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Abstract 

After an introduction on ‘second order skills ‘(metacognition, Executive Functions or EF, self-regulation and 

Effortfull Control  or EC) and on specific learning  disorders (dyslexia/dyscalculia), we focus on the ‘nexus’ 

between both constructs in five studies.   In study 1 we compared prediction and evaluation skills in children 

with and without learning disabilities. In addition we revealed that children with procedural dyscalculia had 

poor prediction and evaluation skills (study 2) and  that persons with dyslexia and dyscalculia had below 

average working memory and planning skills (cold EF – study 3) with children with dyslexia also having 

problems with  inhibition (hot EF – study 4). When analyzing metacognition in adolescents study 5 

demonstrated that poor spellers are also were poor in detecting spelling mistakes. Moreover study 6 

demonstrated that high functioning adolescents with dyslexia show a lot of similarities on hot and cold EF 

with peers without dyslexia. Finally study 7 demonstrated that metacognition can be trained in the case of a 

‘production deficiency’ with an informed, prolonged and embedded training and  that metacognition can be 

considered from a Universal Design for Leaning (UDL) perspective as ‘tool’ taking into account the different 

Process Communication Model (PCM) personality types (Kahler, 2008; Pauley & Pauley, 2012). 
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Introduction 

 

Proficient reading, spelling and math skills are of central importance to modern society 

in all countries and become increasingly essential in many job profiles. In some children 

learning to read, spell or calculate is more difficult than in their peers (Desoete, 

2014;2015).  In addition, children begin formal education with a very positive view of 

learning and with ‘good feelings about their own abilities’. However both interest and 

motivation decline as children grow older (Moore, Rudig, & Ashcraft, 2015) and 

especially in girls the positive affect and ‘good feelings’ fade away (OECD, 2015).  

Given the high cost associated with poorly developed learning skills, it is essential to 

tackle this underperformance by gaining insight into the processes of decline leading to 

a suboptimal learning development.  

This contribution is attributed to the role of metacognition in the pursuit to 

explain suboptimal learning. After an introduction on suboptimal learning and specific 

learning disorders (dyslexia/dyscalculia), definitions of metacognition, Executive 
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Functions (EF), self-regulation and Effortfull Control (EC) as models for ‘second order’ 

skills will be given. 

 

Suboptimal learning 

 

The DSM 5 differentiates specific Mathematical Disorders from specific Reading 

Disorders, all having impairment in mathematics or reading and written expression.   

Specific Mathematical Disorders (MD) or dyscalculia can be described as 

impairments where math abilities remain persistently at a level that is significantly 

below expected given the age and where this suboptimal learning can not be explained 

by extraneous factors, such as sensory deficits and have to be persistent.  In order to be 

sure of the persistence of MD, it is important to consider consistency in performance 

over time (Fletcher et al., 2005; Mazzocco & Myers, 2003).  Most researchers currently 

report a prevalence of MD between 3-14% of children (Barbaresi, Katusic, Colligan, 

Weaver, & Jacobsen, 2005; Desoete, 2014;2015; Geary, 2011a&b; Rubinsten & Henik, 

2009; Shalev, Manor, & Gross-Tsur, 2005; Tosto, Haworth, & Kovas, 2015).   

Specific Reading disorders (RD) or dyslexia can be defined as impairments 

where reading and/or written expression (spelling abilities) remain persistently and 

significantly below expected given the age and effective teaching (Pennington et al., 

2012; Ziegler et al., 2008).  The prevalence of RD is approximately between 5 to 12% 

of children (Schumacher, Hoffmann, Schmal, Schulte-Korne, & Nothen, 2007).  

However, since language and orthography play an important role in reading, prevalence 

of RD may differ across countries (Callens, Tops, & Brysbaert, 2012).  Clear 

differences are marked between regular and more irregular orthographies and it 

assumed that different problems are manifested in RD in languages that embed regular 

grapheme-phoneme correspondence than in languages with a less transparent 

orthography and grapheme-phoneme mapping (Bergmann & Wimmer, 2008; Callens et 

al., 2011).  

 

Second order skills 

 

Several constructs are used to focus on ‘second order skills’. Metacognition is a 

concept introduced by Flavell in 1976 (meta-memory).  He described metacognition as 

‘one’s knowledge concerning one’s own cognitive processes and products and anything 

related to them…’  Once metacognition gained popularity, most authors agreed to 

differentiate a knowledge and skills component.  Sometimes they also describe a 

metacognitive experience component.   

Metacognitive knowledge has been described as the knowledge, awareness, and 

deeper understanding of one’s own cognitive processes and products (Flavell, 1976). 

According to Efklides (2008, p. 208) metacognitive knowledge is «declarative 

knowledge stored in the memory and comprises models of cognitive processes. It also 

encompasses information about people (including one’s self), as well as information 

about tasks, strategies, and goals. Metacognitive task-knowledge involves task 

categories and their features, relations between tasks, as well as the ways they are 
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processed. Metacognitive strategy-knowledge involves knowledge of multiple strategies 

as well as the conditions for their use (e.g., when, why and how a strategy should be 

used). Finally, metacognitive goal-knowledge involves knowledge of what sort of goals 

people pursue when confronted with specific tasks or situations.»  Another related 

conceptualization of metacognitive knowledge distinguishes declarative, procedural and 

conditional (or strategic) metacognitive knowledge (Brown, 1987; Schraw, 1997; 1998). 

Declarative knowledge is concerned with knowledge of the strengths and weaknesses of 

one’s own processing ability as a learner and knowledge about cognitive strategies 

(Brown, 1987; Georghiades, 2007). Procedural knowledge involves knowledge of how 

to successfully employ particular cognitive strategies in order to achieve learning 

objectives (Brown, 1987; Perfect & Schwartz, 2002; Pintrich, 2002; Schraw, 1998). 

Conditional knowledge refers to knowledge of the appropriateness of particular 

cognitive strategies when taking into account external learning conditions, including 

awareness of the underlying reasons for cognitive strategies’ effectiveness (Brown, 

1987; Pintrich, 2002; Schraw et al., 2006; Zimmerman & Schunk, 2011). Conditional 

knowledge is critical to effective use of strategies (Harris, Graham, Brindle, & Sandmel, 

2009). Novices have been found to possess poorer metacognitive skills than experts 

(Kruger & Dunning, 1999). Students doing poorly on tests predicted less accurately 

which questions they would get right than  students doing well (Kruger, 2002; Kruger & 

Dunning, 1999; Sinkavich, 1995).  

Metacognitive skills refer to «the deliberate use of strategies (procedural 

knowledge) in order to control cognition» (Efklides, 2008, p. 280). According to Brown 

(1980), executive control (or “metacognitive skills”) can be seen as the voluntary 

control people have over their own cognitive processes. There are four basic 

metacognitive skills identified in the literature: prediction, planning, monitoring, and 

evaluation (Desoete, 2007a, 2007b; Desoete & Roeyers, 2002;  Desoete & Veenman, 

2006; Lucangeli & Cornoldi, 1997). In spelling, test prediction refers to student 

activities aimed at differentiating which words will require attention and possible 

further action (such as words with [ei] or [ij]). Planning involves analysing the demands 

of the spelling exercises, retrieving relevant domain-specific knowledge and skills (e.g., 

when to use capitals), and sequencing of problem-solving strategies. Monitoring is 

related to questions such as “am I following my plan?”, “should I write a word on 

another piece of paper to check if the spelling on the test sheet is correct?” and so on. In 

evaluation there is self-judging of the answer and of the process of getting to this 

answer.   

Metacognitive experiences (ME) have been described as «what the person is 

aware of and what she or he feels when coming across a task and processing the 

information related to it» (Efklides, 2008, p. 279). ME take the form of metacognitive 

feelings, metacognitive judgments/estimates, and online task-specific knowledge. 

Metacognitive feelings are non-analytic representations of knowing states with an 

affective and cognitive character. The affective character of metacognitive experiences 

can be explained by two feedback loops. The first one is related to the outcome of 

cognitive processing and detects the discrepancy from the goal set. Error detection (as 

discrepancy from the goal) and feeling of difficulty (as lack of processing fluency) are 
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associated with negative affect (Efklides, 2006). Metacognitive judgments/estimates 

include analytic and non-analytic processes, such as judgment of learning, estimate of 

effort expenditure, estimate of time needed or spent, but also estimate of solution 

correctness. When people are asked to make a judgment about their confidence there are 

two sources of information on which they rely, according to Efklides (2008), namely 

their estimate of solution/response correctness (as discrepancy of the response to the 

goals) and their feeling of difficulty (as cue that the response might not be correct). 

Metacognitive experiences, in essence, make the person aware of his or her cognition 

and trigger control processes that serve the pursued goal of the self-regulation process 

(Efklides, 2008; Koriat, 2007; Schraw & Dennisson, 1994). However, the person can 

feel highly confident, even if the outcome of cognitive processing is not correct, just 

because the solution was produced fluently, thus endangering appropriate control 

decisions. This is particularly true for persons who are not aware of their ignorance 

(Efklides, 2008; Kruger & Dunning, 1999).   

Nowadays, a lot of diagnostic tools are designed to assess metacognition 

(Desoete, 2008; Desoete & Roeyers, 2006). The mainstream of those tools is self-report 

questionnaires used to assess metacognitive knowledge and self-ratings to measure 

metacognitive experiences (Efklides, 2008). The prospective measurement of 

metacognitive knowledge has to do with metacognitive judgments elicited before 

problem solving. Retrospective measures of metacognitive knowledge involve self-

reports of strategies or metacognitive experiences after problem solving. Several studies 

underlined the importance of questionnaires and ratings (Busato, Prins, Hamakers, & 

Visser, 1998). However, Veenman, Van Hout-Wolters and Afflerbach (2006) pointed 

out the limited explained variance towards learning outcomes by self-report 

questionnaires. Moreover, only moderate correlations were demonstrated between 

prospective and retrospective measurements of metacognitive knowledge (Veenman et  

al., 2006). Hence, in addition to the self-report measures, think-aloud protocols or 

systematic observation of behaviour can take place to measure metacognitive skills 

(Veenman & Elshout, 1999). These analyses were found to be very accurate, but time-

consuming, techniques to assess metacognitive skills (Pressley, 2000). Recently, multi-

method techniques are also being used. Often these techniques combine measurements 

of metacognitive experiences and/or knowledge. For example, students are asked, 

before and after the processing of a task, to assess the difficulty they experience, the 

correctness of the solution (conceived or produced), the effort required, and to make 

subjective estimations about the use of problem-solving strategies. Finally, in 

calibration studies a comparison is made of whether the prediction before the tasks 

(“calibration” or comprehension paradigm) or the evaluation after a task (“performance 

calibration” or postdiction paradigm) corresponds with the actual performance on the 

task. Calibration studies are therefore most closely related to the assessment of 

metacognitive experiences and refer to the reliability of metacognitive experiences 

(Vanderswalmen, Vrijders, & Desoete, 2010).  

The use of the concept Executive functions (EF) as second order skills is 

another attempt to explain individual differences in learning from a neuroscience 

approach (Barkley, 2001; Desoete & De Weerdt, 2013). EF has  here been described as 
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control mechanisms  in the frontal cortex that coordinate, regulate and control cognitive 

processes during the operation of cognitive tasks (Miyake et al., 2000).  

There are several EF-models (e.g., Baddeley, 1986; 2000, Barkely, 2001; Miyake 

et al., 2000, Pennington, 2006).  In the Baddeley working memory model, the central 

executive is an attentional control system, which executes the processing aspects of a 

task (Baddely, 1996; 2002; Baddely, Allen, & Hitch, 2010).  The central executive 

strongly interacts with one multi-dimensional and two domain-specific storage systems.  

The phonological loop is responsible for the storage and maintenance of verbal 

information; the visuospatial sketchpad has similar responsibilities for visual and spatial 

information (Baddeley, 1986).  Forward recall tasks have been used as measures of the 

phonological loop and the visuospatial sketchpad, while backward recall and dual span 

tasks are used as measures of the central executive.   

However EF cannot be reduced to working memory. Inhibition is also a crucial 

executive function (Miyake et al., 2000).  Several authors have added that inhibition is 

not a unitary construct, but rather a family of functions (Friedman & Miyake, 2004; 

Nigg, 2000).  In Nigg’s (2000) taxonomy, executive or effortful inhibition can be 

differentiated in interference control, behavioral, oculomotor and cognitive inhibition.  

Interference control refers to the ability to maintain response performance and suppress 

competing, distracting, or interfering stimuli that evoke a competing motor response 

(Nigg, 2000).  The Stroop task is one of the most widely cited measures of interference 

control in literature (Nigg, 2000).  In addition, behavioral inhibition can be defined as 

the capacity to suppress a prepotent or dominant response (Nigg, 2000).  Behavioral 

inhibition can be targeted by a Go/no-go task (Friedman & Miyake, 2004; Purvis & 

Tannock, 2000).  Myake et al. (2000) added shifting and updating to inhibtion as 

important EF. Pennington  (2006) added planning, cognitive flexibility and verbal 

fluency to inhibition and (visual) working memory as important EF. Moreover, Ardila 

(2013) stressed the difference between  ‘hot’ and ‘cold’ EF. Hot EF referred to the 

emotion regulation or the inhibition. Cold EF referred to metacognition.  Finally, Waber 

(2014) differentiated content dependent and content independent EF, with a different 

neuroanatomical system as neural correlate. The decontextualized EF was located in the 

anterior parahippocampale gyrus. The contextualized EF was located in the posterior  

parahippocampale gyrus. Waber reported a correlation between the cortical thickness 

(not volume) of the hippocampal posterior gyrus and the BRIEF. There were no 

significant correlations between cortical structures and decontextualized EF measures. 

More recently, self-regulation became dominant as a concept referring to a 

planned and cyclical way of regulating thoughts, feelings and actions to meet personal 

goals (Boekaerts & Corno, 2005; Boekaerts , Pintrich, & Zeidner, 2000; Dignath-van 

Ewijk, 2011; Dignath, Buettner, & Langfeldt, 2008; Zimmerman & Schunk, 2001). 

Within this framework self-regulated learners are characterized by three important 

characteristics: they are metacognitive active participants in their learning process, 

motivated to learn and strategic (Winne, 2011; Zimmerman & Schunk, 2011). This self-

regulation model includes a metacognitive, a motivational and a cognitive component.  
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Studies on Effortful Control (EC) looked longtime in the relative shadow at the 

self-regulation component of temperament (Rothbart & Bates, 1998).  Rothbart (1989; 

2004) defined EC as the ability to inhibit a dominant response to perform a subdominant 

response. EC involves inhibitory/activation control and attentional control. Since the 

renewed interest in the emotions and emotional development, EC-studies  related to 

social, emotional and cognitive development allowed us to consider typical learning and 

to different forms of pathology.  The conceptual overlap of EC and other constructs 

such as executive functions (inhibition), inference control, intentional motor inhibition 

is obvious.   

The measurement of EC takes place with self-reports (such as the Effortful Control 

Scale ECS or the   Attentional Control Scale ACS etc.), parent-reports (such as the 

Early Adolescence Temperament Questionnaire –Revised, EATQ-R) and 

neuropsychological measures (go/no go task, stroop task, stop task, …). 

Moreover Kahler (1971) described in his Process Communication Management 

(PCM) model  six personality ‘bases’ in a pursuit to understand differences in 

motivation in children.  ‘Empathic’ children (30% of the population, 1:4 boys-girls) are 

attentive for the others and sensitive, motivated by a well-willing management style, 

work in groups with a lot of sensory stimulation and getting recognized and 

acknowledged as a person. ‘Thinkers’ (25% of the population, 4:1 boys-girls) are 

children that are responsible, logical and organized, performing best in a democratic 

management style where they can work alone with recognition of her/his work and time 

structure. ‘Persisters’ (10% of the population, 4:1 boys-girls) are devoted, good 

observers and conscientious children, motivated by a democratic management style 

where they can work alone with recognition of work done and respect for opinions. 

Children with a ‘dreamer’ personality (10% of the population, 2:3 boys-girls) are 

imaginative, reflective and calm, needing an autocratic management style respecting 

their need of solitude but also inviting them to act. Children with a ‘rebel’ personality 

(20% of the population, 2:3 boys-girls) are spontaneous, creative and playful, enjoying 

the here and now and motivated by playful  ‘contact’ of teachers with a ‘laissez faire’ 

management style inviting them to  work in a group to group environment. Children 

with a ‘promoter’ personality (5% of the population, 3:2 boys-girls) are convincing, 

adaptive and capable to realize things, but needing strong sensations and actions and an 

autocratic management style to be motivated.  PCM might help to broaden the picture 

and the psychological needs to be motivated of boys and girls (Pauley & Pauley, 2002). 

The PPI (Personality Pattern Inventory; Kahler, 2004; 2008) is a questionnaire related to 

the PCM model. 

 

Research Questions 

 

Although a certain consensus has been reached that higher order skills have an 

important effect on learning achievement, several questions about the interchangeability 

of the constructs of metacognition, EF, self-regulation, EC and personality remain 

unresolved and the ‘nexus’ with individual differences in learning  yields inconsistent 

results   
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To enhance our understanding of these higher order skills, the metacognitive 

profile of children and adolescents and the possibility of training metacognition were 

studied. In what follows different studies will be described on metacognition/EF in 

children (part 1) and adolescents (part 2) with suboptimal learning skills. Moreover it is 

studied if metacognition can be enhanced (part 3). 

 

Procedure 

 

In a first study children with specific mathematical learning disabilities in grade 3 

(MLD) (n=29 boys and 33 girls) were compared with peers with specific reading 

disabilities (RLD) (n=40 boys and 32 girls), children with combined reading and 

mathematical learning disabilities (MRD) (n=40 boys and 32 girls), age-matched peers 

(NoD3) (n=70 boys, 60 girls) and younger children (NoD2) (n=52 boys and 68 girls) 

matched at mathematical problem-solving level. For more information, we refer to 

Desoete and Roeyers (2002).  

In the second study 58 children (30 boys, 28 girls) with a mathematical learning 

disability due to insufficient procedural skills (PRD), 88 children (44 boys, 44 girls) 

with a semantic memory disability (SMD) and 45 children (25 boys, 20 girls) with a 

combined disability in both aspects of mathematical problem-solving (CoD) 

participated.  

In study 1 and 2 children completed the Evaluation and Predication Assessment 

computerized test (EPA2000) (De Clercq, Desoete & Roeyers, 2000) In the EPA2000 

(De Clercq et al., 2000) cognition and metacognition is assessed. Before solving the 

different mathematical tasks, children first have to ‘predict’ their performance . After 

doing the exercise, children ‘evaluate’ on the same 4-point rating scale. Metacognitive 

predictions (Pr) or evaluations (Ev) are awarded two points whenever they correspond 

with the child’s actual performance on the task. Predicting and evaluating rating ‘sure to 

be correct’ or ‘sure not to be correct’ receive one point whenever they correspond.  

Other answers receive no points, as they are considered to represent a lack of prediction 

/ evaluation. For the cognitive mathematical problem-solving, children obtain l point for 

every correct answer.  

Moreover in study 3 working memory and planning (cold EF) were studied in 

112 children with and without learning disabilities. (Backward) digit -, word list -, 

listening - and block recall were used to assess working memory.   In addition all 

children were tested with the spatial span and the backward word list recall and 

backward block recall were used.  

In study 4  inhibition (hot EF) was studied in 161 children with and without 

learning disabilities with a Go/no-go paradigm with three different modalities.  

In  study 5 a total of 2,095 first year bachelor students participated (594 boys and 

1,501 girls). At the time of testing their mean age was 18.82 years (SD = 1.80). 

Participants completed  two questionnaires created for the present study, namely a 

prospective and a retrospective metacognition questionnaire. The Prospective 

Metacognition Questionnaire (PMQ) assessed student’s metacognitive knowledge (MK) 

of the self as speller and student’s use of MS in spelling, namely checking of spelling. 
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The MK of the self as speller was measured as follows. Participants were required to 

rate their own spelling skills, as compared to peers, on a 7-point scale ranging from 1 

(very bad) to 7 (very good). The use of MS was assessed with one item by asking 

participants how often they read through their own texts, letters, and e-mails to check 

for any spelling errors. Responses were on a 5-point rating scale, varying from 1 (never) 

to 5 (always). The Retrospective Metacognition Questionnaire (RMQ) assessed 

metacognitive experiences, namely feeling of confidence (FOC; metacognitive feeling) 

and estimate of the number of spelling errors (EOSE; metacognitive judgment). Also, a 

score showing the correspondence between the ratings of FOC and actual performance 

was calculated. Participants took the Dictation test during the first semester of the 

academic year. The PMQ was completed before the Dictation test. The RMQ was 

completed after the Dictation test. All sessions were carried out collectively in 

classrooms, after assuring good testing conditions.   

In a sixth study 200 first-year undergraduate students of higher education with 

and without dyslexia participated in the study, both students of professional bachelors 

and students of university bachelors. No significant differences were found between 

students on intelligence (F (1, 198) = 0.84; p = .36). All students rated their study 

motivation and study skills by means of a validated Dutch version of the Learning and 

Study Strategies Inventory (LASSI; Weinstein & Palmer, 2002). Each scale contains 8 

items, except the 5-item scale “selecting main ideas”. In this test, three components of 

metacognitive knowledge or self-regulated learning can be distinguished: determination 

(1), knowledge of metacognitive regulation strategies (2), and knowledge of cognitive 

processing strategies (3). Feeling of confidence (FOC) as a measure for metacognitive 

experiences was assessed with the two subtests of the GL&SCHR. Participants had to 

evaluate their own performance on a word spelling dictation (production task) and a 

proof reading task (detection of spelling mistakes in the use of rules to write words and 

sentences).  They always had to rate how certain they felt about the answer (certain, 

almost certain, uncertain) as a measure of FOC. The FOC score is thus influenced by 

the degree of certainty of the writer and is the sum of the following scores per item.   

Finally monitoring or task-switching (a metacognitive skill) was assessed with a test 

where 960 digits from 0 to 9 are presented in 16 columns. Students had three minutes to 

underline as many fours and to blot out as many threes and sevens as possible. In 

addition all participants completed the BRIEF and PREF (self-report questionnaires). 

Finally the effectiveness of a short metacognitive intervention combined with 

algorithmic cognitive instruction was studied in 237 children in grade 3 (study 7). 

Children were randomly assigned to a 5-session metacognitive strategy instruction, an 

algorithmic direct cognitive instruction, a motivational program, a quantitative-

relational condition, or a spelling condition. 

 

Results 

 

Study 1 revealed that children with specific or combined MD had prediction and 

evaluation skills comparable to those of children one year younger. However, on 

analyzing this performance further, significant differences were found compared to 
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those children without learning disabilities, matched at the level of mathematical 

problem solving. Children with MD had more problems to predict and evaluate their 

performances on easy tasks than younger children. 

Study 2 revealed that not all, but about a third of children with MD had 

inaccurate metacognitive skills. This was the case for about two third of the children 

with a combined disability, half of the children with a procedural disability and only for 

about 5% of the children with a semantic memory disability.   

Study 3 revealed the importance of tasks measuring working memory (cold 

EF).  Evidence was found for domain-general working memory problems in children 

with learning disabilities.   

Study 4 revealed the importance of inhibition (hot EF) in children with RD and 

response speed deficits in children with RD and MD.  The latter were found to be 

domain-general in children with RD and alphanumeric or symbolic in children with MD 

(De Weerdt, Roeyers, & Desoete, 2013a&b).  

 In study 5 adolescents in the bottom quartile rated themselves as less 

competent, checked their texts less frequent, had a significantly lower FOC and 

estimated that they made more errors compared to peers in the other quartiles.  Ratings 

of MK of the self as speller and use of MS predicted about one sixth of the variance of 

spelling performance. Also FOC ratings predicted about one fourth of the same 

variance. Finally, EOSE predicted about one sixth of the same variance 

(Vanderswalmen, Vrijders, & Desoete, 2010).  

 In study 6 there was a difference in metacognitive experience (ME) between 

adolescents with and without dyslexia, more precisely in the feeling of confidence 

(FOC) regarding their spelling abilities. Students with dyslexia seemed to be less certain 

about the correct spelling of self-written words in comparison to peers with no spelling 

impairment. This was particularly true for correctly spelled words. There was indeed a 

striking difference in the FOC score of correct and incorrect answers. When words were 

misspelled, the FOC of the dyslexic students did not differ significantly from that of 

their peer students. This pattern of FOC was also found in a proof reading task where 

both student groups were asked to recognise and correct sentences and words containing 

(rule-related) spellings. Again students with dyslexia doubted more about correctly 

written words and sentences than students without dyslexia, but they did not differ from 

their peers in the feeling of confidence about incorrect answers. In addition, the study 

revealed that students with dyslexia reported more difficulties with dissociating main 

issues and details. Besides, they claimed to dispose of less efficient test strategies to test 

if they constrained the curriculum content (Tops, Callens, Desoete, Stevens, & 

Brysbaert, 2014).  In addition high functioning students with dyslexia had different 

metacognitive experiences and skills, not comparable to the experience and skills of 

peers without learning disabilities on the BRIEF and PREF.  

Finally, in study 7 the effectiveness of a short metacognitive intervention 

combined with algorithmic cognitive instruction was demonstrated on 237 subjects 

randomly assigned to a 5-session metacognitive strategy instruction, an algorithmic 

direct cognitive instruction, a motivational program, a quantitative-relational condition, 

or a spelling condition. Children in the metacognitive program achieved significant 

gains in trained metacognitive skills compared with the four other conditions, with a 

follow-up effect on domain-specific mathematics problem-solving knowledge. Thus, 
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metacognition was found to be modifiable with value added to mathematical problem 

solving (e.g., Desoete, 2007a&b; 2009a&b&c).  

 

Discussion  

 

Study 1 revealed that suboptimal learning in children is often accompanied with 

problems to predict task difficulty. In addition the problems to predict performances is 

even obvious on easy tasks.  However, study 2 demonstrated that metacognition is not 

missing in all children with LD. Children with semantic memory dyscalculia did not 

seem to have metacognitive problems whereas children with procedural dyscalculia or 

combined disabilities had less accurate metacognitive skills than peers without learning 

problems. In addition in study 3 suboptimal cold EF (working memory) was present in 

children with RD and / or MD.  Moreover study 4 revealed problems with hot EF 

(inhibition) of a domain-general nature in children with RD and alphanumeric or 

symbolic in children with MD .  

Study 5 demonstrated in adolescents that had suboptimal spelling skills rated 

themselves as less competent, checked their texts less frequent, had a significantly lower 

FOC and estimated that they made more errors compared to peers in the other quartiles.  

We can conclude that metacognitive knowledge and skills can give valuable 

information on the spelling skills of college students. Poor spellers seemed also to be 

poor in detecting spelling mistakes (Vanderswalmen et al., 2010).  In addition study 6 

revealed that students with dyslexia doubted more about the correct spelling of word 

when the word was correctly spelled. Nevertheless, students with dyslexia seemed to be 

as capable as non-spelling-impaired peers to recognize wrongly spelled words (Tops et 

al., 2014). In addition adolescents dyslexia had  below average inhibition scores and 

skills to deal with testing (hot EF) and they reported more problems with  working 

memory and planning (cold EF).  

In addition a short metacognitive program (in study 7) was able to enhance  

domain-specific mathematics problem-solving knowledge. Thus, with explict training, 

metacognition was found to be modifiable with value added to mathematical problem 

solving (e.g., Desoete, 2007a; 2009c). This is in line with Hartman and Sternberg (1993) 

summarizing four main approaches: promoting general awareness by modelling by 

teachers, improving metacognitive knowledge (knowledge of cognition), improving 

metacognitive skills (regulation of cognition) and fostering on learning environments.  

In addition this is line with Veenman (2013) who pointed to the fact that metacognition 

can be trained in a production deficiency with an informed, prolonged and embedded 

training.  

 

Conclusion 

 

Metacognition, EF, self regulation and EC are overlapping models developed to 

understand and predict proficient or typical and suboptimal or atypical learning.  In the 

past there were attempts to get a consensus on the definition and assessment of these 

constructs, since how you test is what you get (Desoete, 2008). However, up till now 

such a consensus seems still far away. Therefore, it might be better not to try to 

convince researchers to use the same concepts, but to agree to define their concepts used 
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in studies as well as measurements of these concepts very clearly. This way researchers 

can combine their insights and try to understand differences and similarities and judge 

the interchangeability of study results.    

In addition, although teachers still pay little attention to the explicit teaching of 

second order skills, studies seem to point to the fact that these second order skills are 

especially important for some children and adolescents.  Several studies demonstrated 

that such second order skills (often described as metacognitive skills but from another 

perspective described as self-regulated learning  or ‘cold’ executive functions) need to 

be taught explicitly in order to develop and to enhance proficient learnings.  We suggest 

that such a training promoting metacognitive awareness (Schraw, 1998; Schraw & 

Nietfeld, 1998) should be integrated in a Universal Design for Leaning (UDL) 

approach. A UDL framework aims at creating learning environments and adopting 

teaching materials and practices that allow for participation by all children, regardless of 

individual learning differences (Hanna, 2005). As such, UDL principles lend themselves 

to implement inclusionary practices in general educational settings, because it consists 

of flexible approaches that can be customized and adjusted for individual needs 

(Hitchcock, Meyer, Rose, & Jackson, 2002). In such a design, all children learn to focus 

on what, how and when they learn. They learn to plan, coordinate, regulate and control 

their own cognitive processes with a daily relooping of previously learned knowledge 

and skills and an explicit awareness building. As such, children with learning 

disabilities do not have to depend on implicit self-regulated learning, but all children 

benefit from the adjusted enhancement and adequate support of metacognitive 

knowledge and skills making them more active in their learning process and motivated 

to learn.  In addition from PCM-perspective we know that learning might different in 

empathic children (or reactors), thinkers (or workaholics), persisters, dreamers, rebels 

and promoters. Each of these individuals is motivated differently and does different 

things when in distress. So within UDL it is important to motivate all these types in 

order to make all of them more aware of the need to process information adequately 

(Pauley & Pauley, 2012). If UDL is combined with PCM more children may learn to 

plan and regulate their thoughts, feelings and actions to deal adequately with 

information and solve efficiently the problems they encounter. 
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