

10th grade 

students 

aged 17-18 

142 boys 

 

CFA – 589 

10th grade 

students 

aged 17-18 

286 boys 

 

Internal Consistency: 

Cronbach’s alphas acceptable 

 

Structure: 

EFA found 4 factors 

 

EFA run again as 2 factors, one item 

failed to load and was removed. 

 

CFA run on one factor 

 

 

 

 

 

CFA run on two-factor model 

Two-factor model is better fit 

KOC  = .75 

ROC  = .79 

 

49.3% of the 

variance 

37.17% of the 

variance 

1-factor 

RMR = .06 

GFI = .87 

AGFI = .84 

CFI = .79 

RMSEA = .09 

2-factor 

RMR = .05 

GFI = .94 

AGFI = .92 

CFI = .91 

RMSEA = .05 

 

Favieri, 2013 Metacognitive Awareness 

Inventory (MAI) translated 

to Spanish and reduced to 

33 items to form the 

General Metacognitive 

Strategy Inventory (GMSI) 

• KOC 
o Declarative 

o Procedural 
o Conditional 

• ROC 
o Planning  

o Information Management  

278 

university 

students 

Mean age = 

20 

 

Internal consistency: 

Cronbach’s alphas range from poor to 

acceptable 

 

Structure: 

KOC  = .69 

ROC  = .76 

 

8 factors = 42% 

of the variance 

CFA was not run 
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Article Measure 
Hypothesized 

Model 

Participants 
Results Statistics Notes 

(Schraw & Dennison, 

1994) 

o Monitoring 

o Debugging 

o Evaluation 

GMSI – 8 factors and second order 

model with 2 factors and 8 

subcomponents 

Second order 

model = 52%  

Harrison & 

Vallin, 2017 

Metacognitive Awareness 

Inventory (MAI) – 52 item 

self-report questionnaire 

(Schraw & Dennison, 

1994) 

• KOC 
o Declarative 

o Procedural 

o Conditional 

• ROC 
o Planning  

o Information Management  

o Monitoring 
o Debugging 

o Evaluation 

622 

university 

students  

168 men 

Structure: 

Study 1 – examined 4 models - 

unidimensional, Schraw & Dennison’s 

theorized 2-factor model, Schraw & 

Dennison’s resultant 2-factor model, and 

an 8-factor model based on Schraw & 

Dennison’s theory 

No model was a good fit according to 

statistical standards 

 

 

Study 2 – eliminated items until good fit 

achieved with 2-factor theory from study 

1 which resulted in 19 items 

Unidmsl: 

CFI = .832 

TLI = .825 

RMSEA= .055 

2-factor theory: 

CFI = .851 

TLI = .845 

RMSEA= .051 

2-factor realized: 

CFI = .847 

TLI = .841 

RMSEA= .052 

8-factor: no 

convergence 

CFI = .959 

TLI = .954 

RMSEA= .046 

2/3 of participants were 

women 

Kim et al., 

2017 

Junior Metacognitive 

Awareness Inventory B 

(JrMAI) – 18 item Self-

report questionnaire 

(Sperling et al., 2002) 

• KOC 
o Declarative 
o Procedural 

o Conditional 

• ROC 
o Planning  

o Information Management  

o Monitoring 

o Debugging 

o Evaluation 

1783 

students in 

6th-12th 

grades 

893 boys 

Structure: 

2 factors as predicted 

 

 

42% of the 

variance 

 

CFI = .91 

RMSEA = .05 

TLI = .89 

There was some 

reassignment of items 

and 3 components loaded 

on both factors 

CFA showed 

reassignment to be a 

better fit 

Magno, 2010 Metacognitive Awareness 

Inventory (MAI) – 52 item 

self-report questionnaire 

(Schraw & Dennison, 

1994) 

• KOC 
o Declarative 
o Procedural 

o Conditional 

• ROC 
o Planning  

o Information Management  

o Monitoring 

240 

university 

students 

Mean age = 

16.45 

Structure: 

2-factor model was not a good fit, 

although some of the results approach a 

good fit (.91). 

 

8-factor model was also not an overall 

good fit but did reach an acceptable fit 

2 factors: 

RMSEA = .13 

McDonald 

Noncentrality = 

.89 

Population 

Gamma = .91 

Models of metacognition 

were looked at in relation 

to how they effected 

critical thinking 

 

Harrison & Vallin, 2017: 

Magno (2010) 
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Article Measure 
Hypothesized 

Model 

Participants 
Results Statistics Notes 

o Debugging 

o Evaluation 
with RMSEA and the Population 

Gamma.  

 

 

 

 

Adj Pop Gamma 

= .81 

8 factors: 

RMSEA = .05 

McDonald 

Noncentrality = 

.84 

Population 

Gamma = .95 

Adj Pop Gamma 

= .93 

“…reported Akaike and 

Bayesian information 

criteria were smaller with 

the two-factor model, 

which suggests the 

opposite finding; 

additionally, because 

these were structural 

models with many other 

variables, rather than 

measurement (CFA) 

models, the evidence 

provides little 

information for other 

researchers and 

practitioners.” 

Ning, 2016 Junior Metacognitive 

Awareness Inventory B 

(JrMAI) – 18 item Self-

report questionnaire 

(Sperling et al., 2002) 

• KOC 
o Declarative 

o Procedural 

o Conditional 

• ROC 
o Planning  

o Information Management  
o Monitoring 

o Debugging 

o Evaluation 

873 

secondary 

students 

Mean age = 

15.36 (.32) 

432 boys 

Structure: 

A model of metacognition was looked 

for by how it fit with its respondents. The 

best fit showed 2 latent classes and 2 

factors aligning with KOC and ROC.  

 

Other: 

There was a significant difference 

between the 2 classes of students – one 

had higher scores of metacognition while 

the other had lower scores. Further 

investigation found that the group of 

students with lower scores fit a 

unidimensional model, while the group 

of students with higher scores fit a two-

factor model. 

Fit Indices 

AIC = 34,479 

Adjusted BIC = 

34,749 

Entropy = .803 

 

Differences 

between 

participant groups 

 

t = 6.12 

p < .001 

d = 0.42 

 

 

Ning, 2017 Junior Metacognitive 

Awareness Inventory A 
• KOC 
o Declarative 
o Procedural 

o Conditional 

892 primary 

students 

Internal consistency: 

Composite reliability estimates good 

(KOC) and poor (ROC) 

KOC  = .918 

ROC  = .214 
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Article Measure 
Hypothesized 

Model 

Participants 
Results Statistics Notes 

(JrMAI) – 12 item Self-

report questionnaire 

(Sperling et al., 2002) 

• ROC 
o Planning  

o Information Management  
o Monitoring 

o Debugging 

o Evaluation 

Mean age = 

11.35 (.29) 

448 boys 

 

Structure: 

Looked at 4 models – unidimensional, 2 

factors, second order factor, and bifactor 

 

The bifactor model showed the best fit 

across all statistics  

 

 

Unidmsl: 

CFI = .900 

RMSEA= .062 

SRMR = .042 

AIC = 27,507 

Adj. BIC = 

27,565 

Bifactor: 

CFI = .966 

RMSEA= .035 

SRMR = .028 

AIC = 27,401 

Adj. BIC =27,479 

2nd Order: 

CFI = .914 

RMSEA= .059 

SRMR = .040 

AIC = 27,484 

Adj. BIC = 

27,545 

2-Factor:  

CFI = .914 

RMSEA= .058 

SRMR = .040 

AIC = 27,482 

Adj. BIC = 

27,542 

Pour & 

Ghanizadeh, 

2017 

Metacognitive Awareness 

Inventory translated to 

Persian (MAI) – 52 item 

self-report questionnaire 

(Schraw & Dennison, 

1994) 

• KOC 
o Declarative 

o Procedural 

o Conditional 

• ROC 
o Planning  

o Information Management  

o Monitoring 
o Debugging 

o Evaluation 

107 adults 

aged 18-43 

35 males 

 

Internal Consistency: 

Cronbach’s alphas ranged from 

acceptable to good 

 

Structure: 

8 factors as defined by Schraw & 

Dennison 

Factor alphas 

range from .72 to 

.81 

 

CFI = .91 

GFI = .89 

NFI = .90 

RMSEA = .061 

CFA on 8 factors, no 

other factor structure was 

assessed 

 

67% female 
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Article Measure 
Hypothesized 

Model 

Participants 
Results Statistics Notes 

Schraw & 

Dennison, 

1994 

Metacognitive Awareness 

Inventory (MAI) – 52 item 

self-report questionnaire 

(created by authors) 

• KOC 
o Declarative 

o Procedural 
o Conditional 

• ROC 
o Planning  

o Information Management  
o Monitoring 

o Debugging 

o Evaluation 

Study 1: 197 

university 

students 

85 males 

 

Study 2: 110 

university 

students 

41 males 

 

Internal Consistency: 

Conbach’s alphas excellent for measure 

and good for factors 

 

 

 

Structure: 

Study 1 – loaded on 6 factors  

Forced 2 factor loading saw items load 

properly on both KOC and ROC  

 

Study 2 – confirmed  

2 factors  

Study 1: 

 =  

Study 2: 

KOC  = .88 

ROC  = .88 

All  = .93 

 

6-factor: 

78% of the 

variance 

2-factor: 

65% of the 

variance 

2-factor: 

58% of the 

variance 

CFA was not run 

 

59% female 

 

In both studies, there 

were items that failed to 

load on either factor – 3 

for the first and 2 of the 

original 3 for the second. 

These items were not 

discarded. 

 

Sperling et 

al., 2002 

Junior Metacognitive 

Awareness Inventory 

versions A and B (JrMAI) 

– 12 and 18 item Self-

report questionnaires 

(created by authors) 

• KOC 
o Declarative 

o Procedural 

o Conditional 

• ROC 
o Planning  

o Information Management  
o Monitoring 

o Debugging 

o Evaluation 

Study 1: 344 

3rd-9th grade 

students 

 

Study 2: 416 

3rd-8th grade 

students 

Structure: 

A – EFA found 5 factors 

2 factors were forced and all items but 2 

loaded on the 2 factors in study 1. All 

items loaded in study 2. 

 

 

 

 

 

B – EFA found 5 factors  

When limited to 2 factors the items did 

not load as expected, and 6 of the 9 KOC 

items also loaded on ROC 

Study 1: 

5-factors – 60.4% 

of the variance 

2-factors – 31% 

Study 2: 

5-factors – 61.8% 

of the variance 

2-factors – 46% 

 

Study 1: 

5-factors – 55% 

of the variance 

2-factors – not 

reported 

Study 2: 

5-factors – 52% 

of the variance 

2-factors – 36% 

CFA was run 

 

Measurements were 

correlated with Problem 

solving skills and a 

reading inventory. 

Version B did not 

significantly correlate 

with either. 
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Article Measure 
Hypothesized 

Model 

Participants 
Results Statistics Notes 

Teo & Lee, 

2012 

Metacognitive Awareness 

Inventory translated to 

Chinese (MAI) – 52 item 

self-report questionnaire 

(Schraw & Dennison, 

1994) 

• KOC 
o Declarative 

o Procedural 
o Conditional 

• ROC 
o Planning  

o Information Management  
o Monitoring 

o Debugging 

o Evaluation 

245 

university 

students 

majoring in 

education 

Mean age = 

22.69 (4.3) 

72 males 

Structure: 

Initial EFA found 12 factors, scree plot 

suggested 4 factors 

With the 4-factor model, 7 items did not 

meet the loading cut off 

Measure reduced to 3-factors and 45 

items 

 

CFA on 3-factor model was not a good 

fit 

Items reduced to 21 and CFA run as 3-

factor, 1-factor, and second order 

None of the models meet the cut off 

criteria for good fit 

12-factor: 

67% of the 

variance 

4-factor: 

43.6% 

3-factor: 

44.63% 

 

3-factor (52): 

TLI = .756 

CFI = .768 

RMSEA= .076 

SRMR = .068 

3-factor (21): 

TLI = .903 

CFI = .914 

RMSEA= .063 

SRMR = .048 

1-factor: 

TLI = .821 

CFI = .839 

RMSEA= .86 

SRMR = .064 

2nd Order: 

TLI = .903 

CFI = .914 

RMSEA= .063 

SRMR = .048 

Did not compare 3-factor 

model to either 2-factor 

or 8-factor models 

despite that being the 

aim of the study.  

 

Gave no theoretical 

explanation for choice of 

3 factors 

Allen & 

Armour-

Thomas, 1993 

Metacognition in Multiple 

Contexts Inventory 

(MMCI) – Problem 

solving inventory of 24 

items (created by authors) 

• Define problem 

• Select options 

• Select strategy 

• Select representation 

• Allocate resources 

• Solution monitoring 

126 9th-11th 

grade 

students 

51 boys 

Internal Consistency: 

Cronbach’s alpha questionable  

 

Structure: 

9 factors – confirmed Sternberg’s idea of 

metacomponents 

 

 = .67 

 

 

62% of the 

variance 

 

CFA was not run 

 

126 students, 2/3 girls 

 

Hypothesized 

components 



25 
 

Article Measure 
Hypothesized 

Model 

Participants 
Results Statistics Notes 

interdependent and 

loaded on several factors 

Altindag & 

Senemoglu, 

2013 

Metacognitive Skills Scale 

(MSS) – 30 item self-

report questionnaire 

(created by authors) 

• Use of learning strategies 

• Knowledge of own 

learning 

• Planning & Monitoring 

239 

university 

students 

 

Internal Consistency: 

Cronbach’s alpha excellent 

 

Structure: 

EFA run, 25 of the original 55 items 

eliminated based on poor factor loads, 

then EFA run again – one factor found 

 

 = .94 

 

 

35.74% of the 

variance 

CFA was not run 

Cetinkaya & 

Erktin, 2002 

Metacognitive Inventory in 

Turkish (created by 

authors) 

 

 

• Evaluation 

• Self-checking 

• Awareness 

• Cognitive strategies 

111 6th grade 

students 

Mean age = 

12 

60 boys 

Internal Consistency: 

Cronbach alpha good  

 

Structure: 

EFA performed and found 4 factors 

CFA performed 

 

 =  

 

No indices were 

reported for factor 

analysis 

Participants were gifted 

 

All factors would align 

with regulation 

 

Measure correlated with 

achievement – there were 

no significant results 

Immekus & 

Imbrie, 2008 

State measure of 

metacognition – 20 item 

self-report questionnaire 

(O’Neil & Abedi, 1996) 

• Awareness 

• Cognitive strategy 

• Planning 

• Self-checking 

 

3023 

university 

students 

Mean age = 

18.56 (.61) 

2437 males 

Structure: 

Tested both bifactor and unidimensional 

models. Models had similar fit scores. 

The bifactor had better chi square scores. 

However, items failed to significantly 

load under the bifactor model. Thus, the 

unidimensional model was a better fit.  

Bifactor 

2(1,389) = 

25,520.58 

p < .001 

 

Undmsl 

2(1,409) = 

26,396.72 

p < .001 

81% male participants 

 

No participant in cohort 

1 and only 6 from cohort 

2 chose “strongly 

disagree” to 4 of the 

items, so “strongly 

disagree” and “disagree” 

were collapsed  

 

Very large samples 

(1000+) making chi 

square not the best 

measure 

Meijer et al., 

2013 

Awareness of Independent 

Learning Inventory (AILI) 

– 63 item self-report 

questionnaire there is also 

• Metacognitive Knowledge 

(MK) 
o People 
o Strategies 

o Tasks 

1058 

university 

students 

Internal Consistency: 

Cronbach’s alphas acceptable (MK/MRs) 

and good (MR) 

 

MK    = .79 

MR    = .84 

MRs  = .77 

 

CFA was not run 

 

AILI correlated 

significantly with 5 of 
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Article Measure 
Hypothesized 

Model 

Participants 
Results Statistics Notes 

a 45 item version (created 

by authors) 
• Metacognitive Regulation 

(MR) 
o Orientation 

o Monitoring 
o Evaluation 

• Metacognitive 

Responsiveness (MRs) 
o Sensitivity to experiences 
o Sensitivity to external feedback 

o Curiosity 

(education 

majors) 

 

Structure: 

Generalisability score obtained 

indicating findings can be generalised to 

a broader range of metacognitive 

components 

 

Validity: 

The AILI correlated significantly with 

the metacognitive section of the MSLQ 

 

 

G = .79 

 

 

MK   r = .69 

MR   r = .73 

MRs r = .67 

the 6 scales of the MSLQ 

– all except test anxiety. 

 

3 of the scales that 

correlated with the AILI 

were motivational scales 

and 2 were 

metacognitive scales. 

O’Neil & 

Abedi, 1996 

State measure of 

metacognition – 20 item 

self-report questionnaire 

(created by authors) 

• Awareness 

• Cognitive strategy 

• Planning 

• Self-checking 

 

219 

university 

students 

 

210 high 

school 

students 

Internal Consistency: 

Cronbach’s alphas acceptable 

 

 

Structure: 

5 items per factor all loading on only one 

factor 

 

 

Alphas ranged 

from .73 to .78 for 

each factor 

 

 

% of variance not 

reported 

 

Final version for 

12th grade 

students only 

CFA was not run 

 

Researchers ran several 

EFA and adjusted the 

measure with each one 

until the final form was 

reached. In all studies, 

participants were paid 

per item. 

 

Final form factors all 

align with regulation. 

Pedone et al., 

2017 

Metacognition Self-

Assessment Scale (MSAS) 

– 18 item self-report 

questionnaire (created by 

authors) 

• Self 
o Monitoring 

o Integrating 

• Other 
o Differentiating 

o Decentring 

6659 adults 

Mean age = 

38.61 

(13.97) 

3049 males 

Internal Consistency: 

Cronbach’s alphas ranged from 

acceptable to good 

 

Structure: 

Four factors were found, but items did 

not load as expected. New model: 

• Self-reflectivity 

o Monitoring 

o Integrating of self 

• Critical Distance 

o Differentiating 

o Decentring 

• Mastery 

’s ranged from 

.72 to .87 

 

 

 

 

57% of the 

variance 

 

 

NFI = 0.92 

NNFI = 0.92 

CFI = 0.92 

RMSEA= .065 

Huge participant 

recruitment of over 6000 

people 

 

Model focuses on theory 

of mind and knowledge 

of persons. Examples of 

items appear to fall 

predominantly under the 

knowledge factor. 
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Article Measure 
Hypothesized 

Model 

Participants 
Results Statistics Notes 

• Understanding other’s mind 

monitoring 

CFA of new model was not a good fit 

Porumb & 

Manasia, 

2015 

COMEGAM-ro – 36 item 

self-report questionnaire 

translated from French to 

Romanian (Richer et al., 

2004) 

• Metacognitive Knowledge 

(MK) 
o Persons 

o Strategies 

o Tasks 

• Metacognitive 

Management (MM) 
o Planning 

o Monitoring and Control 

o Regulation 

575 

secondary 

students 

aged 14-18 

247 boys 

Internal Consistency: 

Cronbach’s alphas acceptable for scales 

and excellent for full measure. 

 

 

 

Structure: 

All 6 factors loaded as predicted and all 

indices show a good fit 

Factor alphas 

range from .71 to 

.75 

COMEGAM-ro 

 =  

 

GFI = .963 

SRMR = .05 

IFI = .97 

57% of participants 

female. 

 

Only published data on 

this measure. Measure 

published in French, but 

no data is reported. 

Semerari et 

al., 2012 

Metacognition Assessment 

Interview (MAI) – a way 

of interviewing with 

questions that cover 16 

facets of metacognition 

(created by authors) 

• Self 
o Monitoring 

o Integrating 

• Other 
o Differentiating 

o Decentring 

175 adults 

Mean age = 

30.69 

(13.51) 

60 males 

Internal Consistency: 

Cronbach’s alpha excellent overall and 

good for scales 

 

Structure: 

Initial EFA found 3 factors, but third was 

statistically weak 

Forced 2-factor did not load as expected. 

New solution named 

1. Other oriented 

2. Self-oriented 

CFA was done with 1-factor, 2-factor, 

and 2nd order models. 

The second order model proved to be the 

best fit: 

• Metacognition 

o Other oriented 

o Self-oriented 

Self  =  

Other  =  

All  =  

 

2-factor: 

54% of the 

variance 

 

1-factor: 

GFI = .70 

CFI = .78 

NNFI = .74 

RMSEA = .16 

2-factor: 

GFI = .87 

CFI = .92 

NNFI = .91 

RMSEA = .07 

2nd Order: 

GFI = .91 

CFI = .97 

NNFI = .96 

RMSEA = .05 

66% women 

 

Model focuses on theory 

of mind and knowledge 

of persons. Examples of 

questions appear to fall 

entirely under the 

knowledge factor. 
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Article Measure 
Hypothesized 

Model 

Participants 
Results Statistics Notes 

Yildiz et al., 

2009 

Metacognition Scale (MS) 

– 40 item self-report 

questionnaire (created by 

authors) 

• Declarative knowledge 

• Procedural knowledge 

• Conditional knowledge 

• Planning 

• Self-control 

• Cognitive strategies 

• Self-assessment 

• Self-monitoring 

426 students 

in 6th-8th 

grade  

205 boys 

Internal consistency: 

Cronbach’s alpha excellent 

 

Structure: 

Initial EFA loaded on 6 factors, but 

researchers could not name the factors. 

After items eliminated, MS loaded on 8 

factors. 

 =  

 

71.36% of the 

variance 

GFI = .85 

NFI = .87 

RMSEA = .04 

AGFI = .81 

RMR = .05 

Structure aligns with 

structures that have 2 

factors (knowledge and 

regulation) and 

subcomponents. 

 

Not all indices confirm a 

good fit. 
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2.3.3 Results 

2.3.3.1 Two-factor structure 

 In total, 22 articles spanning 25 years (1993–2018) of research were included (Table 

1).  All 22 articles evaluated the structure of metacognition using a self-report questionnaire, 

self-report through an interview, or task that included self-report questions.  Twelve of the 

articles employed either confirmatory factor analysis (CFA) or exploratory factor analysis 

(EFA) on the same measure; the Metacognitive Awareness Inventory (MAI; Schraw and 

Dennison 1994).  The remaining ten examined the factor structure proposed by the 

Metacognition in Multiple Contexts Inventory (MMCI), Metacognitive Skills Scale (MSS), 

Awareness of Independent Learning Inventory (AILI), the state form of a measure 

metacognition as state and trait, Metacognition Self-Assessment Scale (MSAS), 

COMEGAM-ro, Metacognition Assessment Interview (MAI), Metacognition Scale (MS), 

and the Turkish Metacognitive Inventory.  Of the 22 studies, 10 confirmed, either through 

factor analysis or theoretical reasoning, the existence of two overarching factors – a measure 

of metacognitive knowledge (Knowledge of Cognition or Metacognitive Knowledge; 

henceforth KOC) and a measure of metacognitive regulation (Regulation of Cognition or 

Metacognitive Experiences; henceforth ROC; see Table 1 and Figs. 2 and 3).  The MS 

questionnaire (Yildiz et al. 2009) first loaded on 6 factors, but researchers failed to adequately 

name the factors based on item loadings.  Therefore, the items were adjusted and finally 

loaded on the 8 sub factors defined by Schraw and Dennison (1994)), Fig. 3).  The Turkish 

and Persian versions of the MAI (Akin et al. 2007; Pour and Ghanizadeh 2017) loaded onto 

the Schraw and Dennison 8 subcomponents.  Schraw and Dennison’s taxonomy defines 

metacognition as a two-factor structure of KOC and ROC with 8 subcomponents.  

Furthermore, Schraw and Dennison’s MAI loads consistently on KOC and ROC as factors.  

Thus, it is likely that all three of these studies would also load on KOC and ROC.  In total, 

then 13 studies confirmed a 2-factor structure of metacognition separating knowledge from 

regulation.   

2.3.3.2 Three-factor structure 

In contrast, the AILI (Meijer et al. 2013) measure found three factors that were widely 

applicable using the generalizability coefficient G and validating it by correlating it to the 

Motivated Strategies for Learning Questionnaire (MSLQ).  No factor analysis was run.  The 

three factors – defined as knowledge, regulation, and metacognitive responsiveness – 
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significantly correlated (all rs > .34) with all the subscales of the MSLQ except Test Anxiety.  

It should be noted that the MSLQ measures motivation as well as metacognition.  In fact, the 

subscales of the AILI significantly correlated with the value scale (rs > .57), a motivational 

scale of the MSLQ.  Additionally, the AILI included statements like “I think it is important 

that there are also personal aims linked to assignments”.  Therefore, motivation may help 

explain the third factor.  Teo and Lee (2012) also confirmed a three-factor solution using a 

Chinese version of the MAI.  However, as Harrison and Vallin (2018) aptly point out, no 

theoretical explanation for three factors was provided, and they utilized only 21 of the 

original 52 items.  Additionally, there was no comparison of their structure with Schraw and 

Dennison’s (1994) two factor findings for the MAI.  Teo and Lee did report some fit indices 

on a two-factor structure (see Table 1), which ranged from statistically acceptable to scores 

just below the cutoff for acceptability.  Thus, Teo and Lee’s research can also be interpreted 

as lending some support for the two-factor structure. 

2.3.3.3 Other structures 

 The MMCI (Allen & Amour-Thomas 1993) loaded on 6 factors, and both the state 

metacognitive measure (O’Neil and Abedi 1996) and the Metacognitive Inventory 

(Çetinkaya & Erktin, 2002) loaded on 4 factors (see Table 1).  In all three cases, all of the 

resultant factors would align with only one of the overarching factors, suggesting the factors 

are all subcomponents of ROC.  Similarly, the MSAS (Pedrone et al. 2017) and MAI 

(Semerari et al. 2012) loaded on 4 and 2 factors respectively.  Again, all of the resultant 

factors would align with only one of the overarching factors defined in the two-factor 

structure, but in this case, it is KOC.  Thus, these 5 studies also support the existence of a 

two-factor structure that distinguishes between knowledge and regulation, suggesting the 

MMCI is best considered a self-report measure of metacognitive regulation, whilst the MSAS 

and MAI can be best considered self-report measures of metacognitive knowledge.  None of 

the three self-reports provide suitable measures of knowledge and regulation. 

2.3.3.4 Unidimensional 

There were two studies that did not support the two factors of knowledge and regulation, but 

instead found a unidimensional structure (Altindağ & Senemoğlu 2013; Immekus and Imbrie 

2008).  However, the single factor was reported after large adjustments to the original 

measures, that included eliminating almost half of the original items in one study and 

collapsing scores on one end of the Likert scale in the other study.  Additionally, neither 
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study reported fit indices other than chi square.  Statistics that were reported were not ideal, 

for instance a unidimensional model representing 35.74% of the variance (Altindağ & 

Senemoğlu 2013) and a unidimensional model reporting χ2(1409) = 26,396.72, p < .001 

(Immekus and Imbrie 2008). 

2.3.3.5 Ability-based structure 

 In addition to the 2017 study reported above that suggested a two-factor structure for 

the JrMAI, Ning (2016) completed a second study with the JrMAI.  In this second study Ning 

chose to look at the structure of metacognition based on respondents.  Participants were given 

the JrMAI and then divided into two groups – those with high scores, and those with low 

scores.  A factor analysis of participants who self-reported weaker metacognitive skills by 

scoring lower on the questionnaire revealed a unidimensional structure of metacognition.  

Analysis of those with higher metacognitive scores found a two-factor structure that aligned 

with Schraw and Dennison’s (1994) KOC and ROC.  Ning’s research suggests that level of 

metacognitive abilities may play a role in the factor structure of metacognition, lending 

credibility to both a two-factor and unidimensional structure of metacognition.  As the JrMAI 

is for adolescents, Ning’s research may also suggest that age could have an effect on factor 

structure as younger individuals have less sophisticated metacognitive skills (Dermitzaki 

2005), however there is no discernable pattern of factor results based on age among the 

studies in this review.  No other study attempted to divide participants by self-reported 

metacognitive abilities. 

2.3.3.6 Subcomponent analysis 

In sharp contrast to the strong support of a two-factor structure, the subcomponents 

of the factors are much more debatable.  Component analysis varied widely both across the 

measures as well as on repeated assessments of the same measure.  Structures with two, three, 

four, five, six, eight, and nine components were found (see Table 1).  Just in the MAI, four, 

five, six, and eight subcomponents were found.  Like the factor analysis, the number of 

components varied widely across ages and showed no discernible pattern of age influencing 

the number of subcomponents found. 

2.3.4 Discussion 

The papers systematically reviewed, despite the variance in results, lend strong 

support for the ability of various self-report measures to evaluate a two-factor structure.  

However, due to the wide range of results, no conclusion can be made regarding whether 
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distinct subcomponents of these factors can be accurately assessed using a self-report 

measure.  Of particular note, is that both the JrMAI and the MAI were unable to produce the 

same factor structure across studies.  Ning’s structural equation modelling of metacognition 

according to participant skill level gives a possible explanation for the diverse results.  

Participants in the studies ranged widely in age from primary school to university.  The extent 

of abilities across this large spread in age coupled with the range of results reported in this 

paper lends support to Ning’s supposition that reduced metacognitive skill operates with a 

less complex structure of metacognition.  More research is required to determine whether 

varying metacognitive abilities effect the underlying structure of metacognition and are thus 

responsible for the wide variety of results.  Regardless, when taking all findings into 

consideration, it can be deduced that when participants self-report on their own metacognitive 

abilities they provide an overview of their knowledge and their experiences or ability to 

regulate cognition, but self-reports do not seem to be able to reliably reveal the more complex 

relationships found in the metacognitive process when evaluating subscales. 

Based on fit indices, the most statistically noteworthy self-report analyses include the 

bifactor structure from the JrMAI (see Fig. 5; Ning 2017) and the two-factor structure with  

 

                        Figure 5 Ning's (2017) bifactor structure of metacognition 

6 subcomponents from the COMEGAM-ro (see Fig. 6; Porumb and Manasia 2015).  Both 
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Figure 6 Porumb and Manasia's (2015) metacognitive structure 

had multiple indices (see Table 1) that declared the models to be a good fit for the 

corresponding questionnaire, as well as strong theoretical support.  Ning’s structure was 

evaluated on the JrMAI version A, which has had varying results.  This study was the first 

attempt to compare several different theoretical structures alongside a bifactor structure.  

Results showed a bi-factor structure of general metacognition along with KOC and ROC to 

be the best fit (Fig. 5).  However, upon looking at the reported Akaike and Bayesian analysis, 

it is questionable whether the bifactor structure is actually a better fit than the two-factor 

structure.  In contrast, the COMEGAM-ro model has strong statistical support in all areas 

(Porumb and Manasia 2015; Table 1).  The results for the COMEGAM-ro revealed a two-

factor structure of KOC and ROC with 6 subcomponents (Fig. 6).  However, Porumb and 

Manasia’s article is the only published analysis of the factor structure of the COMEGAM-

ro, thus the structure has not been replicated.   

Based on the systematic review, there is not a single self-report that can be 

recommended as the industry standard (i.e. reliable and replicable).  However, results suggest 

that using self-report, in particular the COMEGAM-ro, are best suited to evaluate two 

distinctive metacognitive factors.  Alternatively, Ning’s (2016) novel approach of dividing 

participants by skill level may be a better method of evaluating self-reported metacognition.  

As both Ning’s and Porumb and Manasia’s results are each based on only one study, it is 

clear that more research is needed to determine the best method for using self-reports.  

Furthermore, based on the wide variety of subcomponent results, using a self-report to 

delineate the complexities of each factor may not be feasible.  Thus, further research is also 

needed to explore the efficacy of measuring subcomponents with self-reports.  Regardless, 

results of the review suggest that if a self-report analysis is included as part of a study, it can 
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be used to evaluate general skills of two factors distinguishing knowledge from regulation 

but cannot adequately measure distinct subcomponents within the two factors.   

If, as the systematic review suggests, knowledge and regulation can be adequately 

measured as distinct factors by self-reports, the subsequent question is whether those factors 

relate to participant behaviour on experimental measures of knowledge and regulation.   

2.4 Study 2: Systematic review and meta-analysis: Can self-report assess distinct 

components of metacognition and do those components relate to metacognitive 

behaviour?  

2.4.1 Introduction 

Study 1 indicated that self-reports mostly measure two main factors of metacognition 

– knowledge and regulation.  To date, the relationship between knowledge and regulation is 

not clear, in other words, knowledge of metacognitive skills may not relate to metacognitive 

behaviors.  Much of the data seems to indicate that knowledge and regulation do not 

significantly correlate with each other, particularly when comparing knowledge to 

experimental measures of regulation (Jacobse and Harskamp 2012; Veenman 2005; 

Veenman 2013).  Van Hout-Wolters & Schellings (2009) report r’s ranging from −.07 to .22 

for self-report questionnaires and think aloud protocols, a method of measuring 

metacognition which asks participants to “think aloud” their thought processes as they 

complete a task.  Correlations between retrospective task specific questionnaires and think 

aloud protocols fare a little better in that the r’s range from .10 to .42 (Van Hout-Wolters & 

Schellings 2009). 

In contrast, correlations of subcomponents within each factor reveal larger effect 

sizes, albeit still with a range of results.  Correlations of varying metacognitive behaviours 

(e.g. planning or monitoring) range from .64 to .98, and correlations of components of 

metacognitive knowledge (e.g. task or strategy knowledge) range from .02 to .80 (Schellings 

2011; Van Hout-Wolters & Schellings 2009).  The strength of the top end of these 

correlations within factors appears to verify the existence of two factors, but the low to 

moderate strength of the correlations between the factors questions the relationship between 

knowledge and behaviour.  The apparent contradictions of the results are often attributed to 

a variety of methodological choices, including the type of instrument used, timing of the 

instruments, participant ages, and analysis that compares full scale scores instead of 

corresponding subscale scores. 
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2.4.1.1 Type of Instrument 

Because metacognition is not directly observable, measurement tends to involve 

either a mechanism for self-report or performance on a task (e.g. Akturk & Sahin, 2001; 

Georghiades 2004; Schraw and Moshman 1995; Veenman et al. 2005; Veenman et al. 2006).  

The measurements typically employed can be divided into two types – on-line and off-line.  

On-line measurement occurs during the performance of a task or during learning, for example 

evaluating one’s judgment of learning or having a participant speak their strategies aloud as 

they complete a task.  Off-line measurement occurs either before or after a task or learning 

has finished, such as interviewing a participant about the strategies they employed on the task 

they just completed or surveying participants about the general strategies they use to prepare 

for an exam.  Due to its nature, knowledge is most often measured by self-report 

questionnaires or prospective interviews (off-line).  Regulation is often measured with a task 

(on-line).  Because, in general, on-line measures only weakly correlate with off-line measures 

(Veenman 2005), one interpretation of varied effect sizes is that the type of instrument 

(questionnaire versus task) may impact the results.  Researchers agree that to truly understand 

the relationships between components of metacognition a multi-method approach using both 

on-line and off-line tasks is required (e.g. Desoete 2008; Schellings et al. 2013; Van Hout-

Wolters & Schellings, 2009; Veenman 2005; Veenman et al. 2014).  It is important to 

determine what off-line data (self-report) adds to understanding metacognition and 

metacognitive behaviours. 

2.4.1.2 Timing 

A similar interpretation for the variety of correlational analysis is the choice in timing 

of the measurement.  Metacognition can be measured prior to performing a task 

(prospectively), during a task (concurrently), or following the completion of a task 

(retrospectively).  It has been hypothesized that assessing metacognitive knowledge 

prospectively allows for too much bias as participants may be comparing themselves to 

others, what the teacher or supervisor thinks, or succumbing to social desirability (Schellings 

et al. 2013; Veenman 2005).  A retrospective questionnaire allows participants to rely more 

heavily on actual behaviours just performed when evaluating the statements.  Concurrent 

measures, like on-line measures, tend to obtain stronger correlations because they are 

evaluated during a task.  However, not all skills are easily measured concurrently.  For 

example, evaluating one’s performance, by its nature, must be measured retrospectively.  
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Thus, some researchers suggest employing concurrent and retrospective task specific 

measures to ensure more reliable measurement (Schellings et al. 2013; Van Hout-Wolters & 

Schellings, 2009). 

2.4.1.3 Age and full score versus scale scores 

The age of the participants and manner of statistical analysis may also impact effect 

sizes.  Dermitzaki (2005) reports, it is likely that students in primary school have not fully 

developed their metacognitive skills and may; therefore, not know how to apply their 

knowledge to a task or be fully aware of their own strategy use.  Therefore, the variation in 

correlation coefficients could be due to lack of experience associated with chronological age.  

It has also been suggested that when comparing multiple measures of metacognition, they 

may be evaluating different subcomponents of the factors (e.g. planning and monitoring 

correlated to evaluation and reflection), resulting in poorer effect sizes.  Thus, it has been 

suggested that correlational analysis be carried out by the corresponding subscales instead of 

the overall scores (Van Hout-Wolters & Schellings, 2009). 

2.4.2 Meta-analysis 

That we know of, there has never been a meta-analysis of the various relationships 

between and within factors of metacognition as assessed by self-reports and experimental 

procedures.  Thus, based on the results of Study 1, this systematic review and meta-analysis 

will evaluate two factors of metacognition by summarizing the relationships between 

knowledge and regulation to first, determine the ability of self-report to measure proposed 

taxonomies and second, determine whether self-report relates to metacognitive behaviour.  

Subcomponent correlations will be evaluated not only to determine relationships between 

self-report and behaviour, but also to look again at whether self-report can capture more than 

a general overview of two factors.  Furthermore, due to the current wide range of results, it 

is likely that meta-analysis results will be high in heterogeneity.  Heterogeneity indicates that 

the pooled effect size estimate cannot be interpreted because another factor is moderating the 

results.  Therefore, this analysis will also examine possible effects of moderators.  When 

elevated heterogeneity is found, timing and type of instruments as well as age will be 

evaluated for their impact. 

2.4.3 Methods 

Searches and reviews were conducted in July and August of 2018 using EbscoHost, 

ERIC, PsycArticles, PsycINFO, Scopus, Web of Science, WorldWideScience.org, and 
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bibliography reviews.  The PRISMA chart in Fig. 7 details the searches and inclusion and 

exclusion criteria.   

The aim of Study 2 is to determine the relationship between the varying components 

of metacognition, and whether measures of metacognitive knowledge relate to measures of 

metacognitive behaviour (regulation).  Consequently, several searches of all years of 

publication were performed.  Since on-line tasks generally measure knowledge, and off-line 

tasks generally measure regulation, a search for these terms as well as the term multi-method 

was performed.  The various forms of metacognition (metacognition, metacognitive, meta-

cognition) were paired individually and with combinations of the terms online, on-line, 

offline, off-line, and multi-method (see the appendix for the specifics of the search).   

Articles were included only if they compared at least two measures of pure 

metacognition.  Thus, a comparison of the total scores of the Motivated Strategies for 

Learning Questionnaire (MSLQ) and a think aloud protocol would be excluded due to the 

generally accepted assumption that total scores on the MSLQ measure both participants’ 

metacognitive abilities and motivation profile.  However, a comparison of the metacognitive 

subscale of the MSLQ and a think aloud protocol would be included.  Unlike the first search 

looking for an overall structure of metacognition, one of the aims of this search was to 

understand the extent to which self-report scales correlate to behavioural measures of 

metacognition.  Thus, task specific correlations were not excluded.  Additionally, one task 

could be a measure of two components, provided the scales were listed separately and 

statistically compared.  Therefore, articles were included if: 

• they statistically compared components of metacognition using a within design 

method 

• correlational effect sizes (e.g. Pearson’s r, Kendall’s tau) were provided 

• the measures of metacognition employed did not include other skills (e.g. motivation) 

Articles were excluded if: 

• participants had a condition or disability (e.g. schizophrenia, Parkinson’s disease, 

learning disability) 

• there was no statistical data comparing components of metacognition (e.g. means and 

standard deviations listed, but no actual correlations run)  
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• the correlational data was between participants instead of within (i.e. comparing 

abilities of distinct groups of participants instead of components of an underlying 

structure) 

• and the article could not be obtained in English. 

Like the first systematic review, if an article was in another language or could not be located, 

the authors of the research were contacted and a copy of the article in English was requested.  

Thanks to the authors of the requested research, excluded studies based on lack of access 

were limited to 8 articles.   

Ultimately, 320 articles were reviewed following a title search.  One hundred sixty were 

excluded as duplicates.  Another 94 articles were excluded after reviewing the article 

abstracts for relevance.  Sixty-six full articles were read and 29 excluded based on the 

inclusion and exclusion criteria (see Fig. 7 for an itemized exclusion record with 

justification).  A total of 37 articles spanning 33 years of research (1982–2015) were 

analysed.  A table was created summarizing authors and year, measures employed, 

components evaluated, age of participants, narrative results, statistical analysis and any items 

of note (see Table 2).  In addition to this information, the type (on-line, off-line) and timing 

(prospective, concurrent, retrospective) of each instrument were noted.  Thus, each of the 37 

articles were reviewed for statistical relationships, and to ensure participant pools and 

metacognitive measures complied with inclusion and exclusion criteria.  Any possible 

drawbacks to the study were also noted. 

2.4.4 Statistical analysis 

 As recommended by researchers, most of the 37 articles used a multi-method 

approach to examine relationships or analysed results by correlating corresponding subscales 

of measures.  Thus, one article could feasibly contribute several pieces of data to the meta-

analysis.  In total, the 37 articles reported 328 correlations between factors and/or 

subcomponents of metacognition.  Because only one statistic per population could be 

included in the meta-analysis, specific criteria for choosing the statistic was necessary.  

Correlations were chosen using the following hierarchy: 

• from online measures – online measures such as think aloud protocols are less subject 

to bias and misinterpretation than offline measures (Schellings et al. 2013), 
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Figure 7 PRISMA flow chart of article searches from July and August 2018 
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• correlations between two different measures as opposed to within one measure (e.g. 

correlations between subscales of a questionnaire) provide a more robust picture of 

relationships between metacognitive skills, 

• from measures that, based on the systematic review, found a model closest to Porumb 

and Manasia’s (2015) model (see Fig. 6 above) thus lessening possible interference 

of other factors, such as motivation, 

• the better Cronbach’s alpha scores for a more reliable measure, 

• the median piece of data – if an even number of statistics was reported, then the range 

of each half of the data was calculated and the statistic chosen according to the larger 

range (e.g. correlation set {.27, .27, .28, .38} .28 was chosen; {.40, .45, .55, .63, .68, 

.72} .55 was selected). 

All correlations were reported with either Pearson’s r or Kendall’s tau.  Pearson’s r and 

Kendall’s tau cannot be directly compared.  Thus, all Kendall’s tau statistics were first 

converted to r using Kendall’s formula sine(0.5*π*τ) (Walker 2003).  Data was then read 

into R (R Core Team 2018) and statistically analysed using a random effects model and 

Hunter and Schmidt (2004) method with the metafor package (Viechtbauer 2010).  Because 

of the small number of studies, Knapp and Hartung’s (2003) adjustment was also applied.  

 For the purposes of this study, all measures were labelled by their factor and/or 

subcomponent (e.g. metacognitive knowledge, planning), the timing of the measure 

(prospective, concurrent, retrospective), and assessment type (on-line, off-line).  These labels 

allowed for analysis of moderators where it was necessary, and for meta-analysis of specific 

variables.  Offline is defined as a measure occurring before or after the learning task 

(Veenman 2005).  Accordingly, overall confidence judgments made after the completion of 

the entire task were categorized as off-line.  Confidence judgments made after completing 

each problem or question were classified as on-line since the learning was still occurring in 

a way that could affect the next judgment.  Using the same reasoning, confidence judgments 

were also labelled as retrospective for overall and concurrent for judgments made after each 

problem or question. 
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Table 2 Studies Evaluating Relationships between Factors and Subcomponents of Metacognition 

Authors Type of 

Measures 

Components 

Evaluated 

Participants Measures Results Effect Size 

*Bannert & 

Mengelkamp, 

2008 

Off-line (LIST) and 

On-line (TAP) 

 

Prospective: LIST 

Concurrent: TAP 

Retrospective: LIST 

Metacognitive 

knowledge 

(declarative, 

procedural, and 

conditional): LIST 

Metacognitive 

experiences 

(Orientation, 

Monitoring, regulation, 

organization, 

elaboration): TAP 

70 University students, 

84% of which were 

female. Mean age = 

24.2 

Think aloud (TAP; n=24) 

Prompted reflection 

throughout a task (n=24) 

Control group that just 

completed the task (n=22) 

Learning through reading, 

questionnaire (LIST) – given 

1 week before and right after 

the task (modified by 

eliminating items 

inappropriate to the 

hypothetical learning 

situation) 

Correlated retrospective LIST with 

performance on the tasks. No scale 

of the questionnaire correlated with 

performance on the task for any 

groups, except the think aloud 

group and elaboration scale. 

However, elaboration is a cognitive 

scale. No results reported for 

insignificant correlations and 

metacognitive scales. 

 

Prospective LIST not correlated. 

TAP/LIST 

elaboration 

r = .54  

 

TAP/ 

Metacognitive 

Scales 

r = no significant 

correlations 

Bong, 1997 Off-line (MSLQ, 

Judgment) 

 

Prospective: 

Judgment 

Concurrent: NA 

Retrospective: MSLQ 

Metacognitive 

Knowledge 

(procedural, 

declarative, 

conditional): MSLQ, 

judgments 

588 high school 

students from 4 high 

schools in Los Angeles 

Self-efficacy scale of the 

Motivated Strategies for 

Learning Questionnaire 

(MSLQ) 

Judgments on ability to solve 

actual problems (problems 

never completed) 

 

Judgments of problem difficulty 

and general judgments of academic 

ability by class (MSLQ) 

significantly correlated in every 

subject. 

English  r = .45 

Spanish  r = .72 

History  r = .40 

Algebra  r = .63 

Geometry  r = .68 

Chemistry  r = .55 

Chen, 2003 On-line (all 

judgments) 

 

Prospective: NA 

Concurrent: all 

judgments 

Retrospective: NA 

Metacognitive 

experiences (planning, 

evaluation, reflection): 

all judgments 

107 7th grade students 

in parochial school. 42 

boys and 65 girls. 98% 

Caucasian 

Pre and post judgments of 

ability/performance – measure 

of confidence to solve each 

problem (PJ), confidence in 

solution (CJ), evaluation of 

effort (EJ) 

All the judgment measures 

significantly correlated with each 

other. 

PJ/CJ 

r = .77  

 

PJ/EJ 

r = .49  

 

CJ/EJ 

r = .47  

Cooper et al., 

2008 

Off-line (MCA-I) and 

On-line (IMMEX)  

 

Prospective: MCA-I 

Metacognitive 

experiences (planning, 

monitoring, control, 

209 Chemistry I 

students at a 

southeastern US 

research university 

Metacognitive Activities 

Inventory (MCA-I) – 27 item 

self-report questionnaire  

 

Correlated results of metacognition 

from self-report questionnaire and 

computer logs of metacognitive 

behavior combined with accuracy. 

 

r = .20 
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Concurrent: IMMEX 

Retrospective: NA 

 

 

evaluating):  MCA-I 

and IMMEX 

 

 

Interactive Multi-media 

Exercises (IMMEX) – 

determines strategy use as 

participants solve online 

problems, classifies use from 

low to high metacognition 

The results correlated significantly, 

but with small effect size. 

 

 

 

*Cromley & 

Azevedo, 

2006 

Off-line (MARSI) 

and On-line (Think 

Aloud) 

 

Prospective: MARSI 

Concurrent: Think 

Aloud 

Retrospective: NA 

Metacognitive 

knowledge (strategy 

use): MARSI 

Metacognitive 

experiences (planning 

& monitoring): Think 

Aloud 

30 9th grade students in 

social studies classes, 

17 girls & 13 boys, 

Mean age = 14.03, 

diverse ethnically 

Metacognitive Awareness of 

Reading Strategies Inventory 

(MARSI) – a self-report 

questionnaire of strategy use  

Think aloud while reading 

American History text 

 

The self-report measure did not 

correlate with any other measures. 

Most importantly, strategy use on 

the self-report did not significantly 

correlate with strategy use during 

the Think Aloud.  

MARSI/Think 

Aloud 

r = -.02 

 

Dermitzaki, 

2005 

On-line (Observation, 

Reflection) 

 

Prospective: NA 

Concurrent: 

Observation 

Retrospective: 

Reflections 

 

 

Metacognitive 

experiences (judgments 

of confidence, estimate 

of task difficulty, 

reflection, planning, 

monitoring, strategy 

use): Observation, 

Reflections 

25 2nd grade Greek 

students 

13 boys, 12 girls  

Mean age = 7.6 

Observations of completing a 

task (constructing a wooden 

toy). Observations were coded 

and rated using an instrument 

created and validated in a 

previous study by the author. 

Reflections on their 

performance of confidence, 

effort, and satisfaction. 

 

 

 

 

The following aspects of 

metacognition were measured. 

There were only 2 significant 

correlations. 

Feeling of satisfaction (FS) 

Estimate of correctness (EC) 

Estimate of effort (EE) 

Effective use of model (EM) 

Planning (P) 

Monitoring (M) 

Evaluating (E) 

Awareness of errors (AE) 

Learning from errors (LE) 

 

Except for feeling of satisfaction 

and monitoring and estimate of 

correctness and learning from 

errors, no other section of the self-

report correlated significantly with 

observed metacognitive behaviors. 

FS/EC r = .12 

FS/EE r = .18 

FS/EM r = .33 

FS/P     r = .29 

FS/M   r = .43 

FS/E    r = -.16 

FS/AE  r = .34 

FS/LE r = .39 

EC/EE r = -.18 

EC/EM r = .19 

EC/P     r = .21 

EC/M   r = .24 

EC/E    r = .11 

EC/AE  r = .22 

EC/LE  r =  .44 

EE/EM r = .08 

EE/P     r = .30 

EE/M   r = .29 

EE/E    r = .19 

EE/AE  r = .18 

EE/LE r = .18 
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Desoete, 2007 Off-line (PAC, RAC) 

and On-line (TAP, 

EPA2000) 

 

Prospective: PAC 

Concurrent: TAP, 

EPA2000 

Retrospective: RAC 

Metacognitive 

experiences 

(prediction, planning, 

monitoring, 

evaluation): PAC, 

RAC, TAP, and 

EPA2000 

33 students tested in 3rd 

grade, and then again 

in 4th grade 

Prospective Assessment of 

Children (PAC) and 

Retrospective Assessment of 

Children (RAC) – both self-

report questionnaires of 

metacognitive experiences. 

The RAC is task specific as it 

is given after a task and 

students are asked to evaluate 

the recent performance. PAC 

is given before a task.  

EPA2000 – computer program 

measuring metacognitive 

experiences 

Think Aloud (TAP) – while 

solving 3 word problems 

Only the PAC and RAC 

significantly correlated. 

 

Between years 3 and 4, a significant 

correlation was found between 

test/retest for the EPA2000. 

Test/retest correlations for Think 

Aloud, PAC, and RAC were not 

significant. 

Prediction Skills 

TAP/PAC 

r = .06 

TAP/RAC 

r = .02 

TAP/EPA2000  

r = .24 

PAC/RAC 

r = .68 

PAC/EPA2000 

r = -.24 

RAC/EPA2000 

r = -.01 

EPA2000 3rd/4th  

r = .40 

 

Evaluation Skills 

TAP/PAC 

r = -.13 

TAP/RAC 

r = -.27 

TAP/EPA2000  

r = .04 

PAC/RAC 

r = .40 

PAC/EPA2000 

r = .12 

RAC/EPA2000 

r = .14 

EPA2000 3rd/4th  

r = .39 

 

Planning Skills 

TAP/PAC 

r = -.23 
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TAP/RAC 

r = -.25 

PAC/RAC 

r = .57 

 

Monitoring Skills 

TAP/PAC 

r = -.03 

TAP/RAC 

r = -.03 

PAC/RAC 

r = 1 

Desoete, 2008 Off-line (PAC, RAC) 

and On-line (TAP, 

EPA2000) 

 

Prospective: PAC, 

EPA2000 

Concurrent: TAP 

Retrospective: RAC, 

EPA2000 

Metacognitive 

experiences 

(prediction, planning, 

monitoring, 

evaluation): PAC, 

RAC, TAP, and 

EPA2000 

20 Third graders, 13 

girls and 7 boys from 

one class in Flanders – 

the sample was 

ethnically diverse, 

though all were fluent 

in Dutch 

Prospective Assessment of 

Children (PAC) and 

Retrospective Assessment of 

Children (RAC) – both self-

report questionnaires 

measuring metacognitive 

experiences. The RAC is task 

specific as it is given after a 

task and students are asked to 

evaluate the recent 

performance. PAC is given 

before a task.  

EPA2000 – measures maths, 

predicting, and evaluating 

Think Aloud Protocols (TAP) 

– on 3 word problem solving 

tasks 

All measures were broken down 

into subscales and correlated. For 

the most part, the self-reports did 

not significantly correlate with the 

tasks. However, there were two 

significant subtest correlations – the 

PAC and evaluation statements 

during Think Alouds, and PAC and 

evaluation questions from EPA 

2000. 

PAC & RAC r's 

ranged from .44 to 

.78 

 

PAC & TAP r’s 

ranged from -.10 to 

.55 

 

PAC & EPA2000 

Evaluation             

 r’s = -.02 and .42 

 

RAC & TAP r’s 

ranged from -.24 to 

.08 

 

RAC & EPA2000 

Evaluation             

 r’s = -.33 and -.24 

 

TAP & EPA2000  

r’s = .14 and .42 
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PAC subscales r’s 

ranged from -.29 to 

.58 

 

RAC subscales r’s 

ranged from .34 to 

.69 

 

TAP subscales r’s 

ranged from .02 to 

.84 

 

EPA2000 subscales 

r = .89 

Desoete, 2009 Off-line (CA) and 

On-line (EPA2000, 

CDR, TAP) 

 

Prospective: CA 

Concurrent: CDR, 

EPA2000, TAP 

Retrospective: NA 

Metacognitive 

Experiences 

(Predicting, 

Evaluating): CA, CDR, 

EPA2000, TAP 

66 Dutch students who 

were tested in 3rd and 

again in 4th grades 

EPA2000 – measures maths, 

predicting, and evaluating 

Cognitive Developmental 

aRithmatics (CDR) – 

measures maths, predicting, 

and evaluating 

Think Aloud Protocol (TAP) 

Child Assessment (CA) – 12 

item self-report of 

metacognitive skills 

Significant correlations occurred 

between the CA and the EPA2000 

as well as the CA and the Think 

Aloud. The CDR and the EPA2000, 

evaluation scales of the Think 

Aloud and the EPA2000 were also 

significant. 

 

There were no other significant 

correlations. 

CA/CDR  r = .25 

CDR/TAP  r = .25 

 

Prediction 

TAP/TAP Eval  

r = .35 

TAP/ EPA2000  

r = .14 

EPA2000/CA  

r = -.02 

 

Evaluation 

TAP/ EPA2000  

r = .42 

TAP/CA   r = .55 

EPA2000/CDR  

r = .92 

EPA2000/CA 

r = .42 
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Desoete et al., 

2001 

Off-line (MAA) and 

On-line (MSA) 

 

Prospective: MAA, 

MSA 

Concurrent: NA 

Retrospective: NA 

 

Metacognitive 

knowledge 

(declarative, 

procedural, and 

conditional): MSA  

 

Metacognitive 

experiences 

(prediction, planning, 

monitoring, and 

evaluation): MSA 

 

Attributions (internal 

stable/nonstable and 

external stable/ 

nonstable): MAA 

80 Third grade Dutch 

students, 31 boys and 

49 girls 

Metacognitive Attribution 

Assessment (MAA) – 13-item 

self-report questionnaire 

Metacognitive Skills and 

Knowledge Assessment 

(MSA) – 75 items designed to 

test procedural, declarative, 

and conditional knowledge, as 

well as predicting, planning, 

monitoring and evaluation 

through a variety of tasks, 

such as evaluating item 

difficulty 

There were no significant 

correlations between the online 

(MSA) and offline (MAA) 

measures. 

 

There were significant correlations 

among most sections of the online 

measure: 

Procedural knowledge (PK)  

Declarative knowledge (DK) 

Conditional knowledge (CK) 

Predicting (P) 

Planning (Pl) 

Monitoring (M)  

Evaluation (E) 

 

The insignificant correlations: 

procedural knowledge and 

predicting, procedural knowledge 

and monitoring, declarative 

knowledge and predicting, 

conditional knowledge and 

predicting, predicting and 

evaluating, and  

monitoring and evaluating. 

MAA/MSA 

rs ranged from  

-.04 to .24 

 

PK/DK r = .39 

PK/CK r = .52 

DK/CK r = .42 

 

PK/P r = .10 

PK/Pl r = .48 

PK/M r = .24 

PK/E r = .50 

DK/P r = .16 

DK/Pl r = .32 

DK/M r = .34 

DK/E r = .43 

CK/P r = .18 

CK/Pl r = .31 

CK/M r = .28 

CK/E r = .42 

 

P/Pl r = .29 

P/M r = .39 

P/E r = .17 

Pl/M r = .33 

Pl/E r = .39 

M/E r = -.04 

Hadwin et al., 

2001 

Off-line (self-report 

questionnaire) 

 

Prospective: 

questionnaire 

Concurrent: NA 

Retrospective: NA 

 

Metacognitive 

experiences (planning 

and monitoring): 

questionnaire 

86 (planning) and 92 

(monitoring) 

University students in 

Canada Mean age 21.9 

Author created self-report 

questionnaire. It was given to 

rate metacognitive behaviors 

on learning text, writing a 

paper, and studying for an 

exam 

Many of the measures did not 

correlate across contexts. However, 

monitoring and planning were 

consistent when reading/exam and 

writing a paper/exam were 

correlated. Reading/writing a paper 

did show some variance and a 

lower effect size. 

Planning 

Reading/Writing a 

Paper 

r = .66 

Reading/Studying 

for and Exam 

r = .80 

Paper/Exam 
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r = .81 

Monitoring 

Reading/Writing a 

Paper 

r = .49 

Reading/Studying 

for and Exam 

r = .56 

Paper/Exam 

r = .67 

Jacobse & 

Harskamp, 

2012 

Off-line (MSLQ) and 

On-line (VisA, TAP) 

 

Prospective: NA 

Concurrent: VisA, 

TAP 

Retrospective: MSLQ 

 

Metacognitive 

experiences 

(monitoring, 

regulation, confidence 

judgments): VisA, 

TAP, and MSLQ 

39 students from 5 

grade 5 classes in the 

Netherlands. Mean age 

10.91 SD = 0.28 

24 boys, 18 girls 

3 students did not 

finish all the 

assessments 

Think Aloud Protocol (TAP) 

on 2-word problems 

VisA metacognitive task using 

word problems 

Motivated Strategies for 

Learning Questionnaire 

(MSLQ) – only the 

metacognitive self-regulation 

scale used (12-items). General 

wording was replaced with 

wording specific to maths. 

The MSLQ did not correlate with 

any measure. Think Aloud and the 

VisA significantly correlated. 

 

 

 

 

 

Reported from Veenman & Van 

Hout-Wolters, 2002 that on-line 

measures did not significantly 

correlate with off-line measures 

 

MSLQ/TAP  

r = 0.16 

 

MSLQ/VisA     

r = -0.20 

 

TAP/VisA  

r = .29 

 

Mean correlation 

did not exceed      

   r = 0.17 

Li et al., 2015 Off-line (SRMP) and 

On-line (Sokoban, 

TOL) 

 

Prospective: NA 

Concurrent: Sokoban, 

TOL 

Retrospective: SRMP 

 

Metacognitive 

experiences (planning): 

SRMP, Sokoban, TOL 

Beijing – 440 students 

from 4 grades (81 in 

5th, 113 in 7th, 127 in 

10th, and 119 in 

college: M = 11.6, 

12.7, 15.9, 20.7 

respectively) Boys and 

girls fairly even except 

in college (m-21, f-98) 

 

Tower of London (TOL) and 

Sokoban – measures of 

metacognitive planning 

Correlation of time ratio 

(amount of time per 

move/total amount of time) 

Reduced version of the MAI 

called Self-Report on 

Metacognitive Planning 

(SRMP) 

 

Behaviors during tasks did 

significantly correlate with what 

participants reported on 

questionnaire. This was true for 

both Tower of London and 

Sokoban. It was also true for the 

overall measure of metacognitive 

planning (MP). 

TOL/SRMP 

r = 0.308 

 

Sokoban/SRMP 

r = 0.180 

 

MP/SRMP 

r = 0.179 

 

TOL/Sokoban 

r = .616 
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MP/TOL 

r = .562 

Merchie & 

Van Keer, 

2014 

Off-line (TLSI) and 

On-line (TAP) 

 

Prospective: NA 

Concurrent: TAP 

Retrospective: TLSI 

 

Metacognitive 

experiences (planning, 

monitoring, 

evaluation): TLSI, TAP 

20 5th and 6th grade 

students, 13 girls and 7 

boys, Mean age = 

11.64 SD = .62 

Think Aloud Protocol (TAP) 

while studying a 300-word 

text 

Text Learning Strategies 

Inventory (TLSI) – 37 item 

self-report requiring 

participants to rate their 

behaviors during a task they 

had just completed. In this 

case it was the 300-word text 

Significant correlations were found 

between the self-report and specific 

behaviors, such as highlighting. 

However, correlations between 

metacognition during the think 

aloud were not significant with 

metacognition reported on the 

inventory. For these correlations, 

tau () was used to calculate the 

relationship. 

Planning 

 = -.255 

 

Monitoring 

 = .238 

 

*Minnaert & 

Janssen, 1997  

Off-line (LERQ, ILS) 

 

Prospective: LERQ, 

ILS 

Concurrent: NA 

Retrospective: NA 

Metacognitive 

experiences 

(monitoring, 

regulating): LERQ, ILS 

517 freshman college 

students in a variety of 

classes 

LERQ (Leuven Executive 

Regulation Questionnaire) – 

measuring monitoring and 

regulation  

ILS (Inventory of Learning 

Styles) – measures regulation 

Both significant and non-significant 

correlations were found between 

the corresponding subscales of the 

questionnaires. 

LERQ/ILS  

rs ranged from 

0.13 to 0.80 

Muis et al., 

2007 

Offline (LASSI, 

MSLQ, MAI) 

 

Prospective: LASSI, 

MSLQ, MAI 

Concurrent: NA 

Retrospective: NA 

 

 

 

Metacognitive 

Experiences 

(organization, 

elaboration, self-

regulation and 

evaluation): LASSI, 

MSLQ, MAI 

318 students from 

various undergraduate 

courses 

255 women, 61 men, 2 

other Mean age = 23.08 

Subscales of 3 self-report 

questionnaires. Subscales 

were chosen for having similar 

metacognitive items across all 

three scales. Scales included 

the Learning And Study 

Strategies Inventory (LASSI), 

Motivated Strategies for 

Learning Questionnaire 

(MSLQ) and Metacognitive 

Awareness Inventory (MAI) 

 

Correlations across and within 

scales ranged from small to 

moderate. 

Within MAI r’s 

ranged from .51 to 

.70 

 

Organization across 

all r’s ranged from 

.29 to .37 

 

Elaboration across 

all r’s ranged from 

.54 to .60 

 

Self-regulation 

across all r’s ranged 

from .27 to .55 
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Evaluation across 

all r’s ranged from 

.41 to .50 

Ofodu & 

Adedipe, 2011 

Off-line (SAASRC) 

 

Prospective: 

SAASRC 

Concurrent: NA 

Retrospective: NA 

Metacognitive 

Knowledge (questions 

pertaining to strategy 

awareness): SAASRC  

Metacognitive 

Experiences (questions 

pertaining to 

application of 

strategies): SAASRC 

120 secondary schools 

students in Nigeria 

Student Awareness and 

Application of some Strategies 

to Reading Comprehension 

(SAASRC) 20 item self-report 

questionnaire asking students 

about their knowledge of 

various strategies (15 items) 

and the usage of strategies (5 

items) 

Correlations revealed that students 

who are aware of metacognitive 

strategies do apply them 

Metacognitive 

Knowledge/ 

Application of 

strategies 

 r = .28 

*Peterson et 

al., 1982 

Off-line (SRI, CPQ) 

 

Prospective: NA 

Concurrent: NA 

Retrospective: CPQ, 

Interview 

Metacognitive 

Knowledge (strategy 

use, self-efficacy 

judgment): CPQ, 

Interview 

Metacognitive 

Experiences (planning, 

monitoring, evaluation, 

regulation): CPQ, 

observation 

72 5th and 6th grade 

students in Wisconsin 

Stimulated Recall Interview 

(SRI) 

Cognitive Process 

Questionnaire (CPQ) – 23-

item self-report developed by 

authors to measure attention, 

monitoring, strategies 

The stimulated recall interview and 

self-report questionnaire (CPS) 

were significantly correlated across 

subscales and with the total 

interview score. The only 

exceptions were comparing 

monitoring understanding from the 

interview and specific strategy use 

from the self-report and specific 

strategy use from the interview and 

monitoring understanding from the 

self-report. 

 

Tau () was used to calculate the 

correlations. 

 

 

SRI/Monitoring 

(CPQ) 

 = .55 

SRI/Strategies 

(CPQ) 

 = .76 

Monitoring (CPQ)/ 

Strategies (CPQ) 

 = .35 

Monitoring (SRI)/ 

Monitoring (CPQ) 

 = .23 

Strategies (SRI)/ 

Strategies (CPQ) 

 = .19 

Monitoring (SRI)/ 

Strategies (CPQ) 

 = .07 

Strategies (SRI)/ 

Monitoring (CPQ) 

 = .11 
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Porumb & 

Manasia, 2015 

Off-line 

(COMEGAM-ro) 

 

Prospective: 

COMEGAM-ro 

Concurrent: NA 

Retrospective: NA 

 

Metacognitive 

knowledge (person, 

task, strategy): 

COMEGAM-ro 

Metacognitive 

experiences (planning, 

monitoring, control, 

evaluation): 

COMEGAM-ro 

575 Romanian students 

in secondary school 

COMEGAM-ro – 36 item 

self-report questionnaire 

measuring all aspects of 

metacognition 

The subscales of metacognition all 

correlated significantly with one 

another. 

KP – person, KS – strategy, KT – 

task, MP – planning, MCM – 

monitoring & control, MR – 

evaluation  

KP/KS r = .717 

KP/KT r = .715 

KS/KT r = .534 

KP/MP r = .630 

KP/MCM r = .585 

KP/MR r = .550 

KS/MP r = .483 

KS/MCM r = .486 

KS/MR r = .454 

KT/MP r = .524 

KT/MCM r = .537 

KT/MR r = .458 

MP/MCM r = .606 

MP/MR r = .536 

MCM/MR r = .497 

Sarac & 

Karakelle, 

2012 

Off-line (Jr MAI) and 

On-line (TAP, JOL) 

 

Prospective: NA 

Concurrent: TAP, 

JOL 

Retrospective: Jr 

MAI 

Metacognitive 

knowledge 

(declarative, 

procedural, 

conditional): Jr MAI 

Metacognitive 

experiences (orienting, 

planning, evaluating, 

elaborating): Jr MAI, 

TAP, JOL 

47 students from 6 

classes in 3 state 

schools in Istanbul. 20 

girls and 27 boys aged 

9-11 Mean age = 10.0 

Self-report questionnaire – Jr 

Metacognitive Awareness 

Inventory (Jr MAI) 

Think Aloud Protocol (TAP) 

on nonfiction text about 

balloons 

Judgment of Learning (JOL) 

The questionnaire only correlated 

significantly with the teacher 

ratings. The think aloud protocols 

significantly negatively correlated 

with the confidence judgment. 

Nothing else correlated 

significantly. 

Jr MAI/TAP r = .12 

 

Jr Mai/JOL r = .07 

 

JOL/TAP r = -.30 

Schellings, 

2011 

Off-line (self-report) 

and On-line (TAP) 

 

Prospective: NA 

Concurrent: TAP 

Retrospective: 

questionnaire 

 

 

Metacognitive 

experiences 

(Orientation, planning, 

monitoring, 

elaborating, 

evaluating): TAP, self-

report questionnaire 

Study 1: 16 9th grade 

students from 2 

different history classes 

Think Aloud Protocol (TAP) 

on a history text and an author 

created 58-item task-specific 

self-report questionnaire 

 

 

The overall questionnaire and task 

scores did significantly correlate. 

One set of subscales correlated 

significantly, the other did not. No 

other correlation reported. 

Note: poor internal consistency of 

the subscales (not used here), 2nd 

study done with 190 students, but 

correlations not reported, internal 

consistency worsened 

Overall score         

r = 0.51 

 

Elaboration & 

Evaluation         

    r = 0.60 

  

Orientation & 

Planning  r = 0.24 
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Schellings et 

al., 2013 

Off-line (self-report) 

and On-line (TAP) 

 

Prospective: NA 

Concurrent: TAP 

Retrospective: 

questionnaire 

 

 

Metacognitive 

experiences 

(Orientation, planning, 

monitoring, 

elaborating, 

evaluating): TAP, self-

report questionnaire 

4 boys and 16 girls – 

all 15-year-olds from 

five different schools in 

the Netherlands 

Think Aloud Protocol (TAP) 

from a history text  

Questionnaire created to 

match the skills used for the 

think aloud task. The 

taxonomy used to create the 

questionnaire was also used to 

score the TAP. The 58-item 

survey was task-specific 

The questionnaire and task overall 

scores did correlate significantly. 

Subscales correlations varied in 

significance. The study does go on 

further to break down activities into 

specifics. 

 

Note: poor internal consistency of 3 

of the subscales – not used here 

Overall r = 0.63 

 

Elaboration & 

Evaluation          

    r = 0.50 

 

Orientation & 

Planning  r = 0.10 

Schraw, 1994 Off-line (pre-test 

judgment of 

metacognitive 

knowledge) and On-

line (judgments of 

accuracy) 

 

Prospective: Pre-test 

Concurrent: CJ and 

judgments of 

accuracy 

Retrospective: NA 

 

 

Metacognitive 

knowledge (predicted 

accuracy): pre-test 

judgment 

Metacognitive 

experiences 

(monitoring, 

reflection): CJ and 

accuracy judgments 

115 students – 68 

females and 47 males, 

enrolled in educational 

psychology course in 

the midwestern United 

States 

Pre-test self-report of 

monitoring ability 

Confidence Judgments (CJ) on 

accuracy of items for each 

section of items 

Overall estimate of accuracy 

upon completion  

Off-line ratings of metacognitive 

ability (pre-test ratings) correlated 

significantly with on-line ratings of 

metacognition (judgments of 

accuracy of items and overall) 

 

Met knowledge score comes from 

offline judgments. Met monitoring 

score looks at local and global 

monitoring skills. 

 

 

Pre-test/CJ  r = .45 

 

Pre-test/Overall  

r = .46 

 

CJ/Overall r = .53 

 

Met Knowledge/ 

Local Monitoring  

r = -.24 

 

Met Knowledge/ 

Global Monitoring 

r = -.29 

Schraw, 1998 Off-line (GMSC) and 

On-line (CJ) 

 

Prospective: GMSC 

Concurrent: CJ 

Retrospective: NA 

Metacognitive 

knowledge (strategies): 

GMSC 

Metacognitive 

experiences 

(monitoring, 

reflection): GMSC, CJ 

95 undergraduates, 59 

women, 36 men in 

introduction to ed 

psych class 

General Metacognitive Skills 

Checklist (GMSC) – self-

report measure of monitoring 

strategies and knowledge 

Confidence judgments (CJ) 

for each maths assessment 

The GMSC correlated significantly 

with all confidence judgments. 

Confidence judgments also all 

significantly intercorrelated. 

GMSC/CJs r’s 

ranged from .27 to 

.28 

 

CJs r’s ranged from 

.30 to .62 

Schraw & 

Dennison, 

1994 

Off-line (Pre-

judgment, MAI) and 

On-line (CJ, MAI) 

 

Metacognitive 

knowledge 

(declarative, 

procedural, 

conditional): Pre-

Study 1 – 197 

undergraduates in 

Nebraska, 85 males 

and 112 females 

 

Metacognitive Awareness 

Inventory (MAI) – 52-item 

self-report created by authors 

measuring Knowledge of 

Cognition (KOC) and 

Statistically significant 

relationships were found between 

the two factors (KOC/ROC) of the 

MAI, KOC and the pre-judgment of 

monitoring ability, KOC and CJ, 

KOC/ROC & Pre-

judgment 

r = 0.31 

r = 0.12 
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Authors Type of 

Measures 

Components 

Evaluated 

Participants Measures Results Effect Size 

Prospective: Pre-

judgment, MAI 

Concurrent: CJ 

Retrospective: NA 

judgment, MAI/KOC 

Metacognitive 

experiences (planning, 

monitoring, control, 

debugging, evaluation): 

CJ, MAI/ROC 

Study 2 - 110 

undergraduates in 

Nebraska, 69 females 

and 41 males,  

 

For both studies, all 

students were enrolled 

in an introductory Ed. 

Psych class 

Regulation of Cognition 

(ROC)  

Confidence Judgments (CJ) 

Pre-judgment of monitoring 

ability – rating scale 

ROC and CJ, the pre-judgment of 

monitoring ability and CJ, and the 

prejudgment of monitoring ability 

and monitoring accuracy, and CJ 

and monitoring accuracy. 

 

The pre-judgment of monitoring 

ability and ROC did not 

significantly correlate. Similarly, 

neither factor of the MAI 

significantly correlated with 

monitoring accuracy. 

 

Correlations are only reported from 

the two subscales of MAI, no 

overall MAI score is correlated. 

KOC/ROC & CJ 

r = 0.23 

r = 0.21 

 

KOC/ROC & 

Monitoring 

Accuracy both  

r = 0.09 

 

Monitoring 

Accuracy & Pre-

judgment 

r = -0.19 

 

Monitoring 

Accuracy & CJ 

r = .32 

 

KOC/ROC 

Study 1: r = 0.54 

Study 2: r = 0.45, 

0.49 

*Sperling et 

al., 2002 

Off-line (Jr MAI, 

MSI, IRA, SPSI) 

 

Prospective: Jr MAI, 

MSI, IRA, SPSI 

Concurrent: NA 

Retrospective: NA 

 

 

Metacognitive 

knowledge 

(declarative, 

procedural, 

conditional): Jr MAI 

Metacognitive 

experiences (planning, 

monitoring, debugging, 

evaluating, regulation): 

Jr MAI, MSI, SPSI, 

IRA 

Study 1: 144 students 

in grades 3-5 and 200 

students in grades 6-9 

 

Study 2: 135 students 

in grades 3-5 and 264 

students in grades 6-8 

No ethnic diversity 

(less than 1%) 

Jr Metacognitive Awareness 

Inventory (Jr MAI) 

Strategic Problem Solving 

Inventory (SPSI)  

Meta-comprehension 

Strategies Index (MSI) 

Index of Reading Awareness 

(IRA) 

For the most part, the offline 

measures correlated with each 

other. Only the MAI and IRA in 

younger students failed to reach 

significance. 

 

Overall, correlations at older ages 

were more significant than younger 

ages.  

 

The authors did note that the 

correlations were not very strong 

when considering the sample size. 

Grades 3-5 

KOC/ROC 

r = .24 

MAI/MSI 

r = 0.30 

MAI/IRA 

r = 0.22 

MAI/SPSI 

r = 0.72 

 

Grades 6-9 

KOC/ROC 

r = .61 
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Authors Type of 

Measures 

Components 

Evaluated 

Participants Measures Results Effect Size 

MAI/MSI 

r = 0.23 

MAI/IRA 

r = 0.28 

MAI/SPSI 

r = 0.68 

Sperling et al., 

2004 

Off-line (MAI, LSS, 

MSLQ) and On-line 

(CJ) 

 

Prospective: MAI, 

LSS, MSLQ 

Concurrent: CJ 

Retrospective: NA 

Metacognitive 

knowledge 

(declarative, 

procedural, conditional, 

strategies): MAI, LSS 

Metacognitive 

experience (planning, 

monitoring, regulating, 

controlling, debugging, 

evaluation, strategy 

use): MAI, LSS, 

MSLQ   

Study 1: 

109 undergraduates 

enrolled in an academic 

strategies class – most 

were 1st year students 

 

Study 2: 

40 education majors in 

either their sophomore 

or junior year of 

college 

Study 1: 

MAI (Metacogntive 

Awareness Inventory) and 

LSS (Learning Strategies 

Survey) – both questionnaires 

purported to measure aspects 

of metacognition 

 

Study 2: 

MAI and Motivated Strategies 

for Learning Questionnaire 

(MSLQ) – both self-report 

measures  

Confidence Judgments on a 

20-item objective test 

 

Note: for MSLQ, only the 

Metacognitive self-regulation 

scale was used for 

correlations, LSS under study 

2 is the learning strategies 

scale of the MSLQ 

Study 1: 

Within the MAI, the Knowledge of 

Cognition (KOC) factor correlated 

significantly with the Regulation of 

Cognition (ROC) factor.  

 

Subscales of the MAI and LSS 

were also correlated. All were 

significant correlations except KOC 

from the MAI and overt strategy 

use of the LSS. 

 

Study 2: 

Within the MAI, the Knowledge of 

Cognition (KOC) factor correlated 

significantly with the Regulation of 

Cognition (ROC) factor.  

 

The MSLQ and subscales of the 

MAI were also significantly 

correlated. Correlations with 

confidence judgments were small to 

moderate. 

Study 1 

KOC/ROC 

r = 0.75 

 

MAI/LSS 

r = .50 

 

Subscales of MAI 

& LSS r’s ranged 

from .19 to .53 

 

Study 2 

KOC/ROC 

r = 0.68 

 

MAI/MSLQ 

r = 0.59 

 

KOC & 

ROC/MSLQ 

r = 0.59, 0.47 

 

MAI/LSS of MSLQ 

r = 0.60 

 

KOC & ROC/full 

LSS scale of MSLQ 

 r = 0.63, 0.48 
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Authors Type of 

Measures 

Components 

Evaluated 

Participants Measures Results Effect Size 

MAI & CJ        

   r's range from        

-0.28 to 0.16 

 

Knowledge of 

Cognition & 

Accuracy of CJ     

r’s ranged from  

-.07 to 0.37 

 

Regulation of 

Cognition & 

Predicted Accuracy   

r’s ranged from 

 -0.42 to .04 

*Van 

Kraayenoord 

& Schneider, 

1999 

Off-line (WMMTOT, 

RSCTOT, IRA) and 

On-line (TAP) 

 

Prospective: 

WMMTOT, 

RSCTOT, IRA 

Concurrent: TAP  

Retrospective: NA 

Metacognitive 

knowledge 

(declarative, 

procedural, strategies): 

WMMTOT, RSCTOT, 

IRA  

Metacognitive 

experiences experience 

(planning, monitoring, 

regulating, controlling, 

debugging, evaluation, 

strategy use): TAP 

140 third and fourth 

grade students in 

Germany – 72 in 3rd 

and 68 in 4th, 75 girls 

and 65 boys, mean ages 

were 9.4 (.5) and 10.3 

(.4) 

Index of Reading Awareness 

(IRA) – measure of 

metacognitive knowledge of 

reading strategies 

Wurzburg Metamemory Test 

WMMTOT) 

Think Aloud Protocols (TAP) 

on informational text 

Reading Self-concept Scale 

(RSCTOT) – measure of 

metacognitive knowledge of 

reading 

The Index of Reading Awareness 

(IRA) did not significantly correlate 

with the think aloud protocols for 

fourth graders. But, the IRA did 

significantly correlate with think 

aloud for third graders. Other 

measures of metacognition ranged 

from small to moderate 

correlations. 

Third graders 

IRA/TAP r = 0.26 

IRA/RSCTOT 

r = .13 

IRA/WMMTOT 

r = .50 

RSCTOT/TAP   

r = -0.09 

RSCTOT/ 

WMMTOT r = 0.20 

WMMTOT/TAP   

r = 0.13 

 

Fourth graders  

IRA/TAP r = -0.07 

IRA/RSCTOT 

r = .43 

IRA/WMMTOT 

r = .46 

RSCTOT/TAP   
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Authors Type of 

Measures 

Components 

Evaluated 

Participants Measures Results Effect Size 

r = -0.03 

RSCTOT/ 

WMMTOT r = 0.35 

WMMTOT/TAP   

r = -0.03 

Veenman, 

2005 

 

Review of 20 

studies. 

Attempts 

made to 

access all 

articles. 

Results are 

detailed here 

for articles 

only available 

in a foreign 

language and 

for statistics 

not reported in 

the original 

articles. 

 

See * for other 

studies 

included in the 

review  

Off-line 

(questionnaire, ILS) 

On-line (interview, 

TAP) 

 

Prospective: 

Questionnaire, ILS 

Concurrent: TAP 

Retrospective: 

Interview, ILS 

Metacognitive 

knowledge 

(declarative, procedural 

conditional 

knowledge): ILS, 

questionnaire  

Metacognitive 

experiences 

(orientation, systematic 

orderliness, evaluation, 

elaboration, strategy 

use): interview, TAP 

2289 participants over 

20 studies 

 

Artelt, 2000 – 235 9-16 

year olds 

 

Veenman et al., 2003 

(see below) – 33 

University students 

aged 19-22 

 

Veenman & Beishuzen, 

2004 (see below) – 23 

university students 

Mean age = 22  

 

Veenman & Elshout, 

1999 – 16 university 

students in psychology 

courses 

 

Veenman et al., 1994 

14 freshman 

psychology students 

 

Elshout et al., 1993 

17 freshman 

psychology students 

Artelt, 2000 – Questionnaire 

(unspecified) measuring 

metacognitive strategy and 

Interview of metacognitive 

strategies 

 

Veenman, et al., 2003 

Inventory of Learning Styles 

(ILS) given pre and post. 

Posttest modified to be task 

specific. Think Aloud 

Protocols (TAP) 

 

Veenman & Beishuizen, 2004; 

Veenman & Elshout, 1999; 

Veenman et al., 1994, Elshout 

et al., 1993  

TAP – frequency ratings of 

behaviors and qualitative 

analysis of statements while 

studying forensic text, 

completing thermodynamics 

problems, and completing a 

learning task on electricity 

respectively. 

Artelt, 2000 – Metacognitive 

strategies self-reported in the 

questionnaire and the interview did 

not significantly correlate. 

   

Veenman et al., 2003 – moderate 

correlations were found between 

the TAP and ILS 

 

Veenman & Beishuizen, 2004 – 

frequency ratings of behavior and 

qualitative analysis of think aloud 

data significantly correlated 

 

Veenman & Elshout, 1999 – 

frequency ratings of behavior and 

qualitative analysis of think aloud 

data significantly correlated 

 

Veenman et al., 1994 – frequency 

ratings of behavior and qualitative 

analysis of think aloud data 

significantly correlated 

 

Elshout et al., 1993 – frequency 

ratings of behavior and qualitative 

analysis of think aloud data 

significantly correlated 

Artelt, 2000 

Offline 

questionnaire/ 

Interview r = .02 

 

Veenman et al., 

2003 

ILS self-regulation 

scale/Think Aloud 

r = .22 

ILS/ILS 

r = .49 

Think Aloud/ILS 

adapted r = .31 

 

Veenman & 

Beishuizen, 2004 

r = .80 

 

Veenman & 

Elshout, 1999 

r = .98 

 

Veenman et al., 

1994  r = .87 

 

Elshout et al., 1993  

r = .95 
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Authors Type of 

Measures 

Components 

Evaluated 

Participants Measures Results Effect Size 

*Veenman & 

Beishuizen, 

2004 

On-line (TAP) 

 

Prospective: NA 

Concurrent: TAP 

Retrospective: NA 

Metacognitive 

Experiences (planning, 

orientation, evaluation, 

elaboration): TAP 

46 students in social 

sciences at Leiden 

University 

Mean age = 22 years 

Think Aloud Protocol (TAP) – 

one text on forensic 

psychology and one on 

geography 

A score of metacognitive 

skillfulness was calculated. 

Metacognitive skillfulness across 

texts significantly correlated with 

one another. 

 

r = .67 

*Veenman et 

al., 1993a 

On-line (Logfiles, 

TAP) 

 

Prospective: NA 

Concurrent: TAP, 

Logfiles 

Retrospective: NA 

Metacognitive 

Experiences 

(orientation, systematic 

orderliness, evaluation, 

elaboration): TAP   

28 first year 

psychology students 

Computer logfiles from 

science problem solving 

activities 

Think Aloud Protocol (TAP) 

Think aloud scores correlated 

significantly with metacognitive 

measures from the computer 

logfiles. The metacognitive 

measures from the logfiles also 

correlated significantly. 

TAP/Logfile 

Orderliness 

r = .64 

TAP/Logfile 

Monitoring 

r = .62 

Monitoring/ 

Orderliness 

r = .73 

*Veenman et 

al., 1993b 

On-line (TAP) 

 

Prospective: NA 

Concurrent: TAP 

Retrospective: NA 

Metacognitive 

Experiences (planning, 

systematic orderliness, 

monitoring, 

elaboration): Logfiles, 

TAP   

28 first year 

psychology students 

Think Aloud Protocol (TAP) 

with physics and statistics 

content. The first think aloud 

preceded the second by two 

weeks. 

Think aloud scores across content 

correlated significantly. 

 

 

r = .62 

*Veenman et 

al., 2003 

Off-line (ILS) and 

On-line (TAP) 

 

Prospective: ILS 

Concurrent: TAP 

Retrospective: ILS 

Metacognitive 

Knowledge (learning 

style, strategy use): ILS 

Metacognitive 

experiences (planning 

monitoring, regulation, 

evaluation): ILS, TAP 

33 University students 

aged 19 to 22 

Think aloud (TAP) while 

studying a text about a 

technical topic with a 

multiple-choice posttest 

Inventory of Learning Styles 

(ILS) self-report questionnaire 

of regulatory activities and 

metacognitive knowledge – 

given before and after, post-

ILS adapted to be task specific 

Most correlations between scales 

and performance showed that self-

report of learning styles did not 

match actual performance. Authors 

noted if outliers were removed, the 

correlations would have been even 

smaller. 

Think Aloud/ILS 

subscales  

r’s ranged from 

-0.18 to 0.29 

*Veenman et 

al., 2004 

On-line (TAP, 

Logfiles) 

 

Prospective: NA 

Metacognitive 

experience (orientation, 

planning, evaluation, 

elaboration): TAP, 

Logfiles 

113 students from the 

Amsterdam area – 28 

4th graders (age 

M=9.5), 28 6th graders 

(age M=11.6), 30 8th 

Computer simulated problems 

in geography and science. 

Logfiles record eye gaze, 

clicking, and other behaviors 

Think aloud significantly correlated 

with logfile recorded behaviors for 

both the science related and 

geography related computer tasks. 

Science Logfile/ 

TAP r = 0.85 

 

Geography Logfile/ 

TAP r = 0.84 
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Authors Type of 

Measures 

Components 

Evaluated 

Participants Measures Results Effect Size 

Concurrent: TAP, 

Logfiles 

Retrospective: NA 

graders (age M=14.1), 

27 university students 

(age M=22.5) 

Think aloud (TAP) during 

computer problem solving 

*Veenman et 

al., 2005 

On-line (TAP, 

Observation) 

 

Prospective: NA 

Concurrent: TAP, 

Observation 

Retrospective: NA 

Metacognitive 

experience (orientation, 

planning, evaluation, 

elaboration): TAP 

41 secondary school 

students in the 

Netherlands aged 12-

13 

Think Aloud (TAP) on 6 

maths word problems 

Behavioral observations 

during the Think Aloud 

Observers coding of behaviors and 

Think Aloud statements 

significantly positively correlated. 

 

Observation/Think 

Aloud 

r = 0.89 

Veenman & 

Van Cleef, 

2007 

 

(as reported in 

Schellings et 

al., 2013) 

Off-line (MSLQ, ILS, 

Questionnaire) and 

On-line (TAP) 

 

Prospective: MSLQ, 

ILS 

Concurrent: TAP 

Retrospective: 

Questionnaire 

Metacognitive 

experiences (regulation 

and monitoring): 

MSLQ, ILS, TAP, 

Questionnaire 

30 secondary students 

in math class 

Think Aloud Protocols (TAP) 

during mathematical problem 

solving  

Motivated Strategies for 

Learning Questionnaire 

(MSLQ) – metacognitive scale 

Inventory of Learning Styles 

(ILS) – metacognitive scale 

Retrospective questionnaire 

written by authors 

The Cognitive strategy use and 

Self-regulation scales from the 

MSLQ and the Self-regulation scale 

from the ILS did not significantly 

correlate. Scores on the 

retrospective questionnaire had a 

moderate correlation with TAP.  

TAP & MSLQ/ILS          

r's averaged 0.11  

 

TAP & 

retrospective 

questionnaire         

r = 0.28 

Winne & 

Jamieson-

Noel, 2002 

Off-line (STQ) and 

On-line (PrepMate, 

CJ) 

 

 

Prospective: NA 

Concurrent: 

PrepMate, CJ 

Retrospective: STQ 

Metacognitive 

knowledge (procedural 

and conditional 

knowledge): STQ 

Metacognitive 

experiences (strategy 

use, monitoring, 

evaluating): PrepMate, 

CJ 

69 undergraduate 

students from a 

Canadian University 18 

males and 51 females 

Mean age = 21.73  

SD = 5.02  Ages 

ranged from 17-43 

Final sample 62 due to 

lost assessments 

Confidence Judgment (CJ) on 

Achievement items 

Study Tactics Questionnaire 

(STQ) – measure of 

monitoring and strategy use 

PrepMate a computerized note 

taker that tracks students 

"metacognitive studying" as 

they fill in the sections 

CJ was not correlated with either 

PrepMate or the STQ 

 

The STQ did significantly correlate 

with behaviors on PrepMate. 

 

CJ scores significantly correlated 

with most subscales of calibrated 

STQ 

 

STQ/PrepMate 

r = .34 

 

Subscales of 

strategy comparing 

STQ to PrepMate 

r’s ranged from  

.00 to .72  

 

Calibrated 

Subscales STQ/CJ 

r’s ranged from  

-.57 to -.31 
 *study also reported in Veenman, 2005 
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2.4.5 Results 

2.4.5.1 Knowledge and Regulation 

Thirteen articles analysed correlations between knowledge and regulation, contributing 20 

correlations for the meta-analysis.  Measures of knowledge evaluated declarative, procedural, 

conditional, person, task, and/or strategy knowledge as defined by Flavell (1979) and Schraw 

and Dennison (1994).  Knowledge was assessed by prospective judgments of metacognitive 

abilities that occurred prior to commencing a task, interviews, the Index of Reading 

Awareness (IRA; Van Kraayenoord and Schneider 1999), Wurzburg Metamemory Test 

(WMMTOT; Van Kraayenoord and Schneider 1999), and the total score or metacognitive 

subscale scores of self-report questionnaires (see Table 2 for a complete list of measures).  

Regulation was evaluated by metacognitive tasks involving orientation, planning, prediction, 

organization, monitoring, regulation, control, systematic orderliness, debugging, evaluation, 

and reflection.  Regulation was assessed through retrospective interviews, confidence 

judgments (CJ), think aloud protocols (TAP), PrepMate (Winne and Jamieson-Noel 2002), 

Index of Reading Awareness (IRA; Van Kraayenoord and Schneider 1999), the Meta-

comprehension Strategies Index (MSI; Sperling et al. 2002), Cognitive Developmental 

aRithmetics (CDR; Desoete 2009), and the total score or metacognitive subscale scores of 

self-report questionnaires (see Table 2).  All questionnaires reported good internal 

consistency except for 3 subscales of the task specific questionnaire employed in both of 

Schellings’ studies (Schellings 2011; Schellings et al. 2013).  Correlations for subscales with 

poor Cronbach’s alpha scores were included in neither Schellings’ articles nor this meta-

analysis. 

 The 13 studies amassed a total of 2697 participants that varied in age from primary 

(604) and secondary (1317) to university students (776).  Participants also varied nationally 

as research was conducted in America, Canada, Germany, the Netherlands, Nigeria, and 

Turkey.  Pearson’s r correlations ranged widely from −0.03 to 0.93.  A positive correlation 

indicates that greater knowledge of metacognition was associated with more accurate 

metacognitive regulation, in other words, greater metacognitive knowledge related to better 

metacognitive skills.  The pooled effect size estimate for the data is r = 0.34 (95% CI, 0.22–

0.46; see Table 3 for full meta-analysis results).  However, interpretations of this value are
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Table 3 Meta-analyses of Factors and Subcomponents of Metacognition 

*p > .05 

 

Relationship Number of 

Correlations 

Pooled Effect 

Size (CI) 

Heterogeneity 

(I2) 

Significant Moderators Moderator 

Direction 

Factor Relationships 

Knowledge & Regulation 21 0.34 (0.22-0.46) 96.26% Measure – Interview (CPQ/Retrospective) positive 

Off-line & On-line 23 0.22 (0.14-0.31) 58.78% Measure – TLSI 

Age - University 

negative 

positive 

Within Factor Relationships 

Person & Task 6 0.41 (0.15-0.68)  89.44% Age – Secondary positive 

Person & Strategies 5 0.43 (0.13-0.72) 76.06% Age - Secondary positive 

Task & Strategies 5 0.51 (0.43-0.59) 0% Time – Retrospective positive 

Planning & Monitoring 5 0.63 (0.46-0.81) 73.67% none  

Planning & Evaluation 7 0.48 (0.39-0.58) 28.86% Age – Secondary & University positive 

positive 

Monitoring & Evaluation 7 0.42 (0.23-0.62) 73.36% Age – Secondary & University positive 

positive 

Between Factor Relationships 

Person & Planning 3 0.40 (-0.27-1.08)* 70.96% none  

Task & Planning 3 0.48 (0.18-0.77) 27.60% none  

Strategies & Planning 3 0.32 (-0.29-0.92)* 63.99% none  

Person & Monitoring 4 0.37 (-0.05-0.79)* 80.89% none  

Task & Monitoring 4 0.42 (0.13-0.70) 61.70% none  

Strategies & Monitoring 4 0.38 (0.11-0.64) 50.84% none  

Person & Evaluation 5 0.47 (0.29-0.64) 51.14% none  

Task & Evaluation 3 0.46 (0.41-0.52) 0% none  

Strategies & Evaluation 3 0.46 (0.35-0.56) 0% none  
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not feasible because of the elevated heterogeneity (I2 = 96.26%).  Due to the heterogeneity 

of the data, measures of regulation, timing of the assessment, type of assessment, age, and 

nationality were evaluated as moderators.  The moderators lowered the heterogeneity to 

37.07%, 72.96%, 91.66%, 92.04%, and 92.61% respectively.  Of particular note, the 

instruments used to measure knowledge were responsible for 100% of the heterogeneity, 

leaving 0% residual heterogeneity (see Fig. 8).  Additionally, measuring knowledge with an  

 

Figure 8 Forest Plot of knowledge and regulation by measure of knowledge, I2 listed as percentage, *p < .05 

interview was a significant positive moderator indicative of higher effect sizes than other 

measures.  Retrospective instruments (Timing) and the CPQ (measure of regulation) were 

also significant positive moderators.  However, the Pearson’s correlation between the CPQ 

and a retrospective interview was r = 0.93.  Therefore, timing (retrospective), measures of 

regulation (CPQ), and interviews are moderators because they are responsible for an extreme 

outlier.  Since the outlier did not affect measures of knowledge, the results indicate that the 

choice of assessment instrument for measuring knowledge is most responsible for effect size 

variations. 
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2.4.5.2 Knowledge and Regulation as off-line and on-line 

 Brown (1987) posited that all off-line measures of metacognition are actually 

measures of knowledge, even if statements are querying regulation.  This supposition has 

merit as participant’s skills are not being measured in a questionnaire, rather it is awareness 

or knowledge of regulation that is evaluated.  Consequently, a new set of data was selected 

following the hierarchy detailed above that looked for any correlation between on-line 

(regulation) and off-line (knowledge) instruments.  This alternate classification yielded 21 

studies that contributed 23 correlations.  The studies were comprised of 1691 American, 

Canadian, Chinese, Dutch, German, Greek, and Turkish participants.  Similar instruments 

were employed apart from the IRA, and with the addition of the Interactive Multi-Media 

Exercises (IMMEX; Cooper et al. 2016) and Sokoban tasks (Li et al., 2015).  Primary (390), 

Secondary (156), and University (1145) students volunteered to take part in research that 

found correlations ranging from −0.39 to 0.63.  This selection of studies resulted in a pooled 

effect size estimate of r = 0.22 (95% CI, 0.14–0.31) with heterogeneity of I2 = 58.78%.  Due 

to the moderate amount of heterogeneity, a meta-regression was also run on this data.  Similar 

to the previous results, measures of knowledge were responsible for 100% of the variation, 

left 0% residual heterogeneity, and was a significant moderator.  Measures of regulation 

lowered the heterogeneity to 22.34% and nationality and timing of the instruments to 38.14% 

and 43.78%.  Age was a significant moderator revealing that, correlation coefficients of 

students at the university level significantly increase the pooled effect size estimate and lower 

the heterogeneity to 32.93%.  When evaluated as subgroups, age was not significant for 

primary and secondary.  Additionally, secondary and university still revealed moderate 

heterogeneity (see Fig. 9).  Thus, in general, older participants have stronger correlations 

between knowledge and regulation, but the results still vary widely based on the instrument 

used to measure knowledge.  Taken together, then, self-reports of metacognitive knowledge 

and metacognitive regulation poorly relate to actual performance on metacognitive tasks.  Of 

note, some self-reports appear to correlate more strongly than others (Fig. 9). 
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Figure 9 Forest plot of on-line and off-line correlations moderated by age, I2 listed as percentage, *p < 0.001 

2.4.5.3 Subcomponents of Knowledge and Regulation 

Few studies examine the relationship between the subcomponents of regulation and 

knowledge.  The studies that explore those relationships are often correlating subscales 

instead of overall instrument scores.  Because the subcomponents of metacognition operate 

jointly in the completion of a task, it is rare to see one subcomponent evaluated by one 

instrument.  The studies found for this meta-analysis reflect this rarity, as all of the studies 

used subscale measures to evaluate relationships between subcomponents of metacognition.  

Thirteen studies employing 2278 participants compared two different measures evaluating 

subcomponents of knowledge and regulation.  Participants ranged in age from primary (403) 

and secondary (1270) to university (605).  Like the previous analyses, the measures varied 

widely and included both on-line tasks and off-line questionnaires.  Additionally, measures 

were given across time and in a variety of countries including America, Canada, Germany, 

Greece, the Netherlands, and Romania.   
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Meta-analyses on subcomponents of knowledge revealed pooled effect sizes that 

ranged from 0.41 to 0.43.  Pooled effect sizes for subcomponents of regulation ranged from 

0.42 to 0.63 (see Table 3).  Four of the six estimates displayed elevated heterogeneity.  Meta-

regressions revealed that in all but one case, measures of knowledge accounted for 100% of 

the heterogeneity.  The five correlations between planning and monitoring came from five 

different measures, therefore measures of knowledge could not be evaluated as a moderator 

in the sixth study.  Instead, nationality was responsible for 100% of the heterogeneity.  Also 

of note, is that in four of the six meta-regressions, age was a significant moderator indicating 

that older participants had significantly stronger effect sizes than primary-aged participants.  

While age was a significant moderator, it did not meaningfully lower the heterogeneity.  

Meta-analyses of subcomponents across factors found pooled effect sizes that varied from 

0.32 to 0.48 (see Table 3).  Three of nine meta-analyses found non-significant pooled effect 

sizes.  Pooled effect sizes that were significant had moderate to no heterogeneity.  Because 

of the small number of studies examining these relationships, meta-regressions either could 

not be run, or moderators did not meaningfully decrease the heterogeneity. 

Three other subcomponents of metacognition were evaluated at a subscale level in 

three studies.  Elaboration (Muis et al. 2007) obtained moderate to strong effect sizes with 

other subcomponents of regulation (Planning 0.38–0.67; Monitoring 0.34–0.70; Evaluation 

0.42–0.66).  Prediction (Desoete et al., 2008) obtained small effect sizes with subcomponents 

of knowledge (Declarative 0.16; Procedural 0.10; Conditional 0.18) and small to strong effect 

sizes with other subcomponents of regulation (Planning 0.12–0.55; Monitoring 0.39–0.84; 

Evaluation 0.08–0.89).  Finally, Attribution (Desoete et al. 2001) was characterized by small 

to moderate effect sizes with subcomponents of knowledge (rs 0.01 to 0.24) and small effect 

sizes with subcomponents of regulation (rs − 0.04 to 0.18).  Because each study evaluated 

only one of these components and thus utilizing only one population, meta analyses could 

not be run.  Taking all the meta-analyses into consideration, it appears that subscales relate 

more strongly to behaviour across and within measures than the overarching factors 

(knowledge and regulation) of metacognition. 

2.4.6 Discussion 

Results of the meta-analyses within the factors of knowledge and regulation (Table 

3: Within Factor Relationships) reveal moderate to large effect sizes, confirming the 

existence of the two overarching factors.  Conversely, the data shows only small to moderate 
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pooled effect size estimates between knowledge and regulation, and confirm previous 

research finding that online and off-line measures do not strongly correlate.  The smaller 

pooled effect size of 0.22 from measures categorized as on-line and off-line is not dissimilar 

to Veenman and Van Hout-Wolter’s 2002 estimated average of r = 0.17 (as reported in 

Jacobse and Harskamp 2012).  The pooled effect size is greater (r = .34) when measures are 

not categorized as on-line and off-line assessments.  Thus, the data indicates that while self-

reports consistently provide a broad overview of participants’ understanding of their own 

metacognitive knowledge and metacognitive regulation, the reports only weakly correlate 

with participants’ metacognitive behaviour. 

It is important to note that the resulting estimates in this study must be treated with 

caution because of the high heterogeneity.  The heterogeneity can be explained by the wide 

range and variety of measures used to assess knowledge.  One may therefore question 

whether the measures of knowledge are assessing the same underlying construct making their 

ability to predict behaviour on a metacognitive task variable.  Similarly, measures of 

regulation also meaningfully decrease heterogeneity, though it does not have as significant 

an impact as measures of knowledge.  Consequently, the effect size varies based on the 

instruments chosen to measure metacognition.  This may be due to the fact that tasks tend to 

measure one specific metacognitive skill (e.g. monitoring) while self-reports give an 

overview of many metacognitive skills.  Thus, the data appears to reinforce the importance 

of carefully choosing an appropriate measure. 

Sorting the data by measures of knowledge and running another meta-analysis still 

finds some heterogeneity within the results (see Fig. 8).  The MAI, as an example, revealed 

multiple factor structures in the systematic review.  Similarly, correlational results are wide 

ranging when employing the MAI (r’s 0.07 to 0.70).  This may be explained by age, as it was 

a significant factor for the on-line versus off-line meta-regression.  Age also shows up 

frequently as a significant modifier among the subcomponents.  Meta-regressions with age 

as a modifier, in general, suggest that older participants achieve stronger effect sizes.  But 

again, forest plots and meta-analyses show heterogeneity still exists when data is sorted by 

age (see Fig. 9).  Thus, both age and choice of instrument appear to meaningfully impact 

results, reinforcing the import of carefully choosing a self-report as well as lending support 

to Ning’s suggestion that questionnaire factor structure is related to self-reported 

metacognitive ability. 
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Meta-analyses assessing components of knowledge and regulation, find strong 

correlations that lack heterogeneity (rs 0.46–0.51; Table 3: Between Factor Relationships).  

This supports the existence of two factors.  Only attribution failed to have substantial 

relationships with other possible subcomponents and, like the systematic review, discounts 

the presence of a third factor based on motivation or attribution.  In addition, the meta-

analyses suggest that the subscale level of self-reports may strongly relate to behaviour on 

metacognitive tasks.  Thus, self-reports of knowledge and regulation may be useful for 

corelating to behaviour at the subcomponent level, more so than at the factor level. 

However, like the factor level, many of results must be interpreted with caution.  Here 

again, variation in the instruments used to measure knowledge were most responsible for the 

wide range of results.  Age also appeared as a significant moderator, but again, had less 

impact than the diversity of measures of knowledge.  Thus, subcomponent meta-analysis 

reinforces the import of choosing the best instrument for the study’s specific questions.  

Furthermore, choice of instrument appeared more critical than timing or type of instrument.  

The studies varied widely in their use of on-line and off-line assessments and in the timing 

of the assessments (prospective, retrospective, and concurrent).  Yet, timing appeared only 

once as a significant moderator, and type did not significantly moderate the results at all.  

This does not mean researcher’s emphasis (Sperling et al. 2004; Van Hout-Wolters & 

Schelllings 2009; Veenman 2005) on the need for both on-line and off-line assessments 

across time should be ignored.  Rather, the data seems to indicate that as multi-method 

approaches are being utilized widely across studies, there is not a superior type or timing of 

the assessments.  Thus, multimethod assessments will provide a more detailed picture of 

metacognition. 

2.4.7 General Discussion 

Current research that analyses the factor structure of self-reported metacognition 

varies widely, from reporting a unidimensional structure to a structure with nine components.  

The first systematic review of factor analyses indicates that self-reports of metacognition are 

best suited to measure two factors characterized as regulation and knowledge but does not 

support the distinct measurement of additional factors or subcomponents of metacognition.  

Likewise, the second systematic review and associated meta-analysis did not support the 

inclusion of additional factors, as shown by weaker fit indices and small effect sizes between 

attribution and subcomponents of knowledge and regulation.  Meta-analyses of 
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subcomponents (person, task, strategies, planning, monitoring, evaluation, elaboration) tend 

towards moderate and strong pooled effect size estimates, again supporting the ability of self-

reports to measure a two-factor structure of regulation and knowledge.  It is important to note 

that this review is not evidence that only two factors of metacognition exist, rather that two 

broad factors of metacognition are robustly found from available self-reports measures.   

Overall, the meta-analyses indicate that subcomponents of knowledge correlated with 

subcomponents of regulation result in considerably stronger estimates than the pooled effect 

sizes found between the broad factor measurements of knowledge and regulation (Table 3), 

indicating that subcomponents may better relate to each other and to behaviour than the 

overall factors.  Thus, it would appear Van Hout-Wolters and Schelling’s (2009) contention 

that metacognitive relationships should be measured at the subscale level has strong merit.  

Additionally, it lends support to the presence and importance of the subcomponents.  The 

lack of heterogeneity in some of the pooled estimates of subcomponent relationships lends 

further credibility to the supposition that choice of measure may be a contributing factor to 

the wide range of somewhat contradictory results.  Of note, every pooled estimate that lacked 

heterogeneity included the COMEGAN-ro as one of the instruments involved in the 

correlational analysis.  The systematic review also found the COMEGAN-ro to report some 

of the strongest fit indices of a two-factor model. 

While self-reports do not adequately measure the nuances of metacognitive 

behaviours, there is still a place for them in metacognitive research.  Due to the variation 

among self-reports, the systematic reviews and meta-analyses do not indicate one specific 

self-report as the “gold” standard.  Thus, choice of instrument and how the resulting data is 

used to measure metacognitive knowledge must be carefully considered.  The data does 

suggest that self-reports are useful in obtaining a broad overview of participants’ knowledge 

and regulation.  To correlate with metacognitive behaviour, self-reports should be chosen 

carefully according to the subscales the research is evaluating.  Furthermore, self-reports 

provide a broad understanding of how participants view their own metacognitive abilities.  

Therefore, the strength of self-reports may lie in their inability to reflect behaviour, allowing 

researchers to explore why participants tend towards inaccurate self-reporting.  For example, 

research questions such as; Are those with autism or anxiety more accurate self-reporters 

than neurotypicals or healthy controls? or Do participants with more accurate metacognitive 
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skills on tasks self-report less metacognitive ability than their peers?, would be valuable 

explorations for which self-reports are necessary assessment instruments. 

It is important to note that choice of instrument could not explain 100% of the 

heterogeneity in every instance.  Age also had a meaningful impact on the results, but like 

choice of instrument, cannot account for all of the heterogeneity.  Ning’s 2016 study, 

described in Study 1, poses an alternative interpretation based on respondents’ self-reported 

metacognitive abilities.  It is plausible that heterogeneity found throughout the meta-analyses 

is due to participant metacognitive capabilities.  In other words, Ning’s study suggests that 

those with stronger metacognitive expertise utilize multiple strategies that are more 

sophisticated, thus employing multiple factors and subcomponents of metacognition.  Those 

with weaker or minimal metacognitive capabilities may only utilize one or two simple 

strategies, revealing a simplified, or unidimensional, structure of metacognition.  Under this 

hypothesis, it may be possible to adequately measure subcomponents with a self-report, but 

only in those with strong metacognitive skills. 

The difference in nuance of metacognitive skills caused by expertise could effect the 

relationships between subcomponents, and account for the widely ranging scores that appear 

across instruments and even within instruments.  The interpretation of differences in expertise 

are supported by the results showing age as a significant moderator while also continuing to 

show a range of results within each age cohort.  Future studies collecting self-report data may 

want to divide the results by participant capabilities to explore the possibility of stronger 

relationships and a more complex underlying structure due to more developed metacognitive 

skill.  Accordingly, it may be possible to determine weak metacognitive areas based on 

differences in structure (unidimensional versus two-factors) and the ability of subcomponents 

to relate to metacognitive behaviour.  Metacognitive skill can be taught (Perry et al. 2018).  

Under this supposition, it may also be possible to train individuals in specific subcomponents 

of metacognition in pursuit of academic achievement as well as better health and well-being. 

2.4.8 Strengths and Limitations 

Study 1 and Study 2 are the first to comprehensively evaluate the use of self-reports 

to measure metacognition.  Because the term metacognition came into use in the 1970s 

(Flavell 1979), there are 40 years of available research to analyse.  Hence, given the range of 

studies analysed, the results are likely to be fairly representative of the general population 

and provide a rich pool of data from which an understanding of a metacognition can be 
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evaluated.  In addition, because measuring metacognition in the general population is not 

dependent on randomization, order of measures, or even participant sample characteristics – 

as evidenced by the wide range of results within age groupings, there is little risk of bias 

within the studies included for both reviews.  Bias could result from participant response bias 

on the self-report questionnaires.  But this concern is analysed when comparing on-line 

versus off-line methods of measuring metacognition.  The studies selected for both reviews 

are certainly subject to publication bias.  However, as analysis of factor structure is not 

dependent on specific thresholds of findings and correlational analysis between 

metacognitive measures and subscales is generally part of a larger statistical question, a 

substantial quantity of both insignificant and robust results was reported within and across 

studies.   A funnel plot would serve to further analyse publication bias, but the elevated 

heterogeneity, due to the wide range of results, renders funnel plot data unreliable (Terrin et 

al. 2003). 

 As stated throughout the analysis and discussion the amount of heterogeneity found 

within the meta-analyses does limit firm conclusions based on statistical analyses.  This 

review was also limited to published studies that appeared in English.  While we greatly 

appreciate the help of authors in providing some of these studies in an accessible format, we 

were unable to acquire all the inaccessible studies.  In addition, the substantial volume of 

correlational data that had to be eliminated due to the constraint of preventing oversampling 

of participant populations is also a limitation.  It is possible that an alternate hierarchy would 

obtain different results for the meta-analysis.  The study tried to mitigate the effects of the 

volume of data by establishing deference to measures created specifically based on a theory 

of metacognition and giving lesser status to measures designed for specific venues (e.g. the 

classroom or therapeutic setting).  The results clearly revealed that choice of instrument to 

measure metacognitive knowledge has a meaningful impact.  Thus, it is probable that a 

hierarchy with an alternative focus could find significantly different results.  To explore this 

concern, a meta-analysis was run with the entirety of statistical results culled from the 

systematic review.  A meta-analysis of all results provided very similar pooled estimates to 

the ones reported in Study 2. 

2.4.9 Conclusion 

Self-reports can be problematic for a variety of reasons, such as effects of participant 

mood at the time the report is completed, social desirability bias, and central tendency bias 
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with Likert scale responses.  Furthermore, the correlations between participant self-reports 

and participants’ corresponding quantifiable behaviour are generally weak (Carver and 

Scheier 1981; Veenman 2005).  Metacognitive self-reports are not exempted from these 

challenges, as seen in the fact that self-reports analysed for this review cannot adequately 

measure the nuances of metacognitive behaviour.  However, metacognitive self-reports can 

still be used purposefully in research.  Current self-reports can provide a general overview of 

knowledge and regulation skills.  The relationships between subscales of self-reports and 

participant behaviour can be measured.  Furthermore, the act itself of completing a self-report 

requires metacognition, and as such, can give researchers insights into how metacognitive 

knowledge can differ from metacognitive behaviour. 

The studies analysed in this review support the use of self-report to measure 

participants’ general metacognitive abilities in knowledge and regulation as two distinct, 

albeit relatively basic, metacognitive factors.  However, metacognitive knowledge measured 

as a broad factor is not strongly related to behaviour on metacognitive tasks.  Both factors 

can be divided into subcomponents that work jointly to achieve a goal or complete a task.  

However, self-reports cannot reveal the complex processes that occur at the subscale level.  

In contrast, self-reports do seem able to strongly correlate with behaviour when subscales are 

used.  However, data exploring the relationships between factors and components varies 

widely.  This appears to be caused predominantly by choice of instrument to measure 

knowledge, and secondarily by age and choice of instrument to evaluate regulation.  Thus, it 

is imperative that future research using self-reports systematically identify the purpose of the 

self-report and choose the report carefully based on that purpose.  For example, if only a 

broad measure of knowledge and regulation are needed, then a variety of self-reports are 

effective.  However, to evaluate the relationship between self-report and behaviour, the 

method of self-report should align closely to the skills being measured by an experimental 

task.  Alternatively, self-report may be used to further understand when or what type of 

participant is more accurate in predicting or 

understanding their own metacognitive behaviour. 

A challenge for researchers is to determine whether metacognitive capabilities effect 

the underlying structure of metacognition, and how the findings from this exploration can 

help inform venues such as schools and therapeutic environments where metacognitive skills 

are essential.  Metacognition can be taught.  If, as one interpretation of the data suggests, 
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self-reported weak metacognitive skills function as a broad unidimensional construct, then it 

is feasible that teaching metacognition aimed at specific components prior to academic 

instruction or mental health therapy can allow individuals to more fully access both learning 

and the benefits of therapeutic interventions.  Future research should look towards 

establishing a framework of metacognition that can be utilized across settings for advances 

in achievement and mental health and well-being, and then define how self-reports are best 

used towards that purpose. 
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Chapter 3: Do Co-occurring Conditions Affect Metacognitive Performance in 

Autism?: Systematic Reviews and Meta-analyses 

3.1 Abstract 

Anxiety, depression, and other conditions commonly occur alongside autism.  Research has 

shown the additional presence of some co-occurring conditions in autism can affect aspects 

of cognition, such as emotion processing skills.  Metacognition, an individual’s ability to 

represent and understand their own mental states, is important for learning.  Research results 

of metacognitive abilities in autism vary widely.  It seems reasonable to question whether co-

occurring conditions affect metacognitive performance in autistic individuals, causing the 

range of results found in metacognitive research in autism.  The present study reviews and 

meta-analyses metacognitive performance in conditions known to effect metacognition that 

commonly occur alongside autism to determine whether co-occurring conditions may 

influence metacognitive performance in autistic individuals.  Keyword searches in 

EbscoHost, ERIC, Medline, PsycArticles, PsycINFO, Scopus, and Web of Science found 

24,818 articles of which 67 published between 1991 and 2020 were narratively reviewed. 

When possible, meta-analysis was performed as well as meta-regressions with co-occurring 

conditions, medication use, assessment instruments, and controlling for variables like age or 

IQ.  The review makes clear the necessity of controlling for co-occurring conditions and other 

covariates that could affect the research question in studies with autistic participants.  The 

effect of the co-occurring conditions on metacognitive skills, however, remains unclear. 

3.2 Introduction 

3.2.1 Co-Occurring Conditions and Autism 

A co-occurring condition is when an individual has two or more conditions at the 

same time.  It is well established that autistic individuals often have co-occurring conditions 

(Tye et al., 2018).  Many co-occurring conditions have elevated incidence in autism 

(Vargason et al., 2019).  Autism is associated with an increased prevalence of psychiatric 

disorders and symptoms (Lai et al., 2019).  For example, alexithymia, a condition 

characterized by the inability to recognize and express one’s own emotions, is highly co-

occurring in autism (Sifneos, 1996; Hill et al. 2004; Lombardo et al. 2007).  As reported in 

Bird and Cook (2013), the incidence of alexithymia in the general population is about 10%, 

whereas the estimated incidence is 40-65% among autistic individuals.  Attention deficit, 

anxiety, depression, cognitive disabilities, gastrointestinal issues, sleep disorders, and 
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epilepsy, among other conditions also commonly occur alongside autism (Vargason et al., 

2019).  Soke et al. (2018) found over 95% of the 4 to 8-year-olds in their sample had at least 

one co-occurring condition. 

Recent research in areas such as emotion processing and duration discrimination 

suggest that co-occurring conditions may play a part in differential results within the autistic 

literature.  For instance, Bird and Cook have suggested the alexithymia hypothesis, which 

posits that alexithymia, and not autism, is responsible for some of the emotion processing 

impairments typically associated with autism.  Several further studies have lent support to 

this hypothesis (e.g. Aaron et al. 2015; Bird & Cook, 2013; Shah et al. 2016).  If emotion 

processing issues are due to a co-occurring condition like alexithymia, it would explain the 

variance of results in emotion processing research in autism as previously alexithymia was 

not controlled for in autistic studies.  Another study examining one’s ability to plan ahead, a 

metacognitive skill in which planning time prior to the start of an activity is used to plan the 

first few moves, also found significant differences in the group with co-occurring conditions.  

This study by Unterrainer et al. (2016) found that the group diagnosed with both autism and 

attention deficit were significantly better planning ahead on the Tower of London task when 

the difficulty level was more challenging than the groups with purely attention deficit or 

purely autism.  Thus, co-occurring conditions appear to play an influential role on cognitive 

processes in autistic participants. 

3.2.2 Metacognition 

“Thinking about thinking” is how Flavell originally defined metacognition in 1979.  

Since then, metacognition has been further defined as an awareness of one's own learning 

and comprehension, the capacity to evaluate the demands of a task and subsequently choose 

the appropriate strategy for task completion, the ability to monitor one's progress towards a 

goal and adjust strategy use accordingly, the ability to reflect on one's decision making 

process, and the ability to discern one’s own mental state.  Metacognition is typically divided 

into two factors – knowledge and regulation.  Metacognitive knowledge can be broadly 

defined as one’s understanding of one’s own knowledge and abilities, strategies and strategy 

use, and task demands.  Metacognitive Regulation is broadly defined as what one does before, 

during, and after completing a task, for example planning for a task, monitoring progress 

through a task and adjusting if necessary, and reflecting on task performance (Lai, 2011).  

Both knowledge and regulation are essential for successful completion of assignments and 
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goals (Flavell, 1979), making metacognitive skills crucial for navigating many life 

experiences.   

There is a debate whether the understanding of other’s mental states, also called 

theory of mind (ToM; Beran et al. 2012; Carruthers, 2009; Flavell, 1979; Lai, 2011), is 

related to or part of metacognition.  Whilst the large majority of ToM research evaluates the 

ability to discern other’s mental states, Flavell (and Premack and Woodruff (1978) in their 

original definition) also defined the understanding of one’s own mental state as ToM.  In fact, 

Flavell (1979) believed metacognition was applied ToM.  Regardless of the debate, 

development of ToM and metacognition is inter-related (Misailidi, 2010).  Therefore, due to 

the close relationship between ToM and metacognition as well as ToM’s importance for 

social interactions, this chapter will look at both processes.  For clarity, when the term ToM 

is utilized in this review, it refers specifically to the understanding of other’s mental states.  

Metacognition, then, will refer to the understanding of one’s own mental states.   

Recent studies have begun to evaluate metacognitive ability in autism.  However, the 

research in metacognition and autism to date has generated equivocal results with some 

studies finding impaired metacognitive performance in autism while others find no 

differences or even better metacognitive performance in autism (Craig & Grainger, 2020).  

Although skewed towards impaired ToM, some research has also found no differences 

between ToM performance in autistic versus non-autistic individuals (e.g. Ozonoff et al. 

1991; Salter et al. 2008).  If the presence of co-occurring conditions effects/extenuates 

cognitive impairments such as emotion processing and metacognitive planning in autism, 

then the effects of co-occurring conditions on other cognitive-related processes in autism 

need to be considered.  Given the variation in results of metacognitive performance in autism, 

it is possible the differences in results were caused by the presence of one or more co-

occurring conditions.   

3.2.3 Metacognition and Co-occurring Conditions   

Research has suggested that several different conditions and disabilities, including 

anxiety, depression, alexithymia, cognitive disabilities, and attention deficit (as early 

research did not always distinguish between the types of attention deficit, in this review 

attention deficit will be used as a general term that includes both types – hyperactive or 

ADHD and non-hyperactive or ADD), significantly influence an individual’s metacognitive 

abilities (e.g. Alvarado et al., 2011; Grant et al., 2002; Saldana, 2004).  For example, poor 
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metacognitive knowledge and metacognitive regulation skills have been found when 

comparing both cognitive disabilities and attention deficit (e.g. Alvarado et al., 2011; 

Saldana, 2004) to control groups.  Reduced metacognitive skills in all components of 

metacognition are recognized as part of the symptomatology of a learning disability, 

contributing to the struggles for academic achievement (Baker, 1982; Shin & Bryant, 2015).  

Additionally, research regularly finds those with attention deficit are likely to show impaired 

metacognitive skills as evidenced by their tendency to judge their own learning to be 

significantly better than their actual performance (also called over confidence errors or 

positive illusory bias), and a difficulty with planning skills (Alvarado et al. 2011; Antshel & 

Nastasi, 2008).   

Research has found that individuals with depression and alexithymia tend towards 

impaired metacognitive knowledge (Fasko & Skidmore, 1998; Slife & Weaver, 1992).  

Difficulties judging one’s own ability to learn information and judging one’s performance to 

be poorer than their actual performance (under confidence errors) have been shown in 

depression, as well as rumination that leads to poor ability to judge one’s skills and 

capabilities (Bora & Berk, 2016; Fonagy et al. 1996; Slife & Weaver, 1992).  Alexithymia 

has been shown to have impaired understanding of the mental states of others when compared 

to a control group, and high levels of alexithymia are related to poor evaluating skills (Bressi 

et al. 2017; Moriguchi et al. 2006).  In contrast, those with anxiety have sometimes been 

found to have strong metacognitive knowledge skills (Quiles et al. 2015), but this increased 

attention to detail and tendency to over think can lead to errors in regulation, for example 

poor ability to evaluate one’s performance or attributing greater meaning to another person’s 

feelings (over-mentalising) possibly causing recall and judgment errors (Gonzalez et al. 

2017; Hezel & McNally 2014).   

 Research to date in metacognition or ToM and autism does not consistently control 

for co-occurring conditions.  What is controlled for often depends on the research question, 

with some studies screening out or statistically controlling for specific conditions such as 

anxiety and depression (Sawyer et al., 2014; Taylor et al., 2008), while others do not screen 

for the presence of additional conditions.  If having additional conditions does impact 

metacognitive performance in autism, as the literature suggests is the case in typically 

developing individuals (e.g. Alvarado, 2011; Baker, 1982; Fasko & Skidmore, 1998; Slife & 

Weaver, 1992), then understanding how autism and co-occurring conditions each 
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individually influence metacognition is essential, both from a theoretical perspective and for 

clinical implications.  For example, a better understanding of the role alexithymia or 

depression have on metacognition and metacognitive beliefs will inform interventions aimed 

at alleviating these conditions in autistic individuals.   

Therefore, this systematic review and meta-analysis aims to summarize the research 

thus far on metacognition and ToM in autism as well as in each of the conditions known to 

affect metacognition and ToM that commonly occur alongside autism – anxiety, alexithymia, 

attention deficit, depression, learning disabilities, and intellectual disabilities – in order to 

understand whether these highly co-occurring conditions could be contributing to the 

variation of metacognitive and ToM research results in autism.  This review will give 

researchers a comprehensive background that can inform future research evaluating 

metacognitive needs in autism and in autistic individuals with co-occurring conditions.    

3.3 Methods 

This review and meta-analysis were conducted and reported in accordance with the 

preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement 

(Moher et al. 2009).  Two reviewers assessed and came to agreement on studies of suitable 

quality that met inclusion criteria.  Bias was assessed following The Cochrane 

Collaboration’s (2011) recommendation of a domain-based evaluation, in which specific 

domains susceptible to bias that are relevant to the research being analysed are chosen.  For 

this study, it was the manner in which participants were diagnosed and the instruments used 

to measure metacognition.  Other considerations were included as moderators (explained 

below), instead of indicators of bias.  Significant heterogeneity makes statistical tests of 

publication bias unsuitable (Terrin et al., 2003).  Where significant heterogeneity was found, 

the domain-based evaluation was relied upon.   

Metacognition is difficult to define, and as such is often confused with other concepts, 

such as executive functioning.  It was important to ensure the search was replicable and 

included articles reflecting metacognition.  It was also important to ensure the volume of 

search results was manageable.  Ambiguous terms such as intention and beliefs were avoided.  

Search engines, such as Google scholar, that do not consistently provide the same results 

were also avoided.  The databases chosen not only represented the largest and widest scope 

of peer reviewed articles and PhD theses, but also included databases that had a wide range 

of international papers.  Key terms were chosen to ensure metacognition was part of the 
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evaluated skills.  To ensure that, metacognition forms of metacognition (e.g. metacognitive, 

metacognition, meta-cognition) were always included as part of the search term.  To find any 

papers that did not include a version of metacognition within the paper or key terms, 

bibliographies of included papers were checked, as well as narrative descriptions of papers 

within included articles that indicated the article may have had metacognitive assessments 

even though the title did not indicate that.  This resulted in additional papers being read and 

added to the meta-analyses.  Thus, searches and reviews were conducted of all years available 

in EbscoHost, ERIC, Medline, PsycArticles, PsycINFO, Scopus, Web of Science, and 

bibliography reviews.  The PRISMA chart in Fig. 10 details the searches as well as numbers 

of included and excluded papers.  Searches were conducted from November of 2018 through 

February of 2019 and then updated in October of 2020 using combinations of key terms: 

metacognit*, meta-cognit*, autis*, attention deficit, depress*, anxiety, alexithymia, planning 

time, initiation time, monitor*, reflect*, reflective functioning, mentali*ing, learning disab*, 

intellectual disab*, and theory of mind.  Asterisks were used to allow for varying versions of 

a word; for example, autis* will find both autism and autistic in all the listed databases (see 

Appendix for sample search). Journal articles were included if: 

1. metacognition, its factors (e.g. knowledge), or subcomponents (e.g. planning) and 

ToM were evaluated in autism, alexithymia, depression, anxiety, cognitive 

disabilities and/or attention deficit; 

2. metacognitive and ToM results in participants diagnosed with autism, attention 

deficit, or cognitive disabilities were compared to a typically developing (TD) 

control group; or metacognitive results in a sample of participants diagnosed with 

depression and/or anxiety were compared to a separate TD control group; or if 

severity of symptoms were analyzed in one participant sample (e.g. university 

students), a portion of the participants met the cutoff on validated questionnaires 

for alexithymia, depression, or anxiety; 

3. effect sizes were stated, or statistics were provided from which effect sizes could 

be calculated (e.g. means and standard deviations); 

4. diagnosis of condition was made according to current Diagnostic and Statistical 

Manual of Mental Disorders (DSM) standards at the time of the study or by well 

documented measures (e.g. Toronto Alexithymia Scale, Beck Depression 

Inventory); 
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5. and the article was available in English. 

Journal articles were excluded if: 

1. measures of metacognition and ToM also evaluated additional closely related 

constructs.  Distinctions between executive functioning, metacognition and 

cognition are not well-defined in some measures; for instance, the Motivated 

Strategies for Learning Questionnaire (MSLQ) evaluates metacognition in 

addition to motivation and cognition.  Thus, as the MSLQ score includes 

measures of other constructs it would be excluded. The same is true of ToM, 

empathy and emotion recognition.  Therefore, measures that purported to evaluate 

ToM but also evaluated empathy and/or emotion recognition were also excluded.  

2. Journal articles evaluating metacognition or ToM in autism, attention deficit, and 

cognitive disabilities were excluded if there was no comparison group of 

participants without the condition being measured. 

Alexithymia, depression, and anxiety were not included in the second exclusion criteria due 

to the lack of articles employing a comparison group.  Thus, the decision was made to also 

include studies that examined symptomatology only for levels of alexithymia, anxiety, and 

depression. 

After articles were screened by title and abstract and duplicates removed, 228 full 

texts were read and evaluated for inclusion.  One hundred thirty-three of the articles met 

exclusion criteria or did not meet inclusion criteria (see Fig. 10 for itemization and 

justification of exclusion).  Nine of the excluded articles were eliminated because they were 

not written in English; though authors were contacted for an English version, unfortunately 

none of the articles were obtained in English.  Thus, based on inclusion and exclusion criteria, 

124 articles published between 1991and 2020 were included in the review (see Tables 4-14 

in corresponding sections below); 31 conducted research in autism (Table 4), 11 in cognitive 

disabilities (Tables 5 and 10), 37 in attention deficit (henceforth AD; Tables 6 and 11), 31 in 

depression or levels of depression (Tables 7 and 12), 18 in anxiety or levels of anxiety (Tables 

8 and 13), and 9 in levels of alexithymia (Tables 9 and 14).  Eleven of the articles measured 

metacognition in multiple diagnoses (e.g. depression and anxiety), and consequently were 

used for all appropriate meta-analyses.   

 Data culled from each article includes authors, year, variables measured, participant 

characteristics, medication usage, co-occurring conditions, measures employed, narrative 
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Figure 10 PRISMA Chart of Searches 
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results, statistical results and variables controlled for.  In this review and in the tables, the 

phrase “variables controlled for” is used to refer to any variable researchers statistically 

accounted for within the study.  For example, IQ can be accounted for by matching 

participants’ IQ, using IQ as a variable in a regression, or using IQ as a covariate in statistical 

analysis.  All variables whose effects were accounted for either by matching or in statistical 

analysis are included in the column labeled “Controlled for”.  Table statistics are reported as 

they were given in each paper. 

3.4 Statistical analysis 

Metacognition and ToM can be measured in a wide variety of ways.  For example, 

metacognitive regulation skills can be represented by planning time, such as assessing one’s 

accuracy in gaging the difficulty of a task (e.g. study time allocation).  Planning plays a part 

in both executive functioning and metacognitive skills.  It is often confused as it is difficult 

to separate the performance (executive functioning) from metacomponents, such as goal 

setting, strategy selection and confidence judgments.  Li et al (2015) measured metacognitive 

planning time by designing a task, called the Sokoban task, that requires participants to 

engage in metacognitive planning prior to beginning the task.  The task immediately ends if 

there is an incorrect move, so the most metacognitively effective strategy is to wait to begin 

the task until you are certain of solving it.  In other words, participants cannot successfully 

complete the task until they engage in strategy selection and are confident they have worked 

out a solution, or they can start knowing they will fail.  Results of this task correlated 

significantly with other metacognitive measures and achievement.  There were three articles 

that utilised tasks with similar restrictions to the Sokoban task, requiring metacognitive 

planning before starting the task.  The statistics from these articles were included as planning 

time.  If planning time simply measured the time prior to starting a task without the need for 

metacognitive planning, then it was not included.  Since measuring metacognitive planning 

is difficult, the measures were included but will also be run as meta-regressions to determine 

whether these types of tasks have a significant effect on the pooled effect size.     

Monitoring may be evaluated by measuring one’s accuracy in judging their ability to 

learn or their accuracy judging their control (e.g. Feeling of Knowing, judgments of learning 

or agency).  Evaluating may be measured by the accuracy of one’s ability to judge their own 

performance (confidence judgments or judgments of performance).  Multiple aspects of 

metacognitive knowledge are often measured by think aloud protocols, interviews or self-

report questionnaires, of which there are several options (e.g. Metacognitive Assessment 
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Inventory, Learning and Study Strategies Inventory).  Similarly, there are several ToM 

assessments, such as False Belief stories, Faux Pas task, and the Strange Stories test.   

Most metacognitive and ToM research use a multi-method approach that employs 

several measures, therefore, most of the articles report multiple metacognitive and/or ToM 

results including both overall scores as well as subscales scores reflective of specific skills.  

For this meta-analysis, as opposed to meta-analyses performed in Chapter 2, creating a 

hierarchy had additional challenges.  In Chapter 2, a hierarchy was created to determine 

which effect size should be included from papers that report multiple effect sizes, including 

first the purity of the instrument then a total effect size as opposed to an effect size from a 

subscale of an instrument.  When there was more than one total effect size, the median effect 

size was chosen.  The median effect size was only used for two papers.  For the current 

chapter, many of the papers included multiple effect sizes from what we classified as good 

measures.  In attempting to create a hierarchy, the final step was to randomly choose an effect 

size.  For example, choosing between a confidence judgment versus a judgement of learning.  

There were multiple papers in which the effect size had to be chosen randomly.  Thus, it was 

determined that RVE was the more appropriate choice of analysis for this specific data set.   

Thus, converted data was statistically analyzed using a robust variance estimate 

(RVE) meta-analysis with the robumeta package (Fisher et al. 2017).  When a paper reports 

more than one statistic for the sample, there is a tendency for that data to be correlated, also 

called dependent data.  This does not meet traditional meta-analysis assumptions of 

independent data, causing the variance to be underestimated.  RVE replicates mathematical 

methods generally used in sample survey research which approximate the dependence 

structure of such data.  Since the dependence structure does not need to be perfectly accurate, 

in principle, RVE protects against an inaccurate model, allowing unbiased estimates and 

valid standard errors to be calculated, even when multiple effect sizes are included in the 

analysis.  Because of this, all reported statistics may be included in the analysis whether they 

are dependent or independent (Hedges et al., 2010, Williams, 2000).  To further check the 

validity of using RVE, the data was also run using the more traditional method employed in 

Chapter 2, and randomly choosing effect sizes when the earlier hierarchy requirements were 

met.  Results did not differ significantly.  Thus, RVE results are reported here.  Where 

heterogeneity statistics indicated the variance in results may be caused by a moderating 

factor, meta-regressions were run separately with each of the following variables; participant 
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characteristics, medication, co-occurring conditions, variables controlled for, and 

instruments employed in assessment to examine their contribution to the variance. 

Journal articles listed between group comparisons as t, F   
p, d, g, r, U, w, z, 

and means and standard deviations.  For consistency and proper meta-analysis, it was ensured 

that the sign of effect sizes reflected the performance of the experimental group.  For autism, 

attention deficit, and depression the majority of the articles compared a diagnosed sample to 

a typically developing sample.  Thus, all statistics were converted to Hedge’s unbiased g and 

the variance calculated using R (R Core Team, 2018) esc (Ludecke, 2019) and orddom 

(Rogmann, 2013) packages as well as formulas compiled by the Campbell Collaboration 

(Polanin & Snilstveit, 2016).   

The bulk of the studies conducted investigating anxiety and alexithymia evaluate 

severity of symptoms and their correlations to metacognitive performance, providing a 

Pearson’s correlation as the summarizing statistic.  Thus, all statistics were converted to 

Pearson’s r and Fisher’s z using R (R Core Team, 2018) esc (Ludecke, 2019) and orddom 

(Rogmann, 2013) packages and the Campbell Collaboration’s (Polanin & Snilstveit, 2016) 

collection of formulas.   

As is true of the results of any meta-analyses, the pooled effect estimate is only as 

good as the studies comprising the result.  Eliminating studies based on the authors’ opinion 

of quality introduces bias.  Because all studies that met the criteria detailed in the methods 

section were included in the meta-analyses, results should be interpreted with caution.  

Studies were included that, for example, did not match autistic and non-autistic participants 

for IQ or included only male participants.  To further investigate these issues, meta-

regressions were run on these and other important factors (e.g. measure used, gender, age, 

IQ, among others). 

3.5 Narrative Reviews and Results of Meta-analyses 

3.5.1 Metacognition 

3.5.1.1 Autism 

Based on inclusion and exclusion criteria, thirty-one articles (Table 4) report 78 

statistics evaluating metacognitive knowledge and metacognitive regulation in autism (n = 

773) compared to typically developing controls (TD; n = 924).  Mean ages of participants 

ranged from 5.0 to 42.0.  For meta-regressions, studies were grouped by the mean age of 

autistic participants resulting in primary (n = 430; mean age range 5.03-12.77), secondary (n 

= 626; mean age range 8.70-15.21) and adult (n = 641; mean age range 19.1-42.0) clusters. 
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Table 4 Metacognition in Autism  

Studies Factor Sample   
N, Mean Age (SD), Gender, IQ 

Medication Conditions 
Controlled 

for 
Measures Results Statistics 

Bebko et al., 

2015 

MK 

MR 

21 AS 10.57 21 boys  

21 TD 10.67 8 boys 

 

VIQ: 11 AS > 70 

         10 TD > 70 

not stated not stated VIQ, age MT The autistic group 

had significantly 

poorer performance 

than TDs in all 

metacognitive areas 

except MK of self. 

Overall is total 

score, rest are sub-

scores of MT. 

Overall 

F(1, 40) = 12.28 

Strategies 

F(1, 40) = 8.65 

MK 

F(1, 40) = 1.99 

MR 

F(1, 40) = 11.64 

Brosnan et 

al., 2016 

MR 26 AS 13.7 (1.3) 21 boys  

56 TD 10.5 (0.5) 16 boys 

 

VIQ AS 91.08 (9.31) 

PIQ AS 99.25 (13.62) 

IQ TD not measured 

not stated not stated level of math 

skill 

Int AS group were 

more likely to think 

an incorrect answer 

was correct.  

 

AS were 

significantly more 

likely to state they 

meant to answer a 

correct answer 

correctly. 

 

AS were 

significantly more 

likely to state they 

meant to get an 

incorrect answer 

wrong.  

 

No significant 

differences in 

remaining 

monitoring errors. 

Monitoring 

Accuracy 

(Incorrect) 

AS/Controls 

t(60) = 1.81 

 

Intention to 

answer correctly 

t(28.93) = 2.23 

 

 

Group/Intention 

to get answer 

wrong 

t(22.47) = 2.75 

 

t(60) = 0.36 

t(60) = 1.13 

t(62) = 0.01 
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Carpenter et 

al., 2019 

MR 21 AS 36.86 (12.22) 13 men 

20 TD 41.95 (13.94) 14 men 

 

FSIQ AS 105.62 (13.18) 

FSIQ TD 105.65 (12.99) 

not stated not stated age, FSIQ, 

PIQ, VIQ, 

gender 

CJ by 

wagering 

No significant 

between group 

differences in CJ 

accuracy. 

CJ Accuracy/ 

Group 

d = -0.25 

Cooper et al., 

2016 

MR 24 AS 31.38 (7.28) 11 men 

24 TD 30.46 (6.95) 11 men 

 

IQ not stated 

not stated No 

psychiatric, 

neurological, 

or 

development-

al condition 

age, years of 

education, 

verbal/non-

verbal ability, 

phonological/

semantic 

fluency 

CJ – 2 

conditions  
 

1 Self vs 
Experimenter 

(S/E) 

2 Perceived vs 
Imagined (P/I) 

No significant 

between group 

difference in overall 

CJ, and S/E CJ. 

 

AS group had 

significantly poorer 

P/I CJ accuracy. 

CJ by Group 

 < .03 

S/E CJ by 

Group 

d < 0.24 

P/I CJ by Group 

d = 0.75 

DeBrabander 

et al., 2020 

MR 37 AS 24.49 (5.10) 28 men 

39 TD 23.48 (5.00) 30 men 

 

IQ AS 110.08 (10.62) 

IQ TD 112.03 (7.47) 

not stated No ID in AS, 

No develop-

mental 

disorder for 

AS 

gender, age, 

IQ 

CJ AS group had 

significantly poorer 

CJ accuracy. 

 = -0.18 

Standard Error = 

0.05 

Farrant, 

Blades, & 

Boucher, 

1999a 

 

MR 12 AS 11.93 (2.39) 11 boys  

12 ID 12.22 (2.76) 11 boys 

12 TD 7.25 (2.74) 10 boys 

 

IQ not stated 

not stated not stated Matched for 

verbal ability 

STA There was no 

significant between 

group difference in 

duration of study 

time. However, the 

AS group had 

significantly poorer 

performance on the 

test. 

STA 

F(2, 33) = 1.66 

 

Performance by 

Group 

F(2, 33) = 4.08 
 

Farrant, 

Boucher & 

Blades, 

1999b 

MK 

MR 

Study 1: 

12 AS 11.1 (2.8) 11 boys 

12 ID 10.9 (2.9) 11 boys 

12 TD 6.4 (1.98) 11 boys 

 

Studies 3 & 4: 

17 AS 13.1 (3.1) 14 boys 

not stated No AS in ID 

group 

AS & TD –

gender, VMA 

 

AS & ID – 

age 

Study 1: 

Assessing 

task 

difficulty 

 

Studies 3 

& 4: Int 

Study 1: No group 

differences in 

ability to gauge task 

difficulty. 

 

Study 3: No group 

differences in MK. 

 

Effect by Group 

F(2,33) = 0.65 

 

Int/Group 

Means (SD) 

AS 0.82 (0.39) 

TD 1.00 (0.00) 
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17 TD 8.7 (0.4) 15 boys 

17 ID 13.2 (2.8) 15 boys 

 

IQ not stated 

Study 4: No group 

differences in MK 

and MR. 

 

p > .05 

Furlano & 

Kelley, 2019 

MR 30 AS 13.01 (1.55) 27 boys  

30 TD 12.62 (1.64) 27 boys 

 

FSIQ AS 99.63 (11.33) 

FSIQ TD 104.20 (11.65) 

not stated No ID  

6 AD, 3 AD 

and LD, 1 

coordination 

disorder, 2 

anxiety in AS 

group; no 

development

al disorders, 

AD, or LD in 

TD group 

age, gender, 

FSIQ, PIQ, 

VIQ, AD, 

depression 

CJ – 3 

Correct 

answers, 

incorrect 

answers, 

feedback 

AS group had 

significantly poorer 

CJ accuracy for 

both incorrect and 

correct answers - 

overconfident. 

There were no 

group differences 

when feedback was 

given. AS group 

had better accuracy 

than TD with 

feedback. 

Accuracy/Group 

Correct 

d = -.74 

Incorrect 

d = -1.30 

Feedback 

d = 0.30 

Furlano et al., 

2015 

MK 

MR 

19 AS 15.21 (2.04) 18 boys 

22 TD 14.02 (1.74) 15 boys 

 

IQ AS 99.47 (18.36) 

IQ TD 108.86 (7.81)  

not stated 4 ADHD,  

1 SAD,  

1 GAD,  

2 LD,  

1 ADHD/ 

ODD,  

2 Auditory 

Processing 

Dysfunction  

 

TD – no 

conditions 

MA, VIQ Ratings of 

perfor-

mance 

(pre, post, 

and 

hypothetic

-al future) 

The AS group had 

significantly poorer 

rating accuracy than 

TDs. 

 

AS group was 

significantly 

inaccurate and 

overconfident with 

all predictions. TD 

group was 

significantly 

inaccurate and 

overconfident in 

future judgments. 

Accuracy/Group 

 = .49 

 

AS Accuracy 

Pre d = 0.85 

 Post d = 1.39 

 Future d = 1.70 

 

TD Accuracy 

Pre d = -0.51 

 Post d = 0.16 

 Future d = 0.82 

Garfinkel et 

al., 2016 

MR 20 AS 27.81 (3.4) 18 men 

20 TD 28.06 (8.8) 18 men 

 

IQ not stated 

not stated elevated 

anxiety levels 

in AS 

not stated CJ – 2 

conditions 
1 Heartbeat 
Tracking 

The AS group had 

significantly poorer 

CJ accuracy in both 

conditions than the 

TD group. 

Acc/Group 

Tracking 

d = -2.49 

Discrimination 
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2 Heartbeat 
Discrimination 

d = -1.33 

Geurts et al., 

2004 

MR 41 AS 9.4 (1.8) IQ 

54 ADHD 9.3 (2.0) 

41 TD 9.1 (1.7)  

All participants male 

 

IQ AS 98.3 (18.4) 

IQ ADHD 99.5 (11.5) 

IQ TD 111.5 (18.0) 

No 

medication 

during 

study 

TD – no LD age, FSIQ TOL 

(amount of 

planning 

time used) 

There were no 

significant between 

group differences in 

planning or 

monitoring, even as 

task difficulty 

increased. 

TOL/Group 

Initial Time 

p
2 = 0.02 

Decision Time 

p
2 = 0.04 

Grainger et 

al., 2014 

MR 18 AS 28.92 (10.27) 13 men 

18 TD 30.49 (14.54) 11 men 

 

IQ AS 113.17 (15.22) 

IQ TD 114.94 (10.50) 

no psycho-

tropic 

medication 

no history of 

neurological 

or psychiatric 

disorders 

age, gender, 

VIQ, PIQ, 

FSIQ 

FOK AS group had 

significantly poorer 

FOK accuracy than 

the TD group. No 

significant 

difference in under 

confidence or 

overconfidence. 

FOK/Group 

d = 1.06 

Grainger et 

al., 2016a 

MR Study 1: 

18 AS 28.96 (10.28) 13 men 

18 TD 30.43 (14.59) 11 men 

IQ AS 112.33 (15.00) 

IQ TD 114.94 (10.50) 

 

Study 2: 

22 AS 13.70 (1.45) 19 boys  

21 TD 13.21 (1.18) 19 boys 

IQ AS 100.95 (14.06) 

IQ TD 101.14 (13.68 

 

no psycho-

tropic 

medication 

no history of 

neurological 

or psychiatric 

disorders 

age, gender, 

VIQ, PIQ, 

FSIQ 

Study 1: 

JOL 

AQ 

 

Study 2: 

JOL 

Study 1: 

No group 

differences in JOL. 

AS group had 

slightly better JOL 

accuracy than TD 

group. AS 

symptoms did not 

correlate with JOL. 

 

Study 2: 

No group 

differences in JOL.  

Study 1 

JOL/Group 

d = 0.36 

AQ/JOL 

rs < .33 

 

 

 
 

Study 2 

JOL/Group 

d = -0.22 

Grainger et 

al., 2016b 

MR 32 AS 13.59 (1.46)  

30 TD 13.27 (1.06) 

Gender not stated 

not stated not stated age, VIQ, 

PIQ, FSIQ 

JOC AS group had 

significantly poorer 

JOC. 

 

JOC/Group  

d = 0.41 
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IQ AS 101.19 (14.85) 

IQ TD 105.53 (15.27) 

The difference in 

JOC correct and 

incorrect answers 

was significantly 

smaller in AS.  

 

AS group relied on 

their JOC to change 

their answers 

significantly less 

than controls.  

 

No difference in 

metacognitive 

control. 

JOC Difference/ 

Group  

d = 0.89 

 

 

Reliance on 

JOC/ Group  

d = 0.64 

 

Control/Group  

d = 0.38 

Maras et al., 

2017 

MK 

MR 

40 AS 13.33 (1.25) 30 boys 

95 TD 13.4 (1.15) 58 boys 

 

IQ not stated 

not stated not stated age, gender, 

math ability 

JOC 

MRQ 

 

AS group were 

significantly more 

confident in their 

JOC than TD. 

 

No significant 

group differences in 

MRQ answers. 

JOC/Group 

p
2 = 0.03 

 

 

MRQ/Group 

p
2 = 0.05 

Maras et al., 

2020 

MR 33 AS 33.08 (18-62) 7 men 

30 TD 34.80 (18-60) 16 

men 

FSIQ AS 106.46 (86-132) 

FSIQ TD 111.24 (88-132) 

not stated not stated Age, IQ CJ 

Meta-

cognitive 

control 

There were no 

significant group 

differences in CJ or 

in metacognitive 

control 

CJ/Group 

p
2 = 0.01 

Control/Group 

p
2 = 0.004 

McMahon et 

al., 2016 

MR 28 AS 13.47 (2.79) 24 boys  

22 TD 14.56 (1.61) 16 boys 

 

VIQ AS 99.79 (15.87) 

VIQ TD 106.77 (13.09) 

PIQ AS 104.11 (16.17) 

PIQ TD 101.41 (12.58) 

not stated not stated age, gender, 

VIQ, PIQ 

CJ The CJs of the TD 

group more 

strongly predicted 

accuracy, implying 

poor metacognition 

in the AS group. 

 

Metacognition/ 

Group 

t(48) = -3.46 
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Nicholson et 

al., 2019 

MR 21 AS 37.15 (19.94) 15 men 

22 TD 37.21 (12.34) 16 men 

 

FSIQ AS 101.05 (13.78) 

FSIQ TD 106.86 (10.05) 

not stated not stated age, gender, 

PIQ, VIQ, 

FSIQ 

CJ 

GTD 

There were no 

significant group 

differences in GTD. 

AS group showed 

significantly poorer 

CJ than TD 

GTD/ Group 

d = -0.31 

 

CJ/ Group 

d = -0.67 

Nicholson et 

al., 2020 

MR 25 AS 12.71 (1.52)  

25 TD 13.17 (1.54) 

Gender not stated 

 

VIQ AS 105.92 (9.90) 

VIQ TD 109.20 (10.82) 

not stated  age, PIQ, 

VIQ 

CJ AS group had 

significantly poorer 

CJ than TD. 

d = -0.67 

Palser et al., 

2018 

MR 30 AS 12.5 (2.88)  

30 TD 11.86 (3.83) 

Gender not stated 

 

IQ AS 100.83 (15.43) 

IQ TD 104.13 (10.02) 

not stated not stated age, FSIQ, 

PIQ, VIQ 

CJ – 2 

conditions 

 
1 Heartbeat 

Tracking (HT) 
2 Heartbeat 

Discrimination 

(HD) 

AS group had 

significantly higher 

CJ than TD group. 

 

AS group had 

significantly larger 

discrepancy than 

the TD group 

between self-

reported awareness 

and actual 

awareness in one 

condition (HT). 

CJ/Group 

p
2 = 0.123 

 

 

Discrepancy 

HT/Group 

d = 0.761 

 

Discrepancy 

HD/Group 

d = 0.179 

Russell & 

Hill, 2001 

MR 17 AS 9.09 (2.10) 21 boys 

10 Asperger’s 10.06 (3.04) 

9 boys 

27 TD 5.03 (.08) 16 boys 

 

VIQ AS 67.98 (21.96) 

VIQ Asp 89.52 (22.43) 

VIQ TD 108.07 (25.20) 

not stated not stated not stated IT – 2 

conditions 

 
1 1st person 
2 3rd person 

There were no 

significant group 

differences in 

accuracy of stated 

intentions, even 

when the result was 

discrepant. 

IT accuracy/ 

Group 

1st person 

t(42) = -.66 

F(2, 53) = 0.02 

F(2, 51) = 2.09 
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Sawyer et al., 

2014 

MR 30 AS 29.9 (11.5) 21 men 

52 TD 24.8 (8.4) 35 men 

 

IQ AS 105.6 (15.1) 

IQ TD 109.2 (8.5) 

No psycho-

logical 

medications 

not stated gender, VIQ, 

FSIQ, 

anxiety, 

depression 

CJ – 2 

conditions 

Decision 

to submit 

or 

withhold 

answers to 

avoid loss 

of points 
 
1 Emotion 

Recognition 

Task (ERT) 
2 General 

Knowledge 

Task (GKT) 

No significant 

differences in 

metacognitive 

monitoring 

accuracy. 

 

No significant 

differences in 

metacognitive 

control.   

 

Significant group 

differences in the 

portion of 

participants who 

failed to withhold 

any responses. 

Gamma/Group 

task 1 d = 0.25 

task 2 d = 0.36 

 

 

d’ by Group 

task 1 d = 0.42 

task 2 d = 0.21 

 

Lack of answers 

withheld/Group 

ERT  = 0.30 

GKT  = 0.29 

Taylor et al., 

2008 

MR 20 AS 34 (range 19-60) 12 

men 

20 TD 34 (range 20-50) 

 

IQ AS 118 (not stated) 

IQ TD 115 (not stated) 

not stated 11 depressed 

8 anxiety 

4 schizo-

affective, 

ADHD, 

dyslexia 

mood 

disorder, 

attachment 

classifica-

tion 

RF AS group had 

significantly poorer 

reflecting skills 

than controls.  

 

 

RF Means (SD) 

AS 2.78 (1.75) 

TD 3.90 (1.77) 

 

Tops et al., 

2017 

MK 

MR 

LASSI: 

26 AS 19.9 (1.4) 20 men 

53 TD 19.2 (.77) 21 men 

TAP: 

12 AS 20 (1.2) 11 men  

12 TD 19.1 (1.7) 8 men  

 

IQ all AS 113.31 (11.54) 

IQ all TD 110.43 (9.96) 

not stated 7 SLI 

1 ADHD 

1 DCC 

1 OCD 

age, general 

intelligence, 

word reading, 

simple 

arithmetic 

LASSI 

TAP 

The AS group 

reported less use 

and knowledge of 

strategies than 

controls. 

 

There was no 

significant 

difference between 

groups in 

monitoring skills 

based on TAP and 

LASSI scales. 

MK/Group 

test strategies 

g = -0.42 

study strategies 

g = -0.78 

MR/Group 

gs = 0.17, -0.05, 

-0.18 

(2s = 0.01, 

0.03, 1.21, 2.16, 

3.22) 
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Unterrainer 

et al., 2016 

MR 42 AD 9.83 (2.15) 

23 AD+AS 10.17 (2.05) 

18 AS 10.14 (2.44)  

42 TD 9.76 (2.36) 

all male participants 

 

IQ AD 94.46 (14.29) 

IQ AD+AS 98.85 (12.51) 

IQ AS 97.08 (16.42) 

IQ TD 97.59 (13.86) 

 

24 hours 

free 

no epilepsy, 

language 

delays or 

language 

comprehensi

on issues 

age, IQ TOL – 3 

scales  

 
1 Planning Time 
(PT) 

2 Accuracy 

(Acc) 

3 Search Depth 

(SD; number of 

moves that must 
be planned 

ahead) 

There were no 

significant group 

differences at low 

SD between TD 

and AS, but the AS 

group had 

significantly more 

difficulty planning 

ahead at high SD 

than all other 

groups. 

Acc low SD 

AD   4.26 (0.89) 

AD+ 4.48 (1.04) 

AS    4.78 (0.94) 

TD   4.74 (0.91) 

 

Acc high SD 

AD   3.12 (1.09) 

AD+ 3.61 (1.08) 

AS    2.89 (1.31) 

TD   3.19 (0.99) 

Wilkinson et 

al., 2010 

MR 18 AS 13.1 (2.2) 

16 AS 27.5 (9.4) 

13 TD 14.3 (1.7) 

15 TD 26.9 (7.9)  

Gender not stated 

 

IQ AS 109.5 (8.6) children 

IQ AS 105.9 (12.6) adults 

IQ TD 109.1 (9.4) children 

IQ 109.9 (8.7) adults 

 No traumatic 

brain injury, 

seizures, or 

IQ below 70 

 

TD no LD, or 

psychiatric 

disorders 

age, FSIQ, 

PIQ, VIQ 

CJ AS group were 

significantly more 

accurate when 

guessing and 

significantly less 

accurate when 

certain. No group 

differences among 

somewhat certain. 

AS group only 

performed better 

than chance when 

certain and did not 

reliably distinguish 

between levels.  

 

AS adults 

performed similarly 

to TD adults. 

However, memory 

awareness accuracy 

for ‘‘somewhat 

certain’’ was not 

different from 

certain. 

Children 

CJ Accuracy/ 

Group Certain  

F(1, 29) = 16.10 

Somewhat  

F(1, 29) = 0.89 

Guessing  

F(1, 29) = 7.08 

 

 

 

 

 

CJ Accuracy/ 

Group  

F(1, 29) = 1.03 

Level 

Accuracy/Group 

F(1.58, 45.90) = 

0.92 
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Williams et 

al., 2018 

MR 11 AS 9.86 (1.69) 10 boys  

11 TD 9.86 (1.00) 8 boys  

 

VIQ AS 98.91 (15.34) 

PIQ AS 104.55 (14.51) 

VIQ TD 104.82 (9.94)  

PIQ TD 109.91 (14.34) 

not stated not stated age, PIQ, 

VIQ 

JOC The control group 

had significantly 

better JOC 

accuracy. 

 

JOC Accuracy/ 

Group 

d = -0.86 

 

Wojcik et al., 

2011 

MR 16 AS 11.55 (2.06) 14 boys  

16 TD 10.95 (3.00) 11 boys 

 

IQ AS 112.19 (15.89) 

IQ TD 118.5 (14.79) 

not stated not stated for age, FSIQ CJ – 3 

conditions 
1 Verbal (VT) 

2 Verbal + 
Experimenter 

modeled (EPT)  

3 Verbal + 
Participant 

modeled (SPT) 

There were no 

significant group 

differences in 

accuracy of CJ 

across any of the 

conditions. 

 

CJ/Group 

EPT 

F(1, 30) = 3.16 

VT 

F(1, 30) = 1.87 

SPT 

F(1, 30) = 2.42 

Wojcik et al., 

2013 

MR 18 AS 12.60 (2.14) 16 boys 

18 TD 11.83 (2.57) 13 boys 

 

IQ AS 112.06 (14.92) 

IQ TD 116.22 (13.53) 

not stated AS – no co-

morbid 

conditions 

 

TD – no 

psychiatric 

disorder, or 

low school 

achievement 

age, PIQ, 

FSIQ, VIQ 

FOK – 2 

conditions 

 
1 Episodic  

2 Semantic 

AS group had 

significantly poorer 

episodic FOK. 

Gamma scores were 

not significantly 

above 0 for AS. No 

group differences in 

semantic FOK. All 

gamma scores were 

significantly > 0. 

FOK/Group 

 

Episodic  

p
2 = 0.23 

 

Semantic 

p
2 = 0.02 

Wojcik et al., 

2014 

MR Study 1: 

21 AS 12.77 (2.34) 18 boys 

21 TD 11.64 (2.49) 17 boys 

 

IQ AS 112.19 (13.83) 

IQ TD 116.67 (13.27) 

 

Study 2: 

not stated not stated age, FSIQ, 

PIQ, 

receptive 

vocabulary 

Study 1: 

JOL – 2 

conditions 

 

Study 2: 

Delayed 

JOL  

STA  

Study 1:  

There were no 

group differences in 

over/under 

confidence or in 

JOL accuracy. 

 

 

Study 2:  

Study 1: 

Confidence/ 

Group 

p
2 = 0.004 

Gamma/Group 

p
2 = 0.03 

Study 2: 

JOL Acc/Group 
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19 AS 13.57 (2.46) 16 boys 

19 TD 12.37 (2.56) 14 boys 

 

IQ AS 113.95 (12.80) 

IQ TD 117.74 (13.38) 

 
1 Immediate 
2 Delayed  

No main effect of 

group in JOL 

accuracy. There 

was an effect by 

word difficulty in 

sensitivity in that 

all participants gave 

higher JOLs for 

easier words. There 

was no group 

difference in study 

time allocation. 

p
2 = 0.001 

JOL Sensitivity/ 

Group 

p
2 = 0.001 

JOL/Word 

Difficulty 

p
2 = 0.64 

STA/Group 

p
2 = 0.012 

Zalla et al., 

2015 

MR 19 AS 28.8 (7.1) 16 men 

19 TD 26.4 (6.1) 15 men 

 

IQ AS 96.3 (19.8) 

IQ TD 101.2 (7.5) 

not stated No 

psychiatric or 

neurological 

disorders 

age, gender, 

education, 

FSIQ, VIQ, 

and PIQ 

JOP  

JOA 

The TD group had 

significantly better 

JOP accuracy. 

 

AS group relied 

significantly less on 

internal sensory 

motor cues for 

JOA, indicating 

weaker 

metacognitive 

agency skills 

 

AS group reported 

significantly more 

confident JOPs and 

JOAs. 

JOP Acc/Group 

t(36) > 2.51 

 

JOA/Group 

t(36)s = -1.42,     

-2.58, -2.45,       

-2.68,  

-2.22  

 

JOP/JOA 

confidence by 

Group 

p
2 = 0.13 

p
2 = 0.08 

 

MK, Metacognitive Knowledge; MR, Metacognitive Regulation 

ADHD, Attention Deficit Hyperactivity Disorder; AS, Autism Spectrum; DCC, Developmental Coordination Disorder; GAD, General Anxiety Disorder; ID, Intellectually Disabled; LD, Learning Disability; 

OCD, Obsessive Compulsive Disorder; ODD, Oppositional Defiant Disorder; SAD, Social Anxiety Disorder; SLI, Specific Language Impairment; TD, Typically Developing 

FSIQ, Full Scale IQ; MA, Mental Age; PIQ, Performance IQ; VIQ, Verbal IQ; VMA, Verbal Mental Age 

ADOS, Autism Diagnostic Observation Schedule; AQ, Autism Quotient; CJ/JOC, Confidence Judgment/Judgment of Confidence; EEG, Electroencephalogram; FOK, Feeling of Knowing; GTD, Gaging Task 

Difficulty; Int, Interview of metacognitive knowledge and or skills; IT, Intention Task; JOA, Judgment of Agency; JOL, Judgment of Learning; JOP, Judgment of Performance; LASSI, Learning And Study 

Strategies Inventory; MRQ, Metacognitive Regulation Questions; MT, Metamemory Task; Obs, Observation of metacognitive behaviors during a task; RF, Reflective Functioning; STA, Study Time Allocation; 

TAP, Think Aloud Protocol; TOL, Tower of London 
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Metacognitive skills were evaluated using a variety of methodologies; feeling of knowing, 

intention, metamemory, and gaging task difficulty; judgments of confidence, agency, 

performance, and learning; observations, interviews, and think aloud protocols; the Learning 

and Study Strategies Inventory and the Reflective Functioning protocol; and study time 

allocation and the Tower of London tasks.   

Nine articles found impaired metacognitive knowledge and/or metacognitive 

regulation by showing significantly poorer performance in autistic participants when 

compared to typically developing controls.  Ten articles found no significant between group 

differences in metacognitive skills.  There was no discernable pattern of findings in the 

remaining twelve articles which showed mixed results of impairments or no group 

differences (Table 4).  Hedge’s gs range from -2.0 to 1.5.  Thus, differences in metacognitive 

performance between autistic and non-autsitic participants varied widely in that autistic 

participants sometimes showed much poorer skills and sometimes showed much stronger 

skills than the TD group.   

Specific metacognitive challenges at the subscale level are not always explored in 

metacognitive research.  Of the studies that did evaluate differences at subscale levels, two 

studies found autistic participants to have significantly more over-confidence errors than the 

TD group (gs -0.74 to -1.36).  Over confidence errors occur when participants are confident 

an incorrect answer is correct.  Additional metacognitive challenges found in autistic versus 

TD individuals included self-reporting less strategy use (gs -0.89 to -0.42), poorer planning 

(g = -0.43), poorer metacognitive monitoring (gs -2.44 to -0.38), and poorer reflection skills 

(gs -1.92 to -0.62).  However, these challenges were not consistently reported across studies.  

Other studies found under-confidence errors (g = -0.96) in the autistic group when compared 

to a TD group, and still others found no significant difference with either under or over-

confidence errors in the autistic group when compared to a TD group.  Similarly, some 

research found no group differences in planning and monitoring skills between autistic and 

TD participants or significantly better performance (gs -0.27 to 1.49) by autistic individuals. 

A meta-analysis of all 78 statistics found a statistically significant pooled estimate 

revealing a medium effect size with high heterogeneity (g = -0.52, p < 0.001, I = 70.46%; 

Fig. 11) indicating weaker metacognitive performance in autistic participants. A sensitivity 

analysis finds that within study correlations are not impacting the results, meaning that the 

estimated effect size is reliable.  However, the elevated heterogeneity is indicative of 

excessive variance in the results.  Therefore, meta-regressions were run to find possible  
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Figure 11 Forest Plot of metacognition in autism 
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causes for the variance.  Several moderators were found to be significantly predictive of the 

effect size estimate.  Significant moderators indicated that the group differences in 

metacognitive performance in the adult cluster of autistic participants were larger than group 

differences in younger autistic participants (p = 0.006), indicating adult autistic participants 

show larger metacognitive discrepancies when compared to their peers than younger autistic 

participants when compared to their peers.  Additionally, controlling for IQ and/or ability 

level, age, and gender resulted in a significantly smaller effect size estimate (ps 0.0007, 0.02, 

0.0002).  In other words, the differences between autistic and TD participant samples are 

smaller when IQ, object-level ability, age, and gender are statistically accounted for, or these 

variables are matched between groups.  Similarly, the effect size estimate of studies that did 

not control for anxiety and depression was significantly larger (p < 0.001), indicating that 

larger group differences are found when co-occurring conditions are not excluded or 

statistically accounted for.   

Several measures also significantly contributed to the heterogeneity.  Effect size 

estimates were significantly larger for Confidence Judgments (CJ) and Judgments of 

Performance (JOP) and the Metamemory Task (MT) meaning that autistic participants were 

more inaccurate than TD participants when evaluating their confidence in their answers (CJ; 

p = 0.001), their performance on a task (JOP; p < 0.001), or when evaluating metamemory 

(MT; p = 0.002).  Effect sizes were significantly smaller for MRQ, LASSI, STA, and TAP.  

Group differences were smaller, and in some cases autistic participants had stronger 

performance than the TD group when allocating study time (STA p = 0.02), self-reporting  

metacognitive skills (MRQ p = 0.001; LASSI p = 0.03), and when thinking aloud (TAP p < 

0.001).  Evaluating as a subscale also significantly contributed to the heterogeneity.  Autistic 

individuals had significantly poorer performance (p = 0.01) on tasks that required them to 

evaluate their own performance.  A look at more specific challenges through meta-

regressions did not yield any reliably statistically significant results.  Either results were not 

significant, or degrees of freedom were so low that the results were unreliable (ps > .15 and/or 

degrees of freedom < 4).       

In summation, the overall negative effect size shows significantly poorer performance 

on metacognitive tasks in the autistic group.  Meta-regressions used to look more closely at 

knowledge, regulation, and the subscales of each (e.g. planning or strategy knowledge) found 

evaluating performance to be a significantly poorer skills when compared to a TD group than 

other metacognitive skills.  Specific assessment measures were found to be significantly 
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responsible for some of the heterogeneity.  The meta-regressions suggest that the removal of 

these measures from the meta-analysis would result in estimated effect sizes that show both 

increased and reduced performance to be true in both autistic metacognitive knowledge and 

metacognitive regulation.  This result is unsurprising when considering patterns of extreme 

strengths and weaknesses that have been found in autism (e.g. Pariser, 1981; Shields-Wolfe 

& Gallagher, 1992).  However, these results must be interpreted with caution, as a model 

without significant heterogeneity was not found.  It is important to note that none of the meta-

regressions lowered the heterogeneity below 69%, thus even with significant predictors of 

the effect size estimate, there remains unexplained variance, denoting that autistic 

metacognitive ability cannot clearly be delineated from this data. 

While metacognitive abilities in autism cannot be conclusively described from 

current research, the importance of controlling for variables is clearly indicated in the results.  

When age, gender, ability and IQ are not controlled for the effect size is significantly larger, 

indicating between group differences are significantly larger.  Studies that did not check or 

control for anxiety and depression had significantly larger group differences.  In other words, 

when anxiety or depression were not controlled for, the estimated effect was more negative.  

This result suggests that anxiety and depression as co-occurring conditions may affect 

metacognitive abilities in autism.  This does not mean that anxiety or depression weaken 

metacognitive skills in autism.  Rather it means that since the presence of anxiety or 

depression was not controlled for, it is possible, considering that both conditions are highly 

co-occurring in autism, that one or both conditions could have had an effect on the 

metacognitive skills of autistic participants.  Therefore, the importance of checking or 

controlling for co-occurring conditions and determining whether it is needed to check or 

control for gender, ability, age, and IQ in all future autistic research are strongly suggested 

by the meta-regressions. 

3.5.1.2 Intellectual and Learning Disabilities1 

When doing the search, multiple reviews were found that replicate results showing impaired 

metacognitive skills in LD (standardized mean differences from -.11 to -1.87; Shin & Bryant, 

2015), rendering a meta-analysis here redundant.  However, it is worth noting specific 

 
1 As the studies included in this meta-analysis use the DSM-V (American Psychiatric Association, 2013) 
designation of LD and ID where a diagnosis of ID constitutes an IQ below 70 and a diagnosis of LD indicates 
an IQ greater than 70 but achievement significantly below normed expectations, this review will adopt the 
same designations. 
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challenges found in metacognitive abilities of those with LD (Table 5).  Across the 23 studies 

in Shin and Bryant’s (2015) review, eleven and twelve-year old participants with LD were 

found to use significantly less strategies than their peers (d = -0.51).  Poor regulation and 

evaluation skills were also found in LD groups matched by grade level to TD groups and LD 

groups matched by ability to younger TD groups (d = -0.44 and d = -0.40).  In 2 of 3 measures, 

the LD group had significantly poorer prediction skills (d = -1.87 and d = -0.30).  Thus, the 

data suggests that metacognitive skills are impaired in LD; specifically, students with LD 

have poorer metacognitive evaluation and prediction skills and utilize less strategies than 

their non-LD peers. 

In the autism and metacognition research meta-analyzed above (Table 4), only three 

studies address LD.  Two studies exclude TD participants with LD but do not state that LD 

was controlled for in the autistic group.  It is important to note that matching students for IQ 

will not control for LD, as LD is not the result of a low IQ score.  Furlano et al. (2015) note 

LD was present in the autistic group.  In their study, all metacognitive results found 

significantly poorer performance in the autistic group when compared to a TD group, 

including weaker prediction and evaluation skills.  Thus, considering that LD is characterized 

by poorer metacognitive skills, specifically weak evaluation and prediction skills, it is 

possible that the additional diagnosis of LD could have contributed to the poorer 

metacognitive performance in autism.  

 Metacognitive research in intellectual disabilities (ID), contrary to the research in LD, 

is very limited.  This lack of research is due to the difficulties those with ID have in 

completing tasks and questionnaires.  The database search found only two studies (Table 5).  

One study matched participants by chronological age (Saldana, 2004) and the other by IQ 

and mental age (Nader-Grosbois, 2014).  In both cases, the metacognitive skills of those with 

ID were significantly poorer than those of the control group (U = 145, p < 0.001, Nader-

Grosbois, 2014; ps < .05, Saldana, 2004).  An additional diagnosis of ID could affect 

metacognitive performance of individuals with autism.   

However, it is unlikely co-occurring ID in participant samples of AS explains trends 

towards impaired metacognition in AS as most studies either exclude participants with an IQ 

below 70, effectively excluding a diagnosis of ID, or participants are matched for IQ, 

effectively controlling for ID.  In the autism meta-analysis above (Table 4), only three studies 

do not explicitly state that IQ was matched, or that participants had to meet a certain IQ  
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Table 5 Metacognition in Intellectual and Learning Disabilities 

Studies Factor Sample   
N, Mean Age (SD), Gender, IQ 

Medication Conditions 
Controlled 

for 
Measures Results Statistics 

Nader-

Grosbois, 

2014 

MK 

MR 

32 ID 12.76 (1.30)  

28 TD 8.16 (2.04) 

Gender not stated 

IQ ID 61.51 (14.10) 

IQ TD 105.67 (11.64) 

not stated not stated mental age ICSGM 

CSGS 

SPLD 

 

 

ID group had 

significantly 

poorer 

metacognitive 

skills in all areas. 

MR  U = 145 

MK  U = 199 

Plan U = 154 

Monitor U = 297 

Evaluate U = 285 

Saldana, 

2004 

MK 

MR 

16 ID 19.6 (4.68) 8 boys 

13 TD 18.5 (4.12)  

 

IQ not stated 

not stated not stated age  Comprehending 

and 

Transforming 

Program 

Those with ID 

had significantly 

poorer 

performance in 

metacognition. 

MK  p < 0.05 

MR  p < 0.05 

Plan p < 0.05 

Monitor p < 0.05 

Shin & 

Bryant*, 

2015 

MK 

MR 

709 LD 

923 no-LD 

251 no-LD younger controls 

 

1011 girls 

889 boys 

(some studies did not report 

gender) 

 

IQ not stated 

not stated not stated not stated specific 

measures were 

not reported 

other than the 

EPA2000 

For most 

measures, those 

with LD had 

significantly 

poorer 

performance than 

TD peers and 

younger matched 

TD controls. 2nd 

through 4th grade 

students matched 

with younger 

peers did not 

differ 

significantly from 

those peers. 

Peers: MR 

3rd  d = -1.87 

1st-3rd  d = -0.30 

5th  d = -0.73 

6th-8th  d = -1.40 

Predict/Evaluate 

4th  d = 0.41 

4th  d = 0.01 

Strategy Use 

6th d = -0.51 

Matched: MR 

1st d = -0.71 

2nd-4th d = -0.11 

3rd d = -0.20 

Predict/Evaluate 

d = -0.44 

d = -0.40 

 
ID, Intellectual Disability; LD, Learning Disability; TD, Typically Developing   MK, Metacognitive Knowledge; MR, Metacognitive Regulation 

FSIQ, Full Scale IQ; MA, Mental Age; PMA, Performance Mental Age; VMA, Verbal Mental Age  *Meta-analysis 

CSGS, Coding and Scoring Grid for Self-Regulation; ICSGM, Interview and Coding and Scoring Grid for Metacognition; SPLD, Self-perception Profile for Learning Disabled students 
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threshold (Garfinkel et al. 2016; Russell & Hill, 2001; Taylor, 2008).  Therefore, ID is not 

likely to be responsible for poorer performance in autistic metacognition. 

3.5.1.3 Attention Deficit 

 Fourteen articles (Table 6) reported 38 statistics measuring metacognitive differences 

between individuals diagnosed with an attention deficit disorder (n = 619, mean age range 

5.80-33.48) and their typically developing peers (747, mean age rage 5.80-32.34).  Like the 

autism articles, studies were divided into primary (n = 658, mean age range 5.80-11.50), 

secondary (n = 106, mean age range 12.44-12.46) and adult (n = 602, mean age range 23.27-

33.48) clusters for meta-regressions.  Metacognition was measured using questionnaires, 

confidence judgments and judgments of learning, think aloud protocols, the Tower of London 

and a drawing task.  Like autism research, results were inconsistent; with 6 articles finding 

impaired metacognitive skills, 3 articles finding no differences between AD and TD groups, 

and 5 articles with mixed results.  Effect sizes varied, but there was no evidence of better 

metacognitive skills in AD when compared to a TD participant sample (gs -5.10 to 0.19). 

Looking at specific challenges, 6 of the 7 statistics reporting a metacognitive 

knowledge score found significantly weaker knowledge in AD when compared to TD peers.  

All 7 statistics were negative and ranged from small to large effect sizes (gs from -0.16 to -

3.86), indicating poorer performance in the AD group.  All statistics reporting a 

metacognitive regulation score found significantly weaker regulation in AD ( = -0.16, d = -

1.86, g = -0.29).  Significantly less strategy use was found in 2 of 4 statistics with large effect 

sizes (gs -1.12, -1.12), small and medium effect sizes showed significantly weaker 

monitoring skills in 5 of 6 statistics (gs from -0.66 to 0.19), and significantly poorer reflection 

skills with large effect sizes (gs -2.13 and -4.24) were found in AD. 

Over-confidence errors and poor planning skills were also frequently reported.  

Planning skills in AD were weaker in all 8 statistics with one small effect size and 7 medium 

to large effect sizes (gs from -0.12 to -5.10).  Similarly, there were often significantly more 

over-confidence errors in the AD group when compared to a TD sample.  There were two 

small effect sizes, and the remaining 6 statistics had medium to large effect sizes (-0.05 to -

1.22).  No under-confidence errors were found.  Both planning challenges and over-

confidence (also called positive illusory bias) are frequently noted in the AD literature 

(Knouse et al. 2005).   
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Table 6 Metacognition in Attention Deficit 

Studies Factor Sample   
N, Mean Age (SD), Gender, IQ 

Medication Conditions 
Controlled 

for 
Measures Results Statistics 

Alvarado 

et al., 2011 

MK 

MR 

93 AD 11.50 (1.43) 48 boys  

94 TD 10.4 (.56) 53 boys 

 

IQ not stated 

24 hours 

free 

AD – no 

neurological 

disease 

TD – no 

psychiatric, 

neurological, 

behavior, or 

cognitive 

disorders 

age, gender, 

reading comp 

ESCOLA 

MARSI 

AD group had 

significantly poorer 

metacognition than 

TD. Planning and 

regulation scales 

had largest 

differences. 

Planning correctly 

identified 96% of 

AD group. 

AD/TD 

ESCOLA 

t(185) = 26.50 

MARSI 

t(185) = 21.48 

Metacognition 

F(1, 182) = 7.45 

Regulation 

 = − 

Planning 

 = − 

Antshel & 

Nastasi, 

2008 

MK 

MR 

31 AD 5.8 (.5) 19 boys 

31 TD 5.8 (.5) 18 boys 

 

IQ AD 94.3 (11.1) 

IQ TD 98.5 (15.2) 

no 

medication 

24 ODD 

10 separation 

anxiety 

7 specific 

phobia 

7 GAD 

age, gender, 

IQ, socio-

economic 

status 

SU  

Pre-CJ 

Preschoolers with 

AD used 

significantly less 

strategies, had 

poorer CJ accuracy, 

and significantly 

over predicted their 

abilities. 

SU/Group 

 = .07 

CJ Accuracy/ 

Group 

 = .09 

Confidence/ 

Group 

 = .09 

Basile et 

al., 2018 

MR 42 AD 10.0 (14.73) 27 boys  

39 TD 9.92 (15.29) 28 boys 

 

IQ AD 105.10 (15.23) 

IQ TD 109.64 (8.42) 

22 on 

psycho-

tropic, 19 

on psycho-

stimulant, 

and 2 on 

inhibitors 

TD – 1 LD 

AD – 10 LD, 

2 LI, 5 CD, 

24 ODD 

ODD, CD, 

IQ 

CJ AD group had 

significantly higher 

confidence even 

after controlling for 

co-occurring 

conditions, and 

significantly poorer 

CJ accuracy. 

CJ Confidence/ 

Group 

 =  

CJ Accuracy/ 

Group 

d = .49 

Comoldi et 

al., 1999 

MR 28 AD 12.46 24 boys  

28 TD 12.44 boys 

not stated not stated age, gender, 

IQ, grade, 

MQ No significant 

between group 
MQ Means (SD) 

AD 11.43 (2.76) 
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IQ not stated 

sociocultural 

level 

differences in 

metacognition. 
TD 12.18 (2.34) 

Geurts et 

al., 2004 

MR 41 AS 9.4 (1.8) 

54 ADHD 9.3 (2.0) 

41 TD 9.1 (1.7)   

All participants were male 

 

IQ AS 98.3 (18.4) 

IQ ADHD 99.5 (11.5) 

IQ TD 111.5 (18.0) 

No 

medication 

during 

study 

TD – no LD age, FSIQ TOL 

(amount of 

initial 

planning 

time and 

decision 

time during 

puzzle) 

There were no 

significant between 

group differences in 

planning or 

monitoring, even as 

task difficulty 

increased. 

TOL/Group 

Initial Time 

p
2 = 0.02 

Decision Time 

p
2 = 0.04 

Knouse et 

al., 2005 

MK 

MR 

44 AD 31.52 (10.2) 33 men 

44 no AD 32.34 (9.46) 30 

men 

 

IQ not stated 

 

24 hours 

free 

no screening 

for co-

morbidity in 

either group 

age, gender, 

driving 

experience 

CJ – 3 

conditions 

 
1 simulator 
performance in 

naturalistic setting 

(N) 
2 self-report 

questionnaire (S) 
3 expert ratings of 

performance (E) 

AD group 

significantly 

overestimated their 

driving compared to 

TD in all scales of 

N, and in behavior 

only in E. No 

significant between 

group differences in 

S. 

CJ/Group 

Naturalistic 

d = .64 

Collisions (N) 

d = .74 

Behavior (E) 

d = .58 

Behavior (S) 

d = .29 

Knouse et 

al., 2006 

MR 28 AD 23.82 (9.67) 11 men 

28 TD 23.82 (10.43) 11 men 

 

IQ not stated 

 

 

16 on AD 

medication 

no ID, 

psychosis, 

neurological 

disability, 

traumatic 

brain injury 

age, gender, 

verbal & 

nonverbal 

intellectual 

ability 

JOL – 2 

conditions 

CJ 

 
1 Immediate (I) 

2 Delayed (D) 

There were no 

significant between 

group differences in 

MR skills for CJ or 

JOL (I). AD group 

had significantly 

stronger JOL (D) 

accuracy than TD. 

JOL (D) 

F(1, 54) = 4.34 

JOL (I) 

AD .02 (.28) 

TD -.02 (.30) 

CJ (I) 

not reported 

Knouse et 

al., 2012 

MR 34 AD 

34 TD  

overall Mean age = 26.85 

with 28 men 

 

IQ AD 115 (11.63) 

1 day free AD – 6 LD, 

12 depressed, 

9 anxiety 

TD – 0 LD,  

1 depressed, 

2 anxiety 

years of 

education, 

FSIQ 

JOL There were no 

significant between 

group differences in 

metacognitive 

skills.   

JOL Mean (SD) 

Accuracy 

AD  -.01 (.14) 

TD    .00 (.16) 

t(33) = .22 

Gamma 
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IQ TD 116 (13.07) AD .61 (.67) 

TD .92 (.13) 

Mann-Whitney 

U = 267.00 

O’Neill & 

Douglas, 

1991 

MK 

MR 

20 AD 11.13 (1.74) 

20 TD 10.77 (1.48) 

All male 

 

IQ AD 114.7 (11.72) 

IQ TD 113.7 (11.79) 

no 

medication 

No ID, 

language 

deficits, 

neurological 

impairments, 

psychosis, or 

visual or 

auditory 

impairments 

age, IQ CJ 

JOL 

TAP 

SU 

AD group had 

significantly poorer 

MK, used 

significantly less 

strategies and study 

time, reported 

significantly better 

learning, and had 

significantly larger 

discrepancies 

between CJs/JOLs 

and actual 

performance. No 

significant between 

group differences in 

story recall. 

Means (SD) 

SU 

AD 17.25 (3.29) 

TD 20.65 (2.64) 

TAP 

AD 6.80 (2.69) 

TD 7.20 (2.17) 

JOL 

AD 84.31 

(12.53) 

TD 74.04 

(11.00) 

Discrepancy 

F(2, 57) = 3.68 

Perroud et 

al., 2017 

MR 

ToM 

101 AD 33.48 (10.45) 60 

men 

68 BPD 32.93 (9.15) 0-7 

men 

40 BPD + AD 30.45 (10.1) 

0-7 men 

236 TD 23.27 (2.69) 82 men 

 

IQ not stated 

participants 

were not 

asked to 

suspend 

medication 

for study 

TD – no 

psychiatric 

disorders 

age, gender, 

medication 

RFQ – 2 

scales 

 
1 Certainty (c) 

2 Uncertainty (u) 

The AD group had 

significantly poorer 

reflection and ToM 

skills than TD, but 

significantly better 

skills than both the 

BPD and BPD + 

AD groups. 

AD/TD 

RFQ-c  b = -.70 

RFQ-u  b = .89 

AD/BPD 

RFQ-c  b = .38 

RFQ-u  b = -.43 

BPD + AD/ 

BPD 

RFQ-c  b = -.20 

RFQ-u  b = .39 

Pezzica et 

al., 2018 

MK 46 AD approx. 7, 39 boys 

46 TD approx. 9.5, 39 boys 

 

IQ not stated 

not stated not stated none CAAD – 

conditions 
 

No significant 

group differences in 

CA – suggesting 

lack of 

Pragmatic 

w = .43 

Behavioral 

w = .54 
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1 Cognitive 
Awareness (CA) 

2 Behavioral 

Awareness (BA) 
3 Pragmatic 

Awareness (PA) 

4 Emotional 
Awareness (EA) 

metacognitive 

awareness in AD.  

There was a 

significant 

difference between 

groups in BA – AD 

group did not draw 

themselves 

positioned towards 

the school task as 

often as TD. 

Significant 

difference in PA –

TD more likely to 

draw school 

supplies in a 

functional manner. 

TD more likely to 

draw positive EA 

than AD. 

Cognitive 

not reported 

Social 

not reported 

Emotional 

w = .34 

Sibley et 

al., 2019 

MR 32 AD 14.72 (0.78) 22 boys 

18 TD 14.50 (0.79) 12 boys 

 

IQ AD 94.53 (12.12) 

IQ TD 101.22 (15.52) 

medicated no ID age, gender, 

IQ, 

sociocultural 

levels 

Parent 

observation  

AD group had 

significantly poorer 

observed 

metacognitive 

skills. 

Metacognition/

Group 

d = -1.86 

Unterrainer 

et al., 2016 

MR 42 AD 9.83 (2.15) 

23 AD+AS 10.17 (2.05) 

18 AS 10.14 (2.44)  

42 TD 9.76 (2.36) 

all male participants 

 

IQ AD 94.46 (14.29) 

IQ AD+AS 98.85 (12.51) 

IQ AS 97.08 (16.42) 

IQ TD 97.59 (13.86) 

24 hours 

free 

no epilepsy, 

language 

delays or 

language 

comprehensi

on issues 

age, IQ TOL – 3 

scales  

 
1 Planning Time 

(PT) 
2 Accuracy (Acc) 

3 Search depth 

(SD; number of 
moves that must 

be planned ahead)  

AD group increased 

PT significantly 

less for task 

difficulty than all 

other groups.  

 

AD+AS had similar 

PT for all problems 

with high SD, but 

increased PT for 

low SD with more 

moves. AD group 

PT Adjustments 

for difficulty 

level 

z = -2.23 

 

Acc low SD 

AD   4.26 (0.89) 

AD+ 4.48 (1.04) 

AS    4.78 (0.94) 

TD   4.74 (0.91) 
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 had similar PT for 

all problems. AD+ 

AS performed 

significantly better 

on SD than the 

autistic group. 

Acc high SD 

AD   3.12 (1.09) 

AD+ 3.61 (1.08) 

AS    2.89 (1.31) 

TD   3.19 (0.99) 

Young et 

al., 2007 

MR 26 AD 24.85 (7.00) 20 men 

27 TD 25.78 (4.89) 15 men 

 

IQ AD 105 (16.00) 

IQ TD 101 (20.00) 

48 hours 

free 

no LD, 

severe 

psychiatric 

disorder, 

history of 

drug use, AS, 

neurological 

impairment, 

head injury 

age, gender, 

IQ, paternal 

social class 

TOL – 2 

scales 

 
1 Planning Time 
(PT)  

2 Accuracy (Acc) 

AD group did not 

vary their PT based 

on task difficulty, 

unlike TD group. 

No significant 

group differences in 

accuracy. 

PT/Group 

 = .87 

 

Acc/Group 

 = .02 

 

MK, Metacognitive Knowledge; MR, Metacognitive Regulation  

AD, Attention Deficit; AS, Autism Spectrum; BPD, Bipolar Disorder; CD, Conduct Disorder; GAD, General Anxiety Disorder; ID, Intellectual Disability; LD, Learning Disability; LI, Language Impairment; 

OCD, Obsessive Compulsive Disorder; ODD, Oppositional Defiant Disorder; PDD-NOS, Pervasive Developmental Disorder-Not Otherwise Specified; TD, Typically Developing 

FSIQ, Full Scale IQ; VIQ, Verbal IQ; PIQ, Performance IQ; NVIQ, Non-verbal IQ;  

CAAD, Children’s Awareness of Attention through Drawing; CJ, Cognitive Judgment; ESCOLA, Reading Awareness Scale; JOL, Judgment of Learning; MARSI, Metacognitive Awareness of Reading 

Strategies Inventory; MQ, Metamemory Questionnaire; RFQ, Reflective Functioning Questionnaire; SU, Strategy Use; TAP, Think Aloud Protocol; TOL, Tower of London 
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A meta-analysis of overall metacognitive skills in AD revealed a large significant 

pooled effect size estimate (Fig. 12; g = -1.25, p = 0.008) with high heterogeneity (I2 = 

96.94%).  Sensitivity analysis confirmed that within study correlations were not impacting   

 

Figure 12 Forest Plot of metacognition in Attention Deficit 
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the results.  Because of the heterogeneity, meta-regressions were run.  Controlling for IQ, 

gender, and conduct disorder/oppositional defiance disorder (CD/ODD) as well as 

medication were all significant modifiers.  When IQ is not controlled for, the pooled effect 

size estimate significantly increases, or shows larger group differences (p = 0.007).  Likewise, 

not controlling for CD/ODD significantly increases the estimate, showing larger group 

differences (p = 0.009).   

Studies that controlled for gender had significantly smaller group differences (p < 

0.001), while those that did not control for gender trended towards significantly larger group 

differences (p = 0.06).  This implies that there are meaningful differences in the performances 

of females and males with AD.  Finally, studies that required participants to abstain from 

medication for 48 hours revealed significantly poorer performance (p = 0.003) in AD when 

compared to TD peers.  Similarly, studies where participants were not required to abstain 

from medication trended towards significance (p = 0.07) with smaller group differences.  No 

measures were significantly responsible for the variation (ps > 0.32).  Specific challenges 

could not be explored as the degrees of freedom indicated unreliable results (df < 4).  Despite 

the finding of significant moderators, no moderator meaningfully lowered the heterogeneity 

(I2s > 94%).  Thus, there is a large amount of variance that cannot be explained. 

Results of the meta-analysis do suggest impaired metacognitive abilities in AD.  This 

is reinforced by the meta-regression finding that asking participants with AD to abstain from 

medication for 48 hours significantly increases group differences in metacognitive 

capabilities.  In other words, when off medication, AD participants have poorer performance 

than performance found in research where participants were allowed to remain on 

medication.  Like the autism meta-analysis, specific challenges could not be detailed by meta-

regressions.  However, unlike the autism meta-analysis, narrative reviews of specific 

challenges find over-confidence errors and poorer planning skills to be reasonably consistent 

across studies.  Both over-confidence and poor planning were noted inconsistently in the 

autism studies, thus, as with LD, it is possible a co-occurring condition of AD within an 

autism sample could have had an effect on autistic metacognitive results.  While results of 

the meta-analysis cannot reveal whether AD does affect autistic metacognition, they do again 

strongly suggest the need to account for co-occurring conditions and other important 

variables such as IQ, gender, age, and medication. 
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3.5.1.4 Depression 

Thirteen articles reporting 26 statistics (Table 7) evaluated metacognition in levels of 

depression (4 articles) or compared metacognitive skills in those with depression and healthy 

controls (HC; 9 articles).  The age range of those with depression (n = 321, mean age range 

10.9-48.5) and healthy controls (HC; n = 854, mean age range 10.6-46.8) varied widely, but 

interestingly, none of the articles studied depression in secondary students.  Thus, for meta-

regressions with age, studies were divided into clusters containing adults (n = 1133, mean 

age range 18.0-48.5) and children (n = 42, mean age range 10.6-11.0).  Metacognition was 

measured by questionnaires, confidence judgments, judgments of learning, and a 

Metamemory Battery.  Once again, mixed results were found with 6 articles showing 

impaired metacognition, 5 articles showing no differences when compared to healthy 

controls (HC), and 2 articles finding mixed results.  There was a particularly wide range in 

effect sizes with large effects showing both significantly poorer metacognitive skills and 

significantly better metacognitive skills associated with high levels of depression (gs -13.57 

to 4.34). 

 When looking at the factors of metacognition in relation to depression and levels of 

depression, poorer metacognitive performance was predominantly found in both 

metacognitive knowledge and metacognitive regulation skills.  Of the five statistics 

measuring metacognitive knowledge, all five showed weaker skills in participants with 

higher levels of depression (gs -0.06 to -1.12).  Three of the five statistics showed 

significantly weaker skills with medium to large effect sizes.  All three statistics measuring 

metacognitive regulation found significantly weaker skills in higher levels of depression (gs 

-0.15, -0.81, -1.21).  Specific challenges were less consistent.  Monitoring skills were 

significantly negatively associated with levels of depression in 6 of 10 statistics, but only 4 

of those were medium or large associations (gs -13.57 to 0.66).   Reflection skills were also 

negatively associated with levels of depression in 3 of 5 statistics (gs -1.36 to 0.33), all three 

of which were medium to large effects.  Planning skills and the predominance of under and 

over-confidence errors were not evaluated in any of the studies. 
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Table 7 Metacognition in Depression 

Studies Factor Sample   
N, Mean Age (SD), Gender, IQ 

Medication Conditions 
Controlled 

for 
Measures Results Statistics 

Brackney & 

Karabenick, 

1995 

MK 336 university students 

18.5 (1.25) 37% men 

 

IQ not stated 

not stated not stated not stated BDI 

ESS 

MSLQ 

Depression 

(BDI/ESS) did not 

significantly 

correlate with MK. 

BDI/MSLQ 

r = -.03 

Bressi et al., 

2017 

MR 24 MDD 44.63 (5.88) 13 men 

 

IQ not stated 

medicated no bipolar, 

psychosis, 

substance 

abuse or 

severe Axis II 

diagnosis 

not stated HAM-D 

RF 

RF was not 

significantly 

correlated with 

severity of 

depression. 

RF/HAM-D 

r = -.275 

Fischer-Kern 

et al., 2013 

MR 46 MDD 48.5 (11.2) 0 men 

46 HC 44.7 (10.6) 0 men 

 

IQ MDD 28.3 (4.1) 

IQ HC 28.7 (2.5) 

45 MDD 

medicated 

73.9% of 

MDD had 

comorbid 

conditions 

age, gender, 

IQ, education 

RF The MDD group 

had significantly 

lower mentalizing 

skills than HC. 

RF/Group 

d = 1.4 

Z = -4.426 

Fonagy et 

al., 1996 

MR 82 patients  

Mean age = 29, 15 men: 

     72 with depression  

     44 with anxiety 

85 HC 

Mean age = 29, 15 men 

 

IQ patients 114.6 

IQ HC 112.1 

not stated most 

participants 

had comorbid 

conditions:  37 

MDD, 20 BPD, 20 
dysthymia, 2 

cyclothymia, 14 

GAD, 38 personality 
disorder, 20 phobia, 

19 OCD, 3 stress, 14 

eating disorder, 3 
antisocial, 21 

paranoid, 37 
substance abuse 

age, gender, 

VIQ, social 

class 

RSF 

 

Those with 

depression had 

significantly poorer 

reflective skills than 

HC. No significant 

difference in 

reflective skills 

between those with 

anxiety and those 

with depression. 

Mean (SD) 

HC 5.2 (1.5) 

Dep 3.8 (1.7) 

Anx 3.5 (1.8) 

Grant et al., 

2002 

MK 

MR 

121 undergraduate psychology 

students  

Mean age = 23.23, 22 men 

 

not stated not stated not stated DASS 

SRIS – 2 

scales 

 

The Insight scale of 

SRIS significantly 

negatively 

correlated with 

depression severity. 

DASS/SRIS 

Reflection 

r = 0.15 

Insight 
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IQ not stated 1 Reflection 

2 Insight 

The self-reflection 

correlation was not 

significant.  

r = -0.21 

Kalska et al., 

1999 

MR 30 UMD 46.4 (4.9) 19 men 

30 HC 46.8 (5.2)  

 

IQ not stated 

medicated All – no 

neurological 

disorder or 

electroconvul-

sive therapy 

for 6 months 

HC – no 

psychotic or 

major affective 

disorders, 

substance 

abuse 

age, gender, 

IQ, education 

CJ – 2 

conditions 

 

1 Words (W) 

2 Faces (F) 

There was no 

significant 

difference between 

the depressed group 

and healthy controls 

in MR on either 

task. 

Means (SD) 

CJ – W 

UMD 2.8 (3.3) 

HC 2.5 (2.4) 

CJ – F  

UMD 2.8 (2.7) 

HC 2.2 (2.3) 

Ladegaard et 

al., 2014 

MK  

MR 

44 MDD 32.5 (12.0) 11 men 

44 HC 32.9 (12.0) 11 men 

 

IQ MDD 28.30 (7.66) 

IQ HC 33.33 (7.04) 

no medication 75% GAD age, gender, 

education 

MAS-A The group with 

depression had 

significantly poorer 

MK and control 

(MR) than HC. 

MAS-A/Group 

Self-reflectivity 

d = -1.13 

Mastery 

 = -0.75 

Ladegaard et 

al., 2016 

MR 29 MDD 32.7 (12.0) 6 men 

29 HC 32.9 (12.0) 6 men 

 

IQ MDD 30.7 (7.5) 

IQ HC 33.3 (7.4) 

no medication 75% with 

comorbid 

conditions 

age, gender, 

education 

MAS-A MDD group had 

significantly poorer 

performance than 

HC in MK and 

control (MR). 

Means (SD) 

MK 

MDD 7.3 (0.9) 

HC 7.9 (0.8) 

MR 

MDD 5.4 (1.4) 

HC 5.6 (1.3) 

Lauer et al., 

1994 

MR 21 MDD, 12 boys:  

     10 SD 10.9 (1.53) 

     11 MD 11.0 (1.33) 

21 HC 10.62 (1.22) 12 boys 

 

IQ SD 106.10 (14.35) 

IQ MD 107.64 (12.42) 

IQ HC 109.76 (11.39) 

no 

psychotropic 

medication 

no IQ < 85, 

head trauma, 

secondary 

DSM III-R 

diagnosis 

age, gender, 

IQ 

MB – 3 

scales 

1 Study 

Allocation 

Time (SAT) 

2 CJ 

3 Strategy 

Use (SU) 

HD and LD groups 

had significantly 

poorer MR 

performance than 

HC. 

Means (SD) 

SD 12.37 (5.19) 

MD 14.28 (6.29) 

HC 19.05 (5.43) 
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Quiles et al., 

2015 

MK 

MR 

50 adults – 43.9 (1.9) 17 men 

 

IQ not stated 

psychotropic 

drug use less 

than once a 

week 

no mental or 

neurological 

disorders, drug 

or alcohol 

dependence 

not stated BDI 

CJ – 2 

conditions 

SSTICS 

 

1. Words 

(W) 

2. Faces (F) 

Depression did not 

significantly 

correlate with MR 

in the W condition, 

but did positively 

significantly 

correlate with the F 

condition and MK. 

BDI/CJ 

Words 

r = .12 

Faces 

r = .32 

BDI/SSTICS 

r = .42 

Slife & 

Weaver, 

1992 

MK 

MR 

University students aged 18-22 

16 SD (8 men) 

18 MD (9 men) 

14 HC (7 men) 

 

IQ not stated 

not stated not stated age, social 

demographics, 

education 

AP 

CJ 

MK and MR were 

both significantly 

less accurate with 

severity of 

depression. 

 

KOC and ROC 

significantly 

correlated 

Means (SD) 

AP 

SD 8.35 (1.45) 

MD 6.11 (1.47) 

HC 3.21 (6.78) 

CJ 

SD .173 (.45) 

MD .153 (.38) 

HC -4.94 (.29) 

AP/CJ 

r = 0.35 

Soderstrom 

et al., 2011 

MR 58 HC 20.81 (3.25) 22 men 

20 MD 20.05 (2.50) 7 men 

19 MoD 20.16 (1.80) 3 men 

 

IQ not stated 

not stated not stated not stated JOL The MD group had 

significantly better 

performance than 

the other two 

groups. No group 

difference between 

HC and MoD.  

Group/JOL 

p
2 = 0.13 

MD/HC 

d = -1.18 

MD/MoD 

d = -1.00 

Means (SD) 

MoD 30.60 (3.72) 

HC 22.87 (2.18) 

Taubner et 

al., 2011 

MR 20 CD 39.2 (12.7) 4 men 

20 HC 37.1 (11.6) 4 men 

 

IQ not stated 

4 CD on 

medication 

no substance 

abuse, 

psychosis, 

cognitive or 

neural 

impairment, 

age, gender, 

education 

RF There were no 

significant group 

differences in 

overall Reflective 

Functioning score. 

Mean (SD) 

RF 

CD  4.0 (1.04) 

HC  3.56 (1.5) 
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claustrophobia

suicidality 

 

50% comorbid 

anxiety 

65% comorbid 

personality 

disorder 

 

MK, Metacognitive Knowledge; MR, Metacognitive Regulation 

FSIQ, Full Scale IQ; PIQ, Performance IQ; VIQ, Verbal IQ 

AS, Autism Spectrum; BPD, Bipolar Disorder; CD, Chronic Depression; GAD, General Anxiety Disorder; HC, Healthy Controls; MD, Mildly Depressed; MDD, Major Depressive Disorder; MoD, Moderately 

Depressed; PDD, Pervasive Developmental Disorder; SD, Severely Depressed; UMD, Unipolar Major Depression 

AP, Accuracy Prediction; BDI, Beck Depression Inventory; CIT, Character Intention Task; CJ, Confidence Judgment; DASS, Depression Anxiety and Stress Scale; ESS, Ego Strength Scale of the Minnesota 

Multiphasic Personality Inventory; HAM-D, Hamilton Depression rating scale; JOL, Judgment of Learning; MAS-A, Metacognitive Assessment Scale Abbreviated; MB, Metamemory Battery; MSLQ, Motivated 

Strategies for Learning Questionnaire; PONS, Profile of Neuropsychiatric Symptoms; QIDS, Quick Inventory of Depressive Symptomatology; RF, Reflective Functioning scale; RFQ, Reflective Functioning 

Questionnaire; RSF, Reflective Self Function scale; SRIS, Self Reflection and Insight Scale; SSTICS, Subjective Scale to Investigate Cognition in Schizophrenia 
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Meta-analysis of the thirteen articles found a medium pooled effect size estimate with 

high heterogeneity that trended toward significance (g = -0.52, p = 0.06, I2 = 94.25%; Fig. 

13).  The heterogeneity is not a surprise considering the extreme range in results.  Controlling  

 

 

Figure 13 Forest plot of metacognition in depression 
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for age and IQ were significant modifiers.  Accounting for age revealed a pooled effect 

estimate with a significantly stronger negative association between levels of depression and 

metacognitive capabilities (p = 0.04).  When IQ was not accounted for, the pooled effect 

estimate also resulted in a significantly stronger negative association between depression and 

metacognition (p = 0.002).  There were no significant moderators among the different 

measures used to assess metacognition.  In addition, due to the small number of studies, meta-

regressions looking for specific challenges all had unreliable outcomes (df < 4).  Despite 

finding significant moderators, heterogeneity was not meaningfully reduced (I2 > 90%), 

leaving unexplained variance.       

Results suggest that metacognitive regulation skills may be impaired in depression 

and levels of depression.  Due to lack of significance, unexplained heterogeneity, and the 

small size of the pooled effect estimate, overall metacognitive capabilities in high levels of 

depression are unclear.  Likewise, specific metacognitive challenges in depression, other than 

poorer regulation skills, are also not clear.  Despite this lack of clarity, the meta-analysis in 

autism found that when anxiety and depression are not controlled for in autistic metacognitive 

research the group differences are significantly larger.  Furthermore, regulation skills were 

consistently negatively associated with metacognition in depression, and regulation skills 

were inconsistently poorer in autism.  Thus, the effects of depression on autistic 

metacognition cannot be ruled out.  In addition, the significant findings when not accounting 

for IQ and age further reinforce the importance of controlling for variables that can affect the 

outcomes. 

3.5.1.5 Anxiety 

Thirteen articles reporting 27 statistics investigated relationships between levels of anxiety 

and metacognitive performance (n = 2736, mean age range about 10.00 to 43.99).  One article 

compared those with a diagnosis of anxiety to healthy controls (HC; Table 8).  Articles were 

clustered by age for meta-regressions into primary (n = 346 fifth grade students, generally 

aged 10-11), secondary (n = 1457, mean age range 12-16.81), and adult (n = 933, mean age 

range 20.02-43.99).  Metacognition was measured with questionnaires, confidence judgment 

tasks, think aloud protocols, observations, and the Metacognitive Word Knowledge Task.  

Eleven of the articles found metacognition to be impaired in those with high levels of anxiety.  

One article found mixed results and the remaining article found no significant difference in 

the metacognitive performance of those with and without high levels of anxiety.  Effect sizes 
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Table 8  Metacognition in Anxiety 

Studies Factor 
Sample   

N, Mean Age (SD), Gender, IQ 
Medication Conditions 

Controlled 

for 
Measures Results Statistics 

Balta, 2018 MK 375 8th graders, 165 boys 

 

IQ not stated 

not stated not stated age JrMAI 

WAS 

Students with HA 

reported 

significantly poorer 

metacognitive skills 

than students with 

MA and LA. 

Means (SD) 

LA 76.44 (7.98)  

MA 71.65 (8.82) 

HA 64.89 (10.94) 

2(2) = 35.02 

Delleman & 

Fernandes, 

2015   

MR  57 HA 20.02 (1.72) 33 men 

59 LA 20.24 (1.72) 29 men 

 

IQ not stated 

   

not stated not stated age, years of 

education 

CJ The HA group had 

significantly less 

accurate CJ at both 

time durations than 

the LA group.   

Mean (SD)   

750 ms   

HA .29 (.35)   

LA .46 (.34)   

4,000 ms   

HA .47 (.38)   

LA .57 (.44)   

Everson et 

al., 1992   

MR  117 university undergrads in 

psychology 

Mean age = 28, 41 men  

IQ not stated 

not stated not stated not stated TAI 

MWKT 

Anxiety 

significantly 

negatively 

correlated with 

metacognition.   

TAI/MWKT 

r = -.29   

Fasko & 

Skidmore, 

1998 

MK 80 undergraduate university 

students, 30 men 

IQ not stated 

not stated not stated not stated WES 

MSLQ 

Anxiety 

significantly 

negatively 

correlated with MK. 

WES/MSLQ 

r = -.23 

Fonagy et al., 

1996 

MR Mean age = 29, 15 men 

72 with depression 

44 with anxiety 

85 HC 

 

VIQ dep & anx 114.6 

VIQ HC 112.1 

not stated most non-HC 

had comorbid 

conditions:  37 

MDD, 20 

BPD, 20 

dysthymia, 2 

cyclothymia, 

14 GAD, 38 

personality 

disorder, 20 

age, gender, 

VIQ, social 

class 

RSF 

 

Those with anxiety 

had significantly 

poorer reflective 

skills than HC. No 

significant 

difference between 

anxiety and 

depression groups. 

Mean (SD) 

HC 5.2 (1.5) 

Dep 3.8 (1.7) 

Anx 3.5 (1.8) 
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phobia, 19 

OCD, 3 stress, 

14 eating 

disorder, 3 

antisocial, 21 

paranoid, 37 

substance 

abuse 

Gonzalez et 

al., 2017 

MR 520 high school physics 

students – 16.81 (.64), 235 

boys 

IQ not stated 

not stated not stated gender AEQ 

PMI 

Anxiety 

significantly 

negatively 

correlates with all 

components of MR. 

AEQ/PMI 

Plan r = -.30 

Monitor r = -.37 

Evaluate r = -.41 

Grant et al., 

2002 

MK 

MR 

121 undergraduate psychology 

students  

Mean age = 23.23, 22 men 

 

IQ not stated 

not stated not stated not stated SRIS – 2 

scales 

 
1 Reflection 

2 Insight 

MK correlated 

significantly with 

anxiety. Positive 

correlations with 

reflection may 

indicate rumination. 

Anxiety/ 

Reflection 

r = 0.32 

Insight 

r = -0.31 

Jain & 

Dowson, 

2009 

MK 232 eighth grade students – 

Mean age = 13.3, 139 boys 

IQ not stated 

not stated not stated age, gender MAs 

MSLQ 

Anxiety 

significantly 

negatively 

correlated with MK. 

MSA/MSLQ 

r = -.25 

Kesici et al., 

2011 

MK 320 university students – 21.28 

(1.53), 131 men 

IQ not stated 

not stated not stated not stated STARS 

MSLQ 

Anxiety was not 

significantly 

correlated with MK. 

STARS/MSLQ 

r = -.03 

Kucukaydin, 

2018 

MK 346 fifth grade students – 173 

boys 

IQ not stated 

not stated not stated age, gender STLAS 

MAS 

Anxiety was 

significantly 

responsible for the 

variance. 

STLAS/MAS 

64% of the variance 

R = 0.80 

Quiles et al., 

2015 

MK 

MR 

50 adults – 43.9 (1.9) 17 men 

 

IQ not stated 

psychotropic 

drug use less 

than once a 

week 

no mental or 

neurological 

disorders, drug 

or alcohol 

dependence 

not stated CJ 

SSTICS 

STAI 

Anxiety and CJ 

were not significant 

anxiety and MK did 

significantly 

correlate 

STAI/CJ 

State r = .24 

Trait r = .003 

STAI/SSTICS 

State r = .44 

Trait r = .59 
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Saricam & 

Ogurlu, 2015 

MK 300 6th and 7th graders –  

150 gifted 

150 non-gifted 

Mean age = 12.56, 147 boys 

IQ not stated 

not stated not stated not stated JrMAI 

MAs 

Self-reported MK 

significantly 

negatively 

correlated with self-

reported anxiety. 

JrMAI/MAs 

r = -.47  

Veenman et 

al., 2000 

MR  30 secondary school students 

aged 12-13 –  

20 HA  

10 LA 

 
Gender and IQ not stated 

not stated not stated not stated PMT-K 

RWES 

TAP  

Obs  

Obs and TAP 

significantly 

positively 

correlated.  

 

Both measures of 

anxiety negatively 

correlated with 

metacognition. 

PMT-K 

significantly 

correlated.  

  

HA group had 

significantly poorer 

MR skills than the 

LA group. 

 

Study 2 

HA group had 

significantly poorer 

Obs MR than LA. 

Obs/TAP  

r = 0.78   

PMT-K/TAP  

r = -.28  

PMT-K/Obs  

r = -.26  

RWES/TAP  

r = -.22  

RWES/Obs  

r = -.15  

Means (SD) 

Group/TAP  

LA 5.10 (2.78)  

HA 2.98 (2.05)  

Group/Obs  

 LA 13.83 (4.63) 

HA 10.77 (4.28) 

Obs/Group 

LA 14.98 (4.68) 

HA 12.14 (4.64) 

 

MK, Metacognitive Knowledge; MR, Metacognitive Regulation 

BPD, Bipolar Disorder; GAD, General Anxiety Disorder; HA, High Anxiety; HC, Healthy Controls; MA, Middle levels of Anxiety; MDD, Major Depressive Disorder; LA, Low Anxiety; OCD, Obsessive 

Compulsive Disorder; PD, Panic Disorder; PTSD, Post Traumatic Stress Disorder; SAD, Social Anxiety Disorder 

VIQ, Verbal IQ 

AEQ, Achievement Emotions Questionnaire; CJ, Confidence Judgment; JrMAI, Junior Metacognitive Awareness Inventory; MAS, Metacognitive Awareness Scale; MAs, Mathematics Anxiety scale; MINI, 

Mini International Neuropsychiatric Interview; MSLQ, Motivated Strategies for Learning Questionnaire, MWKT, Metacognitive Word Knowledge Task; Obs, Observation of metacognitive behaviors; PMI, 
Physics Metacognitive Inventory; PMT-K, Prestatie Motivatie Test for Children (has a trait anxiety subscale); PONS, Profile of Neuropsychiatric Symptoms; RSF, Reflective Self Function scale; RWES, Revised 

Worry-Emotionality Scale; SAASA, Social Anxiety and Avoidance Scale for Adolescents; SPAI-C, Social Phobia and Anxiety Inventory for Children; SPD, Self Presentation on Display task; SRIS, Self 

Reflection and Insight Scale; SSTICS, Subjective Scale to Investigate Cognition in Schizophrenia; STAI, State-Trait Anxiety Inventory; STARS, Statistical Anxiety Rating Scale; STLAS, Science and 
Technology Lesson Anxiety Scale; TAI, Test Anxiety Inventory; TAP, Think Aloud Protocol; WAS, Writing Anxiety Scales; WES, Worry-Emotionality Scale 
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varied showing both significantly poorer and significantly better performance associated with 

high levels of anxiety (rs -0.80 to 0.59). 

Factors of metacognition and some specific challenges were evaluated in anxiety.  

There were 10 statistics (rs -0.80 to 0.59) that measured the relationship between 

metacognitive knowledge and levels of anxiety.  Seven statistics found a significant negative 

association between high levels of anxiety and metacognitive knowledge.  Two statistics 

showed a significantly positive relationship; however, the metacognitive questionnaire 

utilized in these studies is reverse scored, so that a high score represents poor self-reported 

metacognitive skills.  Thus, these scores could also be interpreted as poor metacognitive 

knowledge relating to high levels of anxiety.  All four of the statistics measuring 

metacognitive regulation found a significant negative relationship between levels of anxiety 

and metacognitive capabilities (rs -0.31 to -0.15), but effect sizes were rather weak.  Two of 

the three statistics measuring reflection skills (rs -0.45 to 0.32) and 2 of the 4 statistics 

evaluating monitoring accuracy (rs -0.37 to 0.24) were significantly negatively associated 

with levels of anxiety.  Only one study evaluated planning skills, finding a weak effect size, 

but a significant negative association with levels of anxiety (r = -0.30).  No under or over 

confidence errors were noted.  

A meta-analysis of the thirteen studies revealed a small significant pooled effect size 

estimate with high heterogeneity (r = -0.29, p = 0.008, I2 = 95.89%; Fig. 14).  A sensitivity 

analysis confirmed the reliability of the effect size estimate.  Like the previous meta-analyses, 

heterogeneity was high and meta-regressions were run.  Age was significant, indicating that 

primary students had significantly poorer performance than older participants (p < 0.001) and 

secondary students tended to have poorer performance than adults (p = 0.06).  Medication 

was also significant suggesting that medicated participants (p < 0.001) had significantly 

better performance than unmedicated participants (p = 0.002).  Significance for co-occurring 

conditions suggests that when another condition is present along with the anxiety, 

participants have significantly poorer metacognitive performance (p < 0.001) than 

participants who do not have co-occurring conditions (p < 0.001).  And, like previous meta-

analysis, controlling for variables was also significant.  Not controlling for age resulted in 

weaker associations between levels of anxiety and metacognitive capabilities, while not 

controlling for IQ resulted in stronger associations. 
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Figure 14 Forest plot of metacognition in anxiety 
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There were no significant moderators found among the measures of metacognition. 

Performance on metacognitive knowledge had significantly stronger and more negative 

associations with levels of anxiety than metacognitive regulation performance (p = 0.04).  

Specific challenges could not be reliably analyzed (df < 4).  Once again, despite the 

significant moderators, heterogeneity remained high (I2 > 83%), thus there remains 

unexplained variance. 

Results of the meta-analysis do suggest impaired metacognitive skills in high levels 

of anxiety.  However, this is not the case when participants are medicated.  Likewise, the 

meta-regression indicates that when co-occurring conditions are controlled for, the pooled 

effect size estimate is significantly smaller, indicating better performance in participants 

without a co-occurring condition.  One study controlled for co-occurring conditions and also 

allowed participants to remain on medication.  Statistics from that study found no significant 

between group differences, and in fact found positive relationships between anxiety and 

metacognitive capabilities (Quiles et al., 2015).  No study in the meta-analysis of autism and 

metacognition (Table 4) allowed autistic participants to remain on psychotropic medication 

during the research.  But, like participants with high levels of anxiety, difficulty reflecting 

was found.   

Thus, as with the previously examined conditions, it is possible that anxiety could 

have influenced autistic metacognitive abilities in the autism and metacognition meta-

analysis above.  The fact that poorer performance was found when anxiety was not controlled 

for in the meta-analysis of autism and metacognition, reinforces this hypothesis.  Also 

supported in this meta-analysis of anxiety and metacognition is the importance of controlling 

for variables that could affect metacognitive performance, as significantly different 

performance was found when specific variables were not accounted for.  

3.5.1.6 Alexithymia 

Only three articles were found measuring the relationship between metacognition and 

alexithymic symptoms (n = 528, mean age range 15.72-44.63).  The three articles reported 

16 statistics (Table 9).  One article looked at both secondary students (n = 130, mean age = 

15.72) and adults.  The remaining two articles evaluated metacognition in only adults (total 

n of adults = 398, mean age range 23.10-44.63).  Metacognition was measured using 

questionnaires.  Thirteen of the statistics found impaired metacognition in high levels of 

alexithymia and 3 found no significant differences (rs -0.84 to -0.004).  Thirteen of the 
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Table 9  Metacognition in Alexithymia 

Studies Factor 
Sample   

N, Mean Age (SD), Gender, IQ 
Medication Conditions 

Controlled 

for 
Measures Results Statistics 

Badoud et 

al., 2015 

MR 130 adolescents 15.72 (1.74) 

64 boys 

253 adults 23.10 (2.56) 85 men 

 

IQ not stated 

not stated not stated not stated TAS-20 – 3 

scales 
 

1 Difficuly 
Idenitifying 

Feelings (IF) 

2 Difficulty 
Describing 

Feelings (DF) 

3 Externally 
Oriented Thinking 

(EOT) 

 
RFQ – 2 

scales 
 

1 Certainty (c) 

2 Uncertainty (u) 
 

All of the scales of 

the TAS-20 

significantly 

correlated with both 

factors of the RFQ 

in adults. Two of 

the TAS-20 scales 

significantly 

correlated with both 

RFQ factors in the 

adolescent group. 

EOT did not 

significantly 

correlate with either 

factor in 

adolescents. 

Adolescents 

IF/ RFQ-C 

r = -0.425 

DF/ RFQ_C 

r = -0.334 

EOT/RFQ_C 

r = -0.004 

IF/ RFQ-U 

r = 0.457 

DF/ RFQ_U 

r = 0.351 

EOT/RFQ_U 

r = 0.030 

Adults 

IF/ RFQ-C 

r = -0.455 

DF/ RFQ_C 

r = -0.292 

EOT/RFQ_C 

r = -0.245 

IF/ RFQ-U 

r = 0.566 

DF/ RFQ_U 

r = 0.386 

EOT/RFQ_U 

r = 0.141 

Bressi et al., 

2017 

MR 24 MDD 44.63 (5.88) 13 men 

 

IQ not stated 

medicated not stated not stated HAM-D 

TAS- 20 

RF 

RF was 

significantly 

negatively 

correlated with 

severity of Alx, but 

RF/TAS 20 

r = -.843 

RF/HAM-D 

r = -.275 
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was not 

significantly 

correlated with 

HAM-D. 

Grant et al., 

2002 

MK 

MR 

121 undergraduate psychology 

students  

Mean age = 23.23, 22 men 

 

IQ not stated 

not stated not stated not stated TAS-20 

SRIS – 2 

scales 
 

1 Self-reflection 

(SR) 
2 Insight (IN) 

IN significantly 

negatively 

correlated with Alx 

severity. SR 

negatively 

correlated, but it 

was not significant. 

SRIS-SR/TAS 

r = -0.09 

SRIS-IN/TAS 

r = -0.39 

 

MK, Metacognitive Knowledge; MR, Metacognitive Regulation 

Alx, Alexithymia; AS, Autism Spectrum; HC, Healthy Controls; MDD, Major Depressive Disorder 

HAM-D, Hamilton Depression rating scale; RF, Reflective Functioning scale; RFQ, Reflective Functioning Questionnaire; SRIS, Self Reflection and Insight Scale; TAS-20, Toronto Alexithymia Scale 
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fifteen statistics evaluating reflective skills found a significant negative relationship between 

levels of alexithymia and metacognitive abilities.  Only one statistic evaluated metacognitive 

knowledge, finding a moderately large effect size and a significant negative association with 

levels of alexithymia (r = -0.39).   

A meta-analysis of all 16 statistics found a nonsignificant moderate pooled effect size 

estimate with significant heterogeneity (r = -0.51, p = 0.19, I2 = 91.88%).  The degrees of 

freedom were less than 4, indicating an unreliable result.  Quite simply, there is not enough 

research to determine whether alexithymia relates to poor metacognition.  However, since 

every statistic evaluating reflecting found a negative association between levels of 

alexithymia and metacognitive abilities, and poor reflecting skills were found in autism, 

possible effects of alexithymia on autistic metacognition cannot be ruled out. 

3.5.2 Theory of Mind 

3.5.2.1 Autism 

 It is widely accepted and well-established in the literature that autistic individuals 

differ from typically developing (TD) individuals in theory of mind (ToM) abilities.  Theory 

of mind (ToM) has been extensively researched in autism.  While some studies have found 

no group differences in ToM performance between autistic and TD participants (e.g. Ozonoff 

et al. 1991; Salter et al. 2008), the bulk of the literature suggests that there are differences in 

ToM abilities in autism when compared to TD participants (e.g. Brewer et al. 2017; 

Hoogenhout & Malcolm-Smith, 2017; Kim et al. 2017; Yirmiya et al. 1998).  The most 

extensive review of ToM abilities in autism completed to date was conducted with 40 

statistics gathered from studies published between 1989 and 1996 (Table 10).  A meta-

analysis of these statistics obtained a large effect size indicating significantly poorer 

performance on ToM tasks (d = -0.88) in autistic individuals when compared to a TD group 

completing the same tasks (Yirmiya et al. 1998).   

3.5.2.2 Learning and Intellectual Disabilities 

ToM research is lacking in LD (Table 10).  The search of databases produced only 

one study that compared typically developing controls against students with strictly defined 

LD.  That study (Eyuboglu et al., 2018) found ToM, like other metacognitive skills, to be 

significantly impaired in LD (d = -1.14) with a large effect size.  Conversely, studies 

evaluating ToM in ID are plentiful as participants with ID are often used as controls in studies 

evaluating ToM in autism.  Yirmiya and colleagues (1998) meta-analysis looked extensively 

at ToM in ID (called mental retardation at the time; Table 10) and found ToM skills to be   
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Table 10 ToM in LD and ID 

Studies Factor 
Sample   

N, Mean Age (SD), Gender, IQ 
Medication Conditions 

Controlled 

for 
Measures Results Statistics 

Abbeduto et 

al., 2004 

ToM 35 ID 15.3, 15 boys 

35 TD 6.5, 15 boys 

 

IQ ID 56.11 

IQ TD 99.71 

not stated native English 

speakers, no 

sensory or 

motor 

impairments 

mental age FB TD group had 

significantly 

better ToM scores 

t(68) = 3.46 

Baurain & 

Nader-

Grosbios, 

2013 

ToM 45 ID 9.2 (1.8), 19 boys 

45 TD 4.5 (0.9), 22 boys 

 

No IQ, developmental age: 

ID 4.7 (0.9) 

TD 4.7 (1.1) 

not stated native French 

speakers, no 

CD, AS or 

sensory or 

motor 

impairments 

develop-

mental age 

Adapted 

measure of 

understand-

ing causes 

and con-

sequences 

When matched for 

develop-mental age, 

there is no 

difference between 

ID and TD, 

indicating possible 

delayed acquisition 

of ToM in ID 

t(88) = 0.00 

Dyck et al., 

2001** 

ToM Mean age all participants was 

12.09 (2.2) 

35 AD 31 boys  

IQ 1.77 (2.40) 

20 AS 17 boys  

IQ -3.51 (5.15) 

28 Asperger 24 boys  

IQ 0.51 (3.23) 

14 Anxiety 7 boys  

IQ 1.35 (3.90) 

34 MR 18 boys  

IQ -4.42 (2.30) 

36 TD 27 boys  

IQ 3.08 (3.03)  

24 AD 

medicated 

AD – 1 CD, 1 

Tourette’s 

TD – no 

psychological 

disorders or 

behavior 

issues 

IQ UOT 

SS 

When IQ was 

controlled for, there 

were no significant 

differences in ToM 

performance in the 

TD and ID groups, 

but ID group had 

significantly better 

performance than 

AS group. 

Means (SD) 

SS 

ID 6.26 (2.46) 

TD 10.38 (1.67) 

AS 3.85 (3.93) 

Asp 8.42 (2.93) 

 

UOT 

ID 2.70 (1.81) 

TD 7.94 (3.75) 

AS 2.20 (3.10) 

Asp 4.96 (3.72) 

Eyuboglu et 

al., 2018 

ToM 40 LD 9.3 (1.5) 25 boys 

43 TD 9.3 (1.3), 26 boys 

 

IQ LD 91.9 (11.5) 

IQ TD 92.6 (12.3) 

not stated no IQ < 80, 

psychiatric 

disease, 

chronic 

age, gender, 

education, 

FSIQ 

FB 

UOT 

LD group had 

significantly lower 

ToM scores than 

TD peers on every 

measure. 

Means (SD) 

1st Order FB 

LD 2.25 (0.84) 

TD 2.84 (0.43) 

2nd Order FB 
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medical 

disease 

LD 2.28 (0.68) 

TD 2.81 (0.39) 

Total FB 

LD 4.53 (1.22) 

TD 5.65 (0.69) 

UOT 

LD 10.7 (3.62) 

TD 14.65 (2.76) 

Fiasse & 

Nader-

Grosbois, 

2012 

ToM ID  45 9.6 (1.7), 23 boys 

TD 45 4.9 (0.8), 19 boys 

 

No IQ, developmental age: 

ID 4.9 (0.8) 

TD 4.9 (0.9) 

Not stated no AS or 

behavioral 

disorders 

matched for 

develop-

mental age 

Adapted 

measure of 

understand-

ing causes 

and con-

sequences 

When matched for 

develop-mental age, 

there is no 

difference between 

ID and TD, 

indicating possible 

delayed acquisition 

of ToM in ID. 

t(87) = 1.6 

Thirion-

Marissiaux 

& Nader-

Grosbois, 

2008a 

ToM ID 47 10.9 (2.9), 23 boys 

TD 44 4.1 (0.7), 21 boys 

 

No IQ, developmental age: 

ID 4.6 (0.9) 

TD 4.5 (0.9) 

not stated native French 

speakers, no 

AS, 13 downs, 

3 fragile X, 1 

Turner 

syndrome, 1 

Williams-

Beuren 

syndrome 

develop-

mental age 

ToM belief 

tasks 

Those with ID had 

significantly poorer 

performance than 

the TD group, but 

the subscales 

suggested 

performance might 

be delayed. This 

theory was 

evaluated in the 

subsequent research 

in the next row. 

U = 761.5 

Thirion-

Marissiaux 

& Nader-

Grosbois, 

2008b 

ToM ID 42 11.3 (2.9), 21 boys 

TD 45 4.1 (0.8), 22 boys 

 

No IQ, developmental age: 

ID 4.6 (1.1) 

TD 4.5 (1.2) 

not stated native French 

speakers, no 

AS, 3 fragile 

X, 14 downs, 1 

Turner 

syndrome 

develop-

mental age 

ToM 

emotions 

task 

No significant 

differences between 

ID and TD groups 

U = 935.5 

Yirmiya et 

al., 1998* 

ToM 817 AS 

534 MR 

not stated not stated level of 

functioning, 

1st order FB 

Smarties 

The ID and AS 

groups had 

significantly poorer 

ID/TD 

d = -0.45 
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757 TD 

 

IQ not stated 

etiology, 

measure, 

comparison 

group, 

matching, age, 

MA, VMA, 

PMA 

Deception 

2nd order FB 

Other 

Ignorance 

Picture Story 

Desire 

ToM performance 

than TDs. The ID 

group had 

significantly better 

performance than 

the AS group. 

ID/AS 

d = 0.84 

AS/TD 

d = -0.88 

 

 

MK, Metacognitive Knowledge; MR, Metacognitive Regulation; ToM, Theory of Mind;  

AS, Autism Spectrum; CD, Conduct Disorder; ID, Intellectual Disability; LD, Learning Disability; TD, Typically Developing 

FSIQ, Full Scale IQ; MA, Mental Age; PMA, Performance Mental Age; VMA, Verbal Mental Age  

CSGS, Coding and Scoring Grid for Self-Regulation; FB, False Beliefs task; ICSGM, Interview and Coding and Scoring Grid for Metacognition; SPLD, Self-perception Profile for Learning Disabled students; 

UOT, Unexpected Outcomes Test 

*Meta-analysis 
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significantly poorer in ID than in typical controls, but significantly better in ID than in autism 

(pooled effect sizes of -0.45 and 0.84 respectively).  Studies conducted since 1998 continue 

to confirm Yirmiya’s results and, in fact, indicate that ToM abilities may be developmentally 

delayed in ID as no significant group differences are found when ID and TD groups are 

matched for developmental age (Baurain & Nader-Grosbios, 2013; Fiasse & Nader-Grosbois, 

2012; Thirion-Marissiaux & Nader-Grosbois, 2008a; Thirion-Marissiaux & Nader-Grosbois, 

2008b) or when IQ is controlled for (Dyck et al., 2001).  Furthermore, in the study by Dyck 

et al. (2001) the ID group performed significantly better on ToM measures than the AS group.  

Thus, ToM impairments are more strongly linked to autism than ID.  Research is needed to 

test the effects of LD on ToM in autism. 

3.5.2.3 Attention Deficit 

A meta-analysis of ToM already exists for ToM in AD.  However, that review includes 

studies that would not meet the inclusion and/or would meet the exclusion criteria for this 

study.  Thus, a meta-analysis was run with twenty-two studies that reported 30 statistics 

(Table 11).  Results evaluated ToM abilities in those with AD (n = 675, mean age range 8.57-

36.30) compared to a TD group (n = 835, mean age range 8.0-38.3).  Traditional measures 

of ToM, like the animations and false belief tasks, were used to evaluate skills (see Table 11 

for a full list).  A moderate and significant pooled effect size estimate with high heterogeneity 

and reliable sensitivity results was found (g = -0.74, p <0.001, I2 = 85.32%; Fig. 15).  Co-

occurring conditions was a significant moderator (p < 0.001) indicating that when co-

occurring conditions existed, ToM performance was significantly poorer in AD.  Controlling 

for gender and IQ were also significant (ps < 0.002) continuing to reinforce the need to 

control for possible moderators of results in metacognitive research, as performance was 

significantly poorer when IQ and gender were not accounted for.  While significant 

moderators were found, there remained unexplained variance. 

Looking at the articles, 12 studies found reduced ToM skills (gs -0.26 to -5.10), 9 

studies found no significant group differences (gs -0.23 to 0.19), and 1 study found mixed 

results (gs -0.28 to 0.50).  Critically, 9 studies also evaluated ToM performance in autism.  

One study did not report statistics, but graphs of mean performance in AD and AS reveal 

poorer performance in autistic participants.  A meta-analysis of the 14 statistics reported in 

the remaining 8 studies finds a significant pooled effect estimate (g = 0.92, p = 0.002, I2 = 

83.70%; Fig. 16) indicating better ToM performance in AD when compared to an autistic 
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Table 11 ToM in AD 

Studies Factor 
Sample   

N, Mean Age (SD), Gender, IQ 
Medication Conditions 

Controlled 

for 
Measures Results Statistics 

Berenguer 

et al., 2018 

ToM 35 AD 9.14 (1.4) 32 boys  

30 AS 8.39 (1.3) 27 boys  

22 AD+AS 8.86 (1.3)  

21 boys 

37 TD 8.54 (1.2) 23 boys 

IQ AD 99.03 (9.8) 

IQ AS 100.37 (12.4) 

IQ AD+AS 102.86 (13.0) 

IQ TD 102.11 (8.9) 

Medicated: 

AD–71.4% 

AD+AS– 

40.9% 

AS–26.6% 

TD–0% 

no 

neurological or 

genetic 

disease; IQ < 

80; visual, 

auditory, or 

motor 

impairments; 

brain lesions 

age, IQ ToMI The AD group had 

significantly 

stronger ToMI 

scores than both 

autism groups, but 

significantly poorer 

than the TD group. 

AD+AS had 

significantly poorer 

ToMI than all other 

groups. 

ToMI total score 

Means (SD) 

AS  

12.04 (2.86) 

AD  

15.87 (2.13) 

AD+AS 

10.78 (2.82) 

TD 

18.38 (1.42) 

Bolat et al., 

2017 

ToM 69 AD 10.17 (1.99) 48 boys 

69 no-AD 10.28 (2.10)  

48 boys 

IQ not stated 

24 hours free 24 ODD, 9 

CD, 5 GAD, 1 

OCD, 2 

Enuresis, 1 

Encopresis 

 

no IQ < 80, 

LD, AS, 

psychosis, 

sensorimotor 

handicaps 

age, gender, 

school grade, 

social 

demographic 

info (parental 

income, 

education, etc) 

FB 

UOT 

AD group had 

significantly poorer 

performance than 

the no-AD group. 

Means (SD) 

UOT 

AD  

11.56 (4.06) 

No AD 

14.84 (2.70) 

False Belief 

AD 

4.84 (1.46) 

No AD 

5.71 (.60) 

Bora & 

Pantelis, 

2016* 

ToM 1998 AD (M range 8-36.3, 

78.8% male),  

1725 TD (M range not stated, 

64.9% male) 

IQ not stated 

unable to 

control for 

those studies 

with 

medication 

many co-

morbid 

conditions 

across studies 

age, gender, 

IQ, CD 

FP, FB, 

MASC, HC, 

SS, Sarcasm, 

NEPSY 

The AD group had 

significantly poorer 

ToM than TD, but 

significantly better 

than the AS group. 

AD/TD 

d = .45+ 

 

AD/AS 

d = .77+ 

Buitelaar et 

al., 1999** 

ToM 20 AS, 20 PDD-NOS, 9 AD 

(part of non-autistic 

psychiatric disorders group of 

20: 12.3 (3.2) 12 boys 

20 TD 10.5 (1.9) 7 boys 

no 

medication 

IQ > 65, no 

neurological or 

metabolic 

disease, 

FSIQ, VIQ, 

PIQ 

FB The AD group had 

significantly poorer 

ToM performance 

than the TD group, 

but better 

ToM/Group 

t(27) = 2.87 
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IQ AS 102.1 (19.0) 

IQ PDD-NOS 98.7 (18.3) 

IQ AD 99.8 (12.9) 

IQ TD not measured 

sensory 

impairments 

performance than 

AS group. 

Caillies et 

al., 2014** 

ToM Mean age all participants=9 

15 AD 10 boys 

15 TD 10 boys 

IQ not stated 

24 hours free TD – no 

psychiatric 

disorders 

age, gender, 

school grade, 

non-verbal 

skills 

FB Those with AD had 

significantly poorer 

performance on 

ToM tasks. 

Group 


p = .53 

Charman et 

al., 2001** 

ToM 22 AD 8.57 (1.0) 

22 TD 9.0 (0.67) 

all participants male 

IQ AD 101.1 (15.9) 

IQ TD 114.2 (16.0) 

24 hours free no CD age, FSIQ SS – 2 

conditions 

 
1 Mental (M) 

2 Physical (P) 

There were no 

group differences in 

ToM abilities for 

either conditions. 

There were ceiling 

effects. 

SS Means (SD) 

AD 

M 8.0 (1.6) 

P 2.8 (1.2) 

TD 

M 8.3 (1.5) 

P 2.8 (1.3) 

Demurie et 

al., 2011** 

ToM 13 AD 13.69 (1.43) 12 boys  

13 AS 14.35 (1.24) 12 boys 

18 TD 13.86 (1.73) 14 boys 

IQ AD 102.92 (11.59)  

IQ AS 101.54 (11.56) 

IQ TD not measured  

not stated no IQ below 

normal range 

age, gender EA There were no 

significant 

differences between 

the AD and TD 

group or between 

the AD and autistic 

group. 

EA Means (SD) 

AD 

21.13 (3.38) 

AS 

17.75 (5.40) 

TD 

22.90 (5.16) 

Dyck et al., 

2001** 

ToM Mean age all participants = 

12.09 (2.2) 

35 AD 31 boys  

IQ 1.77 (2.40) 

20 AS 17 boys  

IQ -3.51 (5.15) 

28 Asperger 24 boys  

IQ 0.51 (3.23) 

14 Anxiety 7 boys  

IQ 1.35 (3.90) 

34 MR 18 boys  

IQ -4.42 (2.30) 

24 AD 

medicated 

AD – 1 CD, 1 

Tourette’s 

TD – no 

psychological 

disorders or 

behavior 

issues 

IQ UOT 

SS 

When IQ was 

controlled for, there 

were no significant 

differences in ToM 

performance in the 

TD and AD groups, 

but the AD group 

had significantly 

better performance 

than AS group. 

Means (SD) 

SS 

AD 10.25 (1.19) 

TD 10.38 (1.67) 

AS 3.85 (3.93) 

Asp 8.42 (2.93) 

 

UOT 

AD 6.45 (3.25) 

TD 7.94 (3.75) 

AS 2.20 (3.10) 

Asp 4.96 (3.72) 
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36 TD 27 boys  

IQ 3.08 (3.03)  

Feigenbaum, 

2017 

ToM 12 AD 9.48 (1.67) 7 boys 

16 TD 8.78 (1.57) 5 boys 

IQ not stated 

24 hours free not stated age, gender SS 

 

There were no 

group differences in 

ToM performance. 

r = -0.03 

Forner et 

al., 2017 

 ToM 35 AD 9.14 (1.41) 32 boys 

37 TD 8.54 (1.26) 25 boys 

IQ not stated 

71.4% on 

stimulants 

IQ > 80 

TD – no 

psychopath-

ologies 

age, IQ ToMI Parents rated AD 

significantly poorer 

in ToM skills than 

the TD group. 

ToMI/Group 


p = .34 

Gonzalez-

Gadea et al., 

2013** 

 ToM 22 AD 35.2 (12.7) 14 men 

23 AS 33.0 (9.8) 15 men 

21 TD 38.2 (14.4) 11 men 

IQ not stated 

AD – 14 

medicated 

AS/TD – no 

medication 

no psychiatric 

or neurological 

disorders, 

alcohol/drug 

abuse,  

age, gender, 

education, 

score on Word 

Accentuation 

Test 

FP No significant 

differences between 

AD and TD, but 

AD significantly 

better ToM 

performance than 

AS. 

FP Means (SD) 

AD 

18.71 (2.39) 

AS 

16.17 (2.77) 

TD 

19.12 (1.17) 

Greenbaum 

et al., 

2009** 

 ToM 30 AD 9.3, 24 boys 

34 TD 8.9, 18 boys 

IQ AD 104.27 

IQ TD 114.26 

24 hours free 1 anxiety, 1 

depression, 7 

LD, 1 ODD, 1 

speech 

age, PIQ, co-

occurring 

conditions 

Social 

Cognition 

Test Battery:  

FB  

ToM 

Those with AD had 

significantly poorer 

ToM performance 

than the TD group. 

Means (SD) 

FB 

AD  -.87 (.35) 

TD   .68 (.38) 

ToM 

AD  -2.09 (.38) 

TD  -1.69 (.49) 

Hutchins et 

al., 2016 

 ToM 29 AD 9.02 (2.52) 

67 AS 9.77 (2.32) 

49 TD 8.82 (2.09) 

all participants male 

IQ not stated 

not stated no ID, AS, 

language 

disorder, 

visual or 

hearing 

impairment 

not stated ToMTB 

ToMI 

The AD group had 

significantly poorer 

performance than 

TD group on ToMI, 

but no significant 

differences on the 

ToMTB. No 

significant 

differences for AD 

and AS on TOMI. 

Means (SD) 

ToMTB 

AD 11.94 (2.22) 

AS  9.46 (3.75) 

TD  12.67 (2.00) 

ToMI 

AD 12.43 (4.06) 

AS 11.51 (3.65) 

TD  17.61 (1.85) 
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Ibanez et 

al., 2014** 

ToM 16 AD 34.6 (11.1) 14 men 

41 TD 38.3 (11.4) 26 men 

IQ not stated 

medication 

free day of 

study 

no hearing, 

visual, or 

neurological 

deficits 

age, gender, 

fluid 

intelligence 

FP There were no 

significant between 

group differences in 

ToM performance. 

FP Means (SD) 

AD 50.31   (6.4) 

TD 50.40 (11.0) 

Kuijper et 

al., 2015** 

ToM 37 AD 8.9 (1.7) 31 boys 

46 AS 9.3 (1.1) 40 boys 

38 TD 9.0 (1.9) 25 boys 

IQ AD 93.44 (12.67) 

IQ AS 95.45 (18.73) 

IQ TD 109.02 (13.64) 

medication 

free for study 

TD – no 

neurological or 

psychological 

disorders 

age FB No significant 

between group 

differences on first 

order FB tasks. AD 

and AS groups had 

similar performance 

on 2nd order FB 

tasks which were 

significantly poorer 

than the TD group. 

FB Means (SD) 

1st Order 

AD   .87 (.14) 

AS    .87 (.21) 

TD   .94 (.11) 

2nd Order 

AD   .56 (.34) 

AS    .55 (.40) 

TD   .78 (.29) 

Maoz et al., 

2017 

ToM 24 AD 10.28 (1.64) 16 boys 

36 TD 9.37 (1.35) 19 boys 

IQ not stated 

free of 

medication 

that could 

affect study 

no IQ < 80, 

depression, bi-

polar, CD, 

psychiatric or 

neurological 

disorder 

age, gender, 

social 

demographics 

FP AD group had 

significantly poorer 

performance than 

TD group, even 

when controlling 

for age. 

FP Means (SD) 

AD 3.83 (1.01) 

TD 4.47 (0.61) 

Age controlled 

F(1, 58) = 9.39 

Mary et al., 

2016** 

ToM 31 AD 10.34 (.87) 17 boys  

31 TD 10.05 (.68) 14 boys 

IQ AD 102 (8.91) 

IQ TD 113 (7.73) 

24 hours free no IQ < 85, 

ODD, CD, AS, 

epilepsy, 

neurological 

disorder, 

Tourette’s, 

fetal alcohol 

syndrome, 

psychosis   

age FP 

FB 

AD group had 

significantly poorer 

FP performance. 

No group 

differences in FB. 

Means (SD) 

Faux Pas 

AD 67.42 (26.95) 

TD 80.96 (20.06) 

False Belief 

AD 81.61 (13.69) 

TD 90.97 (9.78) 

Miranda et 

al., 2017 

ToM 35 AD 9.14 (1.41) 33 boys 

52 AS 8.59 (1.38) 48 boys 

39 TD 8.46 (1.27)  

IQ AD 99.03 (9.87) 

IQ AS 101.42 (12.65) 

IQ TD 102.21 (8.70) 

71.4% 

medicated 

no IQ < 80, 

neurological 

disease, brain 

lesions, 

psychosis, 

age, IQ, 

semantic 

language 

NEPSY-II – 

ToM 

subscale 

ToMI 

AD group had 

significantly poorer 

performance than 

the TD group on all 

ToM measures, but 

significantly better 

performance than 

Means (SD) 

NEPSY ToM 

scales 

AD 19.57 (3.27) 

AS 17.96 (4.15) 

TD 22.25 (2.42) 
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sensory 

deficits 

the AS group on the 

ToMI. 
ToMI 

AD 15.87 (2.13) 

AS 11.50 (2.88) 

TD 18.20 (1.58) 

Ozbaran et 

al., 2018 

ToM 100 AD 14.03 (1.75) 59 boys  

100 TD 14.03 (1.75) 59 boys   

 IQ not stated 

6 months 

free 

no LD, 

neurological or 

psychiatric 

disorder 

age, gender, 

social 

demographics 

UOT The AD group had 

significantly poorer 

ToM performance 

than the TD group. 

UOT/Group 

 = -.851 

Parke, 2017 ToM 25 AD 10.57 (2.09) 19 boys 

25 TD 10.07 (1.90) 15 boys 

IQ AD 98.08 (15.15) 

IQ TD 107.44 (10.65) 

24 hours free no AS, brain 

injury, 

neurological 

condition 

age, gender, 

FSIQ 

SS The AD group had 

significantly poorer 

ToM performance 

than the TD group. 

Means (SD) 

AD 38.00 (6.30) 

TD 43.48 (3.02) 

Pitzianti et 

al., 2017 

ToM 23 AD 10.39 (2.35) 14 boys 

20 TD 9.10 (1.92) 11 boys 

IQ AD 104.61 (13.31) 

IQ TD 106.00 (12.19) 

no medication 

affecting the 

central 

nervous 
system 

no IQ < 85, 

psychiatric 

disorders 

age, IQ NEPSY-II – 

ToM 

subscale 

There were no 

significant group 

differences in ToM 

abilities. 

NEPSY/Group 

d = .13 

Sodian & 

Hulsken, 

2014** 

ToM 32 AD 8.9, 25 boys 

101 TD 8.0, 45 boys   

IQ not stated 

78% 

medicated 

not stated age, gender FB 

SS 

No significant 

between group 

differences in ToM 

performance. 

FB/Group 

F(1, 130) = .14 

SS/Group 

F(1, 130) = 2.53 

Yang et al., 

2009** 

ToM 26 AD 8.2 (2.9) 22 boys 

20 AS 8.1 (3.5) 18 boys 

30 TD 8.0 (3.1) 27 boys 

IQ AD 109.96 (14.93) 

IQ AS 96.68 (24.63) 

IQ TD 118.23 (12.06) 

not stated no visual, 

auditory or 

motor 

disabilities 

age, NVIQ ToMTB AD group had 

significantly better 

performance than 

AS. No significant 

differences between 

AD and TD groups. 

ToMTB 

AD/AS 

d = 1.731 

AD/TD 

d = -0.421 

 

MK, Metacognitive Knowledge; MR, Metacognitive Regulation; ToM, Theory of Mind;  

AD, Attention Deficit; AS, Autism Spectrum; BPD, Bipolar Disorder; CD, Conduct Disorder; GAD, General Anxiety Disorder; ID, Intellectual Disability; LD, Learning Disability; LI, Language Impairment; 

OCD, Obsessive Compulsive Disorder; ODD, Oppositional Defiant Disorder; PDD-NOS, Pervasive Developmental Disorder-Not Otherwise Specified; TD, Typically Developing 

FSIQ, Full Scale IQ; VIQ, Verbal IQ; PIQ, Performance IQ; NVIQ, Non-verbal IQ;  

EA, Empathic Accuracy task; FB, False Beliefs task; FP, Faux Pas Task; HC, Happe Cartoons; IToM, Interpretive Theory of Mind; MASC, Movie for the Assessment of Social Cognition; NEPSY, 

NEuroPSYchological assessment; SS, Strange Stories; ToMI, Theory of Mind Inventory – a parent report; ToMTB, Theory of Mind Task Battery; UOT, Unexpected Outcomes Test 

*Meta-analysis, **studies used by Bora and Pantelis, +statistics not included in data spreadsheet for meta-analysis
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Figure 15 Forest Plot of ToM Performance in AD 
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sample.  Sensitivity analysis found the results to be reliable, and only IQ was a significant 

moderator.   

Bora and Pantelis’ (2016) meta-analysis of ToM performance in AD evaluated 17 

articles comparing AD participants to autistic participants.  They also found a moderate 

pooled effect size estimate (d = 0.77) indicating AD ToM skills are significantly stronger 

than autistic ToM skills.  Furthermore, Berenguer and colleagues (2018) completed a study 

with an additional group diagnosed with both autism and AD.  This group had significantly 

poorer performance than both the autistic and the AD groups.  Thus, ToM impairments are 

linked more strongly to autism than AD, but a co-occurring condition of both autism and AD 

shows poorer ToM performance than autism alone. 

 

 

Figure 16 Forest Plot of ToM Performance in AD when compared to AS
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3.5.2.4 Depression 

Table 12 ToM in Depression 

Studies Factor 
Sample   

N, Mean Age (SD), Gender, IQ 
Medication Conditions 

Controlled 

for 
Measures Results Statistics 

Bertoux et al., 

2012** 

ToM 19 MDD 63.3 (8.4) 11 men 

30 HC 66.2 (9.9) 13 men 

 

IQ not stated 

medicated no substance 

abuse, 

neurological 

disorders, 

psychotic 

symptoms, or 

illness that 

affects 

cognitive 

functioning 

age, education 

level 

FP No significant 

difference in ToM 

performance 

between MDD and 

HC groups. 

Mean (SD) 

FP 

MDD 13.3 (1.4) 

HC 13.2 (1.5) 

Bora & Berk, 

2016* 

ToM 613 MDD (63.8% female) 

529 HC (58.8% female). Mean 

ages ranged from 19.0-69.4  

 

IQ not stated 

not stated not stated age, gender Intentions, 

FP, FB, 

Eyes, 

TASIT, 

Anim, FBC, 

MASC, MIT, 

MHS 

Pooled effect size 

from 18 studies – 

ToM significantly 

impaired in MDD, 

and the severity of 

the impairment 

increased with the 

severity of MDD. 

ToM/MDD 

d = 0.51+ 

 

Severity 

Z = 2.40+ 

Corcoran et 

al., 2007** 

ToM 27 MDD 48.37 (10.97) 9 men 

33 HC 39.03 (13.96) 14 men 

 

IQ MDD 108.22 (12.99) 

IQ HC 108.64 (14.48) 

medicated not stated medication FB task – 2 

conditions  

 
1 Stories (S) 
2 Picture 

Sequencing (PS) 

No significant 

differences between 

HC and MDD 

groups on either 

condition. 

Mean (SD) 

Stories 

Dep 90.7 (11.1) 

HC 90.2 (11.1) 

PS 

Dep 5.0 (1.2) 

HC 5.3 (1.2) 

Cusi et al., 

2013** 

ToM 20 MD 47.0 (9.4) 6 men 

20 HC 47.6 (10.8) 6 men 

 

IQ not stated 

12 hours free no substance 

abuse, 

electroconvuls

ive therapy, 

neurological 

age, education HamD-17 

FB 

MD group had 

significantly poorer 

performance than 

HC. ToM also 

significantly 

Mean (SD) 

FB 

Dep 23.8 (3.8) 

HC 26.6 (2.9) 

FB/HamD-17 
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illness, 

traumatic brain 

injury 

negatively 

correlated with 

depression severity. 

r = -.31 

Doody et al., 

1998 

ToM 10 MDD AND 2 BPD 42.3 

(15.0) 1 man 

20 HC 20.4 (0.9) 9 men 

 

IQ MDD/BPD 107.8 (11.3) 

IQ HC 108.6 (9.3) 

medicated no PDD IQ ToM tasks: 

Sally-Anne 

Task, Ice 

Cream Van 

Test 

No group 

differences between 

the depressed group 

and HC 

(likelihood ratio 

method was used). 

Sally Anne 

100% accuracy in 

both groups 

Ice Cream Van 

2i = 3.3 

Hollocks et al., 

2014 

ToM 90 AS 15.5 (.47), 82 boys 

 

IQ AS 84.5 (17.2) 

not stated comorbid 

anxiety and 

depression 

AS, anxiety, 

depression 

PONS 

Anim  

SS 

FB 

There were no 

significant 

correlations 

between depression 

and any ToM tasks. 

Depression 

Anim r = -0.05 

SS r = -0.01 

FBT r = -0.10 

Ladegaard et 

al., 2014** 

ToM 44 MDD 32.5 (12.0) 11 men 

44 HC 32.9 (12.0) 11 men 

 

IQ MDD 28.30 (7.66) 

IQ HC 33.33 (7.04) 

no medication 75% GAD age, gender, 

education 

MAS-A 

TASIT 

Anim – 2 

scales 

 
1 Intentionality (I) 

2 Appropriateness 

(A) 

The MDD group 

had significantly 

poorer performance 

in all ToM 

measures than HC. 

MAS-A 

d = -1.05 

Anim-I 

d = -1.05 

Anim-A 

 = -0.95 

TASIT 

 = -0.70 

Ladegaard et 

al., 2016 

ToM 29 MDD 32.7 (12.0) 6 men 

29 HC 32.9 (12.0) 6 men 

 

IQ MDD 30.7 (7.5) 

IQ HC 33.3 (7.4) 

no medication 75% with 

comorbid 

conditions 

age, gender, 

education 

MAS-A 

TASIT 

Anim – 2 

scales 

 
1 Intentionality (I) 
2 Appropriateness 

(A) 

MDD group 

performed 

significantly poorer 

than HC in all areas 

of ToM except 

Anim-A where 

there was no 

significant 

difference. 

Means (SD) 

TASIT 

MDD 18.4 (2.1) 

HC 19.6 (0.9) 

MAS-A 

MDD 4.2 (0.9) 

HC 5.1 (0.8) 

Anim-I 

MDD 11.7 (2.0) 

HC 13.6 (2.1) 

Anim-A 

MDD 17.3 (4.7) 

HC 18.9 (3.4) 
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Mattern et al., 

2015** 

ToM 26 CD 40.8 (10.7) 11 men 

26 HC 40.1 (12.4) 11 men  

 

IQ not stated 

 

no 

psychotropic 

medication 

no suicide risk, 

BPD, 

psychosis, 

dementia, 

substance 

abuse, 

cognitive 

impairment, 

personality 

disorder, 

serious 

medical 

condition 

age, gender, 

education 

FB – 2 

conditions 

 
1 Affective 

2 Visuospatial 

The CD group had 

significantly poorer 

performance on 

ToM tasks – both 

in visuospatial 

judgment and 

affective 

judgment.   

FB/Group & 

Means (SD)  

Affective  

t(50) = 1.90  

3781 (630)  

3126 (527)  

Visuospatial  

t(50) = 2.31  

3494 (562)  

3086 (506)  

Sarfati et al., 

1999** 

ToM 13 MDD 40.6 (9.3) 4 men 

13 Patients (Pat) 33.0 (9.7) 11 

men 

 

IQ MDD 28.1 (3.7) 

IQ Pat 25.9 (4.3) 

not stated no psychiatric 

illness 

age, gender, 

IQ 

CIT – 2 

conditions 

 
1 Verbal 

2 Nonverbal 

There was no 

significant 

difference between 

groups in either 

condition. 

Mean (SD) 

Verbal 

MDD 24.7 (4.3)  

Pat 25.9 (1.4) 

Nonverbal 

MDD 23.1 (4.9)  

Pat 24.4 (2.3) 

Thoma et al., 

2015** 

ToM 28 MDD 43.36 (11.71) 16 men 

IQ 109.7 (6.4) 

28 HC 44.32 (12.01) 16 men 

IQ 111.2 (5.8)  

24 medicated no psychiatric 

or neurological 

disorders 

age, gender, 

education 

MIT 

SPRT 

SPSF 

The MDD group 

had significantly 

poorer performance 

on all ToM 

measures. 

MIT/Group 

F(1,54) = 7.102 

SPRT/Group 

F(1,54) = 5.003 

SPSF/Group 

F(1,54) = 2.900 

Uekermann et 

al., 2008** 

ToM 27 MDD (14 men) 

27 HC (14 men) 

 

IQ MDD 108.62 (2.47) 

IQ HC 113.39 (1.93) 

medicated no anoxia, 

neurological 

disease, head 

trauma, LD, 

stroke, 

psychosis, 

substance 

abuse 

age, gender, 

IQ 

Humour 

task: 

Mentalising 

questions for 

each joke 

The MDD group 

had significantly 

poorer performance 

on mentalising 

questions than HC. 

No significant 

group difference on 

non-mentalising 

questions. 

Mentalizing 

MDD 69.0 (2.56) 

HC 79.08 (1.90) 

Non-mentalising 

MDD 97.38 (.86) 

HC 96.99 (1.83) 
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Wang et al., 

2008** 

ToM 33 MDD 28.0 (5.12) 14 men 

53 HC 25.72 (3.56) 23 men 

 

IQ MDD 105.81 (6.74) 

IQ HC 106.37 (6.67) 

no medication no psychosis, 

BPD, 

substance 

abuse, 

neurological 

condition 

age, gender, 

IQ, education 

level 

BDI-II 

FP 

MDD group had 

significantly poorer 

performance than 

HC. 

MDD negatively 

correlated with FP. 

FP/Group 

 = 71.423 

 

BDI/FP 

r = -0.131 

Washburn et 

al., 2016 

ToM 40 MDD 19.73 (3.43) 12 men 

24 comorbid SAD/MDD (Co) 

19.71 (2.81) 20 men 

43 HC 18.74 (1.71) 31 men 

 

IQ not stated 

not stated no psychotic 

disorders, 

manic 

episodes, drug 

or alcohol 

dependence, 

developmental 

disability 

age, gender, 

ethnicity, 

education 

MASC – 2 

scales 

 
1 Accuracy (Acc) 

2 Over 

Mentalising (OM) 

There were no 

group differences 

between MDD and 

HC groups. The Co 

group had 

significantly poorer 

performance and 

OM answers than 

both other groups. 

Means (SD) 

MASC Acc 

MDD 77.94 

(8.29) 

Co 74.17 (8.74) 

HC 77.00 (7.61) 

MASC OM 

MDD 11.94 

(6.89) 

Co 15.00 (4.83) 

HC 13.49 (5.73) 

Wilbertz et al., 

2010** 

ToM 16 CD 44.38 (11.36) 8 men 

16 HC 43.06 (11.07) 8 men 

 

IQ not stated 

at least 37.5% 

medicated 

no comorbid 

axis I 

diagnosis, no 

personality or 

neurological 

disorder, 

substance 

abuse 

age, gender, 

education 

MASC No group 

differences on the 

MASC or in types 

of error (no ToM 

and excessive 

ToM). 

MASC/Group 

d = .03 

Errors/Group 

2 = .01 

Wolkenstein et 

al., 2011** 

ToM 24 UMD 37.17 (10.35) 11 men 

20 HC 35.70 (11.15) 8 men 

 

IQ UMD 116.92 (13.63) 

IQ HC 119.00 (16.90) 

not stated no anorexia, 

BPD, 

substance 

abuse, 

schizophrenifo

rm disorder, 

IQ < 80 

age, gender, 

education 

QIDS 

MASC – 3 

scales 

 
1 Errors showing 

No ToM (E-NT) 

2 Emotion State 
questions 

(ES) 

UMD group had 

significantly poorer 

ToM. UMD 

showed 

significantly more 

E-NT and poorer 

performance with 

ES. UMD and E-

NT significantly 

correlated. 

MASC/Group 

2 = 0.15 

ENT-/Group 

2 = 0.10 

ES/Group 

2 = 0.18 

QIDS/E-NT 

r = 0.54 
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3 Cognitive 

questions (C) 

Zobel et al., 

2010** 

ToM 30 CD 46.7 (11.9) 13 men  

30 HC 46.2 (12.1) 14 men 

 

IQ CD 113 (16.9) 

IQ HC 118 (16.2) 

medicated CD: 17% 

GAD, 10% 

personality 

disorder 

age, gender, 

education 

FBC 

WE.EL 

CD group had 

significantly poorer 

performance than 

HC group. 

FBC/Group 

Z = 4.96 

WE.EL/Group 

Z = 3.30 

Zwick & 

Wolkenstein, 

2017 

ToM 42 MDD 43.74 (11.91) 13 men 

IQ 119.17 (13.96) 

43 remitted MDD 36.91 

(13.35) 12 men IQ 118.37 

(12.47) 

38 HC 42.53 (13.26) 15 men 

IQ 125.32 (14.67) 

36% of MDD 

medicated 

no BPD, 

substance 

abuse, 

anorexia, 

psychosis, 

personality 

disorder 

age, gender, 

education 

MASC Significant between 

group differences 

on the MASC, 

indicating MDD 

had significantly 

poorer performance 

than the other 

groups. 

MASC/Group 

p
2 = 0.072 

 

MDD/HC 

r = 0.30 

ToM, Theory of Mind 

FSIQ, Full Scale IQ; PIQ, Performance IQ; VIQ, Verbal IQ 

AS, Autism Spectrum; BPD, Bipolar Disorder; CD, Chronic Depression; GAD, General Anxiety Disorder; HC, Healthy Controls; MD, Mildly Depressed; MDD, Major Depressive Disorder; MoD, Moderately 

Depressed; PDD, Pervasive Developmental Disorder; SD, Severely Depressed; UMD, Unipolar Major Depression 

Anim, Animations; BDI, Beck Depression Inventory; CIT, Character Intention Task; DASS, Depression Anxiety and Stress Scale; ESS, Ego Strength Scale of the Minnesota Multiphasic Personality Inventory; 

Eyes; Reading the Mind in the Eyes; FB, False Beliefs task; FBC, Brune False Belief Cartoons; FP, Faux Pas Task; HAM-D, Hamilton Depression rating scale; MASC, Movie for the Assessment of Social 

Cognition; MHS, Mentalistic Humor Story; MIT, Mentalistic Interpretation Task; PONS, Profile of Neuropsychiatric Symptoms; QIDS, Quick Inventory of Depressive Symptomatology; Social Problem 

Resolution Task; SPSF, Social Problem Solving Fluency; SS, Strange Stories task; SSTICS, Subjective Scale to Investigate Cognition in Schizophrenia; TASIT, The Awareness of Social Inference Test; WE.EL, 

Werden and Elikann ToM cartoons 

*Meta-analysis, **studies used by Bora and Berk, +statistics not included in data spreadsheet for meta-analysis 
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Like AD, a meta-analysis evaluating ToM in depression has already been completed; 

however, it also included articles that did not meet inclusion and/or met exclusion criteria for 

this study (Bora & Berk, 2016).  For this study, seventeen articles were found (Table 12) that 

report 53 statistics comparing ToM performance in those with depression (n = 519, mean age 

range 19.0-63.3) and healthy controls (HC; n = 470, mean age range 18.74-66.2).  As with 

AD studies, traditional measures of ToM were employed and are listed in Table 12 along 

with the studies.  Meta-analysis of the studies returned a significant moderate pooled effect 

size with reliable sensitivity results and high heterogeneity (g = -0.78, p = 0.007, I2 = 91.31%; 

Fig. 17).  Medication, and controlling for IQ and social demographics were all significant 

moderators.  However, none of the moderators accounted for enough heterogeneity to explain 
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Figure 17 Forest Plot ToM Performance in Depression 
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all of the variance.  Participants who were not medicated had significantly poorer 

performance (p = 0.004).  Similarly, not accounting for IQ and social demographics also 

significantly changed the strength of the correlation between levels of depression and ToM 

performance (ps < 0.007), further reinforcing the importance of controlling for possible 

moderating variables. 

Of the 53 statistics comparing ToM in depression and HC, 39 found significantly 

poorer ToM performance in depression (gs -0.25 to -4.41).  Fourteen statistics found no 

significant difference (gs -0.21 to 0.24).  Bora and Berk’s 2016 meta-analysis of 18 studies 

also found a significant moderate pooled effect size estimate (d = -0.51) indicating impaired 

ToM skills in depression.  Hollocks and colleagues (2014) researched depression in autism 

by administering ToM tasks to autistic participants with additional diagnoses of depression 

and anxiety.  They found depressive symptoms in autism were not related to ToM deficits.  

However, they caution that the sample size (n = 90) was not be large enough to detect small 

effects.  Considering that if Hollocks et al. (2014) missed effects they would have been small 

effects, and considering the medium pooled effect estimate for depression versus the large 

pooled effect estimate for autism, it can be hypothesized that autism is more responsible for 

poor ToM skills than depression. 

3.5.2.5 Anxiety 

Only five articles (Table 13) were found that examine the relationship between ToM 

performance and high levels of anxiety (n = 338, mean age range 8.6-26.5).  Using a variety 

of traditionally employed measures, 3 of the articles looked at group differences between 

those diagnosed with anxiety and a control group, while the other 2 articles looked at levels 

of anxiety in a single sample.  Meta-analysis of the 20 statistics reported in the articles finds 

a significant small pooled effect size estimate (r = -0.19, p = 0.006, I2 = 48.56%).  However, 

both the degrees of freedom (df = 3.94) and the sensitivity analysis find the result to be 

unreliable.  Looking then at the results individually, 13 of 20 statistics found significantly 

poorer ToM skills associated with high levels of anxiety (rs -0.65 to -0.11).  Two articles 

looked at the type of ToM errors.  Both found anxiety to be characterized by over mentalising 

or excessive answers.  Thus, if there are ToM impairments in anxiety, it may be from 

overthinking instead of a lack of ability to understand the thoughts of others.  Hollocks and 

colleagues (2014) looked at ToM skills in autistic participants who had also been diagnosed 

with anxiety.  They found a small but significant negative relationship between high levels 

of anxiety in autism and false belief tasks (r = -0.24).  However, there was no relationship  
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Table 13 ToM in Anxiety 

Studies Factor 
Sample   

N, Mean Age (SD), Gender, IQ 
Medication Conditions 

Controlled 

for 
Measures Results Statistics 

Banerjee & 

Henderson, 

2001 

ToM 33 from UK Mean age = 8.9 

(range 8.2-9.2), 20 boys 

30 from USA Mean age = 8.6 

(range 6.4-11.11), 17 boys  

 

IQ not stated 

not stated not stated age SPAI-C 

FB 

FP 

SPD 

Social anxiety 

significantly 

negatively 

correlated with both 

the FP and SPD 

tasks, but did not 

significantly 

correlate with FB. 

SPAI-C 

FB r = 0.06 

FP r = -0.40 

SPD r = -0.23 

 

Dyck et al., 

2001** 

ToM Mean age all participants = 

12.09 (2.2) 

35 AD 31 boys  

IQ 1.77 (2.40) 

20 AS 17 boys  

IQ -3.51 (5.15) 

28 Asperger 24 boys  

IQ 0.51 (3.23) 

14 Anxiety 7 boys  

IQ 1.35 (3.90) 

34 MR 18 boys  

IQ -4.42 (2.30) 

36 HC 27 boys  

IQ 3.08 (3.03)  

24 AD 

medicated 

AD – 1 CD, 1 

Tourette’s 

TD – no 

psychological 

disorders or 

behavior 

issues 

IQ UOT 

SS 

When IQ was 

controlled for, there 

were no significant 

differences in ToM 

performance in the 

TD and Anx 

groups, but the Anx 

group had 

significantly better 

performance than 

AS group. 

Means (SD) 

SS 

Anx 9.64 (1.59) 

TD 10.38 (1.67) 

AS 3.85 (3.93) 

Asp 8.42 (2.93) 

 

UOT 

Anx 6.64 (4.66) 

TD 7.94 (3.75) 

AS 2.20 (3.10) 

Asp 4.96 (3.72) 

Hezel & 

McNally, 

2014 

ToM 40 SAD; 26.5 (11.9) 13 men 

40 no SAD 20.1 (2.2) 6 men 

 

IQ SAD 118.23 (5.10) 

IQ no SAD 118.38 (3.66) 

not stated comorbid 

conditions in 

both groups: 

37 MDD, 14 

GAD, 13 PD, 

2 PTSD (SAD 

group), 5 

BPD, 4 

agoraphobia, 1 

Bulimia (no 

gender, 

cognitive 

ability, 

depression 

MINI 

MASC 

SAD group had 

significantly poorer 

performance on 

MASC and gave 

significantly more 

excessive answers 

than controls. No 

group differences in 

no ToM and less 

ToM errors.  

Anxiety/MASC 

r = 0.33 

Excessive 

ToM/Group 

t(78) = 2.82 

r = 0.19 

Other Errors/Group 

t(78) = 1.11, 1.01 

rs = 0.12, 0.11 
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SAD group), 1 

OCD (SAD 

group), 7 

substance 

abuse 

Hollocks et 

al., 2014 

ToM 90 AS 15.5 (.47), 82 boys 

 

IQ AS 84.5 (17.2) 

not stated comorbid 

anxiety and 

depression 

AS, anxiety, 

depression 

PONS 

Anim  

SS 

FB 

Anxiety did not 

significantly 

correlate with Anim 

or SS but did with 

FB. 

Anxiety/ToM 

Anim r = -0.01 

SS r = -0.02 

FB r = -0.24 

Washburn et 

al., 2016 

ToM 12 SAD 19.83 (4.11) 11 men 

24 comorbid SAD/MDD (Co) 

19.71 (2.81) 20 men 

43 HC 18.74 (1.71) 31 men 

 

IQ not stated 

not stated no psychotic 

disorders, 

manic 

episodes, drug 

or alcohol 

dependence, 

developmental 

disability 

age, gender, 

ethnicity, 

education 

SAASA 

MASC 

SAD group had 

significantly poorer 

performance than 

other groups.  

 

SAD group made 

significantly more 

over mentalising 

errors than other 

groups.  

Means (SD) 

MASC accuracy 

SAD 74.07 (8.17)  

Co 74.17 (8.74) 

HC 77.00 (7.61) 

Over mentalising 

SAD 17.22 (6.22)  

Co 15.00 (4.83) 

HC 13.49 (5.73) 
 

ToM, Theory of Mind 

BPD, Bipolar Disorder; GAD, General Anxiety Disorder; HA, High Anxiety; HC, Healthy Controls; MA, Middle levels of Anxiety; MDD, Major Depressive Disorder; LA, Low Anxiety; OCD, Obsessive 

Compulsive Disorder; PD, Panic Disorder; PTSD, Post Traumatic Stress Disorder; SAD, Social Anxiety Disorder 

VIQ, Verbal IQ 

Anim, Animations; FB, False Beliefs task; FP, Faux Pas Task; MASC, Movie for the Assessment of Social Cognition; MINI, Mini International Neuropsychiatric Interview; PONS, Profile of Neuropsychiatric 
Symptoms; SAASA, Social Anxiety and Avoidance Scale for Adolescents; SPAI-C, Social Phobia and Anxiety Inventory for Children; SPD, Self Presentation on Display task; SS, Strange Stories task; STAI, 
State-Trait Anxiety Inventory; STARS, Statistical Anxiety Rating Scale 

*Meta-analysis, **studies used by Bora and Pantelis, +statistics not included in data spreadsheet for meta-analysis
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relationship between levels of anxiety and ToM as measured by the animations and strange 

stories tasks. Furthermore, regression analysis did not find anxiety to be associated with poor 

ToM skills.  In addition, Dyck et al. (2001) included a group with AS.  The group with anxiety 

had significantly better ToM performance than the AS group. These studies suggest autism 

may be more responsible for poor ToM skills than anxiety. 

3.5.2.6 Alexithymia 

Six studies (Table 14) reported 16 outcomes evaluating the relationship between ToM 

performance and alexithymic symptoms (n = 452, age range 19-60) using traditional 

measures of ToM (see Table 14).  Meta-analysis of the six studies finds a significant small 

pooled effect estimate with moderate heterogeneity (r = -0.17, p = 0.05, I2 = 59.70%).  

However, sensitivity analysis did not find the results to be reliable.  Thus, a look at each 

statistic finds that only 6 of the 16 statistics measuring the relationship between ToM and 

alexithymic symptoms found significantly poorer performance associated with high levels of 

alexithymia (gs -0.47 to -0.34).  Gokcen et al. (2016) and Lockwood et al. (2013) evaluated 

ToM in both alexithymia and autism by running regressions.  They found autistic symptoms 

to be more responsible for the variance in ToM performance than alexithymic symptoms 

(Autism Quotient and ToM  = -0.302, Toronto Alexithymia Scale – 20 and ToM  = -0.135, 

t(109) = -0.501). 
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Table 14 ToM in Alexithymia 

Studies Factor 
Sample   

N, Mean Age (SD), Gender, IQ 
Medication Conditions 

Controlled 

for 
Measures Results Statistics 

Gokcen et 

al., 2016 

ToM 121 participants 18.43 (1.93) 

18 males 

 

IQ 102.02 (11.55) 

not stated not stated not stated TAS-20 

AQ 

MASC 

Alx significantly 

negatively 

correlated with 

ToM. AS 

symptoms were 

more responsible 

for the variance in 

the MASC than 

Alx. 

TAS-20/MASC 

r = -0.402 

Variance 

TAS-20/MASC 

 = -0.135 

AQ/MASC 

 = -0.302 

Lane et al., 

2015 

ToM 59 somatizing conditions 

IQ 38.04 (7.99) 

30 with other medical 

conditions IQ 37.27 (9.64) 

all aged 19-60 

not stated not stated not stated TAS-20 

MASC 

Alx did not 

significantly 

correlate with ToM. 

TAS-20/MSS 

r = -0.1 

Lockwood 

et al., 2013 

ToM 110 adults 21.9 (3.7), 55 men 

 

IQ 116.8 (8.4) 

not stated no IQ < 87 not stated TAS-20 

AQ 

Anim 

Alx severity had an 

insignificant 

negative correlation 

with ToM. 

Hierarchical 

regression showed 

AS traits accounted 

for more variance in 

ToM than Alx. 

TAS-20/Anim 

r = -.12 

Regression 

t(109) = -.501 

Moriguchi 

et al., 2006 

ToM 16 Alx 20.2 (1.0) 3 men 

14 non-Alx 20.8 (.89) 2 men 

 

 

IQ Alx 111.7 (8.3) 

IQ non-Alx 109.5 (6.4) 

not stated no psychiatric 

or 

psychosomatic 

disorders,  

gender, IQ TAS-20 

Anim – 2 

scales 

 

1 Intention 

(I) 

2 

Appropriaten

ess (A) 

The Alx group had 

significantly poorer 

performance 

compared to 

controls on both 

scales. 

Anim-I 

t(29) = 2.31 

Anim-A  

t(29) = 2.34 
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Swart et al., 

2009 

ToM 16 Alx 20.1 (1.7) 7 men 

18 no Alx 19.3 (1.0) 7 men 

all university students 

 

IQ not stated 

not stated not stated not stated FB – 2 scales 

 

1 Cognition 

(C) 

2 Emotion 

(E) 

The Alx group had 

significantly poorer 

performance on 1st 

order E questions. 

There was no group 

difference for 1st 

order C questions 

or 2nd order FB. 

First Order 

C  2 = 2.72 

E  2 = 9.46 

Second Order 

C  2 = 2.17 

E  2 = 1.12 

Wastell & 

Taylor, 

2002 

ToM 45 Alx 22.2 (6.8) 11 men 

23 non-Alx students from 

Langdon & Coleheart (1999) 

study 

 

IQ not stated 

not stated no psychiatric 

illness, head 

trauma, central 

nervous 

system disease 

not stated FBPST – 3 

scales 

 

1 Mech (M) 

2 Capture 

(C) 

3 Social 

Script (S) 

There were no 

significant group 

differences in any 

of the scales of the 

FBPST. 

M d = 0.02 

C d = -0.10 

S d = 0.15 

FB/ Group 

d = -0.25 

 

ToM, Theory of Mind 

Alx, Alexithymia; AS, Autism Spectrum; HC, Healthy Controls; MDD, Major Depressive Disorder 

Anim, Animations; AQ, Autism Quotient; FB, False Beliefs task; FBPST, False Belief Picture Sequencing Task; MASC, Movie for the Assessment of Social Cognition; MSS, Mental State Stories; SS, Strange 
Stories task; TAS-20, Toronto Alexithymia Scale 
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3.6 Discussion 

 Meta-analysis and narrative reviews 

both suggest that broad metacognitive 

abilities and ToM skills are impaired in each 

of the analyzed conditions (Figs. 18 and 19).  

Based on the meta-analysis (Fig. 18) and 

narrative reviews of studies evaluating ToM 

performance between autistic participants 

and participants with either ID, AD, and high 

levels of depression, anxiety, or alexithymia, 

narrative results and previous research 

suggest that weaker ToM skills are more 

strongly related to autism than to the other 

evaluated conditions.  This implication is reinforced by the strength of the pooled effect size 

estimates (Fig. 18), finding the effect size to be the largest when comparing autistic 

participants to participants without a diagnosis.  It is important to note that results of the 

meta-analyses showed moderate to high heterogeneity.  Meta-regressions of possible 

modifiers were not able to adequately explain the heterogeneity.  Thus, there is variance in 

the results that cannot be explained. 

 Meta-analyses in Alexithymia and AD 

found large pooled effect estimates, with the 

results in the remaining conditions finding 

moderate pooled effect estimates (Fig. 19).  Taken 

together, these analyses suggest that the 

discrepancies in metacognitive performance 

between those with and without attention deficit 

and between those with high and low levels of 

alexithymia are larger than metacognitive 

differences found between levels of anxiety and 

depression and between the remaining conditions 

and a control group.  In other words, it appears that metacognitive skills may be weaker in 

attention deficit and high levels of alexithymia.  It is important to note that each meta-analysis 

Figure 18 Meta-analyses of ToM Performance 

Figure 19 Meta-analyses of metacognitive performance 
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in metacognitive skills showed high heterogeneity.  Meta-regressions of possible modifiers 

were not able to adequately explain the heterogeneity, leaving unexplained variance in the 

results.  As only one study was found exploring metacognitive performance in autistic 

individuals with and without a co-occurring condition, it cannot be determined whether a co-

occurring condition is affecting metacognitive results in autism but based on that study, the 

results of the systematic reviews and meta-analyses, and given the high prevalence of co-

occurring conditions in autism, it can be hypothesized that in autistic individuals with a co-

occurring condition there may be additional effects of the co-occurring condition on 

metacognitive performance. 

Narrative results support the proffering of this hypothesis.  When narratively 

reviewing specific metacognitive challenges, autistic participants did not show a consistent 

profile of metacognitive strengths and weaknesses.  Several challenges were reported among 

some studies, while opposing results were reported in other studies.  Interestingly, some of 

the same challenges were consistently reported in other conditions (Table 15).  For example, 

weaker planning skills are regularly reported in AD, while weaker planning skills were only 

reported in 2 of 5 studies evaluating planning in autism.  The overlapping metacognitive 

Table 15 Specific Metacognitive Challenges by Diagnosis as Described in the Narrative Reviews 

Metacognitive 

Challenges 

AS LD/ID AD Depression Anxiety Alexithymia 

Under-confidence errors       

Over-confidence errors X  X    

Less strategy use X X X    

Planning X  X  X  

Monitoring X  X X X  

Evaluating X X X X X X 

Knowledge   X X X X 

Regulation  X X X X  

  

metacognitive challenges between diagnoses, the results of the meta-analyses, and the 

narrative reviews, lend further support to a hypothesis asserting that co-occurring conditions 

may affect metacognitive skills in autism.  For example, poor planning skills found in autistic 

participants may be due to a co-occurring condition of ADHD or lack of strategy use may be 

due to co-occurring LD.  Importantly, those with autism may have more than one co-

occurring condition impacting metacognitive skills. 
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Despite these results, unexplained variance in each of the metacognitive and ToM 

meta-analyses indicate that the results must be interpreted with caution.  The excess variance 

which remained unaccounted for could be due to differences in severity of diagnosis, 

difficulties measuring metacognition, the presence of an additional condition, small study 

effects, or any number of other variations in study methodologies or participant samples.  

However, based on the results of the meta-regressions, some of the variance is most certainly 

due to differences in controlling for a variety of variables that may have an effect on 

metacognitive or ToM skills, such as IQ, gender, co-occurring conditions, age, and 

medication use.  A substantial number of studies included in this review did not report 

information related to covariates (see Tables 4-14) or whether groups were matched for 

specific variables.  If, for example, autistic participants were not screened for co-occurring 

conditions, the likelihood of the participant sample having additional conditions that could 

affect performance is high.  Berenguer et al.’s (2018) study demonstrates this in finding 

significantly poorer ToM performance in participants diagnosed with AD and AS when 

compared to either diagnosis on its own.  Moreover, co-occurring conditions was a significant 

moderator in the meta-regressions for autism and metacognition, anxiety and metacognition, 

and AD and both metacognition (only ODD/CD controlled for) and ToM, suggesting that 

when co-occurring conditions are not controlled for ToM or metacognitive performance is 

significantly poorer.  It is interesting to note that only one meta-regression did not find co-

occurring conditions to be a significant moderator (depression in ToM).  In the remaining 

instances either no additional conditions were controlled for at all, or meta-regressions could 

not be run.   

Overall, the results emphasize the need to consistently control for variables that could 

influence results when conducting autism research.  Meta-regressions across the meta-

analyses reinforce the necessity of controlling for possible moderators such age, gender, 

medication use and IQ.  Furthermore. as conditions such as anxiety, depression, AD, 

alexithymia, ID, and LD frequently co-occur with autism, it is essential they be considered 

when researching autism.  Much more research into the effects of each condition on 

metacognition, as well as how those effects manifest themselves is needed in order to better 

understand the metacognitive profile of autistic individuals and how mental health outcomes 

influence metacognitive abilities in autism.  A recent study by Vargason and colleagues 

(2019) looked for patterns in autism and co-occurring conditions.  Examining medical 
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records of 3,278 autistic children, they found relationships between autism, co-occurring 

conditions and behavioral milestones.  The study also demonstrates that classifying autism 

based on co-occurring conditions may help with earlier screening for co-occurring conditions 

in autism.  Thus, co-occurring conditions cannot be ignored in autism research.  Future 

research needs a novel approach that ensures that moderators found to be significant in this 

review – age, gender, IQ, verbal ability, co-occurring conditions, and medication use – are 

either accounted for or analyzed as part of the study.  Furthermore, the effects of co-occurring 

conditions on autism cognitive as well as mental health outcomes needs to be studied in order 

to improve the quality of life and treatment of mental health challenges in autistic individuals.   

3.7 Strengths and Limitations 

 To our knowledge, this is the first review and meta-analysis of metacognition in 

autism and frequently co-occurring conditions, and furthermore, the first review and meta-

analysis to evaluate the possibility that co-occurring conditions may affect metacognitive and 

ToM performance in autism.  A limitation of the review is the lack of primary studies.  More 

studies are required to calculate an accurate pooled effect size estimate and show stable 

results across the sensitivity analysis, indicating a reliable result.  Noting the fact that many 

of the studies include multiple measures where metacognitive or ToM skills are part of a 

battery of other assessments, and that subscales as well as overall results are reported, 

publication bias is less likely since multiple statistics are being reported.  In addition, in this 

research both significant and insignificant results are of note, and as such both significant 

and insignificant results are reported across and within studies.  The paucity of studies also 

made it difficult to truly understand the effects of moderators on metacognitive performance.  

Many studies did not report information on possible moderators, which further limited the 

data, making the moderator results that are reported in this paper more exploratory than 

definitive.  What the review does make clear is that more research is needed that 

systematically details and evaluates possible moderator effects. 

 Heterogeneity is another study limitation.  Few of the results were able to find a model 

that had a significant pooled effect size as well as low heterogeneity.  In many of the results, 

heterogeneity was above 80% which is unusually high.  One possible cause of the elevated 

heterogeneity could be the presence of co-occurring conditions.  Another possible cause of 

the heterogeneity could be moderators, such as IQ or age.  Therefore, it is essential that future 

research evaluates participants for all possible confounding conditions.  In autism, the 
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heterogeneity might also be explained by splinter skills – extreme strengths and weaknesses 

in components of metacognition.  But it is impossible to determine the presence of splinter 

skills without controlling for additional conditions and other possible moderators that could 

be the cause of the extreme strengths and weaknesses.  Given the likelihood of a co-occurring 

condition (Soke et al., 2018), it is worth reiterating the importance of controlling for co-

occurring conditions and other possible moderators in all future autism research. 

3.8 Conclusion 

 Research to date indicates that weaker metacognitive and ToM skills are associated 

with anxiety, alexithymia, attention deficit, autism, learning and intellectual disabilities, and 

depression.  Research to date also suggests that ToM impairment in autistic individuals is 

more strongly linked to their autism or their autistic traits than another condition.  In contrast 

to ToM, the relationships between metacognition, autism, and conditions that often occur 

alongside autism are quite unclear.  It is important to note that three studies found for this 

review (Berenguer et al., 2018; Perroud et al., 2017; Unterrainer et al., 2016) also included a 

group with co-occurring conditions.  Two of the studies found significantly poorer 

performance in the group with a co-occurring condition.  Unterrainer and colleagues (2016) 

found the group with both AD and AS had better planning skills than either AS or AD alone 

when the difficulty level of the problem required planning ahead.  Based on the review of 

specific challenges, the meta-regressions, and the three studies that included a group with co-

occurring conditions, it is possible that additional conditions could influence/relate to 

metacognitive and ToM performance in autism.  However, further research is needed to better 

understand the effects of each condition.  Understanding metacognitive impairments and the 

effects of co-occurring conditions will help determine appropriate training that is 

individualized, and therefore more likely to improve metacognitive and ToM performance in 

autism and in autistic individuals with co-occurring conditions. 

In addition, the consistent finding across meta-analyses of moderators that 

significantly affected performance results is a clear message that the current approach to 

autistic research is biased.  It is critical that future research not only looks to understand the 

effect of co-occurring conditions and other possible moderators, but also ensures that possible 

moderators such as age, gender, IQ, verbal ability, co-occurring conditions, and medication 

are accounted for in statistical analysis or controlled for through study methodologies, such 

as matching participant groups.  Without consideration of each of these variables in the 
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research methodology, results must be interpreted with caution as the likelihood of a possible 

moderator significantly affecting the results is substantial.   

Critically, research is needed to understand the effects of co-occurring conditions on 

autistic cognition and mental health and well-being.  Personnel that work with these 

conditions (e.g. psychologists, teachers, doctors) need to understand the importance and 

possible effects of a co-occurring condition.  The presence of a co-occurring condition may 

change the type of treatment or how treatment is delivered.  Similarly, a co-occurring 

condition may change classroom based instructional and social needs, for example, the 

presence of anxiety along with autism could heighten the need for a dependable daily 

schedule and require extra steps if the schedule has to change.  Thus, research is crucial to 

help personnel understand how a co-occurring condition may affect autism, and what might 

be done differently in circumstances where a co-occurring condition or multiple additional 

conditions exist.  
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Chapter 4: The English Translation of the COMEGAM: A self-report questionnaire 

of metacognition 

4.1 Abstract 

 Metacognition is an understanding of one’s own cognitive thought processes.  It is 

important for academic achievement and therapies using metacognitive skills have 

successfully treated symptoms of anxiety and depression.  Metacognition can be measured 

by a task or a self-report questionnaire.  Current questionnaires widely used in metacognitive 

research come with challenges, measuring skills specific to one academic domain (e.g. 

mathematics), measuring other constructs in addition to metacognition (e,g, motivation), 

and/or including a lack of consistent factor structure.  One possible reason for the lack of 

consistent structure is variation in metacognitive ability.  Research has found a complex 

factor structure for those self-reporting strong metacognitive skills and a simple 

unidimensional factor structure for those self-reporting weaker metacognitive skills.  There 

is a need for a self-report evaluating metacognition with good internal consistency and 

consistent factor structure that is applicable across domains.  The COMEGAM, a self-report 

of metacognition originally written in French, has been validated with Romanian adolescents.  

The COMEGAM-ro was found to have good internal consistency and factor structure.  This 

study aimed to translate the COMEGAM and COMEGAM-ro into English and use 

confirmatory factor analysis to validate the COMEGAM-eng in children and adults.  A 

secondary aim was to use confirmatory factor analysis to determine if there are differences 

in factor structure based on self-reported metacognitive abilities.  Results found the 

COMEGAM-eng to have excellent internal consistency and to be valid based on confirming 

the same factor structure found with the COMEGAM-ro.  Different factor structures based 

on self-reported ability were not found. 

4.2 Introduction 

4.2.1 Importance 

Metacognition is defined as “thinking about thinking” (Flavell, 1979).  It is one’s 

thoughts and understanding of cognition (e.g. knowing strategies for memorization) as well 

as the thoughts and understanding regarding the regulation of cognition (e.g. knowing when 

information has been memorized and can be recalled).  Thus, metacognition is essential for 

learning and, as such, has been shown to bridge the gap between innate ability to learn (e.g. 
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IQ) and achievement measures (e.g. grades, standardized testing; Perry et al., 2018).  Training 

metacognitive skills has been shown to improve the academic and workplace achievement 

of those with and without disabilities, including those with intellectual disabilities (Nader & 

Grosbois, 2014; Montague, 2008).  The impact of good metacognitive skills is not limited to 

achievement.  Using metacognition in therapy has been shown to alleviate the symptoms of 

anxiety and depression (Wells, 2011).  Furthermore, metacognition is linked more strongly 

to social skills in autism than executive functioning skills (Leung et al., 2016).   

4.2.2 Research challenges 

One of the principal challenges in evaluating and understanding metacognition is that 

thoughts are not directly observable.  Because of this, it is extremely common for self-report 

questionnaires to be one of the measures employed in research.  Self-report questionnaires 

allow researchers to get a broad picture of many metacognitive skills including those 

associated with both metacognitive knowledge and metacognitive regulation (Akturk & 

Sahin, 2011).  There are tasks that evaluate metacognition, such as the feeling of knowing 

task or confidence judgments.  But these tasks only measure a single component. For 

instance, feeling of knowing measures an aspect of cognitive monitoring (Metcalfe & 

Dunlosky, 2008).  To capture multiple components, it is necessary to have participants relay 

their thoughts.  Think aloud protocols, which ask participants to verbalize their thoughts as 

they complete a task, are reliable measures of multiple components of metacognition.  

However, capturing think alouds is very time consuming and not feasible for large groups of 

participants.  Thus, due to time and resource constraints, larger studies tend to include a self-

report questionnaire.   

In metacognitive research, a wide range of questionnaires are employed to measure 

overall metacognition, its factors, and/or its subcomponents.  In a meta-analysis conducted 

by Craig et al. (2020), 31 different questionnaires were employed in the 37 reviewed studies.  

The number of diverse questionnaires produces a wide range of results.  For instance, Van 

Hout-Wolters and Schellings (2009) report r’s ranging from -0.07 to 0.42 when comparing 

self-report questionnaires to metacognitive behaviour.  The variation of questionnaires and 

their results makes it difficult to compare metacognitive performance across studies.  A meta-

analysis by Craig and colleagues (2020) review illustrates this in their finding of a weak 

pooled effect size estimate of r = 0.22 (95% confidence interval, 0.14-0.31) between self-

report questionnaires and metacognitive behaviour.  This estimate had significantly high 
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heterogeneity (I2 = 58.8%) for which the wide range of self-report questionnaires used was 

found to be 100% responsible.  There is a need for more consistency in measuring self-

reported metacognitive skills.   

4.2.3 Current questionnaires 

Questionnaires most frequently used include the Index of Learning Styles (ILS), 

Learning and Study Strategies Inventory (LASSI), Metacognitive Awareness Inventory, both 

adult and adolescent versions (MAI, JrMAI), Metacognitive Awareness of Reading 

Strategies Inventory (MARSI), Meta-Cognitive Questionnaire (MCQ), and the Motivated 

Strategies for Learning Questionnaire (MSLQ).  Each of these questionnaires has challenges.  

The ILS, MARSI, and MCQ are too narrow and specific.  The ILS evaluates strategies for 

and styles of learning.  It does not evaluate metacognitive regulation skills.  The MARSI is 

specific to reading comprehension, and the MCQ is specific to psychiatric situations.  Both 

the LASSI and MSLQ include areas that are not metacognitive, for example motivation or 

test anxiety.  There is a metacognition subscale for the MSLQ, but statements found in other 

subscales also evaluate metacognition.  The MAI is a measure of both metacognitive 

knowledge and metacognitive regulation.  It also aims to evaluate the subcomponents of 

metacognition.  However, the construct of the MAI has been analysed multiple times (Craig 

et al., 2020) and garnered equivocal results.  It is clear then, for metacognitive research to 

continue to advance, a reliable and comprehensive self-report questionnaire is needed.  It is 

therefore important to continue to look for and evaluate self-report questionnaires, not only 

for their reliability, but also for a consistent underlying structure that supports a theorized 

metacognitive model. 

4.2.4 Current study 

Because the questionnaires commonly used in metacognitive research are not broad 

measures that provide a consistent factor structure across studies, it is worth investigating 

other possibilities.  Craig et al. (2020) review of the factor structure of metacognition found 

two statistically strong options for future research.  One option would be to employ the 

COMEGAM-ro (Porumb & Manasia, 2015) to evaluate metacognition.  The COMEGAM-

ro is a rarely used self-report questionnaire that not only had strong goodness of fit indicators 

(e.g. GFI = 0.963, SRMR = 0.05) and excellent internal consistency ( = 0.90), but also a 

defined construct (Fig. 20) that reflects Flavell’s (1979) original metacognitive theories.  

Furthermore, the construct of the COMEGAM-ro can easily be compared with classic 
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metacognitive paradigms and tasks.  However, the COMEGAM-ro is currently only available 

in French (Richer et al., 2004) and Romanian (Porumb & Manasia, 2015). 

The second statistically strong option from the review (Craig et al., 2020) is to 

evaluate cognition in ability groupings.  Ning (2016), using the MAI, divided his participants 

into two significantly different (d = 0.42) groups based on their overall score, essentially 

establishing a group with self-reported strong metacognitive skills and a group reporting 

weak metacognitive skills.  The latter group produced a factor structure with a 

unidimensional construct.  In other words, the metacognitive skills of this group were one 

dimensional, and operated as a whole.  The group reporting stronger metacognitive skills, on 

the other hand, produced a two-factor model separating metacognitive knowledge from 

metacognitive regulation.  This group appears to have an understanding of metacognitive 

abilities (knowledge) as well as an understanding of how to control and regulate their own 

abilities (regulation).  These results suggest the equivocal results found when evaluating the 

factor structure of the MAI could be due to significant differences in the development of 

metacognition between those with weak skills and those with strong skills.  If it is the case 

that only some adults fully develop complex metacognitive skills, then Ning’s results should 

not be limited to the MAI.  If weak metacognitive skills have a unidimensional construct and 

strong skills have a more complex underlying construct, then it is plausible that Ning’s 

findings could be replicated with other metacognitive questionnaires.   

Therefore, aims of this study are to evaluate the quality of both options using the 

COMEGAM.  The study will  

Figure 20 Structure of Metacognition (Porumb & Manasia, 2015) 
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• translate the COMEGAM to English (COMEGAM-eng) 

• evaluate the quality of the COMEGAM-eng by: 

o examining the internal 

consistency of the COMEGAM-

eng across a range of ages 

o validating the English version in 

a range of ages by confirming the 

original factor structure found by 

Porumb and Manasia’s (2015) 

Romanian version of the 

COMEGAM (see Fig. 21)  

o further confirming the factor 

structure by evaluating whether 

other theorized factor structures 

(Craig et al., 2020) provide a 

better fit than Porumb and 

Manasia’s (2015) model (Figs. 

20 and 21) 

• and, finally, attempt to replicate Ning’s 

(2016) MAI results showing weak metacognitive skills as having a 

unidimensional structure and strong metacognitive skills as having a more 

complex structure using COMEGAM-eng results. 

4.3 Methods 

4.3.1 Participants 

                                                   Table 16 Demographics of all participants 

  

 

 

In order to validate the COMEGAM-eng in a range of ages, participants included 

both children and adults.  Participants were recruited in 2 groups – an online study asking 

adults aged 18-30 to complete the COMEGAM-eng, and a school-based study with primary 

Population n Age Range Mean Age (SD) 

Adult 445 18-30 22.8 (2.03) 

Children 84 10-18 12.2 (2.6) 

Figure 21 Factor Structure of COMEGAM-ro (Porumb & 
Manasia, 2015) 
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and secondary students completing a battery of metacognitive assessments.  Table 16 details 

the characteristics of all participant samples.  All studies were granted ethical approval by 

the Heriot-Watt University Ethics Committee.   

4.3.1.1 Adults 

For the online study, participants were recruited in person and online through posters, 

university websites, social media postings, and survey listing sites collecting a total of 658 

responses.  Online informed consent was obtained prior to starting the questionnaire.  The 

data was screened using Buchanan and Scofield’s R Shiny application (2018) for low quality 

and incomplete responses.  The application evaluated responses by comparing completion 

time to appropriate reading rate for questionnaire word count, looking for random responses 

and patterns of responses, and searching for outlier responses.  If a response was incomplete 

or the application flagged a participant response in at least two areas the data was discarded, 

resulting in a total of 445 participants aged 18-30.   

4.3.1.2 Children    

Eighty-four children in Scotland aged 10-18 were recruited through city councils’ 

family and child services.  The children completed the COMEGAM-eng either in assessment 

ready school-based ICT suites or in quiet classrooms.  Numeracy and literacy achievement 

data for each participant was also collected from schools.  Written informed consent for 

participants was obtained from both the children and their parents or carers. 

4.3.2 Materials and Procedures 

4.3.2.1 COMEGAM 

The COMEGAM evaluates both metacognitive knowledge and metacognitive 

regulation as subscales.  Metacognitive knowledge describes one’s understanding of their 

ability to learn.  Flavell (1979) divided knowledge into three subcomponents that correspond 

to three additional subscales of the COMEGAM; person, strategy and task knowledge.  

Metacognitive knowledge is one’s understanding of their ability to process and learn 

information (person), understand a task and its demands (task), and understand various 

strategies and how to use them (strategy).  Metacognitive regulation is one’s ability to 

regulate their own thought processes.  Like knowledge, it is divided into three subcomponents 

that occur before during and after a task.  The three subcomponents correspond to the final 

three subscales of the COMEGAM; planning, monitoring and control, and evaluating.  

Regulation involves skills such as recognizing task difficulty and allocating study time 
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(planning), checking for learning and improving efficiency (monitoring and control), and 

reflecting on achievements as well as ways to improve (evaluation).  Each of the 6 subscales 

is evaluated with 6 items, for a total of 36 statements (Fig. 20).  Metacognitive knowledge 

and regulation are each evaluated with 18 items.  Participants respond to the statements using 

a 5-point Likert scale ranging from “strongly agree” to “strongly disagree”, which were 

scored 5 and 1 respectively.  Scores ranged between 36 and 180 with higher scores indicating 

better metacognitive skills.  The COMEGAM-eng was presented to all participants online 

using Qualtrics (2018). 

4.3.2.2 Translation 

The COMEGAM (French) and the COMEGAM-ro (Romanian) were each translated 

to English.  The two English versions were compared, and a single English version was 

created so that each item would still have the same meaning as the two corresponding 

translated items.  It was important that the final item not only have the same meaning, but 

also that the meaning and the phrasing be easily understood by a native English speaker.  For 

example, item 2 translated from Romanian states, “While I solve a task, I discover the 

mistakes I make”.  The same item translated from French states, “While I'm doing a task, I'm 

discovering my mistakes”.  Comparing the two, it was determined item 2 in English should 

read, “While completing a task, I check for any mistakes”.  This was done for all 36 items as 

well as the two examples and instructions.   

Once a final English version was agreed upon, it was sent to three experts in the field 

of metacognition, including one of the original authors of the French version and one author 

of the Romanian translation.  The questionnaire was also sent to ten volunteers who were 

asked to paraphrase each item in writing.  The volunteers ranged in age from 12 to 68.  Eight 

volunteers (still aged 12-68) and two experts, including the author of the original French 

questionnaire, provided feedback.  The paraphrased items were examined to ensure 

participants were understanding the intended meaning of each statement.  Adjustments were 

made to clarify statements that were misinterpreted by the volunteers.  Further adjustments 

were made based on recommendations from industry experts.  A final English version was 

then sent to two volunteers fluent in French – one a native Frenchman and the other a French 

teacher with a degree in French.  These volunteers backtranslated the final version and 

provided feedback comparing the back translation to the original French version.  Minor 

adjustments were made to produce the COMEGAM-eng (see Appendix). 
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4.4 Results 

4.4.1 Internal consistency 

4.4.1.1 Adults 

The overall internal consistency in the adult sample was excellent ( = 0.90).  Internal 

consistency for the subscales were acceptable to good (Table 17) with the exception of Person  

Table 17 Internal consistency results 

Internal Consistency Adult (445) Children (84) Full Sample (529) 

Task 0.71 0.75 0.71 

Person 0.69 0.68 0.68 

Strategy 0.79 0.80 0.79 

Plan 0.78 0.72 0.78 

Monitor & Control 0.68 0.77 0.70 

Evaluate 0.77 0.69 0.76 

Metacognitive 

Knowledge 
0.86 0.88 0.86 

Metacognitive 

Regulation 
0.85 0.88 0.86 

Total Questionnaire 0.90 0.92 0.90 

knowledge and Monitoring and Control ( = 0.69 and 0.68 respectively).  The low alpha 

score for monitoring and control was due to one statement which queried participants’ 

tendencies to check back at the instructions.  It correlated more with planning because of the 

way it was worded.  The low alpha score for person knowledge looks to be due to the fact 

that some items load on both person knowledge and either task or strategy knowledge.  In 

addition, item 5 loads best on person knowledge, but it is a weak loading (0.27).  However, 

the p value is significant (p < .001).  It is possible that the types of metacognitive knowledge 

may be too interlinked to categorize into discrete subscales.  The subscales will be 

comprehensively evaluated in the factor analysis. 

4.4.1.2 Children 

Because of the low alpha score for monitoring and control found in the adult sample, 

the COMEGAM-eng was adjusted before being given to children.  School-aged participants 

received a clarified statement more indicative of monitoring – “As I am carrying out a task, 

I look back at the directions to make sure I understand what I am being asked to do” – instead 



 

161 
 

of the original wording that correlated more strongly with planning – “As I am carrying out 

a task, I make sure I understand what I am being asked to do”.  Internal consistency for 

monitoring and control with the adjustment was acceptable ( = 0.77) for children.  Internal 

consistency (Table 17) of the remaining subscales was similar to adults with all but 2 

subscales being acceptable or good and overall consistency being excellent ( = 0.92).  

Evaluate and person subscales were questionable for children ( = 0.69,  = 0.68).  The total 

score of the COMEGAM-eng was correlated with numeracy and literacy achievement.  The 

COMEGAM-eng significantly positively predicts numeracy achievement with a small effect 

size (r = .26) but has almost no relationship with literacy achievement (r = .07). 

4.4.2 Factor structure 

4.4.2.1 Full Sample 

 Porumb and Manasia (2015) tested a six-factor structure with each of the subscales 

of the COMEGAM-ro as latent variables (see Fig. 22).  Using the adult sample results, 

confirmatory Factor Analysis (CFA) of Porumb and Manasia’s (2015) model was run with 

the Lavaan package (Rosseel, 2012) defaults of maximum likelihood and loadings 

standardized on the first item.  All analysis was run using R Studio version 1.1.456 (R Core 

Team, 2018).  All factors loaded significantly on their latent variables, and all but item 5 had 

strong loadings (> 0.300).  Item 5 had a weak loading on person knowledge, but was still 

significant (0.239, p <0.001).  All r-squared results were below 1, and all variances were 

positive, in other words, there were no Heywood cases.  However, fit indices had varying 

results.  While the SRMR at 0.059 (adequate fit is < 0.08) and normed Chi at 2.35 (adequate 

fit is < 3.84) were good, the RMSEA, CFI, and TLI did not reach acceptable thresholds 

(adequate fit is < 0.05, > 0.90, and > 0.90 respectively).  Therefore, modification indices were 

looked at.   
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Figure 22 Factor structure of COMEGAM-eng with 6 scales – Person (Prs), Task (Tsk), and Strategy (Str) variables, Plan (Pln), Monitor (Mnt), Evaluate (Evl)
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Modification indices noted several metacognitive knowledge items that correlated 

across subscales.  In addition, items already correlated within subscales were suggested as 

covariates.  Running the model again with these additional covariates resulted in item 

loadings all above 0.300, except items 5 and 14 (0.222, p < 0.001; 0.258, p < 0.001), no 

Heywood cases, and all fit indices reaching an acceptable range (Table 18).  Therefore, a 

model with 6 subscales and additional covariates is an adequate fit for the COMEGAM-eng 

(Fig. 22).  Despite the adequate fit, correlations between latent variables were notably high 

(r’s 0.352 to 0.854).  Looking at Porumb and Manasia’s (2015) AMOS results, the 

correlations between their latent factors are also notably elevated (r’s 0.45 to 0.72).  The high 

correlations in both studies plus the additional covariance between items in this study 

strongly suggest a hierarchal model.  

In order to further verify the 6-factor model as the best model, other frequently 

theorized models were tested (Craig et al., 2020).  In addition, because of the elevated and 

additional covariances hierarchical models were also tested.  Thus, CFA was run with 

unidimensional, 2-factor, 2nd order, and bifactor models.  Both unidimensional and 2-factor 

models had poor fit indices indicating neither model was a good fit for the data (Table 18).  

The bifactor and 2nd order models, like the 6-factor model had varying results.  The bifactor 

model, run as an orthogonal model with standardizing on the latent variables instead of the 

first item, had the strongest initial fit.  However, there were Heywood cases and poor loadings 

that were not significant, making this model a poor fit despite the higher indices.  The 2nd 

order model (Fig. 23), like the 6-factor model had no Heywood cases, good loadings, except 

Item 5 (0.247, p < 0.001), and some acceptable fit indices.  However, the loading of the latent 

variables on metacognition were extremely high (0.590-0.902) and the same covariates were 

suggested in the modification indices.  

 Because the 2nd order model still had elevated loadings and additional covariances, it 

was worth looking at a 3rd order model.  The 3rd order model had similar results to the 6-

factor model – no Heywood cases, strong loadings (except item 5 – 0.241, p < 0.001), and 

varying fit indices.  Modification indices suggested similar adjustments recommended for  
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Figure 23 Second Order facture structure of the COMEGAM-eng: Metacognition (Mtc); Person (Prs); Task (Tsk); Strategy (Str); Plan (Pln); Monitor (Mnt); Evaluate (Evl) 

the 6-factor model.  With those adjustments, all fit indices meet an acceptable threshold, while maintaining no Heywood cases and strong 

loadings (except items 5 and 14 – 0.206, p < 0.001 and 0.251, p < 0.001).  A 3rd order model, then, is also an adequate fit for the data.  To 

determine the best fitting model, an ANOVA was run comparing the fits of the adjusted 6-factor model and the adjusted 3rd order model.  There 

was no significant difference between the models (2 (1) = -14.25, p = 1.00), thus both adequately explain the data.  
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Table 18 Fit indices for each model in adult sample 

*Acceptable fit indices – p value > 0.05,  NChi < 3.84, CFI > 0.90, TLI > 0.90, RMSEA and its CI < 0.05, SRMR < 0.08   CFI, Comparative Fit Index; CI, Confidence Interval; NChi, normed 

Chi; TLI, Tucker Lewis Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root Mean Square Residual 

Model Chi p value NChi CFI TLI RMSEA 90% CI SRMR Factor Structure 

Unidimensional 2598.659 <0.001 4.37 0.624 0.602 0.080 0.077-0.083 0.078 

 

2-factors 2013.657 <0.001 3.40* 0.734 0.717 0.067 0.064-0.071 0.065* 

 

6-factors 1469.294 <0.001 2.54* 0.833 0.819 0.054 0.051-0.057 0.056* 

 

2nd Order 1482.843 <0.001 2.52* 0.796 0.782 0.058 0.055-0.062 0.070* 

 

3rd Order 1410.499 <0.001 2.40* 0.812 0.799 0.056 0.052-0.060 0.063* 

 

Bifactor 1331.550 <0.001 2.39* 0.855 0.836 0.051 0.048-0.055 0.058* 

 

3rd Order with 
additional covariates 

874.303 <0.001 1.57* 0.927* 0.917* 0.036* 0.031-0.040* 0.050* Fig. 24 

6-factors with 
additional covariates 

961.592 <0.001 1.74* 0.924* 0.913* 0.037* 0.033-0.041* 0.047* Fig. 22 
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Figure 24 Third order factor structure of the COMEGAM-eng - Metacognition (Mtc); Metacognitive Knowledge (MK); Metacognitive Regulation (MR);Person (Prs); Task (Tsk); Strategy 

(Str); Plan (Pln); Monitor (Mnt); Evaluate (Evl)
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4.4.2.2 Divided by Ability 

 Following Ning’s (2016) example, the sample was divided into two groups whose 

total scores were statistically significant (Table 19).  Confirmatory Factor Analysis (CFA)  

Table 19 Descriptive Statistics and CFA of sample divided into strong and weaker metacognitive skills 

Groups Mean Age (SD) Mean Score (SD) 

Self-reported strong 

metacognitive skills (n = 328) 
21.62 (3.99) 153.86 (9.23) 

Self-reported weaker 

metacognitive skills (n = 201) 
20.24 (5.02) 129.70 (9.02) 

t-test comparing group scores t(430.58) = 29.62, p < .0001, d = 2.65 

Confirmatory Factor Analysis 

Groups Unidimensional 6-factors 

Self-reported strong 

metacognitive skills (n = 328) 

CFI = .411, RMSEA = .078, 

TLI = .375, SRMR = .091  

CFI = .736, RMSEA = .053, 

TLI = .713, SRMR = .068  

Self-reported weaker 

metacognitive skills (n = 201) 

TFI = .279, RMSEA = .079, 

TLI = .235, SRMR = .103  

CFI = .649, RMSEA = .056, 

TLI = .618, SRMR = .079   

was run for each group using both a unidimensional model and the 6-factor model.  Only 2 

goodness of fit cut-offs were met.  SRMR was met for both 6-factor models, but the 

remaining cut-offs were not met.  Those with self-reported stronger metacognitive skills 

approached a good fit with the 6-factor model.  For those with weaker metacognitive skills, 

the 6-factor model was a better fit than the unidimensional model, but neither model met 

acceptable goodness of fit cut-off scores.   

4.5 Discussion 

 This study aimed to translate and test the COMEGAM in English.  The English 

version, COMEGAM-eng, was found to be valid based on confirmatory factor analysis and 

reliable based on analysis of internal consistency.  An evaluation of the structure of the 

COMEGAM-eng found both a 6-factor model, as Porumb and Manasia (2015) found, and a 

third order model to be good fits.  The two models were not significantly different.  An 

examination of Porumb and Manasia’s (2015) AMOS results finds the correlations between 

the latent factors to be notably elevated (r’s 0.45 to 0.72).  For both this study and Porumb 

and Manasia’s study the high correlations and additional covariance between items strongly 

suggest the hierarchal model to be the better explanation of the structure. 

 Internal consistency was acceptable to excellent for all scales except monitor and 

control in adults, evaluate in children, and person knowledge in both children and adults.  

The monitor and control scale had one question that needed clarification.  Clarified for 
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children, the alpha became acceptable.  Evaluating is a complex skill.  Metacognitive skills 

may not be fully developed in children (Stel, 2011), thus the lower alpha score in children 

could be due to less expertise with the ability to evaluate.  The questionable score in person 

knowledge is likely due to question 5 (“I know my key weaknesses that keep me from 

learning”).  Question 5 loaded on person knowledge significantly but did not quite reach an 

acceptable threshold of .300 (.289).  Participants rated whether they could identify their 

strengths that help them to learn, and this loaded acceptably on person knowledge (.536).  

Question 5 was listed under modification indices as also loading on the evaluation subscale 

but moving it to evaluation did not result in better loading statistics (.277).  Understanding 

your weaknesses is an important skill that may be more difficult than identifying strengths.       

 It is interesting to note that the modification indices continued to recommend many 

of the same adjustments regardless of the model.  An examination of frequently occurring 

recommendations found several of the covariates were statements that referred specifically 

to knowledge of self by using words like “I” or “me”.  Several additional recommended 

covariates referred to more global knowledge (i.e. “I know which strategies are the best ones 

to help me learn” versus “I know some strategies that are helpful for learning”).  It appears 

that the data may have additional subscales that can be defined as Local Knowledge and 

Global Knowledge (see Appendix B).  A quick check of reliability finds that grouping these 

statements into Local and Global subscales results in acceptable internal consistency (a = .73 

and a = .79).   

 Also of note was the fact that the COMEGAM-eng correlated with numeracy 

achievement, indicating that those self-reporting good metacognitive skills had better 

numeracy achievement, but did not significantly correlate with literacy skills.  The effect size 

between the COMEGAM-eng and numeracy was small, as is typical for self-reports (Craig 

et al., 2020).  As numeracy achievement tends to be more clearly right or wrong than literacy 

achievement, metacognition may have more of a complex relationship with literacy 

achievement than can be identified by self-report. 

 A secondary aim was to replicate Ning’s (2016) study finding the factor structure of 

self-reported weaker metacognitive skills to be unidimensional, while the factor structure of 

self-reported stronger metacognitive skills to be more complex.  The present study did not 

replicate these results.  The average total score for the entire sample was 144, which is 

reflective of good metacognitive skills.  Poor metacognitive skills would score under 109.  It 
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may be there were not enough participants at the lower end of the sample to replicate the 

2016 findings.  The group reporting weaker metacognitive skills did have a poorer fit for the 

complex model than the group reporting stronger metacognitive skills.  Considering, neither 

group had a good fit for the complex model, it is also possible that the COMEGAM-eng is a 

more consistent measure of school-based metacognitive skills across metacognitive abilities. 

4.6 Strengths and Limitations 

 The present study replicates findings on the structure of the COMEGAM-ro with a 

Romanian adolescent sample in a sample of English-speaking British children and adults 

using the COMEGAM-eng.  The reliability and validity findings suggest the COMEGAM-

eng may be a consistent measure of metacognition across studies and children and adults.  

Further research replicating the structure would reinforce this supposition.  This is an 

important finding as structure is not consistently found with current self-report 

questionnaires.  Further research is also needed to evaluate whether the COMEGAM-eng 

predicts metacognitive behaviour. 

 A limitation of this study is the number of children in the sample.  A larger sample of 

10 to 18 year olds is needed to confirm the use of the COMEGAM-eng in adolescents.  A 

further limitation concerns question 5.  Question 5 did not load well on any scale and is likely 

responsible for the questionable alphas found in both children and adults on the person scale.  

Because it queries an important skill, it would be inappropriate to drop the question, 

especially considering it almost reached an acceptable alpha level.  Further investigation is 

warranted to possibly improve or clarify the wording of question 5. 

4.7 Conclusion 

   The COMEGAM-eng is a valid and reliable self-report measure of metacognitive 

skills.  The factor structure has been confirmed across two studies in two languages and 

cultures.  The overall score shows excellent internal consistency.  Research is needed 

comparing the COMEGAM-eng to current self-report questionnaires to further understand 

its place in metacognitive research.  Future research evaluating the COMEGAM-eng’s ability 

to predict metacognitive behaviour and to further explore good versus poor self-reported 

metacognitive skills would also assist researchers in understanding the best use of the 

COMEGAM-eng in metacognitive research.  
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Chapter 5: A Comprehensive Task for Measuring Metacognitive Skills 

5.1 Abstract 

 The term metacognition began use in 1979 by Flavell which he defined as ‘thinking 

about thinking’.  Metacognition has many components, including the understanding of one’s 

knowledge regarding tasks, strategies and one’s own abilities, and the understanding of 

regulatory processes such as planning, monitoring, control, and evaluating.  Because of its 

importance for learning, metacognition continues to be researched, and is traditionally 

measured by a self-report questionnaire or metamemory task.  Self-report questionnaires, 

while easily administered, only weakly relate to metacognitive behavior on a task.  

Metamemory tasks only evaluate one aspect of metacognition.  Researchers recommend a 

multi-method approach of self-report and tasks to fully evaluate metacognition.  There is a 

need for a single easily administered task that evaluates multiple aspects of metacognition, 

including self-reported skills.  This study aims to create such a task, The Puzzle Task.  By 

combining traditional measures of metacognition applied to a single task, the Puzzle Task 

evaluates metacognitive knowledge, planning, monitoring and control, and evaluating.  

Given to both adults and children, small and moderate positive correlations were found 

between metacognitive measures within the task and between the metacognitive measures 

and achievement, as well as large correlations relating self-reported metacognitive skills to 

metacognitive behaviors on the task.  Thus, the Puzzle Task is an effective measure of 

multiple metacognitive components.  Moreover, the Puzzle Task is easily administered, 

providing a wealth of data that is applicable to a wide variety of metacognitive research 

including exploration of metacognitive differences in gender, age, conditions, cognitive 

abilities, and educational domains. 

5.2 Introduction 

5.2.1 Importance 

 Metacognition is the ability to understand and regulate one’s own thoughts (Flavell, 

1979).  Metacognitive processes are thought to be composed of a range of skills such as 

knowledge of person, task and strategy knowledge, planning, monitoring, control, and 

evaluating among others (Lai, 2011).  Knowledge of person, task and strategy are known as 

metacognitive knowledge and describe one’s knowledge of people’s cognitive processes, 

task demands, and how and when to use strategies.  Processes that regulate learning, such as 

planning, monitoring, control, and evaluating, are known as metacognitive regulation 
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(Flavell, 1979).  To illustrate, you find your mind was wandering while reading (example of 

metacognitive monitoring).  You reread the section with increased focus (example of 

metacognitive control).  When finished, you reflect on the depth of your understanding (a 

metacognitive evaluation).   

As illustrated, metacognition is related to study skills.  Research indicates a 

significant positive relationship between study skills accuracy and metacognitive accuracy 

(e.g. Metacalfe, 2009; Thiede et al., 2003), making metacognition important for learning 

(Brown, 1978; Perry et al., 2018).  Metacognitive skills are also essential for self-awareness, 

for instance recognizing your emotions (example of metacognitive monitoring) and 

identifying the reasons behind them (example of person knowledge), making metacognition 

important in treating mental health conditions like anxiety and depression (Wells, 2011).  

Metacognitive skills may also rely on the same underlying mechanism used to determine 

others’ mental states (e.g. understanding why someone is experiencing anger), and thus, are 

associated with good social skills (Carruthers, 2009; Leung et al., 2016).  Since 

metacognition can have such a broad influence, understanding and evaluating it has the 

potential to have wide reaching, positive impact.   

Evaluating metacognitive processes has long been a challenge for researchers 

(Brown, 1978).  Because metacognition is one’s thoughts and regulatory processes it is not 

readily observable.  This difficulty with measuring one’s thoughts has led to the development 

of a range of questionnaires and tasks designed to evaluate metacognition or components of 

metacognition.  Tasks developed to measure metacognition generally evaluate a single 

component, such as metacognitive monitoring accuracy.  Evaluating multiple components is 

typically accomplished using a self-report questionnaire.  However, self-report 

questionnaires do not relate to metacognitive behavior as strongly as tasks (Craig et al., 2020; 

Veenman, 2005).  In other words, it seems tasks more accurately capture metacognitive 

processing than self-report questionnaires.  There is a need for a task that measures multiple 

components of metacognition.  This study will develop a single task that combines existing 

reliable metacognitive measures to evaluate a range of metacognitive skills. 

5.2.2 Metacognitive Taxonomy 

In order to create a task measuring multiple subcomponents of metacognition, it is 

necessary to establish a metacognitive taxonomy on which to base the task.  Craig et al.’s 

systematic review (2020) found support for a two-factor structure of metacognition; 
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metacognitive knowledge and metacognitive regulation.  Flavell’s (1979) original theory of 

metacognition includes knowledge and regulation and divides knowledge into three areas.  

Person knowledge is one’s understanding of their own capabilities.  Task knowledge refers 

to the understanding of task requirements, and strategy knowledge refers to the understanding 

and utilization of strategies.   

Metacognitive regulation is the mental processes that control or regulate one’s own 

cognition.  Schraw and Dennison (1994) partitioned regulation into thoughts that occur 

before, during, and after a task, and included behaviors that relate to planning, monitoring 

and control, and evaluation.  Planning can include allocation of study time or gauging the 

difficulty of a task.  Monitoring and control are the awareness of one’s progress and 

productivity on a task and includes activities that improve accuracy and efficiency.  

Evaluation occurs after the task, when one reflects on their performance.  Based on both 

Flavell and Schraw and Dennison’s taxonomies (Fig. 25), the new task will evaluate multiple 

components of metacognitive regulation, including activities that measure planning, 

monitoring and control, and evaluating.  In addition, a qualitative component will assess 

metacognitive knowledge. 

 

Figure 25 Theorized Taxonomy of Metacognition Based on Flavell (1979) and Schraw and Dennison (1994) 

5.2.3 Current state of Measuring Metacognition 

 Tasks evaluating metacognition are on-line measures.  On-line refers to 

measurements of metacognition that occur while a participant is engaged in a task.  Off-line 

measurements happen before or after the task has occurred, such as a self-report 

questionnaire (Sarac & Karakelle, 2012).  Because of their immediacy and lack of reliance 

on prediction or reflection, on-line measures more strongly correlate with observed behavior 

than off-line measures (Veenman, 2005).  However, with the exception of think alouds, 

existing on-line tasks typically measure a single component of metacognition – often 
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metamemory which asks participants to assess their first order memory processes (e.g. recall 

or recognition ability).  Think aloud protocols (TAP) are currently the only on-line measure 

that can reveal a wide range of metacognitive skills.  TAP asks participants to speak aloud 

their thought process while completing a task, requiring transcription and qualitative 

analysis.  Thus, TAP is time consuming and not feasible with a large sample (Akturk & 

Sahin, 2011).  In addition, while it has been found that TAP does not inhibit metacognitive 

processes, it does slow the processes (Bannert & Mengelkamp, 2008).   

Self-report questionnaires measure a range of skills across metacognitive processes 

and are easily administered to large groups.  However, self-report questionnaires, besides 

being off-line measures, are susceptible to bias, such as response bias or social desirability 

bias (Schellings et al., 2013).  Moreover, there is currently no self-report questionnaire that 

provides a consistent measure of metacognition (Craig et al., 2020).  Existing self-report 

questionnaires provide only a broad overview of metacognitive knowledge and 

metacognitive regulation, neither of which strongly relate to participants’ metacognitive 

behavior on an experimental task (Craig et al., 2020; Veenman, 2005).  There is a need for a 

broad on-line measure of metacognition that can be easily administered to large sample sizes. 

This research aims to create an easily administered on-line task that measures multiple 

aspects of metacognition as defined in our proposed taxonomy.  

5.3 Methods 

5.3.1 Participants 

The efficacy of the task was tested in a range of ages and included both children and 

adults.  Table 20 details the characteristics of all participant samples.  All studies were 

granted ethical approval by the Heriot-Watt Ethics Committee.   

Table 20 Demographics of all participants 

Population n Female n Age Range Mean Age (SD) 

Adult 77 39 18-25 22.4 (2.22) 

Pupils 85 51 10-18 12.1 (2.60) 

 

5.3.1.1 Adults 

Seventy-seven adults aged 18-25 were recruited to complete the Puzzle Task.  

Participants, recruited in person and on-line through posters, university websites, and social 

media postings, were a mix of university pupils and young professionals.  Approximately 
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equal groups of males and females were recruited (39 females, 38 males).  The study was 

completed in either a quiet lab on the Heriot-Watt campus, study rooms in libraries, or in 

quiet classrooms. Verbal as well as on-line informed consent was obtained from all 

participants prior to beginning their first task.   

5.3.1.2 Children    

Eighty-five pupils aged 10-18 were recruited through city councils’ family and child 

services (Table 20), or on-line through social media.  Of the 85, 51 participants were female.  

In addition to completing the task, data was also collected on individual pupil achievement 

from school records.  The studies took place either in assessment ready school-based ICT 

suites or in quiet classrooms.  Written informed consent for secondary and primary 

participants was obtained from both the pupils and their parents or guardians.  Following the 

shutdown of schools due to coronavirus, the task was placed on-line, and three pupils 

completed it from home.  Written and informed consent was gained electronically from both 

pupils and their parents. 

5.3.2 Task Overview 

Widely used metacognitive tasks to date include reliable measures of individual 

aspects of metacognitive regulation.  Planning has traditionally been measured as the time a 

participant is presented with the task until they begin working on the task (e.g. Li et al., 2015; 

Unterrainer et al., 2016), and by participant’s ability to recognize tasks that are more 

challenging than others.  This ability to gauge task difficulty can be measured through a 

predictive confidence judgment of future performance on each item, or by allocating study 

time to each item (e.g. Masur et al., 1973; Metcalfe & Dunlosky, 2008).  Monitoring and 

control have been evaluated by asking participants to judge whether information has been 

learned (judgment of learning) or will be recalled at a future point (feeling of knowing 

judgment).  It has also been measured through participant’s judgment of whether 

performance on each task item is accurate (item-by-item confidence judgment) and through 

participant’s ability to respond to feedback (metacognitive monitoring of feedback; Kim, 

2018; Metcalfe & Dunlosky, 2008).  Evaluating has most often been measured by summative 

judgments of overall performance (global confidence judgment; Metcalfe & Dunlosky, 2008; 

Schraw, 2009) or retrospective interviews reflecting on performance (van Hout-Wolters & 

Schellings, 2009).   
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For metacognitive measures to be evaluated, participants must be engaged in a 

cognitive activity.  Memorizing word pairs or answering general knowledge questions are 

frequently used in metamemory tasks.  While these activities are real-life scenarios, they can 

present challenges for participants with language related issues.  The task for this study was 

based on the block design puzzles, a task from the Wechsler Adult Intelligence Scale version 

IV (Wechsler, 2006).  Participants build patterns using one-dimensional square pieces to 

match given images.  Building these patterns is an activity available to all ages and can 

potentially be adjusted to be suitable for a wide range of cognitive ability levels.  No language 

is necessary to complete the puzzles, only to understand the instructions.  Choosing this 

activity minimizes possible barriers that could arise from the activity itself.  Based on this 

activity, the task will henceforth be called the Puzzle Task (PT), and aims to evaluate 

metacognition by measuring participants accuracy when engaging in study time allocation 

(planning), gauging task difficulty (planning), responding to feedback (monitoring and 

control), making global confidence judgments (evaluation), and completing a brief strategy 

use questionnaire (metacognitive knowledge).  The choice of measures makes this task both 

on-line and off-line, employing a multi-method approach as recommended by metacognitive 

researchers (e.g. Schellings et al., 2013; Veenman, 2005).     

5.3.2.1 Activity 

Ten square designs each requiring 4 pieces were created specifically for this task.  An 

additional 10 original designs each requiring 9 pieces were acquired from a previous study 

(Stewart et al., 2009).  The designs were built and presented in a fixed order to participants 

using the computer-based program, PsychoPy (Peirce & MacAskill, 2018).  Designs 

appeared together in pairs of one 4-piece and one 9-piece pattern – essentially pairs of one 

easier and one more challenging puzzle.  Participants were asked to allocate study time and 

subsequently build each design.  In all, participants completed 10 trials, each with 2 

conditions (easier puzzle and more challenging puzzle).  Throughout the trials, planning, and 

monitoring and control were measured.  Participants’ metacognitive knowledge and 

evaluation skills were measured retrospectively with a short survey after all puzzles had been 

completed. 

5.3.2.2 Planning 

 In the first phase of the PT, planning was evaluated by asking participants to allocate 

study time and by quantifying participants’ planning time.  Presented with the images of each 
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design on the computer screen and a slider scale under each image, participants allocated 

study time by predicting how much time it would take to complete each design (see Fig. 26: 

Plan).  The slider ranged from 0 to 180 seconds for each puzzle.  Unlimited time was allowed 

to make this prediction, and the time spent on the page was recorded in seconds. Participants 

were able to change their predictions until they clicked the next button.  Once participants 

clicked next, they built the puzzles by using the mouse to drag and drop pieces into an empty 

design frame. Each click was recorded as well as the time the click occurred.  Thus, one’s 

ability to gauge task difficulty was measured by analyzing whether participants were 

allocating more time to the more difficult designs.  In addition, planning time was calculated 

from the recorded times of the prediction page plus the time until the first mouse click when 

building the actual puzzle.  We also hypothesized that additional planning time could be 

measured by looking for extra thinking time between mouse clicks while building the 

puzzles. Thus, there are three possible indices for planning: gauging task difficulty (GTD), 

initial planning time (IPT), and additional planning time (APT). 

5.3.2.3 Initial Planning Time (IPT)  

IPT was calculated as the time participants start their predictions until the first click 

on the puzzle building page.  While there is no way, other than adding a think aloud protocol, 

to know participants’ thought processes during this time, as participants were predicting 

completion time in this period, we can posit that participants spent at least some time 

assessing the difficulty of each puzzle, or planning.  The formula is a ratio of planning time 

to total time (Li et al., 2015):  

(time on prediction page + time to first click)/(total time on prediction and puzzle pages). 

Ratios range from 0 to 1.  Scores closer to 1 show a greater percentage of time spent planning. 

5.3.2.4 Additional Planning Time (APT)  

We hypothesized that participants will likely engage in additional planning as they 

are building the puzzles.  This should be seen by an increased amount of time between clicks.  

For example, mouse clicks that occur at 2, 5, 6, and 17 seconds could be interpreted as the 

placement of the first three pieces being pre-planned, and then a longer lag in order to plan 

the placement of the next few pieces.  Like planning time, without think alouds there is no  
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Figure 26 The Puzzle Task 
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way to be certain participants are using that time to plan; however, comparing deviations in 

time across clicks to achievement should give an idea of whether additional planning was 

happening.  Additional planning time is calculated as the standard deviation of the difference 

in mouse clicks:  

Standard Deviation(click 2 – click 1, click 3 – click 2…click n – click n-1). 

The standard deviation will return a score for each puzzle in which a higher score would 

indicate large variations in the time used between pieces.  This could be interpreted as the 

participant having stopped one or more times during the building of the puzzle to plan the 

next set of pieces.  As this is a hypothesized measure, we will test it against other measures 

to lend support to the hypothesis, for instance checking if high APT correlates positively with 

puzzle accuracy.  It is important to note that this could also be considered a measure of 

metacognitive monitoring.  Thus, when correlating the various indices, we will look at effect 

sizes to determine which component APT relates most to. 

5.3.2.5 Gauging Task Difficulty (GTD) 

A participant’s ability to recognize one task is more challenging than another can be 

measured in the PT in two ways.  As a 4-piece puzzle is clearly more difficult than a 9-piece 

puzzle, one measurement is simply to score each trial as correct if the time predicted for the 

4-piece puzzle was less than the time predicted for the 9-piece puzzle, resulting in a binary 

score of either 1 or 0.  A more sensitive measure is to rank the puzzles from 1 to 20, where 

20 is the most difficult puzzle, based on participant predicted times, and compare that ranking 

to the actual item difficulty (see below for how this was calibrated).  Participant ranking 

would be scored as 1 for lowest amount of predicted time and 20 for highest amount of 

predicted time.  For ties, puzzles would be awarded the same rank and the next number 

skipped.   

Established psychometric procedures, difficulty index and point-biserial correlation, 

were used to rank puzzle difficulty with the R (R Core Team, 2018) Psychometrics package 

(Fletcher, 2015).  The difficulty index, which is the proportion of participants that correctly 

answered each item, returns a number between 0 and 1.  Higher values indicate easier items.  

The point-biserial correlation is a correlation between each participants’ total correct score 

and each participants’ score on a specific puzzle.  It measures the question’s ability to 

differentiate between participants with strong and weak performance.  A correlation between 
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-1 and 1 is given with higher positive scores indicating a stronger ability to differentiate – in 

other words, more difficult questions.  Lower positive scores indicate easy questions, and 

negative scores indicate poor questions.   

Using an average of the point-biserial correlation and difficulty index results, an item 

ranking was determined with 1 being the easiest puzzle and 20 the most difficult puzzle for 

each group of participants (primary, secondary, adult).  Time and number of clicks taken to 

complete each puzzle were also examined, but the point biserial results revealed nether time 

nor clicks to be suitable for differentiating between strong and weak performance.  Puzzle 

accuracy, on the other hand, was a reliable measure of differentiation.  With actual rankings 

and participant rankings calculated, an accuracy rate can be determined by taking the absolute 

value of the difference between a participant’s rank and the actual rank: 

|participant rank1 – actual rank1| 

A participant’s accuracy score is determined from the average of the differences in ranking 

for each puzzle.  Thus, a score would fall between 0 and 20 with 0 being a perfect ability to 

estimate task difficulty and 20 a total lack of ability to estimate task difficulty.  It is 

recommended that difficulty ranking be determined for each completed study and separately 

for different stages of development (e.g. primary versus secondary) to help minimize outliers 

within the data as averages may be affected by the specific participant pool (e.g. culture).   

5.3.2.6 Monitoring and Control 

Monitoring and control are evaluated by measuring metacognitive monitoring of 

feedback.  Participants first build a 4-block puzzle. Once satisfied the puzzle is completed 

correctly, they click the next button for the 9-block puzzle (see Fig. 26: Monitor and Control).  

After completing both puzzles, participants are given feedback on the amount of time it took 

to complete each puzzle (see Fig. 26: Feedback).  To avoid missed or skipped feedback, the 

feedback page is presented for 5 seconds, after which participants are automatically advanced 

to the prediction page for the next set of puzzles.  To avoid a lengthy task, puzzles were set 

to time out and move to the next step after 180 seconds.  180 seconds was chosen based on 

the time allowed for the traditional block design task (120 seconds) plus an extra 60 seconds 

for technology-based delays, such as the use of a mouse versus hands.  If a puzzle times out, 

the feedback page displays the message that participants ran out of time to complete that 

puzzle.  It is expected that participants will utilize the feedback to inform subsequent 
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predictions.  If participants are adapting their study time allocation accurately based on 

feedback, participants’ predictions should become increasingly accurate as they advance 

through the trials.  Monitoring and control, processes, together, were evaluated by a 

prediction accuracy score (PA).   

5.3.2.7 Prediction Accuracy (PA) 

PA scores compare participants’ predicted puzzle completion times to actual 

completion times.  Participants were given feedback after each set of puzzles stating the 

amount of time actually taken to complete each puzzle.  Those with good monitoring and 

control skills should be adjusting their subsequent prediction times to reflect their actual 

performance as given on the feedback page.  PA is calculated as a percent change.  Thus, the 

formula used is  

|actual time – predicted time|/predicted time. 

The percent change for all 20 puzzles was averaged to produce a prediction accuracy score 

for each participant where 0 is perfect prediction reflective of good monitoring and control, 

and high scores indicate poor monitoring and control skills.  If absolute value is not used, 

under and overconfidence errors can also be calculated.   

5.3.2.8 Evaluation and Knowledge 

After completing ten trials (20 puzzles), participants were then asked to evaluate their 

performance with global confidence judgments (CJ).  After feedback on the final set of 

puzzles, the PT advances to a short Qualtrics (2018) survey.  Participants evaluated their 

performance using slider scales ranging from 1 to 10, with 10 representing perfect 

performance (see Fig. 26: Evaluate).  Participants completed two ratings, resulting in two 

evaluation scores.  One score rated participants’ confidence in their ability to accurately 

complete the puzzles, and the second rated participants’ confidence in their ability to 

accurately predict puzzle completion times.   

The remaining questions in the survey were qualitative measures of metacognitive 

knowledge.  Participants were asked to choose or write in the strategies they used to complete 

the task.  In addition, participants were asked to choose or write in strategies that would have 

improved their performance on the task.  These questions not only provide qualitative data 

on participants’ metacognitive knowledge, but also their ability to reflect on ways to improve, 

providing another measure of evaluation. 
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5.3.2.9 Confidence Judgments (CJ)  

Participants evaluate their own performance by assigning themselves a score between 

1 and 10.  A score of 10 indicates strong confidence in the accuracy of their performance.  

Participants rated their confidence on their performance with the puzzles as well as their 

ability to accurately predict puzzle completion times.  The scores can be stand alone measures 

from 1-10 or can be percentage scores when divided by 10.  

5.3.2.10 CJ Accuracy 

The accuracy score looks at how well participants judged their own performance by 

comparing their slider ratings to trial accuracy and prediction accuracy.  Like prediction 

accuracy, under and over confidence errors can be calculated for both CJs.  Because 

prediction accuracy is a percentage, the CJ of predictions was compared as a percentage.  CJ 

and PA scores are inverse, in that high CJ and low PA indicate good performance.  Thus, PA 

scores had to be subtracted from 1.  The absolute value of the difference between judged 

prediction accuracy and actual prediction accuracy returns an accuracy score for CJ of 

prediction times using:  

|(CJ prediction times/10) – (1-prediction accuracy score)|. 

For consistency, both the CJ for puzzle accuracy and the puzzle accuracy score were changed 

to percentages.  Therefore, the formula for puzzle CJ accuracy is  

|(CJ puzzle accuracy/10) – (puzzle accuracy score/20)|. 

Both scores will be between 0 and 1, with 1 indicating inaccurate judgments and 0 indicating 

a perfect ability to judge one’s own performance. 

5.3.2.11 Qualitative Analysis 

To evaluate metacognitive knowledge, qualitative analysis of the self-reported skills 

will be conducted by analytic induction where patterns and themes are determined from 

participants’ responses.  Responses are not used to support a predetermined theory.  

Participants will be grouped according to performance (e.g. those who obtained ceiling and 

those who did not) and qualitative responses analysed for possible explanations of the 

differences in performance, e.g. looking for similarities and differences in the responses of 

those who had strong metacognitive skills as measured by the various indices versus those 

who had weak metacognitive skills.  The qualitative responses will then be coded as 

quantitative data (e.g. yes/no participant used strategy of allowing feedback to inform future 
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responses), allowing for correlations with corresponding behaviors on the task to evaluate 

the accuracy of participants’ metacognitive knowledge. 

5.3.3 Other Considerations 

There are a wide variety of existing methods for assessing metacognition, across 

different cognitive domains, and it is important to consider where we see the Puzzle Task 

sitting within these existing methodologies. Novel methods for assessing metacognition have 

been designed to address the important fact that metacognitive accuracy can be affected by 

participants’ task performance, as well as influenced by fluctuations in the difficulty level of 

the task (Rahev & Felming, 2019). Additionally, simpler measures of metacognition 

(including the Puzzle Task reported in this paper) do not typically separate metacognitive 

sensitivity from metacognitive bias (Manscalco & Lau, 2012). To overcome this difficulty, 

researchers have recently developed meta-d’ measures of metacognition, that explicitly 

model the relationship between task performance and metacognition, using a signal detection 

approach. The benefit of such measures is they provide a bias-free approach to measuring 

metacognition, which importantly controls for the influence of task performance on 

metacognition.  

The benefits of quantifying metacognitive accuracy using these methods have been 

widely discussed (e.g., Fleming & Lau, 2014; Rahnev & Fleming, 2019). We agree that 

model-based approaches for measuring metacognitive efficiency (e.g., Manscalco & Lau, 

2012), which employ multiple trial-by-trail metacognitive judgment, provide a more robust, 

bias-free way to assess an individual’s metacognitive bias, sensitivity and efficiency within 

a particular domain. Instead, our focus here has been to develop a task that can be 

administered easily across developmental stages, which assesses multiple facets of 

metacognition. The task does not rely on completing hundreds of trials, whilst still providing 

quantitative and qualitative data regarding participants’ metacognitive abilities across several 

aspects of Flavell’s metacognitive taxonomy.  

5.3.4 Procedure 

All children and adult participants completed the task on a desktop or laptop computer 

using PsychoPy (Peirce & MacAskill, 2018).  The size of images and text were adjusted to 

fit the given screen.  After 38 adult participants were collected, the data was previewed for 

effects of learning.  The poorest performance on puzzle accuracy was 10 correct puzzles out 

of 20, and there were 7 participants who achieved a perfect score.  Accuracy rates on 15 of 



 

183 
 

the 20 puzzles were greater than 81%.  In order to ensure that metacognitive skills are being 

fully evaluated the task was made more challenging by adding 7 more original 9-piece 

puzzles (Stewart et al., 2009).  The three easiest 9-piece puzzles were replaced with more 

difficult versions, and four 4-piece puzzles were replaced with new 9-piece puzzles.  Thus, 

the last 4 pairs became pairs of two 9-piece puzzles, one of which was more difficult than the 

other, though the distinction was more subtle than between a 4 and 9-piece pair.  

Additionally, the time out was lowered from 180 seconds to 120 seconds.  This was done 

because some participants took over an hour to complete the task and only 2% of puzzles 

were scored as correct after 120 seconds.  Thirty-nine more adult participants were recruited 

to complete the more challenging version of the puzzle.  The number of correct puzzles in 

the second set of participants had a slightly larger range; 8 to 20.  However, overall results 

in puzzle accuracy were not significantly different from the easier version.   

5.4 Hypothesis 

As this is a new way of combining classic metacognitive tasks into one continuous 

task, it measures metacognitive components in several ways.  Exploratory statistical analysis 

was completed to determine the efficacy of each metacognitive indice.  Along with looking 

at the overall effectiveness of the task by correlating indices to measures of achievement, the 

results section will also statistically examine the effects of learning by comparing 

performance on the first half of the task to the second half of the task and examine the 

relationships between each metacognitive measure.  It is expected that results from the last 5 

sets of puzzles will be significantly better than the first 5 due to learning effects.  It is also 

expected that measures will significantly correlate with achievement as well as with each 

other.  Evaluation is a summative self-report.  As self-reports tend to correlate weakly with 

metacognitive behavior, evaluation may not significantly correlate with other measures. 

(Veenman et al., 2005).  Suitability of the task will be determined by four things; whether 

learning effects are present, measures correlate positively with achievement, measures 

correlate positively with one another, and whether self-reported metacognitive skills 

positively correlate with metacognitive skills employed on the task. 

5.5 Results 

5.5.1 Adults  

As the results were skewed towards high puzzle accuracy, non-parametric measures 

were required.  Gamma correlations are not as affected by outliers as Spearman’s or 
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Kendall’s correlations and are frequently employed in metacognitive research (Nelson, 

1984).  Gamma correlations (G) and the Wilcoxon Signed rank test (V) were used to 

statistically analyze the results.  Effect sizes for Wilcoxon Signed Rank test follow Grissom 

and Kim’s (2012) recommendation of stating the probability that scores from the second 

condition are higher than the first (PSdep).  PSdep ranges from 0 to 1 with scores close to 1 

indicating a stronger second condition and scores close to 0 indicating a stronger first 

condition. 

5.5.1.1 Learning Effects  

Expected effects of learning were found in significant differences between the first 5 

sets and the last 5 sets of puzzles (Table 21).  While means and standard deviations of  

Table 21 Wilcoxon Signed Rank comparisons of learning effects in adults 

puzzle rankings reveal the first set of puzzles (9.9 (6.9)) to be easier than the second set (11.1 

(5.0)), the first set was not significantly easier (t(9) = -0.76, p = 0.47).  Wilcoxon’s V indicated 

that participants spent more upfront planning time (Initial Planning Time; IPT) and were less 

accurate in their predictions in the first 5 sets of puzzles (Prediction Accuracy; PA).  

Participants did allocate significantly more time to 4-piece puzzles than 9-piece puzzles 

(GTD, V = 42, p < .001) but were significantly less accurate in their puzzle ranking in the 

last 5 sets of puzzles than in the first 5 sets (GTD, V = 604, p < .001).  Ranking is more 

difficult in the second half due to comparing two 9-piece puzzles which could account for 

the decreased accuracy in the last half.  Interestingly, and against expectations, participants 

had significantly more time between clicks (Additional Planning Time; APT) in the last 5 

sets of puzzles.   

5.5.1.2 Achievement and accuracy correlations  

 Each indice was correlated with achievement as measured by participants’ accuracy 

in completing the task, with the exception of participants’ confidence judgments in their 

ability to accurately predict completion times.  Judgments of prediction accuracy were 

Indice Means (SD) V p value Effect 

 1-5 6-10   (PSdep) 

Initial Planning Time (IPT) .229 (.07) 0.213 (.06) 1895       .05 .42 

Additional Planning Time (APT) 2.05 (2.4) 4.51 (1.4) 148 <.0001 .97 

Gauging Task Difficulty (GTD) 

Rank Accuracy (GTD) 

392 (212) 

4.07 (1.3) 

676 (198) 

4.81 (0.9) 

42 

604 

<.0001 

<.0001 

.99 

.30 

Prediction Accuracy (PA) 0.52 (1.2) 0.40 (1.4) 2659 <.0001 .19 
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correlated with actual prediction accuracy.  The relationship between monitoring and control 

and accuracy as well as planning and accuracy was significant (Table 22).   

Table 22 Correlations with achievement (number of correct puzzles) in adults 

Participants monitoring their predicted times more closely had more puzzles correct, and 

those using more initial planning time, more accurately determined task difficulty.  There 

was a significant relationship between participants’ judgments of their ability to predict 

puzzle completion times and their actual prediction accuracy.  Those who gave themselves 

higher scores did have better accuracy.  There was also a positive linear relationship between 

participants’ judgment of their ability to accurately complete puzzles and the number of 

correctly completed puzzles, but this relationship was not significant.  Similarly, participants 

who more accurately evaluated their ability to predict completion times tended to complete 

more accurate puzzles.  But this relationship was also not significant.   

Participants’ ability to gauge the difficulty of a task had a non-significant negative 

linear relationship with puzzle accuracy.  As this measure was binary, it may not have been 

sensitive enough to measure against achievement.  Ranking accuracy also measures the 

ability to gauge task difficulty but is a more sensitive measure and did significantly correlate 

with achievement.  Additional planning time significantly correlated with puzzle accuracy, 

but not in the manner hypothesized.  The more excess time between mouse clicks, the less 

accurate participants were when building puzzles, possibly indicating lack of engagement or 

concentration.  Considering concentration is likely to be more difficult in the later sets of two 

9-piece puzzles, this possibility is supported by the fact that significantly more time between 

mouse clicks occurred in the last five sets.  The reduction in ranking accuracy in the last five 

sets could also be indicative of less concentration as well as the increase in difficulty in 

identifying the more challenging puzzle between one 4-piece puzzle and one 9-piece puzzle 

Indice Skill Gamma (G) p value 

Initial Planning Time (IPT) Planning .20 .02 

Additional Planning Time (APT) Planning -.28 .005 

Gauging Task Difficulty (GTD) Planning -.02 .87 

Ranking Accuracy (GTD) Planning -.22 .02 

Prediction Accuracy (PA) Monitoring & Control -.28 .001 

Accuracy of CJ of Time Evaluating -.10 .24 

CJ of Puzzles Evaluating .24 .17 

CJ of Time and  

Prediction Accuracy 

 

Evaluating 

 

-.32 

 

.0005 
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to two 9-piece puzzles.  A quick check of those who achieved perfect scores on the puzzles 

found that there was a significant increase in additional planning time (ps < .0001) in the last 

5 sets for both those who achieved ceiling and those who did not achieve ceiling indicating 

that additional planning time between pieces is related to task difficulty.  Interestingly, there 

was no significant increase in additional planning time in the last 5 sets for those who scored 

in the bottom 10% of puzzle accuracy (p = 0.30).   

Because almost a quarter of the participants achieved ceiling, we removed their data 

and reran the correlations with achievement.  All currently significant results became 

insignificant.  An ANOVA of planning time between those with and without a perfect score 

found a trend (F(1, 75) = 3.53, p = .06, d = .31) indicating those with perfect scores used 

more planning time.  Of note, all correlations with confidence judgments increased in effect 

size, and the correlation between puzzle accuracy and CJ evaluating performance on the 

puzzles became significant (G = .38, p = .03), indicating that those with perfect scores may 

not be as good at evaluating their own performance as those who did not perform as well.  

An ANOVA measuring the ability of the two groups to accurately evaluate performance did 

not reach significance but does indicate those with perfect scores tended to be less accurate 

in their evaluation (F(1, 32) = 1.34, p = .26, d = .29). 

5.5.1.3 Correlations within and between components 

 An examination of correlations between indices (Table 23) finds that participants  

Table 23 Correlation matrix of each metacognitive measure in adults 

 APT GTD GTD Rank PA CJ Puzzle CJ Time 

IPT -.42*** .12  .01 -.24***  .04  .07 

APT  -.21*  .09  .33*** -.06  .08 

GTD    -.18+     -.03  .17  .06 

GTD Rank    .27** -.06 -.04 

PA      .16  .05 

CJ Puzzle        .23+ 

+ trend (<.10) <.05* <.01** <.001*** 

APT, Additional Planning Time; CJ Puzzle, Confidence Judgments of Puzzle Accuracy; CJ Time, Confidence 

Judgments of Time Accuracy; GTD, Gauging Task Difficulty as a binary score; GTD Rank, Gauging Task 

Difficulty using ranking accuracy; IPT, Initial Planning Time; PA, Prediction Accuracy 

who take more planning time up front had significantly less additional time between mouse 

clicks while building the puzzles and were significantly more accurate in their prediction of 

completion times.  Participants who more accurately gauged task difficulty (Rank Accuracy) 

also more accurately predicted the time needed to complete puzzles. There was a small 
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positive relationship between initial planning time and gauging task difficulty.  There was no 

significant relationship between planning and reflection skills or planning and the more 

sensitive measure of identifying task difficulty.  The lack of significant relationship between 

amount of initial planning time and accuracy of gauging task difficulty is surprising, firstly 

because they are both measures of planning, but more importantly, gauging task difficulty 

occurred entirely during that planning time.  It is plausible that the feedback allowed 

participants to better understand the challenge each puzzle provided, and thus spend less time 

allocating study time as the task progressed.  Correlating the rank accuracy score to time 

spent planning in only the first five puzzles yields a negative relationship that approaches 

significance (G = -0.14, p = 0.10) indicating that participants who spent more time planning 

more accurately gauged puzzle difficulty.   

 Additional planning time was significantly correlated to both participant’s ability to 

gauge task difficulty and accuracy predicting puzzle completion times.  Participants who had 

greater additional time between clicks were less accurate in predicting puzzle completion 

times and were less likely to allocate additional time to the more difficult puzzle, lending 

further support to the possibility that additional planning time measures levels of 

concentration.  Extra time between clicks did not have a significant relationship with rank 

accuracy or reflection skills. 

 The broad measure of gauging task difficulty significantly correlated with extra time 

between clicks.  It trended towards significance with rank accuracy and ability to evaluate 

performance on the puzzles.  Since 69% of adults scored 80% or better on the right/wrong 

measure of gaging task difficulty, pairs with 4-piece puzzles were dropped from the 

calculations.  The correlation between right/wrong GTD and puzzle accuracy from the last 5 

puzzles returns a non-significant correlation of r = -0.04.  Looking at the raw data, 

participants gave puzzles the same amount of completion time on only 12% of the trials.  In 

other words, 88% of the time, adults gave more time to what they considered to be the more 

difficult puzzle.  It appears that with 4-piece puzzles, the GTD right/wrong score was too 

easy, but with two 9-piece puzzles, it was not a good measure in adults.  However, it may be 

a good indicator of skills in children, who are less sophisticated in their understanding of task 

difficulty.   

Interestingly, reflective accuracy did not significantly correlate with any other indice.  

Participants more accurate in their evaluation of their ability to predict puzzle completion 
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times tended to be more accurate in the evaluation of their ability to accurately complete 

puzzles.  However, this relationship did not reach significance.  Correlations between CJ of 

prediction times and actual prediction accuracy suggest participants are correctly evaluating 

themselves.  The correlation between CJ of puzzles and puzzle accuracy was positive, but 

not significant.  This may be because, unlike prediction accuracy, there was no feedback 

given on puzzle accuracy.  Regardless, the data suggest the ability to evaluate performance 

is not significantly related to the ability to plan, monitor, or control. 

5.5.1.4 Self-Reported Metacognitive Skills 

Of the 77 participants, 44 said they looked for patterns of red and white triangles, and 

41 said they imagined the design broken into pieces.  Fifty-three of the participants said they 

based their predictions on how difficult the puzzle looked, and 51 based their prediction times 

on the feedback given.  Write-in strategies included starting with the corners (6), looking for 

symmetry (1), isolating the left diagonal (1), cutting the design into a grid and lowering 

predicted times when they felt confident with that strategy (1), lowering times by 5 seconds 

when there was a solid square shape in the pattern (1), trying to follow a pattern of blocks 

(1), and alternating the main color (1).  Fifty-six participants listed the use of 2 or more 

strategies.  All but 3 of the 18 participants with perfect scores listed the use of 2 or more 

strategies. 

It has been well established in metacognitive research that participant self-reports 

only weakly relate to participant metacognitive behaviour (Craig et al. 2020; Veenman et al. 

2005).  Craig et al. (2020) found a weak pooled effect estimate of d = 0.22.  Looking at self-

report data statistically with Mann Whitney’s test on the PT finds associations with similar 

effect sizes.  Participants who reported using at least one strategy to accurately complete the 

puzzles did tend to have better puzzle accuracy scores (W = 440.5, p = 0.13, d = 0.35).  

Likewise, those who reported gauging the difficulty of a task (W = 786.5, p = 0.19, d = 0.31) 

did have better gauging task difficulty by ranking accuracy scores, but neither relationship 

was significant.  However, those who reported either gauging task difficulty or monitoring 

feedback to inform their predictions had significantly better prediction accuracy (W = 511, p 

= 0.03, d = 0.52) with a medium effect size, and those who reported they used feedback to 

inform their predictions also had significantly better prediction accuracy (W = 885, p = 0.006, 

d = 0.66) with a medium effect size.  Finally, those who reported using at least 2 strategies 
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did trend towards better puzzle accuracy and had significantly better prediction accuracy (r 

= .19, p = .10; r = -0.25, p = .03). 

Only 4 participants said that they either guessed (2) or do not know how to use 

strategies and had to make random decisions (2).  All 4 participants had at least 85% of the 

puzzles correct, with one having a perfect score.  However, all 4 were somewhat inaccurate 

in their prediction of completion times, with PA scores falling in the bottom third of the 

sample.  Interestingly, all 4 rated themselves low (approximately 39% off) puzzle accuracy 

despite their high accuracy scores.  Two participants gave themselves low confidence 

judgment scores (approximately 20% off) when compared to their actual performance in 

prediction accuracy.  The confidence judgments of the other 2 participants were rather 

accurate (approximately 7% off).  Thus, without feedback (as with the puzzles) these 4 

participants were considerably less accurate.   

 Thirty-eight participants identified one or more strategies they felt would improve 

their performance.  Twenty-three participants chose imagining the patterns broken into 

smaller pieces.  Eleven chose checking how difficult the design was before choosing a time 

and 11 chose looking for patterns of red and white triangles.  Ten participants said their 

performance would have improved if they had based their times on the feedback given.  

Additional strategies written in included starting to use strategies earlier in the task (2), 

slowing down (2), looking at the direction the triangles faced (1), and the need to be smarter 

(1).  One participant stated they used the best strategy for them, but also wrote in that they 

would adopt the strategy of someone who completed the puzzles faster than they did.  Five 

participants said they struggle to use strategies, and that no strategy could have improved 

their performance.  Of those 5, only one had both poor puzzle and prediction accuracy.  Two 

of the participants had perfect puzzle accuracy, and one had the best prediction accuracy of 

the sample.  Thirty-four participants said they used their best strategy, and that no other 

strategy would have further improved their performance.     

 Statistical results for participants’ judgments of how to improve their performance 

were similar to their judgments of performance.  Those reporting the need to use strategies 

to help with puzzle accuracy did have poorer accuracy scores (W = 794, p = 0.25, d = 0.27), 

and those reporting the need to gauge task difficulty did have poorer ability to gauge task 

difficulty by rank (W = 320.4, p = 0.54, d = 0.14).  However, neither relationship was 

significant.  Those reporting the need to gauge task difficulty or use feedback to inform 
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predictions did have poorer prediction accuracy (W = 373, p = 0.15, d = 0.33), again not 

significant.  Those indicating the need to respond to feedback did have significantly poorer 

prediction accuracy (W = 145, p = 0.004, d = 0.69) with a medium effect size.  Participants 

who said they used their best strategy did have significantly better prediction accuracy (W = 

941, p = 0.03, d = 0.51) with a medium effect size and had better puzzle accuracy, but not 

significantly better (W = 688.5, p = 0.66, d = 0.10).   

5.5.2 Children 

5.5.2.1 Learning Effects  

Secondary pupils completed the same puzzles as the adult participants.  Primary 

pupils; however, predominantly failed to complete the more challenging puzzles.  Therefore, 

primary pupils were given the less challenging, original task which included nine 4-piece 

puzzles and eleven 9-piece puzzles, with the last set being two 9-piece puzzles.  Similar to 

adults, means and standard deviations of puzzle difficulty for both secondary and primary 

pupils indicated the puzzles in the first half (secondary 8.8 (7.2), primary 9.4 (5.7)) were 

more difficult than the second half (secondary 11.4 (5.2), primary 11.1 (6.4)).  However, the 

difference was not significant when comparing the difficulty level in the first half versus the 

second half for either group (secondary t(9) = -0.92, p = 0.38, primary t(9) = -1.2, p = 0.28).   

Data collected from school children had larger ranges, with only 14% of participants 

achieving ceiling.  However, there was still enough of a skew in puzzle accuracy to warrant 

the use of the Wilcoxon Signed rank test (V).  Results (Table 24) of the children’s data almost 

completely mirror the adult results.  Participants spent more upfront planning time (IPT) in 

the first 5 sets of puzzles and allocated significantly more time to 4-piece puzzles than 9-

piece puzzles (GTD, V = 25, p < .001).  Like the adults, younger participants were less  

Table 24 Wilcoxon Signed Rank comparisons of learning effects in children 

accurate in their puzzle ranking (GTD, V = 1054, p = .004) in the last 5 sets of puzzles.  

Unlike adults, prediction accuracy was not significantly more accurate.  Metacognitive 

monitoring of feedback may be a more advanced metacognitive skill that does not fully 

Indice Means (SD) V p value Effect  

 1-5 6-10   (PSdep) 

Initial Planning Time (IPT) .220 (.06) 0.208 (.07) 2426       .009 .31 

Additional Planning Time (APT) 2.53 (1.3) 2.48 (1.5) 2386 .01 .32 

Gauging Task Difficulty (GTD) 

Rank Accuracy (GTD) 

598 (263) 

4.21 (1.3) 

868 (221) 

4.65 (1.6) 

25 

1054 

<.0001 

.004 

.94 

.68 

Prediction Accuracy (PA) .328 (.11) .370 (.18) 1466 .11 .54 
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develop until adulthood.  Looking at the effect of age on prediction accuracy lends credit to this supposition as older children did significantly 

improve their prediction accuracy from the first to second half of the task (F(3, 81) = 6.86, p < .0001, R2 = .20).  In contrast to adult results, 

younger participants had significantly less additional planning time (APT) in the last 5 sets of puzzles.  Children’s attention spans are more 

variable than adult attention spans.  If additional planning time is indicative of attention, as it seems to be, we may not be able to adequately 

evaluate the role of attention in children with the additional planning time indice, or it may be that children do use additional planning time 

between clicks.  The correlation between APT and achievement may aid in understanding why APT results are reversed in children.  

5.5.2.2 Achievement and accuracy correlations  

 Like adult participants, young participants who used less additional planning time (APT), more accurately determined task difficulty 

(GTD), and more accurately predicted completion times (PA) by monitoring feedback had more puzzles correct (Table 25).  Children, like  

  Table 25 Correlations with achievement (number of correct puzzles) in children 

 

 

 

 

 

 

 

 

 

 

Independent Variables Puzzle Accuracy School Achievement 

Literacy, Numeracy 

Indice Skill Gamma (G) p value Gamma (G) p value 

Initial Planning Time (IPT) Planning .09 .22 .06,  .13  .58, .19 

Additional Planning Time (APT) Planning -.50 <.0001 -.28, -.39 .006, <.0001 

Gauging Task Difficulty (GTD) Planning .20 .03 .34,   .39 .0008, .0003 

Ranking Accuracy (GTD) Planning -.29 <.0001 -.08, -.23 .43, .02 

Prediction Accuracy (PA) Monitor/Control -.18 .04 -.10, -.02 .34, .86 

Accuracy of CJ of Time Evaluating -.03 .75 -.15, -.12 .10, .26 

Accuracy of CJ of Puzzles Evaluating NA NA -.15, -.09 .19, .34 

CJ of Puzzles Evaluating .20 .03 NA NA 

CJ of Time (IV) and 

Prediction Accuracy (DV) 

 

Evaluating 

 

-.21 

 

.007 
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adults, who gave themselves higher scores (CJ of Time) did, in fact, have better prediction 

accuracy (PA).  Unlike adults, the binary measure of gauging task difficulty can evaluate 

children’s performance.  However, the ranking accuracy remains a better measure as seen in 

the stronger Gamma score.     

 The accuracy in judging your ability to predict completion times (CJ of Time) did not 

significantly correlate with puzzle accuracy.  Ability to accurately evaluate your performance 

does not appear to be connected to achievement in neither adults nor children.  One could 

posit that modesty is affecting judgment as seen in the tendency of adults with perfect 

accuracy to downgrade the judgment of their performance.  However, children appear to be 

better assessors of their own abilities as their judgments were significantly accurate both 

when rating their ability to predict time and rating their ability to accurately complete puzzles.  

CJ of Puzzles significantly correlated with Puzzle Accuracy, indicating that those who scored 

themselves high, did get more puzzles correct.  Despite the accuracy of confidence judgments 

in children, the accuracy does not indicate better achievement as seen in the lack of 

significance between accuracy of CJ of time and puzzle accuracy.  Executive functions, to 

which metacognition is closely related, do not fully develop until early adulthood (Anderson, 

2002).  It may be that evaluation, like some executive functioning skills, is an extremely 

advanced skill that does not develop until adulthood.  Adults had a stronger correlation 

between evaluation accuracy and achievement than children, and a quick check of all data 

lends further support to later development (F(3, 158) = 11.9, p < .0001, R2 = .18) as age plus 

CJ of Time does significantly predict puzzle accuracy.  So, older participants with strong 

accuracy judgments did have more correctly completed puzzles.   

 Interestingly, initial planning time (IPT) did not correlate with achievement in 

children as it did in adults.  The relationship is positive, in that some pupils who spent more 

time planning prior to building the puzzle had better accuracy on the puzzles.  Checking for 

effects of age finds a significant relationship indicating that older children who used more 

initial planning time had better accuracy scores (F(3, 81) = 10.1, p < .0001, R2 = .273).  Again, 

planning may be a skill that develops later.  Younger children may understand they need to 

plan more, but not know how to plan.  Or, lack of attention may have increased the planning 

time with children, which would help explain the differences in additional planning time 

results between children and adults. 
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 For the children’s sample, data was collected regarding academic achievement.  For 

primary pupils, numeracy and literacy standardized test scores and bands were obtained.  For 

secondary pupils, their numeracy and literacy levels based on Scottish National Standards 

were collected.  For those who completed the on-line version, parents were asked to provide 

an estimate of their child’s numeracy and literacy achievement by choosing the most 

appropriate level (e.g. my child is working at the average level expected).  The data was then 

categorized into 5 bands of low achievement to superior achievement.  School achievement 

and Puzzle Accuracy significantly correlated for both numeracy and literacy (numeracy r = 

.38, p = .0003; literacy r = .27, p = .01).  Results were similar to puzzle accuracy results with 

less additional planning time and increased ability to gauge task difficulty yielding significant 

relationships with achievement in literacy and numeracy, and initial planning time not 

significantly related to achievement.  Gauging task difficulty as ranking accuracy was only 

significantly related to numeracy.  Accuracy of judgments of own performance on the puzzles 

was not significantly related to academic achievement, but accuracy of judgments of own 

performance of predicting time showed a trend towards significance for literacy.  In the latter, 

feedback is provided which may be why it more strongly correlates with academic 

achievement.  Unlike puzzle accuracy, prediction accuracy was not related to either measure 

of academic achievement.  

5.5.2.3 Correlations within and between components 

Correlations between measures in children (Table 26) were notably different than 

those in adults.  Like adults, participants who take more planning time up front (IPT) and had 

less additional time between mouse clicks were more accurate in their prediction of 

completion times.  However, only IPT was significant in children.  In children, the amount  

Table 26 Correlation matrix of each metacognitive measure in children 

 APT GTD GTD Rank PA CJ Puzzle CJ Time 

IPT -.10  .06 -.10 -.17* -.10  -.02 

APT  -.06   .11 -.05   .04  -.02 

GTD        -.59***       -.19*   -.17+  -.04 

GTD Rank       .21**   .05   .02 

PA      -.10  -.05 

CJ Puzzle           .23** 

+ trend (<.10) <.05* <.01** <.001*** 

APT, Additional Planning Time; CJ Puzzle, Confidence Judgments of Puzzle Accuracy; CJ Time, Confidence 

Judgments of Time Accuracy; GTD, Gauging Task Difficulty as a binary score; GTD Rank, Gauging Task 

Difficulty using ranking accuracy; IPT, Initial Planning Time; PA, Prediction Accuracy 
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of planning time utilized did not significantly correlate with any measure except prediction 

accuracy.  Both children and adult participants who more accurately gauged task difficulty 

also more accurately predicted the time needed to complete puzzles. For children, this was 

true for both indices measuring the ability to gauge task difficulty.  In addition, the binary 

measure of gauging task difficulty correlated strongly with the more sensitive gauging task 

difficulty measure in children, whereas it only trended towards significance in adults.   

Like adults, initial planning time (IPT) did not significantly correlate with gauging 

task difficulty (GTD), though there was a small positive relationship.  Interestingly, when 

checking IPT and GTD in children, the first half shows a trend for GTD rank, but no 

relationship with the binary measure of GTD (G = -.14, p = .10; G = .01, p = .95; 

respectively).  Instead, initial planning time from the second half is significantly related to 

the binary measure of gauging task difficulty (G = .23, p = .01).  It could be that some children 

already monitor and respond to feedback, so their initial planning time decreases as they 

move through the task, whereas others must learn to monitor and respond to feedback as they 

move through the task, so their initial planning time increases as they learn to take the 

feedback into account in their subsequent predictions.  These differences in metacognitive 

abilities in pupils may be the cause of initial planning time not significantly correlating with 

other variables as expected. 

 Unlike adults, additional planning time was not significantly correlated to any other 

indice.  Additional planning time does not seem to be a useful measure of attention in 

children.  This could be due to attention span differences in gender as well as the range of 

ages from 10 to 18.  A quick check of the influence of both finds that older pupils use 

significantly less time between clicks.  Females in secondary school used less time between 

clicks while females in primary school used more time between clicks (F(3, 83) = 9.64, p < 

.001, R2 = .263).     

In adults, there was a positive trend between the ability to accurately judge one’s own 

performance on puzzle accuracy and the ability to judge one’s own performance on 

prediction accuracy.  In children, that relationship was significant.  Like adults, children’s 

data suggests that ability to evaluate performance is not significantly related to the ability to 

plan, monitor, or control, as there were no significant relationships between measures of 

evaluation and measures of any other component.  However, the ability to accurately gauge 

task difficulty did trend towards significance with the ability to accurately judge performance 
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on puzzle completion in children.  Looking at the strength of Gamma correlations in children 

versus adults, it appears as though the relationships between evaluation and other components 

weaken in adulthood, possibly due to the inaccuracy of judgments from participants who 

reach ceiling. 

5.5.2.4 Self-reported Metacognitive Skills  

Of the 85 participants, 32 said they looked for patterns of red and white triangles, and 

39 said they imagined the design broken into pieces.  Sixty-one participants said they based 

their predictions on how difficult the puzzle looked, and 27 based their prediction times on 

the feedback given.  Write-ins included looking for matching lines (1), looking at the sides 

of the image (1), looked at the four pieces and combined them together (1), and looked at the 

design before choosing a time and broke it up (1).  One participant wrote, “I used a method 

of analysing the problems before solving them, looking for patterns etc, then basing future 

times off of the results of previous tests that had been performed.”  Seventy-five participants 

said they used 2 or more strategies.  Ten of 12 participants with perfect scores said they used 

2 or more strategies. 

Participants who reported using at least one strategy did have better puzzle accuracy 

scores (W = 777, p = 0.35, d = 0.21), but this relationship was not significant.  Those who 

reported gauging the difficulty of a task trended (W = 921, p = 0.07, d = 0.41) towards having 

better ranking accuracy.  Unlike adults, those who reported either gauging task difficulty or 

monitoring feedback to inform their predictions did not have significantly better prediction 

accuracy (W = 2697, p = 0.31, d = 0.22).  Like adults, those who reported they used feedback 

to inform their predictions had significantly better prediction accuracy (W = 1003, p = 0.04, 

d = 0.46) albeit with a small effect size.  Those who reported using more strategies had both 

significantly better puzzle and prediction accuracy (r = .33, p = .002; r = -0.25, p = .02). 

Twelve participants said that they either guessed (5) or do not know how to use 

strategies and had to make random decisions (7).  Accuracy scores were much more mixed 

among these children than the adults who did not use strategies.  Of the 12, only 4 participants 

who did not use strategies had scores of 95% or higher.  The remaining 8 had puzzle accuracy 

scores ranging from 5-55%.  Three participants had strong prediction accuracy scores, but 

the remaining 9 had poor scores.  Thus, the children may have been mostly accurate when 

stating they did not use a strategy.  Notably, of the 4 participants with high puzzle accuracy, 

3 were secondary pupils who gave themselves low scores (approximately 51% off) when 
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judging their performance on the puzzles.  Those with poor puzzle accuracy also judged their 

performance harshly, the margin of error was not as high (approximately 25% off).  These 

results were reversed for prediction accuracy.  Participants with strong predication accuracy 

more closely judged their performance (approximately 33% off) than those with weak 

prediction accuracy (approximately 80% off). 

 Forty-eight participants identified strategies they could use to improve their 

performance.  Twenty-six chose imagining the patterns broken into smaller pieces.  Twelve 

chose checking how difficult the design was before choosing a time and 14 chose looking for 

patterns of red and white triangles.  Twenty participants said their performance would have 

improved if they had based their times on the feedback given.  Only one strategy was written 

in; try not to under or overestimate the difficulty of the puzzles.  Six participants said they 

struggle to use strategies, and that no strategy could have improved their performance.  Of 

those 6, half had puzzle accuracy scores of 75% or higher while the remaining half scored 

55% or lower.  Only 1 of the 6 participants had a strong prediction accuracy score.  Thirty-

one participants said that they used their best strategy, and that no other strategy would have 

further improved their performance.     

 Unlike the adults, children had no statistically significant responses when analyzing 

their thoughts on improving their own performance.  Those who reported needing to use 

strategies to help with puzzle accuracy did have poorer accuracy scores (W = 961, p = 0.40, 

d = 0.18), and those who reported needing to gauge task difficulty did have poorer gauging 

task difficulty by ranking scores (W = 344.5, p = 0.24, d = 0.26).  However, neither 

relationship was significant and effect sizes were small.  Those who reported needing either 

to gauge task difficulty or use feedback to inform predictions did have poorer prediction 

accuracy (W = 657, p = 0.19, d = 0.29), and those who indicated they needed to respond to 

feedback also had poorer prediction accuracy (W = 583, p = 0.49, d = 0.15).  Again, neither 

relationship was significant and effect sizes were small.  Participants who said they used their 

best strategy did have better puzzle accuracy (W = 754, p = 0.45, d = 0.17) and better 

prediction accuracy (W = 903, p = 0.55, d = 0.13), but both statistics were non-significant 

with small effect sizes.  Thus, children appear to have a weaker understanding of how to 

improve their performance than adults.  
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5.6 Discussion 

 The aim of this study was to create a broad on-line measure of metacognition that 

could be easily administered.  To that end, the Puzzle Task (PT) measures metacognitive 

knowledge and metacognitive regulation in children and adults.  As it employs a task and 

self-report questions, the PT is both on-line and off-line.  Exploratory analysis found the PT 

to be an effective measure of metacognition that provides rich data applicable to a wide range 

of metacognitive research.  The efficacy of the Puzzle Task was based on finding expected 

learning effects, relationships between metacognitive components and between 

metacognitive components and achievement, and the accuracy of qualitative reflections. 

5.6.1 Learning Effects 

All hypothesized learning effects were found in adults except additional planning 

time and rank accuracy.  Participants improved at predicting completion times, using initial 

planning time, and accurately recognizing the more challenging puzzle in the pair.  Contrary 

to expectations, the additional planning time between mouse clicks while building puzzles 

and the accuracy of ranking puzzle difficulty worsened in the second half of the PT.  

Children’s results were similar except additional planning time did improve in the second 

half, as expected, and the accuracy of predicting puzzle completion times did not significantly 

improve with the second half of puzzles, against expectations.  The contrary results of 

ranking task difficulty and prediction accuracy were explored using data collected from the 

PT, showing the increase in difficulty of ranking two 9-piece puzzles and/or lack of attention 

may have caused participants to be less accurate in their ranking of tasks.  Likewise, it is 

possible that responding to feedback, as is needed for prediction accuracy, is a metacognitive 

skill that develops in secondary school.  Explorations of the differences with additional 

planning indicate this measure best represents variations in participants’ level of attention 

during puzzle completion and cannot be interpreted as a measure of metacognitive planning.  

We suggest removing additional planning as a metacognitive indice.  Learning effects found 

when comparing the remaining measures (metacognitive planning time, gauging task 

difficulty, prediction accuracy) in the first versus the second half of the task suggest the PT 

is a valid measure of metacognitive skills across ages. 

5.6.2 Relationships with Achievement 

Metacognitive skills, such as the PT’s measure of prediction accuracy, did correlate 

significantly with achievement.  The binary measure of correctly gauging task difficulty 



 

198 
 

significantly correlated with achievement in children, but not adults.  This suggests the PT is 

sensitive enough to find differences in relationships between metacognitive skills and 

achievement in adults versus children.  Results indicate the PT is also sensitive enough to 

find metacognitive skills that are more strongly associated with specific subjects.  For 

example, participants’ accuracy at gauging task difficulty correlated significantly with 

numeracy achievement but not literacy in children.  Accurately judging one’s own 

performance trended toward significance with literacy but was not significant with numeracy.  

Thus, we suggest the PT is an appropriate measure for use in understanding how 

metacognition relates to achievement, and how metacognition differs in achievement across 

age spans and academic subjects. 

5.6.3 Relationships Between Measures 

The PT did find significant correlations between metacognitive skills, indicating 

metacognitive skills are related.  Interestingly, no relationship was found between 

participants’ ability to accurately evaluate their performance and other metacognitive 

measures on the task.  In adults, this could be partially due to participants with perfect scores 

underestimating their own performance.  Removing participants with perfect scores resulted 

in significant relationships.  In children, this could be an undeveloped skill.  Regardless, the 

information recorded by the PT allows for continued exploration of the differences between 

retrospective evaluation skills and other metacognitive skills.  The correlations between 

metacognitive skills were different in adults versus children, suggesting that children and 

adults utilize metacognition differently.  For example, initial planning time significantly 

correlated with prediction accuracy only in children.  Therefore, the PT is sensitive enough 

to explore relationships between skills as well as to explore differences in the way 

metacognitive skills are used in children versus adults. 

5.6.4 Qualitative Accuracy 

Finally, the qualitative data collected by the PT is useful in understanding 

metacognition.  It allows direct exploration between participants’ self-report and their 

metacognitive behavior.  For example, participants may report gauging task difficulty as a 

used strategy, which can then be compared with whether they accurately gauged task 

difficulty.  In addition, qualitative data provides additional insights into performance and 

achievement.  For example, participants who reported using feedback to inform predictions 

did have better prediction accuracy with a medium effect size, a stronger effect than usually 



 

199 
 

seen between self-report and behavioral measures of metacognition (Craig et al. 2020).   

Moreover, reporting use of feedback to alter subsequent predictions as a strategy significantly 

positively correlated with achievement.  The PT can look closely at self-report versus 

behavior and how self-reported strategy use relates to achievement.   

5.7 Limitations 

Collecting data from 10 to 18-year-olds includes a wide range of cognitive 

development.  The sample was not large enough to separate the analysis of primary and 

secondary.  However, the PT still proved sensitive enough to perceive differences between 

ages in the children’s sample. Another limitation to the analysis reported here was the 

variation in school achievement data.  Standardized test scores provide a much more sensitive 

measure by which to explore achievement.  As standardized test scores were not available 

from secondary schools and online participants, available data had to be transformed into 

broader categories that suggested levels of achievement.  Regardless, significant 

relationships between numeracy and literacy achievement and metacognitive skills were still 

found with using the broader scores.  A final limit is using a psychometric ranking across all 

participants to calculate whether individuals accurately identified puzzle difficulty.  It is 

possible a participant may personally find one puzzle to be more difficult than the 

psychometric averages suggest and properly rank it as such.  As actual time taken was not a 

good indicator of task difficulty, it is impossible to determine how difficult each puzzle was 

for each individual.  The right/wrong scoring of Gaging Task Difficulty is valid, but not a 

good measure in adults.  Future versions of the task may seek to correct this by explicitly 

asking participants to identify which was the more difficult puzzle or by asking participants 

to rank the difficulty of all 20 puzzles between the practice trial and trial 1. 

5.8 Conclusion 

 The Puzzle Task is a unique task that employs a multi-method approach of measuring 

metacognitive skills and combines distinctive measures of metacognitive knowledge and 

regulation into one easily administered task suitable for a wide range of ages and abilities.  

Because the participants are engaged in a single task, it allows metacognitive skills to be 

more directly compared.  With the Puzzle Task, metacognition is not compared between 

tasks, it is compared within a task.  Comparing measures of metacognitive skills as they are 

employed in different tasks could have task specific confounds.  Future research may want 
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to compare performance on the PT to performance on measures assessing specific 

components of metacognition.   

 Using the PT alongside measures of specific components of metacognition could 

allow further understanding of how metacognitive skills may work together.  We rarely use 

metacognitive skills in isolation.  While it is important to understand individual 

metacognitive skills, it is also important to assess metacognition as a whole construct.  Using 

the PT alongside traditionally used assessments (e.g., confidence judgements, allocating 

study time) of individual skills may reveal whether difficulty in one skill can adversely affect 

the use of other metacognitive skills on the PT.  For example, a participant may have accurate 

metacognitive planning and evaluating skills, but poor monitoring skills when skills are 

measured in isolation on different tasks.  That same participant, when given the PT, may 

perform poorly in all three areas due to compensating for poor monitoring skills on the PT.  

Future research may want to compare skills used in isolation versus skills employed within 

one task.  The PT is an appropriate addition to traditionally used measures of metacognition.   

 More research is needed using the PT, but it is a sensitive tool in which each 

individual indice is based on well-established measures in the literature (e.g. confidence 

judgements).  It can be employed on its own or alongside measures of individual skills to 

answer a variety of metacognitive questions across a range of ages and ability levels.  
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Chapter 6: Do Metacognitive Skills Affect the Relationships Between Autistic Traits 

and Academic Achievement, Social Skills, and Mental Health and Well-Being? 

6.1 Abstract 

          Metacognition is a higher order awareness of one’s own thinking or cognitive 

processes.  Research has shown that teaching metacognitive skills can improve academic 

achievement and using metacognitive-based therapy can alleviate symptoms of depression 

and anxiety.  Autistic people and those with high levels of autistic traits show difficulties 

with social interaction and social communication and have high rates of anxiety and 

depression.  Social interaction and social skills are highly related to mental health, there is 

evidence associating social interaction and mental health in autism and in those with high 

levels of autistic traits.  Autistic people tend to have poorer academic achievement than 

expected. This study aims to better understand the relationships between metacognition, 

academic achievement, social skills, and mental health and well-being in school-aged 

children with high levels of autistic traits.  85 children aged 10 to 18 completed the study, 

finding metacognitive skills moderate the relationship between levels of autistic traits and 

academic achievement and social skills.  Those with high levels of autistic traits and strong 

metacognitive skills tended to have better academic achievement and social skills.  Levels of 

autistic traits mediated the relationship between metacognition and mental health, indicating 

those who had confidence in their metacognitive abilities and also had high levels of autistic 

traits tended to suffer from high levels of depression and anxiety.  These findings are 

important for professionals who work with autistic children and children with high levels of 

autistic traits. 

6.2 Introduction 

6.2.1 Autism and Autistic Traits 

Autistic traits are normally distributed in the population.  Individuals with a formal 

diagnosis of autism usually have higher trait scores (Baron-Cohen et al., 2001).  Autism is a 

condition the DSM-5 (American Psychiatric Association, 2013) characterises as having 

impaired social interactions and restricted repetitive patterns of behaviour.  Research has 

found autistic individuals and individuals with high levels of autistic traits have impaired or 

delayed mentalising ability (e.g. Gokcen et al., 2016; Murray et al., 2017; Yirmiya et al., 

1998).  Mentalising depends on Theory of Mind (ToM), or the ability to understand the 

mental states of others, a skill necessary for social interactions.  In addition to finding social 
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skills challenging, autistic individuals and those with high levels of autistic traits tend to find 

school-based learning challenging (e.g. Suzuki et al., 2020; Whitby & Mancil, 2009).  In a 

study by Estes and colleagues (2011), 90% of autistic participants were achieving 

significantly below what would be predicted from their IQ.  Of note, those who had better 

social skills had better academic performance.  Autistic individuals and those with high levels 

of autistic traits are also more likely to have a co-occurring condition of anxiety or 

depression, which may be partially attributed to the challenges with social skills and 

academic achievements (Domes et al., 2009; Griffiths et al., 2019). 

6.2.2 Metacognition 

 Metacognition is the term Flavell (1979) used to describe an individual’s 

understanding of their own thought processes.  Since its conception, the definition and 

taxonomy of metacognition have been debated; however, it is generally agreed and research 

has supported the existence of two factors – metacognitive knowledge (MK) and 

metacognitive regulation (MR; Brown, 1987; Craig et al., 2020; Lai, 2011).  MK is one’s 

understanding of person, task, and strategy knowledge (Veenman, 2015).  For example, a 

secondary student is assigned what they consider to be complex algebraic equations (task 

knowledge). The student knows they do not have the prerequisite understanding to complete 

the equations (person knowledge), so they decide to ask a friend who is strong in numeracy 

skills for help (strategy knowledge).  MR is one’s ability to regulate their understanding and 

is often characterized as including skills such as planning, monitoring, control, and 

evaluation.  For example, a secondary student is assigned a research project due in a month’s 

time.  The student creates a timeline for completing each part of the project (planning), they 

check back at the timeline throughout the month to ensure they are on track (monitoring) 

and make any necessary adjustments (control).  Upon completing the project, they review 

how useful their timeline proved to be (evaluation).  It is important to note that 

metacognition can be inaccurate.  The student may decide their timeline worked perfectly, 

but the teacher may find the project to be of poor quality because the timeline did not allow 

for editing. 

As the examples make clear, metacognition is important for academic achievement.  

Research has found that not only does metacognition positively predict achievement, but that 

it contributes to academic achievement over and above natural intelligence (e.g. Biggs, 1988; 

Bransford et al., 1986; Bryce et al., 2015; Veenman & Spaans, 2005).  Training 
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metacognitive skills can improve academic achievement in students who find school-based 

learning challenging (e.g. Kucan & Beck, 1997; Shin & Bryant, 2015; Slife, 1985).   

Metacognition has wider application than learning.  MK is important for 

understanding one’s own behaviours and emotions.  MR helps to monitor and control one’s 

emotions.  Thus, metacognitive skills have been used in therapeutic settings to reduce the 

effects of depression and anxiety (Wells & Carter, 2001).  For example, knowing you 

ruminate when depressed and using strategies to monitor and control the rumination may be 

able to alleviate some of the debilitating effects of depression.  Metacognition may also be 

an important for social skills.  ToM has been shown to be developmentally interrelated to 

metacognition (e.g. Demetriou, 2009; Lockl & Schneider, 2007; Misailidi, 2010).   

6.2.3 Autism, Autistic Traits, and Metacognitive Research  

There has been, to our knowledge, no published papers on autistic traits and 

metacognition; however, those who score high on autistic traits show similar cognitive 

patterns to autistic people on tasks assessing ToM (Baron-Cohen et al., 2001); gaze 

preference to social and non-social stimuli (Bayliss & Tipper, 2005); and an adapted block 

design task (Stewart et al., 2009).  Research evaluating metacognitive abilities in autism finds 

both strengths and weaknesses, such as the ability to judge one’s own learning performance 

being strong (Grainger et al., 2016), and knowing when information can be recalled being 

poor (Grainger et al., 2014).   

Other than mindfulness, only 2 studies (Goodman et al., 2017; Maras et al., 2017) 

have explored using metacognitive skills with autistic individuals, both with favourable 

results.  We are not aware of research investigating training metacognitive skills to improve 

social skills outside of work with schizophrenia, but Leung et al. (2016) and Torske et al. 

(2018) found metacognition to be positively related to social skills in autism.  We are also 

aware of no research looking at the use of metacognitive-based therapy for treating anxiety 

or depression in autism or autistic traits.  As academic achievement, social skills, and mental 

health and well-being are all areas of need in autism, it is vital to understand how 

metacognition may affect the relationships between these areas and autism or autistic traits. 

Moderation analysis is regression analysis that evaluates the effects a moderator 

variable has on the relationship between independent and dependent variables by statistically 

analysing the interaction.  In other words, moderation analysis can determine whether the 

relationship between autistic traits and academic achievement, social skills, and mental 
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health and well-being are affected by a specific metacognitive skill.  If, as it is suggested in 

the Goodman et al. (2017) and Maras et al. (2019) studies, training metacognitive skills in 

autistic individuals improves academic achievement, then we would expect metacognitive 

skills to be a significant positive moderator in the relationship between autistic traits and 

academic achievement.  This study aims to investigate which metacognitive skills moderate 

the relationship between autistic traits and academic achievement, social skills, and mental 

health and well-being. 

To look at moderation with academic achievement, a school-aged sample is 

required.  Autism diagnoses continue to happen throughout childhood and even into 

adulthood – it is therefore possible that professionals may be working with an undiagnosed 

autistic child (Stagg & Belcher, 2019).  In addition, it is known that factors such as autistic 

traits are related to social skills and mental health (Cassidy et al., 2020; Pelton & Cassidy, 

2017), therefore it is important to understand whether metacognitive skills may moderate 

these relationships, as well as academic performance.  

This research is participatory in that every aspect was mentored by an autistic adult.  

In discussions with the autistic mentor, they suggested metacognitive awareness in autistic 

individuals could highlight perceived differences between themselves and non-autistic 

individuals.  Making these differences more transparent, might increase levels of depression 

and anxiety in autistic individuals.  Studies have shown that autistic individuals tend to 

camouflage or hide their autistic traits (e.g. Cassidy et al., 2020; Hull & Mandy, 2019).  If 

this is the case, those with autistic traits who self-report good metacognitive skills to 

camouflage differences might still experience depression or anxiety due in part to feeling the 

need to hide their autistic traits.  This relationship would be mediation, not moderation.  If 

moderation is not found with mental health and well-being, mediation will be run. 

 6.3 Methods 

6.3.1 Participants 

The research was granted ethical approval from the Heriot-Watt University Ethics 

committee.  An a priori analysis was run in G*Power 3.1.9.4 (Faul et al., 2007) to determine 

the sample size needed to detect significant moderation effects.  As there is no previous 

research examining moderation effects between metacognition and levels of autistic traits, it 

was important to detect both large and moderate effects.  Thus, assuming a moderate effect 
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size of R2 = .09 and α = .05, an estimated total sample size of n = 82 participants would 

achieve Cohen’s (1992) recommended power of .80.   

Eighty-five students aged 10-18 were recruited through city councils’ family and 

child services in Edinburgh and Fife, or online through social media.  The mean age of the 

sample was 12.1 (SD 2.6), and 51 of the participants were female.  Two students were 

diagnosed with a learning disability.  One of the two also scored above the cut off on the AQ, 

indicating possible autism.  No students had a diagnosis of attention deficit, and 4 students 

had a formal diagnosis of autism.  The study took place either in assessment ready school-

based ICT suites or in quiet classrooms.  Written informed consent for all participants was 

obtained from both the students and their parents or guardians.  Following the shutdown of 

schools due to coronavirus, the task was placed online, and 3 students completed the 

assessments from home.  For the online version, written and informed consent was gained 

electronically from both students and parents.  Three of the 85 students either did not 

complete the full battery or some of their data did not save. 

6.3.2 Design 

 Students completed a battery of assessments on desktop or laptop computers.  All 

assessments were presented through Qualtrics (2018) with the exception of the feeling of 

knowing and the Puzzle Task which were presented using PsychoPy (Peirce & MacAskill, 

2018).  The entire battery lasted approximately 2 hours and was broken into 2 or 3 sessions 

depending on the needs of the school and of the students.  Tasks were presented to all 

participants in the same order.  Order of the tasks was determined to enhance engagement 

and reduce fatigue (e.g. types of assessments were mixed for instance a self-report followed 

by a film task), contamination (e.g. Puzzle Task and COMEGAM-eng were not give next to 

each other as both measure metacognition), and to ensure the minimum required data was 

collected in the first session to account for attrition.  Data was collected evaluating autistic 

traits (independent variable), academic achievement, social skills, and mental health and 

well-being (dependent variables), and metacognitive skills (moderator variables).  Numeracy 

and literacy achievement were reported by schools as either bands (1-5, 5 as high 

achievement) or standardized scores.  IQ was measured and entered along with other possible 

confounding variables (age, depression, anxiety) as covariates in significant models.  Tasks 

are detailed in the order given to students below. 

6.3.2.1 Puzzle Task (Moderator Variable) 
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 The Puzzle task (Craig et al., 2020) evaluates metacognition.  The task is comprised 

of four phases (Fig. 27) – prediction, puzzle completion, feedback, reflection. In the first  

 

 

Figure 27 Puzzle Task Progression 

phase, participants are presented with two puzzles and asked to predict the amount of time 

they need to complete each puzzle.  Participants then build each design from given pieces.  

Once both puzzles are completed, feedback is given stating the actual time taken.  After 

finishing 1 practice round and 10 trials of two puzzles (22 puzzles), the participant is asked 

to reflect on their performance using confidence judgments.  The task returns accuracy scores 

for metacognitive planning, monitoring and control, and evaluation. 

6.3.2.2 Autism-spectrum Quotient (Independent Variable) 

The Autism-spectrum Quotient (AQ) is a self-report questionnaire that measures 

autistic traits.  It presents 50 statements (e.g. "Other people frequently tell me that what I 

have said is impolite") that are evaluated using a four-point Likert scale. This scale ranges 

from "definitely agree" to "definitely disagree". It assesses 5 areas; "Social Skill", "Attention 

switching", "Attention to Detail", "Communication", and "Imagination" (Baron-Cohen et al., 

2001). The AQ is scored by assigning one point to answers that agree with statements 

considered to be typical of autism and one point to answers that disagree with statements of 

behaviours considered to be challenging for those with autism. For example, the statement, 

"Other people frequently tell me that what I have said is impolite" would earn a point for 

answers of "Definitely Agree" or "Slightly Agree".  Higher scores represent more autistic 

traits.  Scores over 26 have been found to indicate the likelihood of an autism diagnosis 

(Baron-Cohen et al., 2001; Woodbury-Smith et al., 2005).   

Prediction Puzzle Completion Feedback Reflection

1 practice 

and 10 trials 
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Traditionally the AQ is not given to adolescents.  The adolescent version is a parent 

report.  Research has shown there are discrepancies between adult reports and self-reports 

(e.g., Lemler, 2012; Lerner et al., 2012).  In this study it was important to hear the voice of 

the child regarding their own autistic traits.  Johnson and colleagues researched discrepancies 

in the results of adolescents’ completion of the AQ and parental results from the AQ parent 

report.  They found no significant difference in the results of parents and children in the non-

autistic group (t(20) = 2.1, p > .05) and results were significantly correlated with a strong 

effect size (r = .71).  As expected, there was a significant discrepancy between adult and child 

reports of the autistic group (t(21) = -6.9, p < .001) and while results were not significantly 

correlated, they were positively correlated with a moderate effect size (r = .45).  Importantly, 

autistic children, like parents of autistic children, reported significantly more autistic traits 

than their non-autistic counterparts (t(36) = 4.8, p < .001).  Furthermore, Cronbach’s  of the 

full AQ from participants in this study were good  = 0.87. Individual scales ranged from 

questionable to acceptable (Social  = 0.76, Attention Switching  = 0.67, Attention to Detail 

 = 0.68, Communication  = 0.72, Imagination  = 0.63) and were not dissimilar to the 

alphas ranging from 0.63 to 0.78 that both Hoekstra et al. (2008) and Baron-Cohen et al. 

(2001) found when adults completed the measure.  Future research may want to assess the 

validity of the AQ as a self-report in adolescents. 

6.3.2.3 Strange Stories Film task (Dependent Variable) 

The Strange Stories Film task (SSFt; Murray et al., 2017) evaluates social skills.  It 

consists of 15 videos plus 3 practice videos involving a social interaction.  Each video lasts 

between 14 and 33 seconds and depicts an unfinished interaction.  After watching each video, 

participants are asked to answer a literal comprehension question regarding the social 

situation, identify the mental state of one of the characters, and respond to one of the 

characters by putting themselves in the depicted situation.  Participants’ responses are typed 

into a provided text box.  Prompts were built in to encourage participants who have given 

incomplete answers to add more information.  Videos include straightforward social 

interactions as well as more challenging situations that involve misunderstandings, lying, 

sarcasm, jokes, idioms, persuasion, pretence, mixed emotions and double bluffs.  The task 

yields scores evaluating several social skills; comprehension of the social situation, one’s 

ability to mentalise (Theory of Mind), and one’s ability to provide an appropriate response 

to the social situation.  Comprehension is a binary score resulting in a total score range of 0-
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15.  A rubric was used for mentalising and social response questions scoring the answers 

from 0-2, resulting in a total score range of 0-30 for each question type.  Two raters scored 

the SSFt task.  Where scores differed, raters discussed and came to an agreement for the final 

score. 

6.3.2.4 COMEGAM-eng (Moderator Variable) 

 The COMEGAM-eng (Craig, 2020) is a self-report questionnaire evaluating 

metacognition.  Participants respond to 36 statements using a 5-point Likert scale ranging 

from “strongly agree” to “strongly disagree”.  Statements evaluate one’s understanding of 

their metacognitive knowledge and metacognitive regulation (e.g. “Before I start a task, I 

analyse all the information that I have related to the task.”).  The COMEGAM-eng awards 

points on a decreasing scale with 5 points for answers of strongly agree and 1 point for 

strongly disagree. It returns an overall score, from 36 to 180 in which higher scores represent 

better metacognitive skills.  In addition to knowledge and regulation, there are 8 subscale 

scores – person, task, and strategy knowledge, planning, monitoring and control, and 

evaluating, and local and global metacognitive awareness. The COMEGAM-eng has 

excellent overall internal consistency ( = 0.90) and subscales with acceptable internal 

consistency (s range from 0.71 to 0.75; Porumb & Manasia, 2015). 

6.3.2.5 Feeling of Knowing (Moderator Variable) 

The Feeling of Knowing (FOK) task is a classic paradigm measuring participants' 

ability to accurately judge their recall (metacognitive monitoring; Grainger et al., 2014).  It 

is presented in three separate successive phases (Fig. 28).  The first phase asks participants 

to 

 

Figure 28 Graphical representation of the Feeling of Knowing task 

study 40 unrelated noun pairs (e.g. teacher – broccoli) with the goal of remembering as many 

pairs as possible.  The second phase presents only the cue word and asks participants to 

teacher - broccoli
teacher -

Type in the missing word.

teacher -

Would you recognize the 
missing word?

teacher - ?

pen     broccoli

door    jar

First Phase Second Phase Final Phase 

Strategy Use Strategy Accuracy Monitoring Monitoring Accuracy 
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supply the missing target word.  If participants type the correct response, the next stimulus is 

displayed.  If the response is incorrect, participants are asked whether they would recognize 

the missing target word at a later point (i.e. FOK judgment).  The final phase presents the cue 

word and asks participants to recall the missing target word from a list of four choices.  The 

four choices include the target word, a target word from another pairing, and two novel 

words.  Stimuli are presented in the same order in each phase, and only incorrect responses 

from the second phase are queried.  The task yields a measure of monitoring accuracy 

(gamma score; Grainger et al., 2014).  The gamma score (G) ranges from -1 to +1, where a 

negative score indicates poor performance and 0 indicates chance. 

6.3.2.6 Ravens (Covariate) 

The Raven’s Advanced Progressive Matrices (Raven’s; Raven et al., 1998) gives a 

measure of IQ.  Due to the length of the battery and age of the participants, the shorter version 

with a twenty-minute time limit was given (Fugard et al., 2011).  Hamel and Schmittmann 

(2006) found results from the Raven’s given with a twenty-minute time limit highly correlate 

with results from the full version (r = 0.74) provided participants are not aware they are being 

timed.  Participants of this study were not informed of the timing of the items and 

automatically advanced to the next activity when the time limit was reached.  The task 

includes 36 multiple choice items, each depicting a pattern with 8 answer choices.  

Participants choose the answer that best completes the pattern.  Items are scored 1 if correct 

and 0 if incorrect, making 36 the maximum score.  Given the cognitive developments that 

occur between the ages of 10 and 18, similar raw scores would not necessarily equate to 

similar performance.  For instance, the same raw score at age 10 would equate to a larger IQ 

than at age 18.  Raw scores were converted to standardized percentile equivalents.   

6.3.2.7 Beck Depression Inventory (Dependent Variable, Covariate) 

The Beck Depression Inventory – II (BDI-II; Beck et al., 1988), a measure of 

depressive symptoms, is a 21-item self-report questionnaire asking participants to rate current 

states (e.g. appetite, suicidal feelings) using a multiple-choice format.  There are 4 choices 

for each statement, so that items are scored on a continuum with highly depressive symptoms 

awarded 3 points and non-depressive symptoms awarded 0 points.  Total scores range from 

0-63, and cut offs are provided for severity of depressive symptoms (Dolle et al., 2012).  

Internal consistency of the measure is good ( = 0.86).  The BDI-II has been used extensively 
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in research and testing has confirmed use from adults through early adolescents (e.g. Dolle 

et al., 2012; Strober et al., 1981; Teri, 1982). 

6.3.2.8 State-Trait Inventory for Cognitive Somatic Anxiety (Dependent, Covariate) 

The State Trait Inventory for Cognitive and Somatic Anxiety (STICSA) is a 21-item 

self-report questionnaire measuring levels of anxiety (Gros et al., 2007).  For this study, the 

state form was used.  Participants respond to 21 statements expressing symptoms of anxiety 

using a 4-point Likert scale ranging from “not at all” to “very much so”.  Items are scored on 

a 4-point decreasing continuum with “very much so” being awarded 4 points and “not at all” 

awarded 1 point.  Scores range from 21 to 84.  The measure has excellent internal consistency 

( = 0.92) and correlates with the widely used State-Trait Anxiety Inventory (r = 0.65; Gros 

et al., 2007).  High scores indicate severe levels of anxiety. 

6.3.3 Analysis 

Correlations were run to determine if metacognitive skills predicted academic 

achievement, social skills and mental health and well-being using the stats package in R 

Studio (R Core Team, 2018).  For moderation analysis, normality, heterogeneity, and 

heteroscedasticity assumptions required for linear regressions were checked.  Data was mean 

centred to evaluate marginal effects; effects at high, average, and low values of autistic traits.  

Analysis and data plots were completed with the stats, QuantPsyc, MeMoBootR, MASS, 

effects, and sjPlot packages (Buchanan, 2020; Fletcher, 2012; Fox & Hong, 2009; Ludecke, 

2020; Venables & Ripley, 2002).   Statistical significance was determined by an alpha level 

of .05.  Effect sizes for moderation analysis were reported as R2 where .09 to .25 is a moderate 

effect and .25 and greater is a large effect.  To determine the specific metacognitive skills 

that effect academic achievement, social skills, and mental health and well-being, it was 

necessary to run exploratory analysis with individual metacognitive measures, requiring 

Bonferroni tests.  Bonferroni thresholds are noted in each table.  All correlations are reported, 

and the total used to determine a Bonferroni correction.  As moderation does not require 

correlation between the IV and DV, all the regression possibilities were run and used to 

determine a Bonferroni correction; however, not all regressions are individually reported.   

6.4 Results 

6.4.1 Descriptive Statistics and Correlations 

 Means and standard deviations of each variable are shown in Table 27.  Correlation   



 

211 
 

Table 27 Means and Standard Deviations of Each Measure 

Variables Means (SD) 

Participant Characteristics 

Age 12.1 (2.6) 

IQ (as standardized percentile) 60.7 (27.9) 

Independent Variable 

Autistic Traits (AQ) 19.6 (7.2) 

Dependent Variables 

Literacy Achievement (band 1-5) 4.0 (0.9) 

Numeracy Achievement (band 1-5) 3.6 (0.9) 

Literal Social Comprehension (SSFt) 14.2 (0.9) 

Mental State Language (SSFt) 17.8 (5.2) 

Theory of Mind accuracy (mentalising; SSFt) 20.2 (4.8) 

Social Interaction (SSFt) 18.9 (4.7) 

Depression (BDI-II) 12.1 (10.2) 

Anxiety (STICSA) 33.2 (11.1) 

Moderator Variables 

Monitoring (FOK) 0.08 (0.4) 

Self-reported metacognition (COMEGAM-eng) 138.8 (16.7) 

Planning Time (PT) 68.4 (9.8) 

Study Time Allocation (PT) 0.2 (0.06) 

Gaging Task Difficulty (PT) 4.4 (1.3) 

Monitoring and Control (PT) 7.6 (2.6) 

Evaluating Puzzle Performance (PT) 1.1 (2.6) 

Evaluating Predicting Times (PT) 0.2 (0.2) 

Strategy Use (PT) 0.9 (2.5) 

AQ, Autism-Spectrum Quotient; BDI-II, Beck Depression Inventory II; FOK, Feeling of Knowing; IQ, Intelligence Quotient; PT, Puzzle 

Task; STICSA, State-Trait Inventory for Cognitive and Somatic Anxiety; SSFt, Strange Stories Film task 

analysis (Table 28) found good metacognitive skills did significantly predict strong academic 

achievement and good social skills with small to moderate effect sizes, with three skills 

surviving the Bonferroni threshold.  Interestingly, no associations survived the Bonferonni 

threshold between metacognitive skills and levels of anxiety and depression.  The amount of 

planning time used prior to building the puzzles had a positive relationship with depression, 

indicating those with high levels of depression used more planning time.  Likewise, 

accurately judging one’s own performance on completing the puzzles had a positive 

relationship with anxiety, indicating those with high levels of anxiety were more accurate in 

their evaluations of their own performance on the puzzles.  Neither relationship was 

significant and effect sizes were small. 
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Table 28 Correlations of metacognitive skills and academic achievement, social skills, and mental health and well-being scores 

Metacognitive Factor 
Metacognitive 

Skills 
Comprehend 

Mental State 
Language 

ToM 
Accuracy 

Interaction Numeracy Literacy Anxiety Depression 

Planning 

Amount of 
metacognitive 
planning time 

 .16   .16  .31**  .15  .17  .13 -.009  .10 

Planning 
Accurately allocating 
study time^ -.23* -.34** -.29** -.30** -.34** -.23*  .07  .07 

Planning 
Accurately gauging 
task difficulty  .22*  .37~  .33**  .34**  .47~  .38~ -.06 -.07 

Monitoring & Control 
Accuracy of 
predictions^ -.21+ -.24* -.30** -.25* -.06 -.12  .10  .23* 

Evaluating 
Accuracy of puzzle 
CJ^  .14  .00  .05  .09 -.03 -.09 -.13 -.03 

Evaluating 
Accuracy of 
prediction time CJ^ -.09  .09  .12 -.15 -.18+ -.28**  .10  .07 

Knowledge 
Number of strategies 
used  .15  .19+  .22*  .29**  .22*  .28*  .06  .03 

Monitoring Accuracy of FOK  .09  .11  .13  .08  .17 -.002 -.25* -.13 

Metacognition COMEGAM-eng  .24*  .25*  .17  .28*  .33**  .19+ -.21+ -.17 
 

+ < .10   * < .05   ** < .01    ~ < .0007 (Bonferroni correction threshold) 

CJ, confidence judgment; COMEGAM-eng, self-report questionnaire of overall metacognitive skills; FOK, feeling of knowing 

^Measures of the difference between participants’ predictions or judgments and actual performance, thus the lower the score the better accuracy 
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6.4.2 Moderation Analysis 

 It is important to note that these results are exploratory and should be interpreted with 

a high degree of caution.  In moderation analysis, the independent variable and dependent 

variables do not need to be correlated for moderation to have a significant interaction effect.  

The authors are also not aware of any moderation analysis evaluating the effect of 

metacognition on the relationships between autistic traits and academics and autistic traits 

and social skills.  As this has never been done and significant correlations cannot be used as 

an indication of possible moderation, it was necessary to run every regression.  The number 

of regressions required a Bonferroni test, and few results fell below the Bonferroni threshold.  

Those that did survive Bonferroni are bolded in each table.  All significant results are 

discussed in detail below to inform future research that tests targeted areas of moderation. 

6.4.2.1 Moderation Analysis Predicting Academic Achievement 

For 9 of the 14 moderation models with math and literacy, assumptions were violated.  

This was due to the fact that math and literacy achievement were obtained as band scores of 

1-5.  Where assumptions were violated, the moderation model was run as a logistic ordinal 

regression, which uses a chi square statistic.  Assumptions for ordinal regressions were tested 

by using the Brant package in R Studio (R Core Team, 2018; Schlegel & Steenbergen, 2018).  

In, two cases the Brant test found probabilities of 1.  When that occurred, models were run 

with and without the interaction.  In both cases, the model with the interaction was 

significantly better than the model without the interaction (all ps < .05).  In the 5 cases where 

assumptions were not violated (allocate study time/numeracy, strategies used/numeracy 

COMEGAM-eng/numeracy, strategies used/literacy, COMEGAM-eng/literacy), moderation 

was run with linear regressions (F). 

The effect between numeracy achievement and levels of autistic traits was 

significantly moderated by metacognitive planning, metacognitive monitoring and control, 

and metacognitive evaluating skills.  The effect between literacy achievement and levels of 

autistic traits was significantly moderated by metacognitive monitoring and control and 

metacognitive evaluating skills.  Moderation analysis suggests these specific metacognitive 

skills are important for numeracy and literacy achievement, particularly in those with high 

levels of autistic traits.  Metacognitive planning time, metacognitive knowledge (strategies 

used) and the COMEGAM-eng did not significantly moderate the effect between levels of 

autistic traits and either numeracy or literacy, though the interaction with number of 
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strategies used was a trend.  Monitoring as measured by the feeling of knowing task did not 

moderate the relationship between autistic traits and academic achievement (all model and 

interaction ps > .40).  Accuracy of confidence judgments made about one’s own performance 

building the puzzles also did not significantly moderate academic achievement (all model 

and interaction ps > .19; Table 29).   

Table 29 Moderation analysis results of both the model and the interaction when predicting academic achievement 

DV Metacognitive Skill Model/Model Likelihood R2 Interaction 

Numeracy Planning Time 2(3) = 4.44, p = .22 .06 t(80) = -.07 p = .94 

Numeracy Allocate Study Time* F(3, 80) = 5.49, p = .002 .17 t(80) = -2.11, p = .04 

Numeracy Gauge Task Difficulty 2(3) = 27.27, p < .0001~ .30 t(80) = 2.80, p = .005 

Numeracy Monitor & Control* 
2(3) = 9.49, p = .02 .12 t(80) = -2.32, p = .02 

Numeracy Evaluate Performance* 
2(3) = 9.83, p = .02 .12 t(80) = -2.33, p = .02 

Numeracy Strategies Used F(3, 80) = 7.33, p = .06+ .09 t(80) = 1.73, p = .08+ 

Numeracy COMEGAM-eng F(3, 80) = 3.42, p = .02 .11 t(80) = -0.65, p = .52 

Literacy Planning Time 2(3) = 6.31, p = .10+ .08 t(80) = 0.04, p = .96 

Literacy Allocate Study Time* 
2(3) = 7.58, p = .06+ .09 t(80) = -0.64, p = .52 

Literacy Gauge Task Difficulty 2(3) = 15.56, p = .001~ .18 t(80) = 1.03, p = .30 

Literacy Monitor & Control* 
2(3) = 10.22, p = .02 .12 t(80) = -2.16, p = .03 

Literacy Evaluate Performance* 
2(3) = 10.49, p = .01 .13 t(80) = -2.19, p = .03 

Literacy Strategies Used F(3, 80) = 3.63, p = .02 .12 t(80) = 0.55, p = .58 

Literacy COMEGAM-eng F(3, 80) = 1.81, p = .15 .06 t(80) = 0.35, p = .73 

+trend ~ < .001 (Bonferroni correction threshold) 

*Note: Gauge Task Difficulty, Monitor & Control, and Evaluate Performance measure the difference between 

participant judgments or predictions and actual data.  Thus, for these measures, low scores represent greater 

accuracy, resulting in negative relationships with achievement. 

In general, interactions suggested that as levels of autistic traits increased, the positive 

effect between metacognitive skills and academic achievement increased or the odds of 

having higher numeracy achievement increased.  In other words, while metacognitive skills 

generally predict better achievement, this is particularly true in higher levels of autistic traits.  

These relationships remained significant even when controlling for IQ, age, and levels of 

depression and anxiety, except for the model with allocating study time and numeracy 
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achievement.  The model for the interaction between allocating study time and levels of 

autistic traits predicting numeracy skills remained significant (p < .0001), but the interaction 

became a trend (p = .07) when adding the covariates.   

6.4.2.2 Significant Academic Achievement Results Using Logistic Ordinal Regression 

There was a significant interaction between the ability to accurately gauge the 

difficulty of a task and levels of autistic traits when predicting numeracy achievement bands.   

Figure 29 shows the marginal effects for each achievement band (1-5).  Marginal effects 

revealed that at all levels of autistic traits, the odds of having very poor numeracy 

achievement (Fig. 29 numeracy achievement at band 1) decrease with better ability to gauge 

task difficulty and the odds of having better and superior numeracy achievement (Fig. 29 

Figure 29 Graphical representation of the marginal effects (low, average and high AQ score) of the interaction between gauging task 
difficulty (0-10) and levels of autistic traits (AQ) when predicting the probability of each numeracy achievement band (1-5) 
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numeracy achievement at bands 4 and 5) increase with better ability to gauge task difficulty.  

High levels of autistic traits have the steepest slopes, suggesting the positive effect of gauging 

task difficulty is stronger at high levels.   

 Monitoring and control and accurately evaluating one’s own performance showed 

similar relationships to numeracy achievement when interacting with levels of autistic traits.  

Marginal effects revealed that at all levels of autistic traits, the odds of having very poor 

numeracy achievement decrease with better ability to monitor and control and evaluate your 

own progress.  At average and high levels of autistic traits, the odds of having above average 

and superior numeracy achievement increase with better ability to monitor and control and 

evaluate your progress.  Interestingly, at low levels of autistic traits the odds of having 

superior numeracy achievement steeply decrease with better ability to monitor and control 

and evaluate your own progress.  With the exception of low levels when predicting superior 

numeracy, high levels of autistic traits have the steepest slopes, suggesting the positive effects 

of accurate metacognitive monitoring and control and metacognitive evaluation skills are 

stronger at high levels.  It is important to note that in the Puzzle Task, both skills are in 

response to feedback.  Models with predictions and judgments made after feedback had been 

given were significant, as opposed to the insignificant model for judgments made without 

feedback.   

 Monitoring and control and evaluating one’s own performance (Fig. 30) also  

significantly interacted with levels of autistic traits when predicting literacy performance.  

For both metacognitive skills, at low levels of autistic traits, the odds of having very poor 

literacy achievement decreases with better ability to monitor and control and evaluate one’s 

own progress.  At average and high levels of autistic traits, the odds of having above average 

and superior literacy achievement increases with better ability to monitor and control and 

evaluate one’s own progress.  As with numeracy skills, at low levels of autistic traits the odds 

of having superior numeracy achievement steeply decrease with better ability to monitor and 

control and evaluate your own progress.  With the exception of low levels when predicting 

superior numeracy, high levels of autistic traits have the steepest slopes, suggesting the odds 

of having positive effects from accurate metacognitive monitoring and control and   

metacognitive evaluation skills are increased at high levels of autistic traits.  As with 

numeracy it is important to note that both metacognitive monitoring and control and 

metacognitive evaluation skills occur in response to feedback. 
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6.4.2.3 Significant Academic Achievement Results Using Linear Regression 

There was a significant interaction between the ability to accurately allocate study 

time to harder tasks and levels of autistic traits.  For average levels of autistic traits there was 

a significant increase in numeracy achievement with stronger ability to allocate study time 

(b = -0.29, p = .0003).  For low levels of autistic traits there was an insignificant increase in 

numeracy achievement with stronger ability to allocate study time (b = -0.11, p = .23).  High 

levels of autistic traits showed a significant increase in numeracy achievement with stronger 

ability to allocate study time (b = -0.46, p = .0005). 

6.4.3 Moderation Analysis Predicting Social Skills 

 With social skills data, no assumptions were violated, allowing linear regressions to 

be run in all cases.  The Strange Stories Film task (Murray et al., 2017) returns four scores 

relating to social skills; literal comprehension of the social situation, mental state language 

Figure 30 Graphical representation of the marginal effects (low, average, and high AQ score) of the  interaction between 
metacognitive monitoring and control accuracy (0 high accuracy to 15 low accuracy) and levels of autistic traits (AQ) when 
predicting each literacy achievement band (1-5) 
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used to describe a character’s feelings and intentions, Theory of Mind (ToM) accuracy when 

identifying characters’ mental states, and an interaction score evaluating the appropriateness 

of a participants’ response to the presented social situation.  In rating and discussing ratings, 

it was clear that answers of primary students differed from secondary students.  It also 

became clear that scores for ToM accuracy and mental state language were very similar.  A 

quick check revealed the two scores to be strongly correlated (r = .71).  Thus, age was 

included as a covariate and mental state language scores were dropped from the analysis. 

6.4.3.1 Overview of Results 

The interactions between metacognitive monitoring and control, metacognitive 

evaluating skills, and metacognitive knowledge and levels of autistic traits did significantly 

predict stronger social skills (Table 30), suggesting that these specific metacognitive skills  

Table 30 Moderation analysis results of both the model and the interaction when predicting social skills 

DV Metacognitive Skill Model R2 Interaction 

Comp Allocate Study Time* F(4, 79) = 2.84, p = .03 .13 t(79) = -0.99, p = .33 

Comp Monitor & Control* F(4, 79) = 4.54, p = .002 .19 t(79) = -3.33, p = .001~ 

Comp Evaluate Performance* F(4, 79) = 4.05, p = .005 .17 t(79) = -3.12, p = .003 

Comp Strategies Used F(4, 79) = 2.44, p = .05 .11 t(79) = 1.99, p = .05+ 

Comp FOK F(4, 72) = 1.99, p = .11 .10 t(72) = -1.67, p = .10+ 

ToM Acc Allocate Study Time* F(4, 79) = 8.37, p < .0001~ .30 t(79) = 0.69, p = .49 

ToM Acc Monitor & Control* F(4, 79) = 6.19, p = .0002~ .24 t(79) = -2.04, p = .04 

ToM Acc Evaluate Performance* F(4, 79) = 6.17, p = .0002~ .24 t(79) = -2.00, p = .05 

ToM Acc Strategies Used F(4, 79) = 5.67, p = .0005~ .22 t(79) = 1.16, p = .25 

ToM Acc FOK F(4, 72) = 6.05, p = .0003~ .25 t(72) = -1.86, p = .07+ 

Interact Allocate Study Time* F(4, 79) = 13.63, p < .0001~ .41 t(79) = -1.42, p = .16 

Interact Monitor & Control* F(4, 79) = 10.57, p < .0001~ .35 t(79) = -2.84, p = .006 

Interact Evaluate Performance* F(4, 79) = 10.64, p < .0001~ .35 t(79) = -2.03, p = .05 

Interact Strategies Used F(4, 79) = 9.60, p < .0001~ .33 t(79) = 1.21, p = .23 

Interact FOK F(4, 72) = 6.65, p < .0001~ .27 t(72) = -1.15, p = .25 
+trend ~ < .001 (Bonferroni correction threshold) 

MSL Mental State Language; ToM Acc mentalising (Theory of Mind Accuracy)  
*Note: the lower the score, the better the performance  

are important for social skills, particularly in those with high levels of autistic traits.  One’s 

ability to judge their own performance when completing the puzzles did not moderate the 

relationships between levels of autistic traits and social skills.  The ability to gauge task 

difficulty and the COMEGAM-eng also did not significantly moderate the relationships 

between levels of autistic traits and social skills.  In all three instances, models were 

significant (all ps < .05), but interactions were not significant (all ps > .20).  Metacognitive 

planning skills (allocate study time) metacognitive knowledge (strategies used) and 
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monitoring as measured by the FOK task were not significant moderators of the relationship 

between levels of autistic traits and social skills.  Although, both interactions between 

metacognitive knowledge and monitoring as measured by the FOK did trend toward 

significance.  Interestingly, the interaction with the FOK was a negative relationship.  Where 

relationships were significant, the analysis suggests that the interaction between levels of 

autistic traits and metacognitive skills predict better social skills.  As with academic 

achievement, these relationships remained significant even after controlling for IQ and levels 

of depression and anxiety. 

6.4.3.2 Significant Social Skills Results Using Linear Regression 

Metacognitive monitoring and control and the ability to evaluate one’s own 

performance interacted significantly with levels of autistic traits when predicting literal 

comprehension accuracy.  In both cases, at low levels of autistic traits, the accuracy of 

answering literal comprehension questions increased at an insignificant rate with strong 

metacognitive monitoring and control and stronger ability to judge one’s own performance.  

At average and high levels of autistic traits, literal comprehension accuracy significantly 

increased with stronger metacognitive monitoring and control and stronger ability to judge 

one’s own performance.  The effect of the relationship at high levels of autistic traits was the 

largest when predicting literal comprehension accuracy (Table 31).   

The number of strategies used (metacognitive knowledge) to complete the Puzzle 

Task also interacted with levels of autistic traits when predicting good social skills.  This was 

a trend, but as the trend was p = .0504, it is worth detailing the results.  At average levels of 

autistic traits, literal comprehension accuracy insignificantly increased as the number of 

strategies used increased.  At low levels of autistic traits, literal comprehension accuracy 

insignificantly decreased as the number of strategies used increased.  At high levels of autistic 

traits, literal comprehension accuracy significantly increased as the number of strategies used 

increased.  The effect at high levels of autistic traits was the largest when predicting good 

social skills (Table 31). 

Metacognitive monitoring and control and the ability to evaluate one’s own 

performance interacted significantly with levels of autistic traits when predicting Theory of 

Mind (ToM) accuracy.  In both cases, at low levels of autistic traits, ToM accuracy decreased 

at an insignificant rate with strong metacognitive monitoring and control and stronger ability 

to judge one’s own performance.  At average and high levels of autistic traits, ToM accuracy 
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insignificantly increased with stronger metacognitive monitoring and control and stronger 

ability to judge one’s own performance.  The relationship between metacognitive skills and 

ToM accuracy was not significant at varying levels of autistic traits, but the main effects of 

the interaction were significant (Table 31).   

Table 31 Interaction results based on different levels of autistic traits when predicting good social skills 

Metacognitive Skill/ DV Levels of autistic traits b p 

Accurately monitor and 

control/ Comprehension 

High* -0.28 .0006 

Average* -0.14 .002 

Low -0.02 .58 

Accurately evaluate 

one’s own performance/ 

Comprehension 

High* -0.27 .002 

Average* -0.15 .005 

Low -0.02 .65 

Number of strategies 

used to complete 

puzzles/ Comprehension 

High*  0.27 0.04 

Average  0.09 0.29 

Low -0.09 0.45 

Accurately monitor and 

control/ ToM Accuracy 

High -0.61 .13 

Average -0.02 .28 

Low  0.02 .41 

Accurately evaluate 

one’s own performance/ 

ToM Accuracy 

High (blue line Fig. 31) -0.61 .15 

Average (dashed line Fig. 31) -0.19 .26 

Low (red line Fig. 31)  0.22 .45 

Accurately monitor and 

control/ Social 

Interaction 

High* -0.92 .01 

Average+ -0.41 .06 

Low  0.09 .58 

Accurately evaluate 

one’s own performance/ 

Social Interaction 

High*  -0.97 .002 

Average+ -0.43 .06 

Low  0.11 .55 
*significant     +trend     b = beta     ToM, Theory of Mind     ~ < .001 (Bonferroni correction threshold) 

 As with comprehension and ToM accuracy, metacognitive monitoring and control 

and the ability to evaluate one’s own performance interacted significantly with levels of 

autistic traits when predicting the ability to appropriately respond in social situations (Fig. 

31). In both cases, at average levels of autistic traits, the ability to appropriately respond in 

social situations increased with strong metacognitive monitoring and control and stronger 

ability to judge one’s own performance.  This relationship was a trend.  At low levels of 

autistic traits, the ability to appropriately respond in social situations insignificantly 

decreased with stronger metacognitive monitoring and control and stronger ability to judge 

one’s own performance.  At high levels of autistic traits, the ability to appropriately respond 

in social situations significantly increased with stronger metacognitive monitoring and 
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control and stronger ability to judge one’s own performance.  The effect of the relationship 

at high levels of autistic traits was the largest when prediction the ability to appropriately 

respond in social situations (Table 31). 

 

Figure 31 Graphical representation of the interaction between metacognitive monitoring and control (the lower the 
score the better the accuracy) and autistic traits when predicting social skills 

 

6.4.4 Moderation and Mediation Analysis Predicting Mental Health 

 Metacognitive skills did not moderate the relationship between levels of autistic traits 

and mental health and well-being (all model ps < .05, but all interactions ps > .10).  

Considering the suggestion of our autistic mentor and the fact that all models were 

significant, mediation analysis was run.  The COMEGAM-eng is a self-report, and as such 

details metacognitive beliefs about one’s own metacognitive skills.  The Local subscale of 

the COMEGAM-eng rates one’s own metacognitive skills versus general metacognitive 

skills.  If camouflaging was happening, it would occur in self-reports specifically related to 

one’s own abilities as opposed to general metacognitive abilities.  Mediation was run with 

the Local subscale, levels of autistic traits and depression and anxiety.  Autistic traits 
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significantly mediate the relationship between one’s self-reported beliefs about their own 

metacognitive skills and depression and anxiety (Figs. 32 and 33).  The stats and multilevel  

packages were used in R Studio (Bliese, 2016; R Core Team, 2018) to run mediation analysis.  

Assumptions of regression were checked and found satisfactory.  Following the procedure 

detailed by Baron and Kenny (1986), a regression was run first with the Local scale of the 

COMEGAM-eng and levels of anxiety and depression (c in Figs. 32 and 33).   

 

The Local scale was found to significantly predict levels of anxiety and depression (Table 

32) in that rating one’s knowledge of their own metacognitive skills as strong significantly 

predicted lower levels of anxiety and (anxiety t(80) = -2.42, p = .02; depression t(80) = -2.33, 

p = .02).  A regression was then run between the Local scale and the mediator, levels of 

autistic traits (a in Figs. 32 and 33).  The Local scale significantly predicted levels of autistic 

traits (Table 32) in that better knowledge of one’s own metacognitive skills significantly 

predicted lower levels of autistic traits (t(82) = -3.00, p = .004).  Regressions with levels of 

Levels of Autistic 
Traits

Depression
One's beliefs about 

one's own 
metacognitive skills

a = -0.45 
b = -0.22 

c = -0.49 

c' = -0.62 

Figure 33 Model of relationship between metacognitive beliefs and depression mediated by autistic traits 

Levels of Autistic 
Traits

Anxiety
One's beliefs about 

one's own 
metacognitive skills

a = -0.45 b = -0.35 

c = -0.56 

c' = 0.47 

Figure 32 Model of relationship between metacognitive beliefs and anxiety mediated by autistic traits 
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autistic traits and levels of anxiety and depression were run while controlling for the Local 

scale of the COMEGAM-eng (b in Figs. 32 and 33).   

Table 32 Model results for mediation analysis 

Model F p value R2 

Local scale predicting levels of anxiety (1, 80) = 5.84 .02 .07 

Local scale predicting levels of depression (1, 80) = 5.41 .02 .06 

Local scale predicting levels of autistic traits (1, 82) = 8.98 .004 .10 

Local scale and levels of autistic traits 

predicting levels of anxiety 

(2, 79) = 6.77 .002 .15 

Local scale and levels of autistic traits 

predicting levels of depression 

(2, 79) = 11.81 <.0001 .23 

Levels of autistic traits were significantly related to levels of anxiety and depression 

in that higher levels of autistic traits significantly predicted higher levels of anxiety and 

depression (anxiety t(79) = 2.69, p = .009; depression t(79) = 4.14, p < .0001).  Finally, 

mediation was evaluated (c’ in Figs. 32 and 33) looking for a reduction in prediction between 

the Local scale and levels of anxiety and depression with the addition of levels of autistic 

traits.  Mediation was found showing that the Local scale no longer significantly predicted 

levels of anxiety and depression (t(79) = -1.49, p = .14; depression t(79) = -1.06, p = .29).  

The Sobel test was used to determine that the effect of the model was significantly greater 

than zero (anxiety Z = -2.03, p = .04; depression Z = -2.47, p = .01).  Therefore, when 

individuals rate their knowledge of their own metacognitive abilities as strong and also have 

high levels of autistic traits, the likelihood of high levels of depression and anxiety is 

increased rather than decreased. 

6.5 Discussion  

Metacognitive skills moderate the relationships between autistic traits and literacy 

and numeracy achievement and social skills.  Specifically, the ability to accurately allocate 

study time, gauge task difficulty, monitor and control, and evaluate performance moderated 

numeracy achievement.  The ability to accurately monitor and control and evaluate 

performance moderated the relationships between autistic traits and several variables, 

including literacy achievement, literal social comprehension, the ability to accurately 

mentalise, and the ability to respond appropriately in a social situation. 

 Self-report of metacognitive skills did not moderate the relationship between levels 

of autistic traits and academic achievement.  This is not surprising considering the weak 

relationship between one’s self-reported metacognitive skills and one’s observed or 
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evaluated metacognitive skills (e.g. Craig et al., 2020; Veenman, 2005).  However, it is 

surprising that metamemory judgments, contrary to previous research (e.g. Bowers et al., 

1990; Metcalfe, 1986), did not predict academic achievement.  Metamemory judgments also 

did not moderate the relationship between levels of autistic traits and academic achievement.  

As the mean age of the sample was 12 years old, it may be that metamemory judgments do 

not develop until later or are not as effective until later in cognitive development.  Both 

Bowers et al. (1990) and Metcalfe (1986) conducted their studies in university students.   

Lending more support to that idea is that age was a significant covariate in models 

examining the relationships between the FOK task, levels of autistic traits, and social skills.  

Models with age as a covariate when looking at the relationship between FOK and levels of 

autistic traits and academic achievement were not significant.  A check of simple slopes of 

models involving age, FOK, levels of autistic traits and social skills all found that at low and 

average levels of autistic traits, increased FOK accuracy predicted better social skills.  The 

relationship was significant at low levels.  However, at high levels of autistic traits, increased 

FOK accuracy predicted poorer social skills, though not significantly.  This may be due to 

age, or it could be due to metamemory differences considering significant differences 

between autistic metamemory and non-autistic metamemory have been found (e.g. Grainger 

et al., 2014).  More research would be needed to determine if there is a relationship between 

high levels of autistic traits, metamemory judgments and social skills.   

Metacognitive planning, monitoring and control, and evaluating did predict as well 

as moderate the relationship between levels of autistic traits and academic achievement.  

Critically, evaluating in response to feedback moderated the relationship, while evaluating 

without feedback did not moderate any relationship between levels of autistic traits and 

achievement.  These results suggest that those with better metacognitive skills have better 

performance in numeracy and literacy in addition to age and IQ and regardless of levels of 

depression and anxiety.  There is an abundance of research finding teaching metacognitive 

skills can improve academic performance across ages and ability levels (e.g. Bransford et al., 

2000; Kucan & Beck, 1997; Wang & Sperling, 2020).  There are two studies looking at 

training metacognition in autism with favourable results (Goodman et al., 2017; Maras et al., 

2019).  Considering the body of research and the results of this study in high levels of autistic 

traits, it can be theorized that explicitly teaching metacognitive skills to all children may 

improve their performance in numeracy and literacy in school.  In fact, the results suggest 
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that teaching metacognitive skills to individuals with high levels of autistic traits may have a 

stronger impact on their academic achievement than teaching metacognitive skills to 

individuals with low levels of autistic traits.  This is particularly important, as these young 

people may not be identified as having additional needs and may not be fully meeting their 

potential in school. 

As with academic achievement, metacognitive knowledge did not moderate the 

relationship between levels of autistic traits and social skills, but metacognitive planning, 

monitoring and control, and evaluating did significantly moderate literal comprehension of 

social situations, mentalising (Theory of Mind) accuracy, and/or social interaction skills.  

Also like achievement, metacognitive evaluating skills in response to feedback was a 

significant moderator.  Metacognitive evaluating skills without feedback did not significantly 

moderate any relationship between levels of autistic traits and social skills.  Thus, these 

results also suggest that those with better metacognitive skills, particularly at high levels of 

autistic traits, tend to have better social skills.   

To date, there is very little research into the relationship between metacognition and 

social skills in all children.  Leung et al. (2016) and Torske et al. (2018) have both shown 

metacognitive skills to be significantly positively related to social skills in autism.  In 

addition, research has shown that using metacognitive strategies, for instance modelling 

conversations (Bianco et al., 2016) and thought bubbles (Wellman et al., 2002) has improved 

ToM in both autistic and non-autistic individuals.  But the paucity of research in this area 

allows only for speculation.  The results of this study suggest that metacognitive skills 

moderate the relationship between levels of autistic traits and social skills in addition to age 

and IQ and regardless of levels of anxiety and depression.  The results also suggest that the 

effect of the moderation is strongest in high levels of autistic traits.  Research investigating 

the effect of metacognition on social skills for all children is needed, along with further 

investigation into the moderating effects of metacognitive skills on the relationship between 

autistic traits and social skills. 

Metacognitive skills do not moderate the relationship between levels of autistic traits 

and levels of depression and anxiety.  Instead, results show that autistic traits mediate the 

relationship between metacognitive person knowledge and levels of anxiety and depression.  

Specifically, one’s knowledge about one’s own metacognitive skills significantly negatively 

predicted levels of anxiety and depression.  Thus, if an individual believes their knowledge 
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of their own metacognitive skills is strong, they are significantly likely to have low levels of 

anxiety and depression.  Similarly, if an individual believes their knowledge of their own 

metacognitive skills is strong, they are significantly likely to have low levels of autistic traits.  

But high levels of autistic traits mediate the effect size of the relationship between one’s 

confidence in one’s own metacognitive knowledge and levels of anxiety and depression.   

The mediation indicates that in those with high levels of autistic traits confidence in 

one’s own metacognitive abilities does not protect an individual from anxiety and depression.  

It is important, then that professionals working with depressed or anxious individuals are 

aware of whether or not there are high levels of autistic traits or co-occurring autism, as 

confidence in one’s skills does not necessarily indicate low levels of depression and anxiety; 

thus confidence in one’s own abilities may not be able to be seen as a buffer of symptoms of 

anxiety and depression in high levels of autistic traits.  Research is needed to replicate these 

results in autistic individuals and to understand why autistic traits mediate the relationship 

between self-reported metacognitive skills and anxiety and depression. 

The results of this research have important implications for professionals working 

with children with high levels of autistic traits and perhaps also for autistic children.  Because 

moderation was investigated with specific metacognitive skills, the skills that may have the 

most impact on instruction are more apparent.  For example, teaching the ability to gauge 

task difficulty was associated with better numeracy skills, particularly in children with high 

levels of autistic traits.  Importantly, results of moderation analyses suggest that responding 

to feedback may be a critical skill for numeracy, literacy, and social interactions.  Schools 

excel at providing feedback but may not go so far as to explicitly teach students how to 

respond to the feedback they have been given.  Academic skills may be improved by 

explicitly teaching children what to do with feedback (Brown et al., 2016).  Similarly, 

teaching the use of feedback in social situations may be helpful for all children.  For example, 

appropriate feedback and response to feedback in social situations could be explored through 

the classroom metacognitive strategy of thinking aloud, allowing students to better 

understand the mental states and cognitive processes of others (Wellman et al., 2002).  More 

research exploring the impact of specific metacognitive skills on literacy and numeracy 

achievement and social skills are needed to inform classroom instruction and interventions.  

In addition, interventions designed to help the mental health and well-being of those with 
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autistic traits need to account for the possibility that expressions of confidence in one’s own 

metacognitive abilities may be camouflaging anxiety and depression. 

6.6 Strengths and Limitations 

To our knowledge, no other research has investigated the moderating effects of 

metacognitive skills on the relationships between levels of autistic traits and academic 

achievement, social skills and levels of anxiety and depression.  Thus, exploratory analysis 

was required that resulted in a large number of possible moderation models.  Effort was made 

to limit the number of models analysed by avoiding unnecessary subscales.  For example, the 

COMEGAM-eng has ten subscales that could also have been analysed for a more specific 

understanding of the relationships involving self-report.  Because of the number of 

moderation models, the Bonferroni threshold required significance of p < .001.   

Another limitation is the young age of the sample.  The Strange Stories Film task was 

aimed at adults.  While children were able to understand and respond to the scenarios, three 

of the scenarios – idiom, persuasion, mixed emotion – were challenging for the youngest 

participants.  Research suggests the understanding of figurative language occurs around 9 or 

10 years of age (Levorato & Cacciari, 1992), but the use of it in a social situation may be 

more difficult to interpret.  Thus, some distinctions and nuances may have been lost and may 

also have caused the similar scores between ToM accuracy and mental state language.  

Furthermore, using only school-aged children limits the application of the results, and 

research is needed to understand moderation at different developmental stages, including 

adulthood.   

A further limitation of the study is the achievement level of the sample.  Few of the 

children had very poor literacy and/or numeracy skills, thus some marginal effects at low 

levels of achievement may be missing.  Goodness of fit tests could also not be run because 

of the lack of children in the lower bands of achievement.  It is critical to clarify that the lack 

of children in the lower bands of achievement may contribute to the breakdowns at low levels 

suggesting that good metacognitive skills do not improve academic performance.  The 

breakdowns cannot be used to interpret the full sample.  Correlations in Table 28 show 

metacognitive performance was significantly positively associated with academic 

achievement, with some of these associations surviving the Bonferroni test.  Thus, good 

metacognitive skills are associated with good academic performance across the sample as 

has been shown repeatedly in the literature.  At low levels, it is possible that there are children 
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who have good metacognitive skills and low levels of autistic traits but were not motivated 

to give their best effort on school administered standardized tests.  Or they may have correctly 

determined they could not solve the math problems for any number of reasons (e.g. English 

as a second language, moved from another country with a different curriculum, reading 

disability that prevented understanding of directions) and guessed.  There are many scenarios 

that may explain the results in the low bands.  The low bands should not be used to make 

general statements about associations with metacognition across the sample. 

6.7 Conclusion 

 Metacognitive planning, such as gauging task difficulty and allocating study time, 

metacognitive monitoring and control in response to feedback and metacognitive evaluation 

in response to feedback significantly moderate the relationship between levels of autistic 

traits and academic achievement and social skills in school-aged children.  Strategy 

knowledge also trends towards moderating the relationship between levels of autistic traits 

and social skills in school-aged children.  As metacognitive skills and strategies can easily 

be employed in the classroom, it is important for education professionals to understand the 

potential impact teaching metacognitive skills can have for all students, but especially for 

those with high levels of autistic traits.   

Metacognitive beliefs predict levels of anxiety and depression in school-aged 

children.  Levels of autistic traits mediate the relationship between metacognitive beliefs and 

levels of anxiety and depression in school-aged children.  Individuals with high levels of 

autistic traits may indicate confidence in their own metacognitive abilities, but still suffer 

from high levels of anxiety and/or depression.  Thus, it is critical that professionals working 

with depressed and anxious individuals are also made aware of the individuals’ levels of 

autistic traits.  There are more metacognitive skills and strategies than those analysed within 

this study.  As widely teaching metacognitive skills to all children is easily implemented 

within the classroom setting, intervention research is required to determine which skills best 

moderate levels of autistic traits and academic achievement and social skills.  This research 

should be followed by specific communication directly to schools and educational 

professionals of the implications of teaching metacognitive skills to all students.   
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Chapter 7: Discussion and Concluding Remarks 

7.1 Discussion 

 This thesis proposed to examine metacognition in autism.  In pursuit of this aim, six 

studies were conducted.  Firstly, we addressed the definition of metacognition with 

systematic reviews and meta-analyses.  We found that self-report questionnaires measuring 

metacognition consistently map onto two factors – metacognitive knowledge and 

metacognitive regulation.  However, the two factors do not adequately relate to 

metacognitive behaviour; rather it is best to use subscales of the two overarching factors 

instead of total scores of the factors.  We addressed the issues regarding self-report 

questionnaires by developing the Puzzle Task, a task evaluating a range of metacognitive 

skills, and by translating into English the self-report questionnaire (COMEGAM) that best 

fit the factor structure recommended by the systematic reviews and meta-analyses.  Using 

both the COMEGAM-eng and Puzzle Task, we found metacognitive skills are important for 

academic achievement and social skills, particularly in those with high autistic traits.  Given 

that studies have replicated the finding that teaching metacognitive skills to school-aged 

children and university students does improve academic achievement, we can surmise that 

teaching metacognitive skills may improve academic achievement in those with high autistic 

traits. Interestingly, confidence in one’s own metacognitive skills generally indicates low 

levels of anxiety and depression, however, in those with high autistic traits, this is not the 

case.  Finally, we found that co-occurring conditions may affect the metacognitive 

performance of autistic individuals. 

7.2 Studies 1 and 2: Evaluating Metacognitive Self-Reports: Systematic Reviews of the 

value of self-report in metacognitive research 

7.2.1 Study Research Questions and Findings 

7.2.1.1 Question 1: Which metacognitive skills should be included in a taxonomy of 

metacognition? 

The results indicate that when establishing a taxonomy of metacognition, it should 

include two factors – metacognitive knowledge and metacognitive regulation.  Results for 

attribution did not recommend it as a factor of metacognition.  Results for subscales of 

knowledge suggest person, task and strategy knowledge to be suitable subcomponents of 

metacognitive knowledge.  Declarative, procedural, and conditional knowledge are also 

suitable and are extremely similar to person, task, and strategy knowledge.  The differences 
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are theoretical.  Results for subscales of regulation suggest that planning, monitoring, 

controlling, evaluating, elaborating and predicting are suitable subcomponents of 

metacognitive regulation. 

7.2.1.2 Question 2: What are the relationships between self-report and behavior in 

metacognitive research? 

Metacognitive knowledge and metacognitive regulation correlate weakly with 

metacognitive behavior.  This result has been found in previous research and confirmed by 

the systematic review in chapter 2.  However, subcomponents of knowledge and regulation 

have moderate to strong correlations with metacognitive behavior.  Thus, if research is aimed 

at metacognitive behavior, it is important to employ a measure of self-report with subscales 

matching the behaviors measured by the planned metacognitive tasks.   

7.2.1.3 Question 3: Which self-reports are most reliable for metacognitive research? 

Study participants do not accurately self-report their metacognitive behavior.  Self-report 

is more accurate when the questions are specific to a task that has just been performed. Thus, 

it is best not to use self-report as the only measure of metacognition in metacognitive 

research.  Best practice is a multi-method approach of both self-report and tasks.  Both the 

self-report and the tasks should match a pre-determined taxonomy of metacognition to be 

evaluated by the study.  In addition, as completing a self-report is a metacognitive task, it is 

also important to utilize self-report to better understand why correlating self-report to 

metacognitive behavior predominantly results in small effect sizes.  

7.2.2 Putting Studies 1 and 2 in Context 

As the first study was a systematic review, it was a synthesis of previous work in the 

field of metacognition.  As far as we are aware, this is the first set of systematic reviews and 

meta-analyses of the factor structure of metacognitive self-report questionnaires.  It is also 

the first set of systematic reviews and meta-analyses to assess the value of self-report in 

metacognitive research.  The relationship between self-report and metacognitive behaviour 

has been informally reviewed prior to this study.  As reported by Jacobse and Harskamp 

(2012), Veenman and VanHout-Wolter’s found the relationship between self-report and 

metacognitive behaviour to correlate weakly (r = .17).   This study confirms the weak 

relationship in that the pooled effect estimate found was also weak and not dissimilar from 

Veenman and VanHout-Wolter’s estimate (r = .22).  In 2005, Veenman did a review of 

several studies comparing the relationship self-report and meta-cognitive behaviour.  That 
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review also concluded that participants do not accurately report their own metacognitive 

behaviours.  He goes on to encourage researchers not to rely on just self-report in 

metacognitive research, but to use a multi-method approach, and to be sure any self-report 

employed is actually measuring the aims of the study.  The findings of this study concur with 

Veenman (2005) and urge researchers in the field of metacognition to carefully choose how 

self-report is employed in future studies.  Furthermore, the findings also suggest a framework 

is needed to better guide future metacognitive researchers as they are planning their research 

methods, and professionals, such as teachers and therapists, as they employ metacognitive 

skills and strategies within their various fields. 

7.3 Study 3: Could Co-occurring Conditions be Responsible for the Variation in 

Autistic Metacognitive Skills: A Systematic Review and Meta-analysis 

7.3.1 Study Research Questions and Findings 

7.3.1.1 Question 4: Are metacognition and theory of mind impaired in autism? 

A moderate pooled effect estimate was found indicating that metacognitive skills are 

weaker in autistic participants than non-autistic participants.  However, it is important to note 

that many of the studies did not control for co-occurring conditions, age and/or IQ.  Thus, no 

definitive conclusion can be made. Instead, going forward, metacognitive research in autism 

must control for possible covariates in order to ensure the results and interpretation of the 

results are correct.  A large effect size estimate was found indicating that theory of mind is 

impaired in autism, and it is widely agreed that autism is associated with theory of mind 

impairments.  The systematic review found theory of mind impairments were more strongly 

related to a diagnosis of autism than any other evaluated condition.  The results suggest that 

theory of mind differences in autism are due to autism and not the presence of a co-occurring 

condition.   

7.3.1.2 Question 5: Which specific metacognitive skills (e.g. monitoring) are 

impaired in autism? 

Metacognitive differences in autism were not consistent.  Studies have found impaired 

metacognitive planning, monitoring, controlling, and evaluating skills.  Less strategy use was 

reported by autistic participants and over-confidence errors were found.  No significant 

between group differences in under-confidence errors were found.  Some studies found 

planning skills to be weaker in autism, while others found no group differences.  The same 

can be said for monitoring, controlling and evaluating, in that mixed results were found 
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across studies.  Interestingly, all research evaluating judgments of learning accuracy (one’s 

confidence in their ability to recall information learned) found no group differences.  

Research that controls for and examines the effects of a co-occurring condition is needed to 

better understand metacognitive differences in autism. 

7.3.1.3 Question 6: Do co-occurring conditions mitigate/exacerbate metacognitive 

and theory of mind impairments in autism? 

The review could not conclusively answer this question.  Characterizations of 

metacognitive differences in autism were not consistent.  Whereas some characterizations of 

metacognitive differences in other conditions were consistent.  Considering this and the fact 

that the pooled effect estimate in autism was not as large as it was in other conditions, it is 

possible that co-occurring conditions may have an effect.  Berenguer et al.’s (2018) study 

demonstrates this in finding significantly poorer ToM performance in participants diagnosed 

with attention deficit and autism when compared to either diagnosis on its own.  In contrast, 

Unterrainer et al. (2016) found the group with a co-occurring condition of autism and 

attention deficit had better planning skills than either condition alone.  Research evaluating 

conditions responsible for the variance in metacognitive skills and whether the existence of 

a co-occurring condition effects metacognitive and ToM skills is needed to definitively 

answer this question and to fully understand possible effects of co-occurring conditions. 

7.3.2 Putting Study 3 in Context 

 As with study 1, this review is a synthesis of previous research.  It confirms the 

current thinking that ToM is impaired in autism.  It also confirms previous systematic reviews 

in attention deficit and depression finding impaired ToM (Bora & Berk, 2016; Bora & 

Pantelis 2016).  Both reviews found moderate pooled effect estimates indicating weaker ToM 

skills in attention deficit and levels of depression.  This review found a moderate pooled 

effect estimate for attention deficit and a large pooled effect estimate for high levels of 

depression, again indicating weaker ToM skills in both conditions.  No systematic reviews 

were found examining metacognitive skills in any of the conditions.  This review adds to the 

current research in finding impaired metacognitive skills in autism, cognitive disabilities, 

attention deficit and levels of alexithymia, anxiety, and depression.  That we know of, this is 

the first set of systematic reviews and meta-analyses examining metacognitive and ToM 

skills across a range of conditions in order to understand possible effects of co-occurring 

conditions.  This review also adds to the current understanding of necessary methodologies 
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for metacognitive research in autism.  Metacognitive research undertaken in autism that does 

not control for possible covariates such as co-occurring conditions, age, IQ, gender and 

medication use must be interpreted with caution. 

7.4 Study 4: The English Translation of the COMEGAM: A self-report questionnaire 

of metacognition 

7.4.1 Study Research Questions and Findings 

7.4.1.1 Question 7: Does the factor structure of the COMEGAM-eng match that of 

the COMEGAM-ro? 

The COMEGAM-ro was found to have six components (Porumb & Manasia, 2015) with 

strong goodness of fit statistics.  This same structure was found, again with strong goodness 

of fit statistics in the COMEGAM-eng.  Due to the high correlations, it was determined that 

a third order model better explained the relationships.  The third order model did not differ 

significantly from the COMEGAM-ro model.  In addition, the COMEGAM-ro model also 

showed very high correlations, making it possible that a third order model would better 

explain the COMEGAM-ro as well.   

7.4.1.2 Question 8: Is the COMEGAM-eng reliable in adolescents and adults? 

Cronbach’s alphas for the full instrument were excellent for both the COMEGAM-ro and 

the COMEGAM-eng.  In addition, it has been tested twice in two different cultures and the 

structure was the same in both, making it valid.  Additional research is needed to fully 

determine test-retest reliability and validity when compared to another metacognitive 

questionnaire. 

7.4.1.3 Question 9: Does the factor structure of metacognition depend on your skill 

level? 

 Study 4 did not replicate Ning’s (2016) finding of a different factor based on self-

reported metacognitive ability.  When dividing the participant sample into groups of weaker 

and stronger self-reported metacognitive skills, neither group met goodness of fit cut-offs for 

a simple unidimensional structure or for a more complex structure.  As both groups loaded 

better on the more complex structure than a unidimensional structure, it could be that there 

were not enough participants reporting metacognitive skills at the lower levels (i.e. total score 

under 109).   
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7.4.1.4 Question 10: Does the COMEGAM-eng positively correlate with academic 

achievement? 

 The total score of the COMEGAM-eng did not significantly correlate with literacy 

achievement but did significantly correlate with numeracy achievement.  The correlation 

with numeracy achievement was a small effect size, which is typical when comparing self-

report to actual performance.  Considering results correlated with numeracy achievement, it 

is interesting that they do not correlate with literacy achievement.  Literacy tends to be a more 

subjective field in that it can involve interpretation instead of either right or wrong answers.  

This complexity may prevent self-report from significantly correlating with literacy 

achievement. 

7.4.2 Putting Study 4 in Context 

 The COMEGAM-eng adds to the battery of already used metacognitive self-report 

questionnaires.  What makes the COMEGAM-eng stand out is that there are now two studies 

confirming the same factor structure across two different cultures.  In addition, the goodness 

of fit and internal consistency statistics are strong for the COMEGAM-eng in both studies.  

However, this is only two studies in two cultures.  The Metacognitive Awareness Inventory 

(MAI) or its adolescent version (JrMAI) have been studied at least 12 times in 5 different 

languages.  Despite the large number of studies, the factor structure was not consistent across 

the studies.  There is still a need for a consistent self-report measure of metacognition.  In 

order for the COMEGAM-eng to be considered that measure, much more research is 

required. 

 There has only been one study evaluating whether the factor structure of a 

questionnaire depends on whether respondents report strong or weak metacognitive skills 

(Ning, 2016).  This thesis attempted to replicate that study with a different questionnaire, the 

COMEGAM-eng.  While Ning’s study was not replicated, it was also not disproved.  When 

dividing the sample completing the COMEGAM-eng into 2 groups for this study, the factor 

structure was different.  Those with stronger skills loaded better on the more complex 

structure than those with weaker skills; however, neither group loaded acceptably on any of 

the factor structures that were checked.  Future research specifically examining this question 

in a range of self-report questionnaires and in a participant sample that does not skew towards 

strong metacognitive skills, could help explain why metacognitive self-reports tend not to 
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find consistent factor structures across studies and further explain a possible underlying 

structure of metacognition. 

7.5 Study 5: A Comprehensive Task for Measuring Metacognitive Skills 

7.5.1 Study Research Questions and Findings 

7.5.1.1 Question 11: Does the Puzzle Task adequately measure specific metacognitive 

skills? 

Planning time, gauging task difficulty, prediction accuracy, and both confidence 

judgments are suitable measures of metacognition as recorded by the Puzzle Task.  Gauging 

task difficulty as a binary measure did not work well with adults but was a good measure in 

children.  Gauging Task Difficulty as ranking presents some issues by utilizing a 

psychometric ranking of difficulty across participants.  This measure could be improved by 

asking participants to rank all 20 puzzles prior to beginning the task.  The hypothesized 

measure of additional planning time did not adequately evaluate metacognitive skills.  

Additional planning time was measured as the average standard deviation between clicks 

while building the puzzle.  Analysis suggested that this was instead a measure of how 

engaged, or how well participants were paying attention during the task, and not a 

metacognitive skill.  It would be interesting to add a confidence judgment regarding attention 

and compare it to the measure of additional planning time. 

7.5.1.2 Question 12: Do the various indices evaluated by the Puzzle Task positively 

correlate with academic achievement? 

In adults, accurate performance when completing the puzzles was taken as a measure of 

achievement.  In children, data was collected from schools regarding numeracy and literacy 

achievement.  In adults, initial planning time, gauging task difficulty, prediction accuracy, 

and confidence judgments regarding prediction accuracy strongly and positively correlated 

with achievement on the task.  In children, gauging task difficulty significantly and positively 

correlated with both numeracy and literacy achievement.  Confidence judgments regarding 

prediction accuracy trended towards a significant relationship with numeracy achievement.  

Interestingly, the more precise version of gauging task difficulty by rank significantly and 

positively correlated with only literacy.  Also of note, was that prediction accuracy did not 

significantly correlate with either numeracy or literacy; however, an ANOVA controlling for 

age found prediction accuracy to be significantly related to achievement.  Monitoring and 
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control in response to feedback, or prediction accuracy, may be a complex skill that does not 

fully develop until secondary school, or even adulthood. 

7.5.2 Putting Study 5 in Context 

 In creating the Puzzle Task, Study 4 adds to the already large list of tasks that can be 

used to measure metacognitive skills.  What makes the Puzzle Task an important addition is 

that it measures a range of metacognitive skills.  The Feeling of Knowing task, for example, 

is a strong measure of metacognitive monitoring, but does not purport to measure other 

metacognitive skills.  The Puzzle Task evaluates planning, monitoring and control, 

evaluating, and metacognitive knowledge.  This allows researchers to not only get a wealth 

of information regarding participants’ full metacognitive profile, but also allows them to 

directly compare different metacognitive skills, and to compare metacognitive skills across 

a task to discrete metacognitive skills on separate tasks.  In addition, because the task is 

accessible to a wide range of ages and abilities, it allows researchers to directly compare 

sample groups that differ in age, gender, condition, and cognitive ability. 

 The Puzzle Task is a combination of frequently used metacognitive measures, and as 

such the results do not deviate widely from current metacognitive knowledge.  It is known 

that metacognitive skills develop with age (Dermitzaki, 2005).  The Puzzle Task results 

reflect this as age significantly positively correlated with the ability to monitor and control, 

suggesting that this skill becomes more accurate as participants age.  There is also a distinct 

difference between the ability to gage task difficulty in children versus adults.  The literature 

also notes that metacognitive skills correlate with each other.  The review in study 1 found 

pooled effect estimates indicating that planning and monitoring, monitoring and evaluating 

and planning and evaluating significantly correlate.  The review also suggested that 

correlating subscales would have stronger effect sizes.  The Puzzle Task found, as suggested 

by study 1, that when comparing subscales of self-report to behavior, there is a stronger 

correlation.  This was exemplified in that self-reporting the use of feedback to inform 

predictions strongly correlated with prediction accuracy on the Puzzle Task, as opposed to 

weak correlations found when comparing self-report of overall metacognitive skills to 

specific behaviors.   

The Puzzle Task also confirms significant correlations between planning and 

monitoring skills.  However, only a trend was found between one planning skill and 

evaluating in children, and there was no significant correlation or trend between evaluating 
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and monitoring in either children or adults.  This is particularly surprising in that confidence 

judgments made about one’s own ability to accurately predict the time needed to complete 

the puzzles correlated strongly with prediction accuracy, indicating participant judgments in 

this case were accurate.  This was not true of judgments regarding one’s performance in 

completing the puzzles.  These judgments were less accurate, likely because no feedback was 

given.  Evaluating is measured by summative confidence judgments at the end of the task.  It 

could be that, as with self-report questionnaires, overall judgments have only weak 

correlations with metacognitive skills.  It may be that confidence judgments are needed after 

each set of puzzles.  Inserting confidence judgments, which is easily done with this task, after 

each set of puzzles would reduce possible errors caused by the amount of reflection 

participants currently need to make an accurate judgment of all 10 trials in one score.  It 

would also measure failure to monitor, as it would be clear when participants thought they 

had an incorrect puzzle correct.  The Puzzle Task would also be useful in exploring why self-

report and summative confidence judgments are not always accurate, why confidence 

judgments infrequently correlate significantly with other metacognitive skills, and what role 

feedback plays.  

Finally, research has confirmed that metacognitive skills significantly positively 

relate to academic achievement (Perry et al., 2018).  The measures in the Puzzle Task also 

significantly positively related to literacy and numeracy achievement as reported by schools.  

An advantage of the Puzzle Task in this area is that researchers can now compare which skills 

may be more associated with numeracy versus literacy achievement or other academic areas, 

thus allowing researchers to directly examine the theoretical debate regarding whether 

metacognitive skills are domain specific (Scott & Berman, 2013).  Thus, while the Puzzle 

Task is an addition to an already large battery of metacognitive tasks, it is a suitable measure 

of metacognitive skills that allows researchers to more broadly evaluate and understand 

metacognition. 

7.6 Study 6: Do the Metacognitive Skills of Those with Disproportionate Levels of 

Autistic Traits Predict Mood, Social Skills and Academic Achievement? 

7.6.1 Study Research Questions and Findings 

7.6.1.1 Question 13: Are metacognitive skills related to social skills, mental health 

and well-being and academic achievement? 
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Metacognitive knowledge, planning, and evaluating all significantly and positively 

related to achievement.  Monitoring and control did not significantly relate to achievement, 

but this may be due to age, as seen in study 4.  Metacognitive knowledge, planning, and 

monitoring and control significantly and positively related to social skills.  Metacognitive 

monitoring and control in response to feedback significantly and negatively related to 

depression.  Metacognitive monitoring as measured by the feeling of knowing task 

significantly negatively related to anxiety.  The relationship between anxiety and 

metacognitive knowledge was a negative trend.  It is interesting to note that the feeling of 

knowing task did not significantly relate to achievement, as seen in previous studies.  This 

was true even when age was a covariate and when AQ was added as a covariate.  It is possible 

that metamemory judgments do not fully develop until adulthood.  Most studies using the 

feeling of knowing task have an adult sample (e.g. Bowers et al., 1990; Metcalfe, 1986).  

Despite this, metacognitive skills do significantly positively relate to achievement and social 

skills indicating that those with better metacognitive skills have better numeracy, literacy, 

and social skills.  Metacognitive skills also significantly negatively relate to anxiety and 

depression, indicating that those with better metacognitive skills have lower levels of anxiety 

and depression. 

7.6.1.2 Question 14: Do metacognitive skills moderate the relationship between 

levels of autistic traits and academic achievement, mental health and well-being, and social 

skills? 

Metacognitive skills do not moderate the relationship between levels of autistic traits and 

mental health and well-being.  Instead, the relationship between metacognitive beliefs 

regarding one’s own abilities and levels of anxiety and depression is mediated by levels of 

autistic traits.  The relationship between metacognitive beliefs regarding one’s own abilities 

and levels of alexithymia is partially mediated by levels of autistic traits.  Generally speaking, 

these results indicate that those with strong metacognitive beliefs about their own abilities 

who also have high levels of autistic traits may still suffer from high levels of anxiety and 

depression.  The effect of levels of autistic traits on the relationship between strong 

metacognitive beliefs about one’s own abilities and levels of alexithymia is not as strong.  

Thus, strong metacognitive beliefs still significantly predict low levels of alexithymia when 

high levels of autistic traits are present, but with a smaller effect size. 
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Metacognitive skills do moderate the relationships between levels of autistic traits and 

both academic achievement and social skills.  In general, as levels of autistic traits increase, 

the relationship between good metacognitive skills and good social skills and academic 

achievement increases.  In other words, those with high levels of autistic traits who also have 

strong metacognitive skills tend to have better numeracy, literacy and social skills.  

7.6.1.3 Question 15: Do co-occurring conditions affect the relationship between 

metacognitive skills and academic achievement and social skills in levels of autistic traits? 

All moderation results were checked again with age, IQ, anxiety and depression as 

covariates.  With one exception, all interactions remained significant even when controlling 

for covariates.  The exception was the ability to accurately allocate study time/gauge task 

difficulty as measured by the Puzzle Task’s ranking of puzzle difficulty according to time 

allocated for completion.  In this instance, the interaction became a trend.  Of note, adding 

age as a covariate often made the model more significant, indicating that older students had 

better social skills.  Adding age as a covariate when the dependent variable was numeracy or 

literacy, found age to inconsistently predict achievement.  The opposite was true for IQ.  IQ 

was consistently a significant covariate in models with achievement but was significant 

inconsistently in models with social skills.  Thus, it would seem that IQ is important for 

achievement, but life experience is more important for social skills. 

7.6.2 Putting Study 6 in Context 

As far as we are aware, this is the first study to explore mediating and moderating 

effects of metacognitive skills and levels of autistic traits when predicting mental health and 

well-being, academic achievement, and social skills.  There have been two studies that 

evaluated training metacognitive skills in autism.  In the first (Goodman et al., 2017), training 

metacognitive skills had no effect on self-esteem or depression.  This is consistent with the 

mediation finding.  However, parents reported positive effects from the opportunity their 

autistic children had to socialize during the training.  The second study (Maras et al., 2017) 

found that using a computer program to train metacognitive monitoring helped autistic 

students find mathematical errors.  Furthermore, when feedback was given regarding 

metacognitive monitoring, performance in mathematics improved for all children.  The 

literature evaluating metacognitive skills and academic achievement is wide ranging and 

finds that (e.g. Perry et al., 2018) metacognitive skills improve the academic achievement of 

students who are cognitively gifted, average, and learning disabled.  Given the literature, the 
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results of study 5 suggest that explicitly teaching metacognitive skills to school-aged children 

with high levels of autistic traits may improve their achievement in numeracy and literacy. 

Unlike academic achievement, there is very little research in the relationship between 

metacognition and social skills.  Research has found that metacognitive skills are strongly 

linked with social skills in autism (Leung et al., 2016; Torske et al., 2018).  A study looking 

at expected versus actual achievement in autism (Estes et al., 2011) noticed that autistic 

students with stronger social skills had better academic performance.  There is research to 

show that using metacognitive strategies has improved ToM in both autistic and non-autistic 

individuals.  One study modeled conversations (Bianco et al., 2016), basically using a think 

aloud approach to help individuals learn ToM.  Another study used cartoons with thought 

bubbles (Wellman et al., 2002), again a written version of a think aloud, to improve ToM in 

both autistic and non-autistic individuals.  Modelling social conversations using think alouds 

allows students to hear the thought processes involved in a social interaction.  These 

processes could include giving and responding to feedback from a social partner.  Thus, it is 

possible that training metacognitive skills, particularly monitoring and evaluating in response 

to feedback may improve social skills, but much more research needs to be done to reach a 

conclusion regarding metacognition, ToM and social skills.  As study 2 found ToM 

challenges to be more related to autism than other conditions, this research is particularly 

important for autistic individuals.    

The mediation findings suggest that one could have confidence in their own 

metacognitive knowledge, but still suffer from anxiety and depression.  This could possibly 

be an indication of camouflaging.  Camouflaging is a term ascribed to autistic individuals 

when they work to hide their autistic traits from others.  Camouflaging has been shown to 

have a significantly positive relationship with depression and to be a possible risk marker for 

suicidality in autism (Cassidy et al., 2020).  It is important for professionals to understand 

that confidence in one’s own abilities may not buffer the effects of depression in autism, but 

instead may be a result of camouflaging, which is actually exacerbating the effects of 

depression.  Research evaluating whether metacognitive awareness causes camouflaging and 

an increase in depression and anxiety in those with high autistic traits is needed.  The 

mediation finding also suggests that metacognitive beliefs contributing to anxiety and 

depression may be different in those with high levels of autistic traits.  To date, only one 

study has been completed (Campbell et al., 2018) evaluating metacognitive beliefs in autism 
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and levels of anxiety and depression.  The study found positive correlations between the 

Meta-Cognitions questionnaire, which asks about clinically related metacognitive beliefs 

such as the belief that worrying keeps one safe, and levels of anxiety in depression in an 

autistic sample.  The need to control one’s own thoughts, in particular, correlated strongly 

with anxiety, which could be a belief about camouflaging.  This study, combined with the 

mediation findings from study 5 suggest that research is needed to understand which beliefs 

are most responsible for high levels of anxiety and depression in autism, and consequently 

to identify possible interventions that may relieve the symptoms of anxiety and depression 

in autism. 

7.7 Strengths and Limitations 

 Strengths and limitations specific to each study are fully explained within each 

chapter.  Overall, the strengths of this thesis are in its novel approaches both in evaluating 

metacognition and in studying areas that are either a gap in the literature or are understudied.  

For instance, the Puzzle Task is a novel measure allowing for a broader understanding of 

metacognitive skills, as well as more detailed understanding of how individual metacognitive 

skills work together, are affected by age, and how they affect domain-based achievement.  In 

addition, evaluating metacognitive skills, levels of autistic traits, and academic achievement, 

social skills, and mental health and well-being as mediation and moderation models is a novel 

approach that fills some gaps in the literature and provides further evidence of these 

relationships to support understudied areas. 

 The most significant limitation to this dissertation relates to sampling.  The original 

goal for this thesis was to collect data from 150 10 to 18-year-olds and explore the results in 

primary (75 students) versus secondary (75 students).  In addition, data was to be collected 

from 20 students with a formal diagnosis of autism.  Dates for further data collection that 

would have brought the sample close to its goal had been scheduled, but due to the 

government required school closures, those dates were cancelled, and the data had to be 

collapsed into children versus adults for the puzzle task study, and school-aged children in 

general for the moderation study.  However, the PT still proved sensitive enough to perceive 

differences between ages in the children’s sample, and there was enough data with students 

at high levels of autistic traits, including 4 students with a formal diagnosis of autism, to 

detect significant moderation models.  In addition, completing the moderation study in levels 

of autistic traits as opposed to just a diagnosis of autism is more relevant to professionals as 
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they will likely be working with undiagnosed children.  While the ability to diagnose autism 

has greatly improved, diagnosis is still occurring throughout secondary school and adulthood.  

Thus, it is important professionals are aware of the relationships between achievement, social 

skills, mental health and well-being and metacognitive skills in high levels of autistic traits 

as well as in autism. 

 A further limitation with the sample was the differences in school-reported 

achievement and the lack of students in the lower bands of achievement.  Primary schools do 

not grade students.  Any measure of a grade at the primary level would be highly subjective.  

Primary students do, however, take standardized tests.  These assessments report both 

standardized scores and band scores, and both were collected for the studies in this thesis.  

Secondary schools give exams.  Exams do not report standardized scores.  Instead, the 

students are essentially placed in a band level of achievement that roughly matches the band 

levels of primary students’ standardized scores.  Thus, achievement had to be analyzed as 

levels from 1-5, with 3 being average and 5 being superior.  Had analysis been able to 

separate primary from secondary students, the more sensitive standardized scores could have 

been used for primary students.  Because the data was collapsed, only the levels of 1-5 could 

be analyzed, often making analysis difficult and losing the variance within those bands.  

Variance and possible marginal effects were also lost at the lower bands due to the lack of 

students.  While it is great to find few students at the lower bands of achievement, the skewed 

levels did require more difficult analysis and it is possible some marginal effects at the low 

levels of achievement are missing from the results, which taken in isolation could be 

misinterpreted as reversing what the literature currently says about metacognition and those 

with poor achievement.  Low bands should not be interpreted in isolation. 

 Because moderation analysis has not been studied in autism, social skills, academic 

achievement, and mental health and well-being, this particular study became exploratory.  

Due to Covid, school shutdowns, and restrictions on personnel in the building, the 

opportunity to study a few relationships in isolation was lost.  Thus, results reported are 

susceptible to Bonferroni.  All results in Chapter 6 must be interpreted with a high degree of 

caution.  They are reported here in the hopes that future research can look into these 

relationships and determine whether teaching specific skills may have a positive impact on 

the academic achievement, social skills, and/or mental health and well-being of autistic 

individuals. 
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7.8 Future Research 

 This thesis adds to the body of research in metacognition and metacognition in autism 

or high levels of autistic traits.  In doing so, it also asks many more questions.  The questions 

that arose and the need for future research to answer those questions are detailed in each 

chapter.  Suggested next steps for future research are: 

• research in autism and levels of autistic traits need to control for possible covariates 

including age, IQ, and co-occurring conditions; 

• the effect of co-occurring conditions on metacognition, theory of mind, and other 

cognitive areas needs to be better understood in autism; 

• the relationship between metacognition and social skills needs to be better understood 

in all children, but particularly in autistic children; 

• intervention research is needed to test the efficacy of teaching metacognitive skills in 

order to improve the academic achievement of autistic students and the social skills 

of all children; 

• further research is needed to understand metacognitive beliefs in autism and how they 

may relate to camouflaging, levels of anxiety and depression, and the risk of 

suicidality. 

Intervention research should include strategies that involve feedback and response to 

feedback for both academic and social skills.  Research completed by Crompton et al. (2020) 

suggests that social challenges are between autistic and non-autistic individuals.  Their study 

showed groups of non-autistic individuals communicated just as well in completing a task as 

groups of autistic individuals.  It was only when the groups were mixed that communication 

difficulties became evident.  If metacognitive skills can assist all children with social skills, 

then teaching these skills across groups of children with differences may improve their ability 

to interact with those who are different.  If communication can be improved across groups of 

non-autistic and autistic individuals there may be less need for camouflaging.  This is a 

particularly important area for future research to explore.   

7.9 Concluding Remarks 

 Metacognition is one’s understanding of their own cognitive processes.  The literature 

reviewed for this thesis has shown metacognition to be important for academic achievement, 

alleviating the symptoms of anxiety and depression, and to be significantly related to both 

Theory of Mind (ToM) and social skills.  Autism is a condition defined by social 
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impairments.  The literature in autism that was reviewed for this thesis has shown autistic 

individuals frequently have co-occurring conditions, of which high levels of anxiety and 

depression are common.  The literature has also shown autistic individuals tend to achieve 

below what would be expected from their IQ.  Theoretically, metacognition appears to be 

important for autistic individuals.  This thesis statistically and theoretically argued the 

importance of metacognitive skills for autistic individuals. 

 Because of the small amount of research to date in autism and metacognition, this 

thesis had to begin by defining best practices for evaluating metacognition in autism, as well 

as in other conditions and the population in general.  Results suggest that research needs to 

carefully consider the role of self-report in the scientific question and choose the method of 

self-report based on that role.  Results also urge researchers to control for possible covariates 

in autistic research.  These covariates may differ depending on the research question, but at 

minimum should include controlling for age, IQ, and any possible co-occurring conditions.  

Results also recommend factors and components that would be strong members of a 

metacognitive taxonomy.  The recommended list is not exhaustive but does provide statistics 

against which to judge any further factors or components.  Finally, this thesis added to the 

body of literature by translating a metacognitive self-report with reliable internal consistency 

and a confirmed factor structure that corresponds to a metacognitive taxonomy supported by 

the results of study 1, and by creating a novel way to measure several metacognitive 

behaviours using a multi-method task. 

 Results of studies 4 and 5 add to the current literature in both metacognition and 

autism.   Study 4 uses a novel measure to explore metacognitive skills across age ranges, the 

relationship of metacognitive skills to achievement, and the relationship between varying 

metacognitive skills.  Most results confirm the existing literature, though the lack of 

relationship with the ability to accurately judge one’s own performance and other 

metacognitive skills is notable and worth further exploration.  Adjustments to the task may 

provide more understanding of why metacognitive evaluating skills did not significantly 

relate to metacognitive planning or metacognitive monitoring and control. 

 Results of moderation and mediation analysis argue the importance of metacognitive 

skills for all children, but particularly autistic school-aged children.  Significant relationships 

were found indicating that teaching metacognitive skills may improve academic achievement 

and social skills for autistic and non-autistic children.  Significant relationships were also 
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found indicating that positive metacognitive beliefs regarding one’s own metacognitive 

knowledge do not indicate low levels of anxiety and depression when high levels of autistic 

traits are present.  These findings are novel in autistic and metacognitive literature and 

warrant further exploration.  Poor school achievement, lack of social connectedness, and co-

occurring conditions of anxiety and depression are found to affect the quality of life for 

autistic individuals.  If teaching metacognitive skills, something easily done in the classroom, 

can improve any of these areas for autistic children, it is essential research determines what 

that improvement looks like and how it can be achieved in school-aged children to avoid 

these areas becoming critical issues later in life.  Furthermore, the results found better social 

skills for all children related to better metacognitive skills.  This has important implications 

for improving social interactions between autistic and non-autistic children. 
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Appendices 

Appendix A: Sample Searches for Systematic Reviews and Meta-analyses 

Sample Searches – Chapter 1 

Systematic Review 

EbscoHost, ERIC, PsycINFO, PsycArticles, Scopus, Web of Science, and 

WorldWideScience.org (for all terms, there were no limits of any kind imposed): 

1. metacognit* 

2. model 

3. 1 and 2 

4. Title screening 

5. meta-cognit* 

6. 2 and 5 

7. Title screening 

8. “factor analy*” 

9. 1 and 8 

10. Title screening 

11. 5 and 8 

12. Title screening 

13. Duplicates removed 

14. Abstract screening 

Meta-Analysis 

EbscoHost, ERIC, PsycINFO, PsycArticles, Scopus, Web of Science, and 

WorldWideScience.org (for all terms, there were no limits of any kind imposed): 

1. metacognit* 

2. on-line 

3. 1 and 2, Title screening 

4. off-line 

5. 1 and 4, Title screening 

6. multi-method 

7. 1 and 6, Title screening 

8. Meta-cognit* 

9. 2 and 8, Title screening 
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10. 4 and 8, Title screening 

11. 6 and 8, Title screening 

12. online 

13. 1 and 12, Title screening 

14. 8 and 12, Title screening 

15. offline 

16. 1 and 15, Title screening 

17. 8 and 15, Title screening 

18. Duplicates removed 

19. Abstract screening 

Sample Search – Chapter 2 

1. Metacognit* 

2. Meta-cognit* 

3. Autis* 

4. Depress* 

5. Anxiety 

6. Alexithymia 

7. Attention deficit 

8. Learning disab* 

9. Intellecutal disab* 

10. (1 OR 2) AND 3 

11. (1 OR 2) AND 4 

12. (1 OR 2) AND 5 

13. (1 OR 2) AND 6 

14. (1 OR 2) AND 7 

15. (1 OR 2) AND (8 OR 9) 

Searches were done separately as listed above in order to keep articles organized by condition 

and allow maximum results by not overcomplicating the search. 
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Appendix B: COMEGAM-eng Questionnaire 

Statements Scales 

 Factor Subscale Local/

Global 

I know which strategies are the best ones to help me 

learn. 

Knowledge Strategy Local 

I can identify the strengths I have that help me to learn. Knowledge Person Local 

At the beginning of a task, I organize the information I 

have that will help me finish the task. 

Regulation Plan  

While completing a task, I check for any mistakes.  Regulation Monitor  

I know my key weaknesses that keep me from learning. Knowledge Person Local 

While I am carrying out a task, I am monitoring the 

quality of my work. 

Regulation Monitor  

I can name strategies that help me effectively prepare 

for an exam. 

Knowledge Strategy Local 

I know the type of tasks that are easy for me to 

complete. 

Knowledge Task Local 

When I fail to complete a task using a specific method 

or strategy, I try again a different way. 

Regulation Evaluate  

Before I start a task, I analyse all the information that I 

have related to the task. 

Regulation Plan  

As I am carrying out a task, I look back at the directions 

to make sure I understand what I am being asked to do. 

Regulation Monitor  

In general, I know the most effective strategies for 

learning better. 

Knowledge Strategy Global 

Before I start a task, I evaluate the demands of the task 

and how difficult it might be.  

Regulation Plan  

I can recognise what my weaknesses are compared to 

the other students in class. 

Knowledge Person Local 

As I carry out a task, if I find a better way to complete 

it, I change what I am doing to the better method. 

Regulation Evaluate  

I recognise tasks that require more preparation on my 

part. 

Knowledge Task Local 

If I fail to complete a task, I start again by looking for 

other ways to complete it correctly. 

Regulation Evaluate  

As I carry out a task, I check whether or not I am 

completing it correctly.  

Regulation Monitor  

When I am given a task, I pull together all the 

information I know about the task. 

Regulation Plan  

When I realize I've made a mistake, I try to find my 

mistake. 

Regulation Monitor  

I know some general strategies that are helpful for 

learning.  

Knowledge Strategy Global 

When I realize that my way of completing a task is 

inefficient, I change what I am doing. 

Regulation Evaluate  

In general, I am able to recognize the difficulty level of 

an exam. 

Knowledge Task Global 
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If one method does not give the expected results, then I 

try another method. 

Regulation Evaluate  

I am able to judge my strengths compared to other 

students in class. 

Knowledge Person Local 

During a task or exam, I stop working to check whether 

or not I am on the right track. 

Regulation Monitor  

I can recognise the types of exams that are easier for me 

than others. 

Knowledge Task Local 

I know my main strengths.  Knowledge Person Local 

I am able to identify tasks that generally require more 

knowledge. 

Knowledge Task Global 

When I do not reach my goal, I evaluate what worked 

and what didn't work in my method of doing things. 

Regulation Evaluate  

In general, I can name different ways to memorize 

information. 

Knowledge Strategy Global 

In general, I can list different ways to prepare for an 

exam. 

Knowledge Strategy Global 

Before I start a task, I analyse the material I have. Regulation Plan  

I am able to identify general strengths that are helpful 

for learning. 

Knowledge Person Global 

I can identify tasks that generally require more 

concentration than others. 

Knowledge Task Global 

Before I start a task, I determine what I am going to do. Regulation Plan  

 


