
 

 

 

Quan Do 

Facets of metacognition and collaborative complex problem-solving performance 

Master’s thesis  

FACULTY OF EDUCATION 

Learning, Education and Technology, Master’s Programme in Education 

15.06.2020 

  



 

 

Abstract:  

Metacognition refers to students’ ability to reflect upon, understand and control their own learn-

ing. Previous accounts of metacognition have distinguished between two major facets: meta-

cognitive knowledge and metacognitive regulation, in which each major facet includes several 

sub-facets. Although many studies on metacognition facets have examined their relationship 

with problem-solving performance, few studies have investigated their relationship with non-

routine, complex problem-solving performance in collaborative context. In light of this, the 

current study investigated the impact of different facets of metacognition on perceived and ob-

jective complex problem-solving (CPS) task performance in collaborative situation.  

Data was collected from 77 students at the University of Oulu, Finland. The Metacognitive 

Awareness Inventory (MAI) self-report was used to measure subjects’ beliefs on the facets of 

their metacognition before the task. After filling out MAI self-report individually, participants 

gathered in groups of 3 to carry out the collaborative CPS task. The Tailorshop microworld 

simulation was employed as the CPS task and used to measure objective group performance. 

Perceived individual and group performances were measured with self-report. A generalized 

estimating equation was used to observe the relationships between individuals’ awareness of 

metacognition facets and perceived individual CPS performance. Best Linear Unbiased Predic-

tors (BLUP) function was utilized to yield groups’ unbiased MAI scores and unbiased perceived 

group performance. Pearson correlation coefficient was calculated to observe relationships be-

tween group MAI scores and objective group CPS performance, as well as perceived group 

performance and objective group CPS performance. 

In general, the results showed significant correlations between several regulatory facets of met-

acognition and perceived individual CPS performance as well as objective group CPS perfor-

mance. Since the majority of the significant correlations were negative, the results reinforced 

previous findings on students’ overconfidence in their skills in relation with their perceived and 

objective performance as well as contribute to the overall understanding of the impact meta-

cognitive facets have on collaborative CPS performance. Further discussions were addressed in 

this study. Limitations and future research were also outlined.  
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1 Introduction 

Every day, students encounter a variety of problems, whether in professional, private, or edu-

cational settings. Enhancing students’ problem-solving skills is important to ensure their suc-

cess in life. In education domain, researches have endorsed the importance and relevance of 

problem solving skill (Greiff, Wüstenberg, et al., 2013b). In one of the most comprehensive 

international large-scale assessments today, PISA (Programme for International Student As-

sessment), complex problem solving (CPS) skills were included to be an important measure of 

competency for dealing with non-routine problems, assessing more than half a million 15-year-

old students in over 70 countries (e.g., OECD, 2014).  

CPS can be defined as a process of a person acquiring and applying the knowledge regarding 

the systems that have goal-oriented control and contain many highly dynamic and interrelated 

elements (Fischer et al., 2017). Studies have showed empirically that people succeeding with 

problem solving are aware of the gaps between their understanding and the task, and know how 

to employ problem-solving strategies to close those gaps (Chi et al., 1989). Furthermore, it has 

been proved that good problem solvers are more active in monitoring their solution progress 

and reflect more frequently than their counterparts (Chi et al., 1989; Schoenfeld & Herrmann, 

1982). This shift from processing the problem itself to monitoring, directing, and evaluating 

during the problem-solving process in the search for a solution can be described as a shift from 

cognition to metacognition level (Opwis, 1996).  

Besides solving problem independently, students also see themselves in daily situations that 

require collaboration with others and providing joint efforts and ideas to solve more complex 

problems. In fact, the concept collaborative problem solving has become prominent recently 

and was incorporated in PISA assessment in 2015 as one of the most important skills in 21st 

century (Binkley et al., 2012; Graesser et al., 2017). 

Collaborative problem solving can be defined as “the capacity of an individual to effectively 

engage in a process whereby two or more agents attempt to solve a problem by sharing the 

understanding and effort required to come to a solution and pooling their knowledge, skills and 

efforts to reach that solution” (OECD, 2017).   It mainly involves two facets: problem solving, 

emphasising on individual cognitive aspects, and collaboration, focusing on the social aspects 

of teamwork (OECD, 2017; Dillenbourg, 1999; Roschelle & Teasley, 1995). Besides cognitive 

aspects, participation and interaction are argued to be foundation of group work that leads to 
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successful collaboration (Barron, 2000a, 2003). Studies showed that group having participants 

monitor their own and their peers’ thinking seem to have an advantage over groups who do not 

(Goos et al., 2002; Hurme et al., 2006). Monitoring function involves assessment of knowledge, 

strategy, progress toward goal, and result accuracy. This implies that in collaborative problem 

solving, shared metacognitive events at the social level are more critical than individual meta-

cognitive ones (Malmberg et al., 2017, 2019).  

Metacognition can be understood as what we know about our cognitive processes and how we 

use these processes to solve problem (Kluwe, 1982). While metacognitive knowledge is our 

understanding and knowledge about our own cognitive activities and processes, metacognitive 

regulation is what we actually do and engage in to find solutions for a problem. (Brown, 1987; 

Flavell, 1979; Schraw & Dennison, 1994, Schraw & Moshman, 1995).   

It has been showed that good problem solvers are metacognitive problem solvers who direct 

and regulate their own cognition (Järvelä et al., 2016; Järvenoja et al., 2015; Weinert & Kluwe, 

1984). While there are many researches that investigate metacognition and how it relates to 

problem solving (e.g., Brand et al., 2003; Goos & Galbraith, 1996; Lucangeli et al., 1997; 

Swanson, 1990), collaborative problem solving (e.g., Goos et al., 2002; Hurme et al., 2006), 

and task complexity (e.g., Kim et al., 2013), there is a lack of researches examining explicitly 

the relation between metacognition and collaborative CPS. While the literature supports that 

metacognitive knowledge and regulation are important for problem solving success, more in-

formation is needed to understand how these facets are manifested in a more complex problem-

solving context, involves not only independent but collaborative task activities that influence 

the final performance.  

This study aims to investigate the relationship between facets of metacognition and collabora-

tive complex problem-solving performance. 77 participants were involved in this study. Firstly, 

they filled in the Metacognitive Awareness Inventory (MAI) scale that measured the facets of 

metacognition (Schraw & Dennison, 1994a) and were randomly grouped into 26 teams to per-

form the collaborative task. The task is Microworld "The Tailorshop" simulation representing 

a complex problem-solving scenario where participants had to operate a shirt manufacturing 

company (Danner, Hagemann, Holt, et al., 2011). The correlational analysis between the MAI 

scale and both individual and collaborative CPS performance was implemented. The study is 

hoped to broaden understanding regarding the influence of metacognition on Collaborative 

CPS. 
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2 Theoretical background 

This research is centered around the concepts of metacognition and complex problem solving. 

Collaborative problem solving is presented as a social form of complex problem solving due to 

a lack of literature on collaborative complex problem solving. Metacognition in complex prob-

lem solving are also introduced and discussed. 

Collaborative problem solving involves group members combining their resources, skills, and 

efforts to solve problems and reach desired goals (OECD, 2013). The two main components of 

collaborative problem solving have been defined as cognitive and social (Hesse, Care, Buder, 

Sassenberg, & Griffin, 2015). Research has shown that it is challenging to collaborate success-

fully and requires the effective coordination of individual and group processes in both the cog-

nitive and social dimensions (Barron, 2003; Hadwin et al., 2017). In this sense, collaborative 

problem solving involves high levels of metacognition to control those processes (Dierdorff & 

Ellington, 2012; Flavell, 1979).  

2.1 Metacognition 

In this chapter, the researcher addresses the issue of metacognition first by reviewing its defi-

nition, historical development, findings and implications. I then provide definition and expla-

nation for each facet of metacognition together with its sub-components. In particular, calibra-

tion of performance in relation to metacognitive monitoring is also explained. Throughout, the 

primary emphasis is around the concept of metacognition and its components as variables being 

investigated in this thesis. 

2.1.1 Metacognition definition, historical overview, findings and implications 

The term metacognition was originally coined by John Flavell in the late 1970s to mean “cog-

nition about cognitive phenomena”, or “thinking about thinking” (Flavell, 1979). In education, 

it often refers to students’ ability to reflect upon, understand, and control their own learning 

(Brown, 1987; Schraw & Dennison, 1994). 

Despite different operationalizations from different fields, most researchers agree that meta-

cognition has mainly two functions: monitoring and controlling of cognition (Dunlosky & 

Metcalfe, 2008). In a general framework describing the relationship between metacognition and 
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cognition, Nelson (1984) refers cognition to as the object level, in which the cognitive processes 

such as learning, problem solving take place. Metacognition is referred to as the meta-level 

representing our understanding of the ongoing cognitive processes that we are engaged while 

performing the task. In terms of this framework, at the meta-level, metacognition plays a role 

of monitoring the current state of the object-level, meaning monitoring the cognitive activities 

and processes taking place. After receiving information from the object-level, metacognition 

can control those cognitive processes (e.g., try different strategies) to achieve the learning goal 

or increase the task performance (Dunlosky & Metcalfe, 2008). Those monitor and control 

function are closely related because whether or not we engage in metacognitive control, will 

depend on metacognitive monitoring’s outcome. Similarly, metacognitive monitoring would 

only be useful if it could trigger metacognitive control when needed (Nelson, 1984) . 

In psychology, metacognition has been studied across disciplines from cognitive psychology, 

personality psychology, social psychology, to more applied settings such as clinical psychology 

and educational psychology (Elisabeth Norman et al., 2019). It has become even more promi-

nent since 1979, when Flavell proposed a framework to distinguish different facets of the phe-

nomena (Flavell, 1979). Contributions of researches on metacognition in educational psychol-

ogy have mainly centered around two major themes: (a) Possibility and methodology of teach-

ing metacognitive skills, and (b) Influence of metacognition on learning (Elisabeth Norman et 

al., 2019). Regarding the former theme, studies have showed that efforts on teaching metacog-

nitive skills in schools have made a positive impact on students learning. This was convinced 

evidently through meta-analysis of Donker et al., (2014) and Dignath et al. (2008). Similarly, 

there has been a large volume of research examining the latter theme, the link between meta-

cognition and learning, through a measurement of academic achievement. However, in a meta-

analysis of (Dent & Koenka, 2016) related to the theme, the association seems to be relatively 

weak (mean, weighted correlation of r=.20). In which, the association was stronger when meas-

ured using online self-report comparing to the offline one. Thus, there is a need of conducting 

more researches to examine the influence of metacognition on learning.  

2.1.2 Facets of metacognition 

Researchers have tried to distinguish different sub-components of metacognition. Previous ac-

counts of metacognition have distinguished between two major components: knowledge about 

cognition and regulation of cognition (Brown, 1987; Flavell, 1979; Schraw & Dennison, 
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1994a). In this section, I elaborate on the distinction between metacognitive knowledge and 

metacognitive regulation and describe subcomponents involved in each.  

Knowledge about Cognition (also referred as Metacognitive Knowledge) 

According to Schraw & Moshman (1995), “knowledge of cognition refers to what individuals 

know about their own cognition or about cognition in general. It usually includes three different 

kinds of metacognitive awareness: declarative, procedural, and conditional knowledge 

(Brown, 1987; Jacobs & Paris, 1987)”. The distinction between these three kinds of knowledge 

about cognition is describe as follows: 

Declarative knowledge. Declarative knowledge includes what students know about themselves 

and different aspects that influence their learning performance (Schraw & Moshman, 1995). 

For instance, good learners have been showed to have more knowledge about their own memory 

and its usability comparing to poor learners (Garner, 1987; Schneider & Pressley, 1989). Sim-

ilarly, according to Jacobs and Paris (1987), student’s prior knowledge and familiarity with a 

reading topic play an influential role in their reading speed and comprehension. Comparing 

with children, researches on metamemory have showed that adults appear to possess more 

knowledge about their cognitive processes associated with memory (Baker, 1989). In recent 

years, declarative knowledge has been expanded to include individuals’ knowledge and under-

standing of their affective states, including self-efficacy and motivation, and how these aspects 

affect task performance (Pressley & Gaskins, 2006). 

Procedural Knowledge. Procedural knowledge refers to knowledge about the execution of 

thinking processes. Students with high procedural knowledge could employ different strategies 

and skills (e.g., skimming, underlining, summarising while reading) to complete a task (Schraw 

& Moshman, 1995). The higher degree of students’ procedural knowledge, the more automati-

cally, effectively and qualitatively they can use and sequence different strategies to solve prob-

lem (Glaser et al., 1988; Stanovich, 1990). Studies have showed that students who received 

procedural training perform their on-line problem-solving better (King, 1991). The acquisition 

of procedural knowledge has been proved to influence tasks’ concepts acquisition as a result 

increase task understanding and performance (Engelbrecht et al., 2005). 

Conditional Knowledge. Conditional knowledge refers to our knowledge of the conditions that 

influence learning. In particular, it refers to knowing why various strategies are effective and 
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when they are applicable and appropriate (Garner, 1990; Lorch et al., 1993). For example, col-

lege students have been showed to employ very different strategies from each other to process 

a reading task; in which they selected the strategies that are most appropriate for their own 

situation (Lorch et al., 1993). In a review of (Reynolds, 1992), older children and adults appear 

better at selectively allocate their attention based on the condition of the task at hand comparing 

to younger learners. Furthermore, (Justice & Weaver-McDougall, 1989) have found in adults 

that their knowledge of various strategies use (conditional knowledge) has a positive correlation 

with the act of using the strategies themselves (regulation of cognition).  Comparing to individ-

uals who have lower conditional knowledge, individuals possessing high degree of conditional 

knowledge can better assess and estimate the demands of their specific learning situation, select 

most appropriate strategies and procedure for that situation. (Schraw, 2009). 

In sum, researches have claimed that good learners appear to have knowledge of cognition in-

cluding declarative, procedural and conditional knowledge about cognition and the possession 

of this knowledge helps them perform better. In comparison, older learners have the tendency 

to possess more knowledge about their cognition. Interestingly, although possessing metacog-

nitive knowledge or knowledge of cognition, learners appear to find it very difficult to explicitly 

describe it (Bereiter & Scardamalia, 1993). 

Regulation of Cognition (also referred as Metacognitive Regulation) 

Regulation of cognition, or metacognitive regulation, refers to the activities that we do and 

engage in to control our thinking and learning. It includes five sub-components that facilitate 

this control aspects: planning, information management strategies, comprehension monitoring, 

debugging strategies, and evaluation (Artz & Armour-Thomas, 1992; Baker, 1989; Schraw & 

Moshman, 1995)  

Planning. Planning involves the activities of setting goals, planning and allocating resources in 

prior to learning. For examples, before a writing task, we set a goal of how many pages we want 

to write, then allocate time and our attention exclusively before we start (Miller, 1985). Studies 

about this metacognitive regulatory subcomponent have found that more experienced learners 

are more effective in planning regardless of the learning content. Comparing to less experienced 

learners, more experienced ones have more knowledge about their cognition and know how to 

utilise them to regulate their learning in prior to the task performing phase (Baker, 1989; Berei-

ter & Scardamalia, 1993; Garner & Alexander, 1989). Moreover, planning ability has been 
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showed to exist in young learners and develop significantly in teenage years (Bereiter & Scar-

damalia, 1987). Comparing to metacognitive monitoring and evaluation, planning tended to be 

applied more by individuals and mature earlier (Veenman et al., 2006). According to (Schraw 

et al., 2006), planning in prior to task activity may improve outcome regardless of context and 

task content. 

Information management strategies. Information management strategies refer to strategy se-

quences used to process information more efficiently. Some examples can be organizing, sum-

marising information, elaborating a concept for further understanding, or focusing selectively 

on important information. Studies of (Smith, 1982, 1985) and (Bereiter & Bird, 1985) on grad-

uate students and professionals, who were considered “expert” readers reported that good read-

ers employed a variety of information management strategies such as problem formulation, 

rephrasing the materials into simpler terms, focusing on elaborating important information. In 

comparison between good and poor readers, studies suggested that good readers reported using 

more strategies when they encountered a difficulty in comprehension (Kaufman et al., 1985) 

and more especially, they were more persistent in their efforts to understand and finish the 

reading task comparing to poor readers (Kletzien, 1988; Spring, 1985).  

Comprehension Monitoring. Comprehension Monitoring refers to our assessment of our learn-

ing, thinking processes or strategy use (Cera et al., 2013; Schraw & Moshman, 1995). For ex-

ample, during a learning task, we employ comprehension monitoring by doing regular self 

check-in and testing on our on-going performance. Most of the studies in comprehension mon-

itoring have reported that subjects regardless of ages, are quite poor in monitoring their com-

prehension and even overconfident in their performance (Glenberg & Epstein, 1987; Pressley 

& Ghatala, 1990). However, studies also indicate that monitoring ability can be trained. In a 

study of (Delclos & Harrington, 1991), young students engaging in a computer problem-solving 

task, who were trained how to monitor their performance appeared to solve more difficult prob-

lems and perform faster comparing to non-trained ones. Monitoring is important because it can 

lead to improved understanding of content and problem-solving ability (Serra & Metcalfe, 

2009). 

Debugging strategies. Debugging strategies refer to a variety of "fixup" strategies to correct 

comprehension and performance errors. Some examples can be when facing confusion, we stop 

and reread previous text or consult outside resources such as books and other people. Studies 

showed that students spontaneously use rereading strategy upon encountering a sentence that 
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conflicts with previous information. And by using rereading strategy, students reported im-

proved test performance (Baker & Anderson, 1982). Additionally, students who were induced 

to consult outside resource such as looking up information that they didn’t understand subse-

quently recalled more information than those without the option (Blohm, 1987). 

Evaluation. Evaluation refers to the appraisal of the learning outcomes and the effectiveness of 

our regulatory processes after the learning task. For example, after a learning episode, we re-

evaluate our learning outcomes and whether they have met our learning goals. Studies have 

showed that learners who possess knowledge about their cognition and planning skills tend to 

have good evaluation of their learning (Baker, 1989). In their research, (Bereiter & Scardamalia, 

1987) showed that good writers had the tendency to adopt more objective goal and evaluation 

of their work and try to revise their work to the readers’ point of view while poor writers had 

more difficulties in adopting and correcting them. Evaluation has been found to be intercon-

nected with planning and conditional knowledge in which when subjects evaluate their perfor-

mance, they might consider planning differently in relation with the strategies use and condi-

tional factors affected their performance (Tanner, 2012). 

Overall, researchers agree that possessing metacognitive regulation improves learner’s perfor-

mance. It can help them utilise cognitive resources such as attention more effectively, employ 

various and better use of strategies to process information, fix errors, and maintain a greater 

awareness of their comprehension and performance. Researches also indicate that the two sub-

components, knowledge of cognition and regulation of cognition are not independent but inter-

related with each other (Brown, 1987; Flavell, 1979; Schraw & Dennison, 1994a). 

Metacognition and Calibration of Performance 

Besides helping manage attentional resource or process information more effectively, metacog-

nition also plays an important role in helping problem solver monitor their performance more 

accurately (Schraw et al., 2000). Monitoring falls under the regulation facet of metacognition. 

It refers to subjects’ awareness of comprehension and task performance while doing a task 

(Baker & Brown, 1984; Flavell, 1979; Nietfeld et al., 2005; Schraw, 1995). Monitoring is im-

portant because it helps generate feedback for a person to control their task and use regulatory 

strategies to solve problem and improve their performance (Ellis & Zimmerman, 2001). Confi-

dence judgement is one of the methods to operationalize monitoring accuracy (Schraw et al., 

2000). It can then be analysed to arrive at either relative or absolute measures of monitoring 
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accuracy. An arrival at a measure of absolute accuracy is termed calibration (Nelson, 1984; 

Schraw, 1995).  

According to Nietfeld et al. (2005), in general, calibration is the process of matching perception 

of performance with actual level of performance. There are typically two types of calibration: 

calibration of comprehension and calibration of performance (Glenberg & Epstein, 1987). Cal-

ibration of comprehension refers to students’ confidence judgement in their ability to acquire 

knowledge or perform a forthcoming task. Calibration of performance refers to students’ con-

fidence judgement in their output or produced answer after completing the task (García et al., 

2016; Nietfeld et al., 2005). Many studies on calibration have showed that calibration of per-

formance tends to be more accurate than calibration of comprehension (Glenberg & Epstein, 

1985, 1987; Maki et al., 1990). One of the possible reasons is due to the additional feedback 

students gain while performing the task (Ackerman & Wolman, 2007). 

Accurate calibration, in relation with metacognitive monitoring accuracy, plays a crucial role 

in alerting students about their ongoing cognitive processes and using regulatory strategies to 

efficiently control their problem-solving performance (Ellis & Zimmerman, 2001; Everson & 

Tobias, 2001; Lin et al., 2002). The more students’ judgement of confidence matches their ac-

tual performance, the better calibrated the students are (Hacker et al., 2008). In this sense, stu-

dents’ ability to accurately gauge their progress and performance plays an important role in 

their following effort and strategy use in problem-solving situations (Alexander, 2013). How-

ever, accurate calibration is not common for both students and adults. Low-performing students 

prevalently show overconfidence when performing a task (Bouffard et al., 2011; Dinsmore & 

Parkinson, 2013; Hadwin & Webster, 2013). Furthermore, many studies have showed that cal-

ibration judgements have the tendency to become stable and resistant to improvement over time 

(Bouffard et al., 2011; Hacker et al., 2008). 

There are different methods to calculate calibration. Among them are dichotomous ratings and 

categorical ratings (Parkinson et al., 2010). In dichotomous ratings, students complete multiple-

choice of Confident or Not Confident about each answered item of the task (Schraw et al., 

2012). In categorical ratings, such as Likert-type scales, students measure their confidence by 

rating a scale ranging from not confident to very confident (Hattie, 2013). Judgement accuracy 

then expressed by different measures such as Pearson correlations or Gamma coefficient 

(Dinsmore & Parkinson, 2013; Schraw, 2009). In the present study, a categorial measure of 

calibration was used. 
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In sum, this section elaborates and explains the concepts of metacognition, its two facets meta-

cognitive knowledge and metacognitive regulation as well as eight sub-components under the 

two facets. Additionally, calibration of performance was also addressed as a part of metacog-

nitive regulatory monitoring dimension. These concepts related to metacognition have been 

showed to appear in good learners and help learners to improve their performance. However, 

the studies examining these concepts although are foundational, they didn’t address directly the 

relationship with collaborative CPS which proves to be important and relevant in the modern 

age. Therefore, there is a need to provide more present studies investigating metacognition and 

how it influences complex problem-solving performance in group contexts.  

2.2 Complex Problem Solving (CPS) 

According to Fischer et al. (2017), CPS can be formally defined as a process of a person ac-

quiring and applying the knowledge regarding the systems that have goal-oriented control and 

contain many highly interrelated elements. Dörner & Funke (2017) later redefined CPS to make 

it less formal and close to the real world. The new definition emphasised that “Complex problem 

solving is a collection of self-regulated psychological processes and activities necessary in dy-

namic environments to achieve ill-defined goals that cannot be reached by routine actions. 

Creative combinations of knowledge and a broad set of strategies are needed. Solutions are 

often more bricolage than perfect or optimal.  The problem-solving process combines cognitive, 

emotional, and motivational aspects, particularly in high-stakes situations. Complex problems 

usually involve knowledge-rich requirements and collaboration among different persons.” 

The concept was first introduced in Germany by Dörner and colleagues in the 1970s (Dörner, 

1975; Dörner et al., 1975). The need for researches on CPS has been rising ever since. Some 

examples of recent complex problems are about global climate politics (e.g. Amelung & Funke, 

2013), mismanaged corporations (e.g. Funke, 2003), or nuclear disasters (e.g. Dörner, 1997). 

Today, CPS skills proved to be an important measure of competency in solving non-routine 

problems in large-scale assessments such as PISA (“Programme for International Student As-

sessment”) (OECD, 2014) and is recognized as one of the most important competencies re-

quired in the future (World Economic Forum, 2015).  

According to Funke (2010), a complex problem has following characteristics: (a) situation com-

plexity, involving a large number of variables; (b) mutual dependencies and connectivity be-

tween those variables; (c) dynamic development of the situation over time; (d) opaqueness of 
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the variables and their current values; and (e) representing goal conflicts on different levels of 

analysis.  

2.2.1 Assessment of CPS 

The CPS competency is presented in the form of operative intelligence, a concept proposed by 

Dörner (1986). Operative intelligence means a person’s ability to coordinate his or her cognitive 

operations in the pursuit of a well-informed and sustainable goal. It involves knowledge of 

declaration, procedure, and contexts in which the operations play out (Fischer, Greiff, Funke, 

2017). Because the nature of CPS involves many processes going on at the same time, and no 

such interaction is possible within paper-pencil tests (Matthias Stadler et al., 2015). As a result, 

researchers have employed computer-based CPS simulations to assess operative intelligence. 

These computer-based CPS simulations can be derived from the states or processes of the sys-

tem’s variables, inputs of problem solvers, or knowledge tests conducted during or after the 

process (Dörner, 1986a; Greiff, 2012; Strohschneider & güß, 1999). 

There is a great variety of assessment approaches used to measure CPS. The first computer-

based CPS tasks were designed to resemble the real world, with the aim of providing ecological 

valid measure of CPS. Some examples can be leading a business by manipulating 24 variables 

for 12 simulated months using microworld Tailorshop simulation (Danner et al., 2011); or gov-

erning a city through microworld Lohausen simulation which involves 1000 interrelated varia-

bles (Dörner, Kreuzig, Reither, & Stäudel, 1983). Although these classical CPS measures have 

high ecological validity, there were arguments that they had shortcomings related to psycho-

metric properties (Greiff, Stadler, Sonnleitner, Wolff, & Martin, 2015).   

Joachim Funke (2001) introduced two formal frameworks to describe fundamental structures 

of the CPS tasks, called Linear Structural Equation systems (LSE) and Finite State Automata 

(FSA). Many CPS researches have adopted LSE for the development of single complex systems 

(Kröner, 2001; Wagener, 2001) and later advanced to multiple complex systems (Greiff, 

Fischer, et al., 2015). Since employing multiple small microworlds as measures of CPS, with 

the focus on psychometric quality, multiple complex systems show significantly higher relia-

bility of measurement comparing to classical measures of CPS which (Funke, 2001) use one 

single, large microworld. Assessment tools utilising multiple complex systems approach can be 

named such as MicroDYN (Greiff et al., 2012), Genetics Lab (Sonnleitner et al., 2012), and 

MicroFIN (Neubert et al., 2014). 
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While there are different assessment approaches of measuring CPS with their own pros and 

cons in reliability and validity, Joachim Funke et al. (2018a) suggested that new methods of 

CPS assessment should meet the construct validity of the classical microworlds but have the 

psychometric properties of the multiple complex systems. In the context of this research, clas-

sical microworld Tailorshop is employed to investigate individuals complex problem-solving 

performance.  

2.2.2 Researches on CPS 

Researches have showed a wide range of aspects that influence CPS performance. From task 

properties such as time (e.g., Greiff et al., 2016), to participants behaviours such as planning 

behaviour (Eichmann et al., 2019), participants’ GPA (e.g, Greiff, Wüstenberg, et al., 2013), 

and their motivation (e.g., Vollmeyer & Rheinberg, 1999, 2000). Besides these aspects, major-

ity of the CPS researches is on cognitive aspects and processes (Güss et al., 2017) in which 

metacognitive aspects and processes have also been investigated by a few empirical studies 

(e.g., Rudolph et al., 2017; Toy, 2007; Shin et al., 2003).  

Regarding cognitive aspects, a study of Wüstenberg et al. (2012), employed Advanced Progres-

sive Matrices measurement and the MicroDYN CPS task, had found that reasoning was a main 

predictor for both facets of CPS, namely knowledge acquisition (β = 0.63, p < 0.001, R2 = 0.39), 

and knowledge application (β = 0.56, p < 0.001, R2 = 0.31). Additionally, Greiff, Fischer, et al. 

(2013) shared the similar results and even found that CPS correlated with not only reasoning 

but other cognitive abilities which supported previous studies (Danner, Hagemann, Holt, et al., 

2011; Greiff, Wüstenberg, et al., 2013a).  

Besides cognitive abilities, researchers also investigated the importance of CPS knowledge in 

CPS performance. Knowledge demanded in a CPS task can include structural knowledge, usu-

ally referred to CPS knowledge acquisition facet, and strategic knowledge, referred to CPS 

knowledge application (J. Funke, 1991, 2012; Fischer et al., 2012; J. Funke, 1991). For instance, 

Funke (1988) utilised ECOSYSTEM CPS task to investigate knowledge acquisition, 

knowledge application. The findings indicated that the development and application of struc-

tural knowledge of and about the system is a must to describe the relationships and intercon-

nectedness of the variables in the system. 
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Besides the influence of cognitive processes, success of CPS is believed to also require regula-

tion of cognition (Dörner & Funke, 2017a; Joachim Funke, 2010). With the aim to better un-

derstand the nature of CPS, Rudolph and colleagues (2017) investigated the link between con-

fidence judgments, which are main presentation of metacognitive self-monitoring, and CPS 

confidence, with control of reasoning. They used judgements of confidence after each phase of 

MicroDYN task to assess monitoring of knowledge acquisition and knowledge application. The 

results suggested that confidence in CPS task explained 55% of the variance for knowledge 

acquisition and 68% for knowledge application (p<.001). These findings indicate that confi-

dence judgments as indicators of metacognitive monitoring in CPS are substantially linked to 

successful CPS. 

Another empirical study of Shin et al. (2003) showed a similar relationship. In their study, 

problem‐solving skills were compared in solving well‐structured problems and ill‐structured 

problems. Instruments were developed and administered to assess cognitive and affective pre-

dictors of problem‐solving performance. The results showed that domain knowledge and justi-

fication skills significantly predicted well‐structured problem‐solving performance, whereas 

domain knowledge, justification skills, science attitudes, and regulation of cognition were sig-

nificant predictors of ill-structured problem-solving performance. Specifically, metacognitive 

regulation was found to be positive correlated with complex problem-solving performance. 

However, another study of Toy (2007) showed a different relationship. The study investigated 

the relationship between metacognitive strategies used by university students and task perfor-

mance. The task was defined as complex, ill-structured problem-solving task in web-based en-

vironment. The results showed that the metacognitive strategies students used, measured by 

MAI, were significant but negative predictors of problem-solving performance when learner 

characteristics had been controlled. Specifically, regulation of cognition components were neg-

atively correlated with students’ scores on complex, ill-structured problem solving task perfor-

mances. While metacognitive awareness is hypothesized to enhance performance in solving 

problems that are complex and ill-structured (Flavell, 1979; Jacobs & Paris, 1987), these studies 

have presented contradictory results on the role of metacognition on complex problem-solving 

performance.  

In conclusion, in this section, firstly we have discussed definitions of CPS, with a stress on 

knowledge acquisition and knowledge application processes in a highly dependent and interre-

lated system of variables. Secondly, we have analysed different approaches to assess CPS, 
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namely classical microworlds and multiple complex systems. Advantages and disadvantages of 

both approaches have been discussed which justifying our selection of Tailorshop as a CPS 

assessment in this research. Thirdly, we investigated different studies on CPS. CPS task is in-

fluenced by a wide range of aspects, in which cognitive aspects appear as a main topic. Espe-

cially, metacognition, a key concept in this research, was also referred and showed to be corre-

lated with CPS performance.  

2.3 Collaborative Problem Solving 

Collaborative problem solving can be defined as “the capacity of an individual to effectively 

engage in a process whereby two or more agents attempt to solve a problem by sharing the 

understanding and effort required to come to a solution and pooling their knowledge, skills and 

efforts to reach that solution” (OECD, 2017). Collaborative problem solving has become a 

prominent concept recently. It was incorporated in PISA assessment in 2015 and considered as 

one of the most important skills in 21st century (Binkley et al., 2012; Graesser et al., 2017). 

Although collaborative problem solving is complex, it mainly involves two facets: problem 

solving and collaboration (OECD, 2017). If problem solving emphasises on cognitive aspects 

of individuals, collaborative facet focuses on the social aspects of teamwork, including coordi-

nating the tasks and maintaining joint problem space (Dillenbourg, 1999; Roschelle & Teasley, 

1995). In education, collaboration is often studied in the form of collaborative learning which 

can be defined as a learning process where individuals actively participate and strive to achieve 

a common goal (Roschelle & Teasley, 1995). Collaborative learning is grounded in socio-con-

structivist approach, in which knowledge is shaped and emergent in the social context. Learning 

mechanisms are triggered when group members continuously and effortfully negotiate, share 

and discuss meanings (O’Donnell & Hmelo-Silver, 2013). 

Participation and interaction in are argued to be foundation of group work that leads to success-

ful collaboration (Barron, 2000a, 2003). A quality group interaction often involves team cog-

nition, socio-emotional factors, reciprocity, and team regulation (Hung, 2013; Isohätälä et al., 

2018; Volet, Vauras, Salo and Khosa, 2017; Järvelä, Järvenoja, Malmberg, & Hadwin, 2013).  

Firstly, team cognition originates from the interdependence of team process and behaviours in 

which there is a blurred boundary between individual cognition (Cooke, Salas, Kiekel, & Bell, 

2004). Cognition of the team is presented as more than the aggregate or collection of individual 

cognitions (Hung, 2013; Stahl, Koschmann, & Suthers, 2006) but also influenced by the social 
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context of team members working together as a whole (Hung, 2013). According to Van de Ven 

et al. (1976) and Wageman (1995), teams that deal with complex problems work within inten-

sive interdependence, which requires greater coordination patterns compared to lower levels of 

interdependence. Team members must simultaneously diagnose, problem-solve, and coordinate 

as a team to accomplish a task. Therefore, complex problem-solving situations in teams not 

only require team members to process information individually (e.g., encoding, storing, retriev-

ing, representing, anticipating), but also demand interdependent actions of all team members 

for effectively using all resources to reach high team performance (Isohätälä et al., 2017; Järvelä 

et al., 2013; Järvelä, Kirschner, et al., 2016; Malmberg et al., 2015, 2017).  

Secondly, productive group interactions also deal with socio-emotional aspects which often 

related to group communication, in particular is group argumentation (Isohätälä et al., 2018; 

Linnenbrink-Garcia et al., 2011). For instance, in a research conducted by Isohätälä et al. (2018) 

to investigate the role of argumentation in collaborative tasks, their results showed that apart 

from high-levels of critical cognitive processing, argumentation may also raise heated socio-

emotional situations. Similarly, the study conducted by Linnenbrink-Garcia and colleagues 

(2011) found that negative socio-emotional interactions hinder collaboration while groups with 

positive interactions were more sustainable.  

Thirdly, studies also stress on teams’ regulation as an essential key for successful collaborations 

(Järvelä et al., 2008; Järvelä, Järvenoja, Malmberg, & Hadwin, 2013). According to Järvelä and 

colleagues (2013), shared regulation refers to processes by which group members actively and 

collaboratively regulate their cognitions, emotions and motivations, resulting in socially and 

individually self-regulated members. The regulation can be between peers (co-regulation), and 

learning collectively in groups (socially shared regulation) that contributes to reciprocal collab-

orative interaction (Järvelä et al. 2016) and progress in their collaborative learning (Malmberg 

et al. 2017). Team regulation is emphasised to be situated, depending on the context and the 

environment such as tasks, methods of intervention, and participants’ traits. In the study con-

ducted by Järvelä and colleagues (2008) it was found that face-to-face collaborative tasks trig-

gered emotion and motivation regulation processes at the social level as a result of the group’s 

shared regulation. 
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2.4 Metacognition and CPS  

Due to a lack of researches examining explicitly the relation between metacognition and CPS, 

this section reviews briefly researches that investigate metacognition and how it relates to prob-

lem solving (e.g., Aljaberi & Gheith, 2015; Brand et al., 2003), collaborative problem solving 

(e.g., de Bruin & van Gog, 2012; Goos et al., 2002; Hurme et al., 2006; Salonen et al., 2005), 

and task complexity (e.g., Kim et al., 2013).  

Regarding problem-solving performance, researchers have consistently found that it is influ-

enced by independent metacognitive factors that overlap and interact in a variety of ways. Met-

acognitive knowledge components, including declarative knowledge, procedural knowledge, 

and conditional knowledge were found to be most influential (Carlson & Bloom, 2005). Re-

searchers also points out that the processes of control, including metacognitive monitoring and 

planning are one of the most critical metacognitive dimensions which largely influence the 

process of decision making in problem solving (Wilson & Clarke, 2004).  

In the research of Brand and colleagues (2003), they investigated the influence of metacognitive 

thinking and knowledge acquisition in improving problem-solving performance. The problems 

to be solved were several Tower of Hanoi. The participants were formed in pairs (dyads) and 

stimulated to metacognitive thinking while solving the tasks. The result showed that metacog-

nitive stimulation enhanced performance in all cases. Those participants who had been stimu-

lated to metacognitive thinking, whether individually or in pairs, performed better. Addition-

ally, the dyads showed better problem-solving performance than the individuals. 

A study of Aljaberi & Gheith (2015) investigated the relationship between the university stu-

dents’ metacognition and their mathematical and scientific problem-solving performance. The 

results showed that on the overall scale, metacognition showed no significant correlation with 

both mathematical and scientific problem-solving performance. However, on mathematical 

problem-solving alone, it was found to be significantly correlated with metacognitive factors, 

namely Procedural Knowledge, Evaluation, Debugging Strategies, and Information Manage-

ment. Additionally, metacognitive regulatory Debugging Strategies component was found to 

be significantly correlated with both mathematical and scientific problem-solving performance. 

In collaborative problem-solving, Goos et al. (2002) and Hurme et al. (2006) also investigated 

the influence of metacognition. They found that groups having participants monitor their own 

and their peers’ thinking seem to have an advantage over groups who do not. For instance, 
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(Goos et al., 2002) utilised metacognitive monitoring and regulation functions to analyse verbal 

protocols in collaborative problem-solving setting. Monitoring function involves assessment of 

knowledge, strategy, progress toward goal, and result accuracy. Regulatory function involves 

identifying new information, changing strategy, correcting error and so on. As a result, they 

have found the differences in terms of metacognitive transactive discussions. In poor problem-

solving, there was lack of critical engagement in monitoring each other’s thinking. This implies 

that in collaborative problem solving, shared metacognitive events at the social level are more 

critical than individual metacognitive ones. Similar to this finding, de Bruin & van Gog (2012) 

and Ucan & Webb (2015) also suggested that monitoring increases progress in collaborative 

problem solving by enabling group members’ reflection on their metacognitive thoughts and 

feelings about the group's joint progress. Regarding interaction aspect of collaborative problem 

solving, Salonen et al. (2005) investigated the social interaction in relation with metacognition 

in a situation involving interaction of students and peers. The study suggested that metacogni-

tion plays an important role in enhancing participants’ awareness in their own and their peers’ 

cognition and therefore influence metacommunication control processes in collaborative learn-

ing.  

In a similar vein, to investigate the impact of collaboration in relation with metacognitive mon-

itoring and performance, a similar study of Pao (2014) was also conducted. Participants were 

randomly assigned to either individual conditions, working alone, or collaborative conditions, 

discussed the questions with a partner, to answer practice test questions. The results showed 

that subjects in both conditions were overconfident in their metacognitive monitoring skills. 

However, peer collaboration was surprisingly found to lead to greater overconfidence compar-

ing to individual condition group. In other words, peer collaboration did not appear to improve 

metacognitive monitoring but instead became counterproductive in inflating participants’ con-

fidence.   

Besides problem solving at individual and social levels, several research studies have identified 

task difficulty in terms of task complexity as an important factor in the elicitation of metacog-

nition (Efklides, 2006; Helms-Lorenz & Jacobse, 2008; Iiskala et al., 2004; Prins et al., 2006; 

Vauras et al., 2003). Their findings suggest that metacognition has tendency to manifest itself 

more frequently in complex versus simple tasks. Problems requiring students to deal not only 

with vague definitions but also individual and social negotiations to construct meaning, share 

different perspectives, promote multiple solutions to meet commonly agreed team goals, turns 
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out helping elicit metacognitive processes. Thus, a more complex problem seems to evoke more 

complex metacognitive functions (Kim et al., 2013). 

Overall, there is a great confirmation by researchers that failing and succeeding in problem-

solving depend on the variety of metacognitive components, from knowledge of cognition to 

regulatory aspects. Although many studies have investigated and compared characteristics of 

poor and good problem solvers, in individuals and in groups, the complexity aspect of the prob-

lem-solving process still does not appear to be understood. While the literature supports that 

metacognitive knowledge and regulation are important for problem solving success, more in-

formation is needed to understand how these facets are manifested in a more complex problem-

solving context, involves not only independent but collaborative task activities that influence 

the final performance.  
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3 Aims and Research questions  

The main aim of this study is to investigate the relationship between facets of metacognition 

and collaborative complex problem-solving task performance. The research questions (RQ) for 

this study are: 

 

RQ1: Is there any relationship between facets of metacognition and perceived individual per-

formance in collaborative complex problem solving? 

RQ2: Is there any relationship between facets of metacognition and objective group perfor-

mance in collaborative complex problem solving? 

RQ3: How accurate is student’s calibration of performance in collaborative complex problem 

solving? The relationship between perceived group performance and objective group perfor-

mance 
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4 Methods  

4.1 Sample  

The participants in this study were 77 students at university of Oulu, Finland. The mean age of 

the participants was 27.8 (SD = 5.5). 53% of the participants were females (f = 41) and 47% 

were males (f = 33). The majority of the participants were master’s graduates (f = 55), followed 

by PhD students (f = 15) and undergraduates (f = 7). Students’ field of studies are as follows: 

education (36.5%), business, economics or management (33.8%), environmental engineering 

(5.4%), wireless communication engineering (4.1%), English philology (2.7%), computer sci-

ence (2.4%), biomedical engineering (1.4%), information processing (1.4%), pharmacology 

(1.4%), mining (1.4%), engineering (1.4%), architecture (1.4%), ecology (1.4%), product de-

velopment (1.4%), industrial engineering (1.4%) and not specified (2.4%). 

4.2 Research design  

The researcher employed quantitative methodology for analyzing data in group settings. The 

design was experimental with no groups control and had the same treatment for all the groups 

and individuals (Cress & Hesse, 2013). Quantitative research explains phenomena by collecting 

numerical data that are analysed using mathematically based methods (in particular statistics) 

(Creswell, 1994). In order to explain the phenomena, the researcher asks the specific questions 

(e.g., Is there a relationship...?) and collects numerical data from participants to answer the 

question. The research is correlational, which attempts to determine “Is there...” and “how much

” a relationship exists between two or variables. The relationship is expressed by correlation 

coefficient, measured between 00 and 1.00. The numbers are hoped to yield unbiased results 

that can be generalized to a larger population (Williams, 2007). 

4.3 The task  

The Tailorshop is a computer-based dynamic decision-making task (Danner, Hagemann, Holt, 

et al., 2011). The scenario simulates a small business that produces and sells shirts. The partic-

ipants are asked to lead the business for 12 simulated months with the aim of maximizing the 
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company value. They do that by manipulating different variables such as increasing or decreas-

ing number of workers, advertising expenses or number of machines (see Figure 1). The Tai-

lorshop consists of 24 variables of which 21 variables are visible to the participants. There are 

12 variables which can be manipulated directly (e.g., salary, repair & service costs), whereas 

the other 12 variables can only be indirectly operated (e.g., demand, worker satisfaction %). 

The state of a variable is influenced by the state of its own or other variables in every month.  

The task is structured in two main phases: exploration and performance. During the exploration 

phase, the participants can test running the company for 6 simulated months to get familiar with 

the scenario and the task mechanisms. In every month, participants can interact with the varia-

bles by modifying its value, learn more about the variable description by clicking ‘i’ button on 

each variable representation for more information. Once they finish a current month and click 

next to transition to the next month, participants will see the impact of their modification on the 

other variables so that they can interpret their performance and make change accordingly. Once 

finishing the exploration phase, participants proceed with performance phase which consists of 

12 simulated months. In the performance phase, the simulation starts from the beginning. There-

fore, the inputs made in the simulation during exploration has no effect on performance phase. 

 

Figure 1. Screenshot of the graphical user interface of the Tailorshop  
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4.4 Procedure 

Call for research volunteer was carried out at the opening of the academic year at University of 

Oulu. Participants were reached out through their registration via both online (media announce-

ment, billboard) and offline announcements (distributing handouts at the new academic year 

opening) at the university campus. It was voluntary to participate in the study. Registration was 

done through a web link and after that an appointment was made according to participants’ 

availability. Research meetings were conducted at LeaForum (Learning and Interaction Obser-

vation Forum) at University of Oulu. The room was well-facilitated for the current study with 

video tracking, biosensor devices and could host 3 groups at a time.  

At the research meeting, participants were asked to sign the consent forms and then proceeded 

to complete the questionnaires consisting of demographics survey and Metacognitive Aware-

ness Inventory (MAI) scale. They were then invited to join their group of three which was 

randomly assigned and also based on their availability. Each group was presented with a com-

puter having Tailorshop simulation.  

Before the participants proceeded with the task, they were given a brief instruction explaining 

the aim and the structure of the task. The participants then joined their group and proceeded 

with the task. Their performance on the computer screen was recorded. Participants could leave 

the study anytime they wish. Personal identifiers in the data were anonymized and actual par-

ticipant names were replaced with pseudo names when transferring printed self-report forms to 

digital files. Participants were offered a free lunch for participation. 

4.5 Measures 

4.5.1 The Metacognitive Awareness Inventory questionnaire  

In this study, metacognition was measured by the Metacognitive Awareness Inventory (MAI). 

The MAI was developed by Schraw & Dennison (1994) and is one of the most commonly used 

self-reports to measure Metacognition (Norman et al., 2019). It consists of a 52-item instrument 

(Appendix 1) that in general measures two factors: Knowledge of Cognition and Regulation of 

Cognition. Subsumed under those two factors are eight subcomponents of metacognition rep-

resented in eight scales that all the MAI items distribute across. The eight scales are: (1) de-

clarative knowledge (DK), (2) procedural knowledge (PK), (3) conditional knowledge (CK), 
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(4) planning (P), (5) information management strategies (IMS), (6) comprehension monitoring 

(CM), (7) debugging strategies (DS), and (8) evaluation (E). The rating for each item was 100-

mm bi-polar scale ranges from 0 (not true of me) to 100 (very true of me). Participants recorded 

their responses by drawing a slash across the rating scale at a point that best described how true 

or false the statement was about them. 

MAI was selected in this research because it is one of the three existing adolescence adult 

measures of psychometric reliability which exclusively focuses on metacognitive awareness. 

The MAI has been perceived to be practical, efficient and easy to use, which can be delivered 

in both face to face and online classes (Baker & Cerro, 2000). 

In the present study, the MAI scale was found to have adequate internal consistency that sup-

ported the reliability of eight sub-scales belonging to metacognitive knowledge and metacog-

nitive regulation. Reliability (Cronbach alpha scores) was calculated for each MAI sub-scale 

and presented as follows: Declarative Knowledge scale ( = .776), Procedural Knowledge scale 

( = .826), Conditional Knowledge scale ( = .785), Planning scale ( = .856), Information 

Management Strategies scale ( = .835), Comprehension Monitoring scale ( = .795), Debug-

ging Strategies scale ( = .627), Evaluation scale ( = .77). 

4.5.2 CPS performance on Tailorshop simulation 

CPS performance was measured in terms of (a) perceived individual CPS performance, (b) 

perceived group CPS performance, (c) objective group CPS performance. After finishing the 

Tailorshop task, participants marked their perceived individual performance by rating their in-

dividual performance on the scale from 1 (I performed very poor) to 10 (I performed very high). 

Similarly, participants also marked their perceived group performance by answering the ques-

tion “How was your group’s performance during the task?” and rate on the scale from 1 (We 

performed very poor) to 10 (We performed very high).  

In order to measure objective group CPS performance, the company value in Tailorshop simu-

lation was selected as the key variable. The most preferable approach would be to obtain the 

company value after every month. However, the company monthly values are not independent 

because the value in one month depends on the previous month’s value. This fact violated the 

assumption of uncorrelated errors (Danner, Hagemann, Holt, et al., 2011). Hence, as an alter-

native approach, the trends of the company value was used as a group’s performance indicator 

(Funke, 1983). These trends are binary variables. The Excel built-in functions were utilized to 
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demonstrate them. If the company value between two consecutive months increases, the trend 

was considered “positive”, computed as (+1), and was assigned a “true” label. If the company 

value decreases on the other hand, the trend was “zero”, computed as (0) and labelled “false”. 

Eventually, sum of the monthly trends was calculated as the group’s performance indicator, 

ranging from 0 to 12.  

  

4.6 Data and analysis 

4.6.1 Data preparation 

In order to explore the relationship between MAI and CPS performance, the data of groups 

participated were obtained. Originally, there were simulation data of 26 groups in the study. 

However, due to technical problems, simulation data of 1 group was omitted and excluded from 

the analysis. As a result, data of 25 groups were obtained. Each group included 3 members and 

was totaled of 75 individuals. The data was collected from 2 main sources: Metacognitive 

Awareness Inventory (MAI) questionnaires and Tailorshop log data in microworld server.  

Questionnaire data  

Individuals’ response to MAI questionnaires was entered into excel file where the columns 

show 52 Metacognitive Awareness Inventories distributed across eight scales of metacognitive 

subcomponents. The lines in the excel file show participants identity (ID and alias), group num-

ber they belong to, and scores for each and every MAI item. Subsequently, the data was im-

ported into SPSS 20 for further analysis. 

Log data 

The log data represents the group objective CPS performance scores. Data was extracted from 

the Microworld server which was stored after the participants finished the task. It was later 

entered into an excel file and imported to SPSS 20 for further analysis.  

4.6.2 Data analysis 

Prior to the statistical analysis, scores for each sub-component of metacognition was calculated. 

The MAI self-report includes 52 items distributed across 8 sub-components of metacognition, 
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in which the average of all items belonging to a specific component was taken. After that, the 

distribution of the variables was checked. The variables include CPS performances on different 

levels and average score of each and every 8 metacognition sub-components. As a result, all 

variables in the study displayed normal distribution: Perceived Individual CPS Performance 

(Skewness:-0.932; Kurtosis:0.199), Perceived Group CPS Performance (Skewness:-1.02; Kur-

tosis:0.42), Objective Group CPS Performance (Skewness:0.11; Kurtosis:-1.5), Average De-

clarative Knowledge (Skewness:-0.33; Kurtosis:-0.43), Average Procedural Knowledge 

(Skewness:-0.85; Kurtosis:1.4), Average Conditional Knowledge (Skewness:-0.83; Kurto-

sis:0.65), Average Planning (Skewness:-1.14; Kurtosis:1.35), Average Information Manage-

ment Strategies (Skewness:-1.13; Kurtosis:1.6), Average Comprehension Monitoring (Skew-

ness:-0.97; Kurtosis:0.5), Average Debugging Strategies (Skewness:-0.84; Kurtosis:0.82), Av-

erage Evaluation (Skewness:-0.5; Kurtosis:-0.77). 

 

Data analysis for RQ1: GEE 

Data for the first research question was analyzed using a generalized estimating equation (GEE) 

with a robust covariance estimator, which models the independent variables (e.g., Average De-

clarative Knowledge, Average Comprehension Monitoring) as predictors of dependent variable 

in this study, individual perceived performance. GEE is selected in this study because it pro-

vides a general method for analyzing clustered variables and does not imply strict assumptions 

of traditional regression models (Diggle et al., 1995; Liang & Zeger, 1986; Zeger & Liang, 

1986). Group numbers are specified as clustered variables that each participant belong to. After 

cleaning the data, there are 25 clusters in total. Additionally, intracluster dependency correlation 

matrix was also specified as one of GEEs’ requirements (Liang & Zeger, 1986; Zeger & Liang, 

1986). In this research, exchangeable correlation matrix was specified which represents con-

stant intracluster dependency that off-diagonal elements of the correlation matrix are equal 

(Collins et al., 2017; Daniels et al., 2016; Morales et al., 2017). Because individual perceived 

performance, the dependent variable, was treated as continuous, the researcher conducted test-

ing for normal, gamma, and inverse Gaussian distributions with logarithmic and identity link 

functions to select the best-fitting models (Garson, 2012).  
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Data analysis for RQ2 and RQ3: Best Linear Unbiased Predictors function 
 

The research’s data for RQ2 and RQ3 consists of variables measured at different levels. It com-

prises of individual students nested within groups. In order to describe the interrelationships 

among them, multilevel models were employed (Croon & Van Veldhoven, 2007; Hofmann, 

1997). There are two common situations in multilevel modelling, macro-micro and micro-

macro situations (Croon & Van Veldhoven, 2007; Snijders & Bosker, 1999). The current re-

search’s situation fell to a micro-macro multilevel type. A micro-macro situation is determined 

by a dependent variable defined at the higher group level (group objective CPS performance in 

this research), is predicted on the basis of independent variables measured at the lower individ-

ual level (individual MAI scores and perceived group performance). According to Croon & 

Van Veldhoven (2007), one of the simplest ways to obtain good estimates of the regression 

parameters in this situation would be aggregating the individual averaged score to the group 

level. However, this analysis will yield biased estimates of the regression parameters. There-

fore, the Best Linear Unbiased Predictors (BLUP) function was utilized in order to yield unbi-

ased estimates. BLUP function regresses the scores on the groups’ unbiased means via adjusted 

predictors. After the unbiased means are estimated, they can be used in a correlation analysis 

with other group-level variables (Croon & Van Veldhoven, 2007; Lu et al., 2017). In this re-

search, the researcher implemented BLUP function by using MicroMacro Multilevel package 

from Lu et al. (2017) in R Version 3.3.3 (R Core Team, 2008). After BLUP scores were calcu-

lated, Pearson correlation coefficient was run to measure linear correlation between group-level 

MAI scores or group perceived CPS performance and group objective CPS performance. 
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5 Results  

The present study focuses on examining the relationship between facets of metacognition and 

perceived individual performance (RQ1) and objective group performance (RQ2) in collabora-

tive CPS. It also investigates the accuracy of calibration of performance in collaborative CPS 

by observing the relationship between group perceived performance and group objective per-

formance (RQ3). This section presents the results of the data analysis according to the order of 

those three research questions. 

5.1 RQ1: Is there any relationship between facets of metacognition and perceived individual 

performance in collaborative complex problem solving? 

Table 1 reports the quasi-likelihood under the independence criterion (QIC) testing results 

yielded from normal, gamma, and inverse Gaussian distributions with logarithmic and “identity 

(linear) link” functions. The researcher reports results from the GEE model using an inverse 

Gaussian distribution with a logarithmic function (Table 2) because it yielded the lowest QIC 

value, meaning it was the best fitting. 

Table 1.  

QIC results yielded from different combinations of distribution and link function using Ex-

changeable correlation structure in GEE analysis 

Combination of 

Distribution – Link func-

tion 

Quasi Likelihood under 

Independence Model 

Criterion (QIC)b 

Corrected Quasi Likelihood un-

der Independence Model Crite-

rion (QICC)b 

Normal – Identity 389.964 393.578 

Normal – Log 389.589 394.053 

Gamma – Identity 28.278 30.713 

Gamma – Log 25.710 32.285 

Inverse Gaussian – Identity 155.108 79.053 

Inverse Gaussian – Log 17.978 21.566 
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Table 2.  

GEE results model using an Inverse Gaussian Distribution with a Log Function predicting 

Perceived Individual Performance (n = 75) 

Metacognitive Awareness 

Inventory 
Coefficient SE Sig. 

95% Wald  

Confidence Interval 

Lower Upper 

Declarative Knowledge (DK) 0.002 0.0071 0.765 -0.012 0.016 

Procedural Knowledge (PK) 0.020 0.0108 0.058 -0.001 0.042 

Conditional Knowledge (CK) -0.012 0.0110 0.263 -0.034 0.009 

Planning (PL) 0.004 0.0070 0.592 -0.010 0.017 

Information Management 

Strategies (IMS) 
-0.007 0.0095 0.467 

-0.026 0.012 

Comprehension Monitoring 

(CM) 
0.009 0.0092 0.334 

-0.009 0.027 

Debugging Strategies (DS) 0.026* 0.0131 0.044 0.001 0.052 

Evaluation (EV) -0.027** 0.0074 0.000 -0.042 -0.012 

 

From the results reported in Table 2, there are two metacognitive regulation components: de-

bugging strategies component and evaluation component exhibiting statistically significant as-

sociation with perceived individual performance in collaborative CPS. In which awareness of 

debugging strategy shows positive relationship (β = 0.026, p = 0.044) and awareness of evalu-

ation shows negative relationship (β = -0.027, p = 0.000) with the perception of individuals on 

their performance. No correlation was observed between three subcomponents of metacognitive 

knowledge (declarative, procedural, conditional) and perceived individual performance. Like-

wise, the rest 3 metacognitive regulation components: planning, information management strat-

egies, comprehension monitoring showed no statistically significant predictors in the model.  
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5.2 RQ2: Is there any relationship between facets of metacognition and objective group per-

formance in collaborative complex problem solving? 

For the second research question, to specify the dimensions in which metacognition is related 

to actual group CPS performance, BLUP function was used to regress the MAI scores into the 

groups’ unbiased means via adjusted predictors. After BLUP scores were calculated, Pearson 

correlation coefficient was run to measure linear correlation between group-level MAI scores, 

for each of the various components of metacognition, and group objective CPS performance. 

The results are shown in Table (3).  

Table 3. 

Correlation Coefficients for group level MAI scores and Objective Group Performance (n = 

25) 

Metacognitive Awareness  

Inventory 

Objective Group Performance in Collaborative CPS 

Pearson Correlation Sig. (2-tailed) 

Declarative Knowledge (DK) -0.065 0.761 

Procedural Knowledge (PK) -0.179 0.402 

Conditional Knowledge (CK) -0.403 0.051 

Planning (PL) -0.133 0.535 

Information Management 

Strategies (IMS) 

-0.303 0.149 

Comprehension Monitoring 

(CM) 

-0.448* 0.028 

Debugging Strategies (DS) -0.470* 0.020 

Evaluation (EV) -0.271 0.200 

 

The results in Table (3) show that all the facets of metacognition had negative correlation with 

collaborative CPS performance. Negative and significant correlations were found between col-

laborative CPS performance and two regulatory facets of metacognition: Comprehensive Mon-

itoring (r = -0.45, p = 0.028) and Debugging Strategies (r = -0.47, p = 0.020). The strength of 

these two correlations are medium (-0.3 to -0.5). The researcher did not find an association 

between awareness of metacognitive knowledge components and actual performance of groups. 
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No correlation was observed between the rest 3 metacognitive regulation subcomponents (plan-

ning, information management strategies, evaluation) and objective group performance. 

5.3 RQ3: How accurate is student’s calibration of performance in collaborative complex 

problem solving? The relationship between perceived group performance and objective 

group performance 

In order to examine the accuracy of calibration of performance in collaborative complex prob-

lem-solving, the researcher calculated the Pearson correlation coefficients for perceived group 

performance scores and objective group performance scores. Perceived group performance 

scores were calculated from BLUP function to result regressed scores from individual level to 

group level’s unbiased estimates. The linear correlation results for the two performances are 

presented in Table (4).  

Table 4. 

Correlation coefficients for Perceived Group Performance (after running BLUP) and Objec-

tive Group Performance (n = 24) 

 Objective Group Performance in Collaborative CPS 

Pearson Correlation Sig. (2-tailed) 

Perceived Group Performance in 

collaborative CPS (after running 

BLUP) 

0.208 0.331 

 

The results showed no correlation between perceived group performance and objective group 

performance in collaborative CPS.  
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6 Discussions 

The study examines the relationships between facets of metacognition and collaborative CPS 

performance concerning with both perceived individual and objective group performances. 

Overall, the results showed that debugging strategies are indicator of increased individual per-

ception of performance whereas evaluation plays an influential role in decreasing individual 

perceived performance. Objective group performance was negatively influenced by metacog-

nitive comprehensive monitoring and debugging strategies. No correlation was found between 

perceived group performance and objective group performance. This section presents and dis-

cusses these results in the order of the 3 research questions. 

6.1 RQ1: Is there any relationship between facets of metacognition and perceived individual 

performance in collaborative complex problem solving? 

Results of the analysis showed that debugging strategies are indicator of increased individual 

perception of performance whereas evaluation plays an influential role in decreasing perceived 

individual performance. Firstly, regarding the relationship between debugging strategies and 

perceived individual performance, it can be interpreted that individuals who believed to possess 

better debugging strategies skill might have performed better in collaborative complex prob-

lem-solving conditions as reflected in perceived performance scores. The findings of the present 

study are consistent with previous research suggesting that ratings of self-report could be in-

flated or deflated as a result of self-perceived or actual ability (Hoffman & Schraw, 2010; Sol-

omon, 1984; Walczyk & Hall, 1989). The influence of metacognitive regulatory strategies on 

performance perception can be interpreted from the self-esteem point of view (Ots, 2013). Ac-

cording to Rosenberg et al. (1995), the perception of one's own performance can be referred as 

his or her attitude toward him or herself, influenced by affective and rational aspects which in 

this case, metacognitive facets. Therefore, one way to explain the results can be that the subjects 

in the present study were well aware of their metacognition, debugging strategies in particular, 

and that awareness helped them reflect their actual potential. In contrast, another explanation 

could be that problem-solvers were less able to understand their metacognitive debugging strat-

egies and subsequently affected the low perception of their potential. 

Secondly, regarding the relationship between evaluation and perceived individual performance, 

it can be interpreted that individuals who perceived that they were competent in their evaluation 

skill might have performed worse, or vice versa, in collaborative complex problem-solving 
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conditions as reflected in perceived performance scores. This is again in line with prior re-

searches regarding self-perceived ability could influence subjects’ ratings of self-report (Hoff-

man & Schraw, 2010; Solomon, 1984; Walczyk & Hall, 1989). One way to explain this is that 

subjects’ perception of performance exhibited underestimation by positioning themselves be-

low their actual attainment level despite being influenced by their awareness of evaluation skill. 

This interpreted result is important because according to Oleson et al. (2000), self-doubt and 

underestimation, where individuals inadequately have low expectations toward their perfor-

mance have been proposed as sources for learning motivation and may help good performers 

enhance their efforts to succeed the task at hand. Another way to explain this finding is that 

participants showed incompetence in their evaluation skill by marking it high before the task 

but contradictorily providing over-estimations on their performance after the task. While the 

tendency to underestimate oneself may support one’s task performance by enhancing motiva-

tion, unawareness of one's own incompetence together with overestimations may weaken prob-

lem-solvers potential to improve their performance (Ots, 2013).  

Regarding collaborative context of the present study, Gutierrez & Price (2017) suggested that 

subjects tend to attribute their performance judgements to social interaction, which indicates 

that by interacting and comparing the knowledge of their own with their peers, subjects may be 

influenced to overestimate their performance. This suggestion runs contrary to previous re-

searches, which suggested that group activities, dependent on the quality of social interactions 

within the group and the goals held by all group members, could actually help improve self-

regulation of learning (Hadwin & Webster, 2013). Collaborative group work is a dynamic pro-

cess where individuals regulate their own performance and their group members’ performance 

through productive interactions (Hadwin et al., 2017). Productive interactions involve various 

cognitive, emotional, motivational and metacognitive processes aiming to negotiate and align 

task representations and goals (Järvelä, Järvenoja, et al., 2016). Therefore, these contradictory 

findings can be explained further that besides metacognitive skills, the interactions among 

group members including group-level cognitive, motivational and emotional processes might 

have had even stronger impact on individuals’ perceived performance. 

Additionally, a meta-analysis of Dent & Koenka (2016) showed that despite the large amount 

of studies investigating the influence of metacognition and performance, the association seems 

to be relatively weak (mean, weighted correlation of r=.20), in which it was stronger when 

online self-report was employed comparing to the offline one. In the present study, MAI was 

employed to measure metacognition using offline self-report. Therefore, this might be another 
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reason to explain the contradictory results and non-significant findings of other metacognition 

knowledge and regulatory facets in relation with perceived individual performance in this study.   

Overall, this section reports the results for research question 1 investigating relationship be-

tween facets of metacognition and perceived individual performance in collaborative CPS. The 

results have been discussed by consolidating the views related to individuals’ perception of 

their performance influenced by their perception of themselves and their actual ability in col-

laborative problem-solving context.  

6.2 RQ2: Is there any relationship between facets of metacognition and objective group per-

formance in collaborative complex problem solving? 

Results of the second research question showed significantly negative correlation between 

awareness of metacognitive comprehensive monitoring, debugging strategies and objective 

group performance in collaborative CPS. This result is consistent with the study of Toy (2007) 

who found that regulation of cognition measured by MAI was negatively correlated with sub-

jects’ scores on complex, ill-structured problem-solving tasks. While metacognitive awareness 

is hypothesized to enhance performance in solving problems that are complex and ill-structured 

(Flavell, 1979; Jacobs & Paris, 1987), the present result contradicted with several existing stud-

ies (e.g., Shin et al., 2003) which showed that metacognitive regulation had positive correlation 

with complex problem-solving performance. Complex problem-solving demands both cogni-

tive effort and metacognitive skills such as planning different strategies, monitoring activities 

to regulate cognition effectively (Jonassen, 1997). However, empirical studies have not reached 

a consensus on the role of metacognition and performance in general (Toy, 2007). On the one 

hand, several studies suggest that metacognition does strongly influence learning and problem-

solving performance (Goos et al., 2002; Hurme et al., 2006; Schraw & Dennison, 1994a). On 

the other hand, other studies reported that metacognition was not a predictor of performance 

(Bendixen & Hartley, 2003; Pintrich et al., 1991) or even had negative correlation (Sperling et 

al., 2004). This is in line with a meta-analysis of Dent & Koenka (2016) showed that despite 

the large amount of studies investigating the influence of metacognition and performance, the 

association seems to be relatively weak (mean, weighted correlation of r=.20).   

Furthermore, the negative correlation between metacognitive monitoring comprehension or de-

bugging strategies and problem-solving performance could be explained in terms of partici-

pants’ overconfidence in their performance. Studies have reported that subjects, regardless of 
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ages, are commonly overconfident in their metacognitive skills when performing a task (Glen-

berg & Epstein, 1987; Pressley & Ghatala, 1990). For instance, Glenberg & Epstein (1987) 

studied reader’s self-assessment of their comprehension monitoring skill for reading tasks. In 

consistency with their previous studies, they found that readers’ beliefs of their monitoring skill 

are repeatedly off the mark in relation with their reading test performance. The conclusion was 

drawn that readers have very poor comprehension monitoring skill. Additionally, study of Lin 

et. al (2002) investigating adults’ comprehension and task performance had found that older 

adults showed problems in their debugging strategies such as rereading. The older adults were 

found to be as able to detect the problem but they did not purposefully make effort to reread the 

problems. In that sense, this present study’s result is important because it helps identify partic-

ipants’ major obstacles in solving problems. That hypothetically, during the task, problem solv-

ers may believe that they have achieved task’s comprehension and stop processing further the 

text, or stop trying different strategies to fix their on-going problems, which eventually affected 

their final performance (Glenberg & Epstein, 1987; Lin et al., 2002). 

Furthermore, the present study was different from the others when considering its context. The 

correlation between metacognitive awareness and problem-solving performance was investi-

gated not individually but in collaborative work, which required participants to work together 

in a group of three, share their understanding and effort to come to a solution. The results of the 

present study are in line with the study of Pao (2014) who also found that subjects working 

collaboratively in peers were surprisingly found to have greater overconfidence comparing to 

individual condition group. This could be interpreted that peer collaboration did not appear to 

improve metacognitive monitoring but instead became counterproductive in inflating partici-

pants’ confidence. This result in a way helps hypothesizing the finding of the current study that 

collaborative aspect didn’t have much influence on the relationship between metacognitive reg-

ulation and performance and may even had an adverse impact.  

On the other hand, a study of Dindar et al. (2020) similarly investigated the influential role of 

metacognitive experiences, measured during the task, on perceived and objective task perfor-

mance in collaborative problem solving situation. Significant relationships were found between 

various metacognitive experiences and perceived and objective performance, both on individ-

ual and group levels. These findings might help explain the insignificant findings of the present 

study, in which no significant relationships were found between metacognitive knowledge, or 

information management strategies, planning, evaluation and objective group performance. 
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Metacognition that is measured as a trait, reported by individuals of their metacognitive aware-

ness before doing the tasks (Coutinho et al., 2005), might not be a predictive of performance 

compared to measuring facets of metacognition during task. Thus, it seems that metacognition 

can be considered as dynamic process rather than only a static aptitude. Additionally, MAI 

measuring metacognition in offline self-report form in this study, found to result weaker corre-

lation between metacognition and performance comparing to online self-report (Dent & 

Koenka, 2016) could also be another reason for non-significant findings in this study. 

In terms of complexity, the problem in this study is regarded as a complex problem which 

involves a numerous variables having mutual dependencies and connectivity (Funke, 2010). A 

further hypothesis regarding the negative correlation between the subjects’ belief in their regu-

lation of cognition skills and objective problem solving performance may be because the prob-

lems were too difficult and complex, that despite the belief and confidence in metacognitive 

regulation  skills, due to task complexity, subjects might have not invested further effort in 

understanding or employing strategies to solve the problems, which then reflected low scores 

on their actual performance (Coutinho, 2006).  

In conclusion, the findings of the second research question of this study addresses and contrib-

utes to the overall picture regarding the contradictory findings in the influence of metacognition 

measured subjectively from the participants’ beliefs and objective performance in general or in 

the context of collaborative complex problem-solving. Possibility of metacognition measured 

as a trait or as a dynamic process was also discussed. Furthermore, it suggests that the influence 

of metacognition measured subjectively in relation with actual performance in general is still 

far more to be understood and call for more studies regarding the influence of metacognition 

specifically on collaborative complex problem-solving performance. 

6.3 RQ3: How accurate is student’s calibration of performance in collaborative complex 

problem solving? The relationship between perceived group performance and objective 

group performance. 

Regarding the results of the third question, no correlation was observed between perceived 

group performance and objective group performance. One possible explanation of the result 

could be that subjects may have not considered the scale measuring their perceived performance 

as a factor determining their performance judgements; which could be due to the complexity of 
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the task that subjects did not have clear awareness of the measurement standard of their perfor-

mance. 

As having been defined, calibration is the process of matching perception of performance with 

actual level of performance (Nietfeld et al., 2005). It is often referred as an arrival measure of 

absolute metacognitive monitoring accuracy when confidence judgements are compared with 

the actual performance (Nietfeld et al., 2005; Schraw, 1995). Calibration is generally catego-

rized into either calibration of comprehension, referring to subjects’ confidence judgement in 

knowledge acquisition or performing ability before a task, or calibration of performance, refer-

ring to subjects’ confidence judgement in produced outcome after completing the task (García 

et al., 2016; Nietfeld et al., 2005). Studies have showed calibration of performance tends to be 

more accurate than calibration of comprehension (Glenberg & Epstein, 1985, 1987; Maki et al., 

1990). The third research question in this study addresses calibration of performance.  

Calibration of performance plays an important role in informing individuals about their task 

situation and induces their further effort in controlling and using regulatory strategies to en-

hance their problem-solving performance (Alexander, 2013; Everson & Tobias, 2001). In gen-

eral, the difference between objective performance and self-reports perceived performance have 

been studied within the calibration of performance literature. The majority of them have re-

ported negative relationship between perceived performance and objective performance, mean-

ing that subjects have tendency to be overconfident when rating their own performance (Burson 

et al., 2006; Hoffman & Schraw, 2010; Schraw et al., 1993).  

Regarding problem-solving task, a study of García et al. (2016) also investigated post-perfor-

mance calibration accuracy in students’ problem solving and found that individuals showed 

little calibration and overconfidence. Moreover, their calibration of performance was reported 

to be stable across different type of problems, in which the level of judgments and actual per-

formance remain the same. Similarly, previous studies in problem-solving, mathematics prob-

lem solving, conducted for students and adults have also reported the same results (Bol et al., 

2005, 2010; Hacker et al., 2008; Özsoy, 2012).  

Interestingly, a study of Dindar et al. (2020) investigating the influential role of metacognitive 

experiences on perceived and objective task performance in collaborative problem solving sit-

uation, observed a positive relationship between groups’ collective judgment of confidence and 

objective collaborative problem-solving performance, meaning that groups were accurate in 

their calibration of performance. While it is common for subjects to make inaccurate task per-

formance judgement due to misinterpretation of cues acquired during task monitoring (Koriat, 
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2015; Ackerman & Goldsmith, 2011), the study of Dindar et al. (2020) has found that the CPS 

simulations (e.g., Tailorshop) might have done a good job in providing cues in the form of 

online feedback that helped participants make accurate performance judgement (Ariel, Dun-

losky, & Bailey, 2009; Koriat, 1997), and as a result increase calibration of performance accu-

racy.  

Regarding collaborative aspect in this research, a study of (Kirschner et al., 2011) indicated that 

when a team comprises of members collaboratively working on a task, depending on the type 

of the task and its complexity, cognitive demands and group performance will increase or de-

crease accordingly. Therefore, assessing complex problem performance in a collaborative con-

text may have been cognitively demanding that participants found it overwhelming, and as a 

result, accuracy of calibration of performance may have been diminished (Bol et al., 2012).  

Another reason to explain no significant result of the present study could be that participants’ 

performance judgements regardless of skill levels are subject to similar degrees of error. In this 

sense, although studies have argued that people tend to be overconfident in the task perfor-

mance, and better metacognitive awareness performers calibrate more accurately (Hoffman & 

Schraw, 2010; Schraw et al., 1993), this however, is not always the case but depends also on 

the nature of the task (Burson et al., 2006). In a series of comparison study, Burson and col-

leagues (2006) showed that on moderately difficult tasks, higher performing or lower perform-

ing participants, categorized based on metacognitive awareness and performance, show very 

little calibration accuracy difference. However, on more difficult tasks, higher performers are 

interestingly less accurate than lower performers in their judgments of performance. Hence, the 

present study suggests a need for more empirical investigations regarding calibration of perfor-

mance accuracy particularly in the context of complex problem-solving task. 

In all, this section presents the results of the third research question: the accuracy of partici-

pants’ calibration of performance in collaborative CPS, determined by the difference between 

perceived group performance and objective group performance. The results showed no corre-

lation between the two type of performances. The section reviews previous studies relevant to 

the calibration paradigm and addresses that accuracy and stability of calibration of performance 

could also depend on other variables particularly task complexity, CPS task’s cues, and collab-

orative aspect of the group task. 
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7 Evaluation  

This section evaluates the current study by discussing validity, reliability, and ethical issues in 

quantitative research method.  

7.1 Validity 

Validity is important because it ensures a research’s effectiveness by accurately addressing and 

representing the features that it aimed to explain or measuring what it aimed to measure (Cohen 

et al., 2018). Validity is enhanced by staying true to the assumptions corroborating the statistics 

handling in the research, careful sampling, and suitable research instrumentation. Additionally, 

different types of validity need to be addressed, including construct validity, statistical conclu-

sion validity of the measures used, and avoiding a range of risks to internal and external validity 

(Winter, 2000). 

Construct validity. Construct validity refers to an extent a measure or instrument for data col-

lection to be consistent with the theoretical context of the research (Cohen et al., 2018). In the 

present study, the theories of metacognitive awareness and CPS have been grounded by a strong 

body of research in metacognition originated by Flavell (1979) and a rich amount of studies in 

CPS proposed by (Dörner & Funke, 2017). Instruments for metacognitive related data collec-

tion was utilized by the MAI scale which was proved to be one of the most common instruments 

for adults’ measurement of metacognition (Schraw & Dennison, 1994a). For complex problem-

solving, Tailorshop simulation is also a common task being employed to measure objective 

CPS performance (Fischer et al., 2017). Therefore, the instruments and theoretical context are 

well grounded and consistent for a valid study construct in investigating the relationship be-

tween participants metacognitive facets and collaborative complex problem-solving perfor-

mance. 

Statistical conclusion. Statistical conclusion validity aims to demonstrate valid statistical pro-

cedures and calculation in quantitative research (Cohen et al., 2018). In the present study, sta-

tistical procedures were followed by checking normal distribution of the variables of metacog-

nitive facets. Additionally, variables were measured at different levels with individual scores 

nested in groups. As a result, multilevel modelling and BLUP function were employed to re-

gress group’s unbiased means via adjusted predictors. These statistical analysis protocols were 
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utilized and implemented in accordance with the data and the context of the research to ensure 

its validity. 

Internal validity. Internal validity aims to demonstrate that the explanation of a research phe-

nomenon can actually be sustained by the data and the findings must describe accurately the 

phenomena being researched (Cohen et al., 2018). There are several components concerning 

internal validity in this research. Firstly, instrumentation reliability, the MAI scale selected in 

this research was proved to have psychometric reliability (Baker & Cerro, 2000). The MAI 

scale was introduced in prior to the task which left participants time to focus and maintain a 

high level of concentration. Tailorshop microworld instrument used for measuring objective 

performance, was considered to be non-intrusive and have been utilised by a sound body of 

research (Danner, Hagemann, Holt, et al., 2011). Secondly, regarding history, in order to min-

imize other events apart from the main research intervention during the study, participants were 

gathered in groups and in quiet and well-facilitated room with least distractions as possible, 

allowing them to focus on the task. Thirdly, selection bias was also minimized by recruiting 

participants from various backgrounds with volunteer base and grouping was randomized.   

External validity. External validity aims to demonstrate the effects to which populations or set-

tings can be generalized (Cohen et al., 2018). There are several components concerning external 

validity in this research. Firstly, regarding explicit description of independent variables, inde-

pendent variables were considered to be adequately addressed by the researcher, in which MAI 

inventories are independent variables measuring participants awareness of their metacognition. 

Secondly, regarding operationalization of dependent variables, objective complex problem-

solving performance assessed by Tailorshop may be generalized in daily CPS but not fully in a 

real life working complex problem-solving context. Thirdly, regarding representativeness of 

target populations, while participants can represent university students in collaborative complex 

problem-solving, they may not be generalized to represent the adult population. However, re-

garding ecological validity, participants’ behaviour observed in this context could be general-

ized to a larger context of adults behaviour in collaborative CPS situations. 

7.2 Reliability 

Research’s reliability refers to its dependability, consistency and replicability over time. It aims 

to demonstrate that if the research were to be conducted on a similar group of respondents with 

similar instruments and context, then similar results would be obtained (Cohen et al., 2018). On 
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principal, there are three types of reliability: stability, equivalence and internal consistency. In 

the present research, the test was conducted one time, and there was no re-test after the first test 

had been finished. Therefore, the risk of errors in testing over-time could be minimized. 

Regarding the research’s stability, statistical significance of the correlation coefficient was 

found using Pearson correlation method in the present research. Two out of three research ques-

tions reported significant correlation with a standard level of significance p < 0.05, for both 

correlational and multi-level. Therefore, reliability is to be guaranteed in this aspect.  

Regarding reliability as internal consistency, Cronbach alpha is used as a measure to provide 

coefficient of inter-item correlations, in which the correlation of an item with the sum of all 

other relevant items in a multi-item scale. In the present study, the Metacognitive Awareness 

Inventory (MAI) scale display good internal consistency based on Cronbach alpha scores in 

eight Metacognitive dimension scales: Declarative Knowledge scale ( = .776), Procedural 

Knowledge scale ( = .826), Conditional Knowledge scale ( = .785), Planning scale ( = 

.856), Information Management Strategies scale ( = .835), Comprehension Monitoring scale 

( = .795), Debugging Strategies scale ( = .627), Evaluation scale ( = .77). 

7.3 Ethical issues 

Ethical issues concern principles and practices researchers’ conducts’ related to the rights and 

values of the subjects participating in the research (Cohen et al., 2018). Ethical issues may stem 

from the research topics and methods used to obtain valid and reliable data. Therefore, ethical 

issues are required throughout the stages of the research.  

In the present study, ethical issues had been addressed throughout different stages, from re-

search purpose, procedure to research content. This thesis is a part of the research project of 

learning, education and technology programme at the university in advancing the understanding 

of complex problem-solving phenomena. Metacognition is also one of the key study subjects 

in the programme. Therefore, the thesis inherits the research-focused goals of the research de-

partment in understanding learning and problem solving.  

Regarding research procedure, respondents’ rights and values had been practised in the re-

search. Participants recruitment was voluntarily based. Consents form stating the research aims, 

protection of participants’ rights and data was informed and distributed to the participants at 

the beginning of each session. Respondents were asked to read, fully comprehend and sign on 
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the form if they agree. Respondents were informed to ask for any clarifications if needed. They 

could disagree and leave the research at any time if needed.  

Regarding data collection, analysis and reporting, participants’ records and scores were kept in 

confidential, both with the digital data from Tailorshop objective performance as well as non-

digital MAI scores and perceived performance scores. Additionally, subjects’ names in the rec-

ord were translated into alias in order to avoid bias and secure anonymity of participants.  
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8 Conclusion  

Prior researches have showed that metacognition plays an influential role in both perceived task 

performance (Hoffman & Schraw, 2010; Solomon, 1984; Walczyk & Hall, 1989) and objective 

task performance (Flavell, 1979; Goos et al., 2002; Hurme et al., 2006; Jacobs & Paris, 1987; 

Shin et al., 2003).  

In this study, metacognition was investigated in detail on the facet level, in which it was oper-

ationalised into Metacognitive Awareness Inventories presenting eight subcomponents of met-

acognitive knowledge and metacognitive regulation (Schraw & Dennison, 1994a). Similarly, 

task performance was examined more specifically in terms of collaborative complex problem-

solving task which not only involves individual complex problem-solving process but also col-

laborative social aspect (Dillenbourg, 1999; Roschelle & Teasley, 1995).  

The results of the present study indicate significant relationships between metacognitive regu-

lation components and perceived individual performance as well as objective group perfor-

mance in collaborative complex-problem solving context. Therefore, the study’s findings rein-

force metacognition influential role on task performance particularly in collaborative complex 

problem-solving context. 

Regarding perception on individual CPS task performance, the results indicate positive rela-

tionship between debugging strategies and perceived individual performance, but negative re-

lationship between evaluation and perceived individual performance. This supports previous 

findings that individuals’ underestimation helps enhance their effort to succeed the task while 

overestimation weakens their potential to improve the performance (Oleson et al., 2000).  

Regarding objective group performance, the results suggest that students’ prior beliefs in met-

acognitive regulation plays a negatively influential role on objective group performance which 

reinforces the common findings that participants tend to be overconfident in their metacognitive 

skills in problem solving (Glenberg & Epstein, 1987; Pressley & Ghatala, 1990). While some 

studies reported that metacognition has negative correlation (e.g., Sperling et al., 2004), other 

researches suggest that metacognition does strongly influence problem-solving performance 

(Goos et al., 2002; Hurme et al., 2006; Schraw & Dennison, 1994a) or even not a predictor of 

performance at all (Bendixen & Hartley, 2003; Pintrich et al., 1991). Hence, the current study 

has contributed to overall understanding of whether metacognition plays an influential role in 

task performance in general and suggests that this relationship is still far more to be understood. 
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Results of the third research question showed that groups were not calibrated in their perfor-

mance. This was likely a novel task for many of the students and therefore they might have not 

had standards to compare with their performance. Additionally, various aspects in group work 

combined with the complexity of the task are considered the reasons affect the stability of cal-

ibration of performance as well as the relationship between metacognition and participants’ 

perceived and objective performance (Cooke et al., 2004; Dillenbourg, 1999; Pao, 2014). 

Therefore, this work may shed a light on the research direction investigating the role of meta-

cognition in collaborative CPS. 

In summary, this study has contributed to the need for more empirical research on the impact 

of metacognition factors in the collaborative complex problem-solving literature. The use of 

the MAI self-report has served for the investigation of the awareness of metacognition, reveal-

ing the beliefs of students on various dimensions of metacognition. The Tailorshop simulation 

has played a role on simulating the task and evaluating objective performance of collaboration 

CPS performance. The study has found a negative relation between metacognitive regulation 

dimensions and objective group performance, whereas in the individual level, metacognitive 

debugging strategy has been found to positively and metacognitive evaluation has been found 

to negatively affect individual’s self-perception of their performance. Therefore, it is proven 

that there are relationships between metacognition facets and collaborative CPS tasks perfor-

mance. 

8.1 Limitations and future research 

The current study has several limitations to be addressed. Firstly, the sample size of the study 

can be considered modest, although the results exhibited good fit values. Given the small num-

ber of studies that investigated these variables in the context of collaborative complex problem-

solving, it is imperative that a larger sample size could be considered in the future for research 

replications. 

Secondly, in order to increase construct validity, future researches could consider conducting 

the research of CPS in a context of a course or a task at work. Placing a research in a real context 

could increase respondents’ motivation and engagement (Cohen et al., 2018) that as a result 

would produce more accurate data from participants’ task performance and assessment.  



49 

 

Thirdly, previous studies having consistent results with research question 1 and research ques-

tion 3 of this thesis have controlled group forming with members who are considered high 

performer or low performer measured by their metacognitive awareness scores. This compara-

tive approach would help to explain better the results especially between different metacogni-

tive components and task perceived performance in interpretation of under or overestimation 

of task performance,  as well as broaden understanding of calibration of performance influenced 

by different variables such as task complexity and collaborative aspect (Burson et al., 2006; 

Ots, 2013). 
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Appendix 1 

52 Metacognitive Awareness Inventories in a form of survey with Likert Scale 

 

                              Statement Scale 

 
  0      10     20     30     40     50     60    70     80     90     100 

1. I ask myself periodically if I am meeting my goals.   |-------|-------|-------|------|------|------|------|------|------|------| 

2. I consider several alternatives to a problem before I answer.   |-------|-------|-------|------|------|------|------|------|------|------| 

3. I try to use strategies that have worked in the past.   |-------|-------|-------|------|------|------|------|------|------|------| 

4. I pace myself while learning in order to have enough time.   |-------|-------|-------|------|------|------|------|------|------|------| 

5. I understand my intellectual strengths and weaknesses.   |-------|-------|-------|------|------|------|------|------|------|------| 

6. I think about what I really need to learn before I begin a task   |-------|-------|-------|------|------|------|------|------|------|------| 

7. I know how well I did once I finish a test.   |-------|-------|-------|------|------|------|------|------|------|------| 

8. I set specific goals before I begin a task.   |-------|-------|-------|------|------|------|------|------|------|------| 

9. I slow down when I encounter important information.   |-------|-------|-------|------|------|------|------|------|------|------| 

10. I know what kind of information is most important to learn.   |-------|-------|-------|------|------|------|------|------|------|------| 

11. I ask myself if I have considered all options when solving a 

problem. 
  |-------|-------|-------|------|------|------|------|------|------|------| 

12. I am good at organizing information.   |-------|-------|-------|------|------|------|------|------|------|------| 

13. I consciously focus my attention on important information.   |-------|-------|-------|------|------|------|------|------|------|------| 

14. I have a specific purpose for each strategy I use.   |-------|-------|-------|------|------|------|------|------|------|------| 

15. I learn best when I know something about the topic.   |-------|-------|-------|------|------|------|------|------|------|------| 

16. I know what the teacher expects me to learn.   |-------|-------|-------|------|------|------|------|------|------|------| 

17. I am good at remembering information.   |-------|-------|-------|------|------|------|------|------|------|------| 

18. I use different learning strategies depending on the situation.   |-------|-------|-------|------|------|------|------|------|------|------| 

19. I ask myself if there was an easier way to do things after I fin-

ish a task. 
  |-------|-------|-------|------|------|------|------|------|------|------| 

20. I have control over how well I learn.   |-------|-------|-------|------|------|------|------|------|------|------| 

21. I periodically review to help me understand important rela-

tionships. 
  |-------|-------|-------|------|------|------|------|------|------|------| 

22. I ask myself questions about the material before I begin.   |-------|-------|-------|------|------|------|------|------|------|------| 

23. I think of several ways to solve a problem and choose the best 

one. 
  |-------|-------|-------|------|------|------|------|------|------|------| 
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24. I summarize what I’ve learned after I finish.   |-------|-------|-------|------|------|------|------|------|------|------| 

25. I ask others for help when I don’t understand something.   |-------|-------|-------|------|------|------|------|------|------|------| 

26. I can motivate myself to learn when I need to   |-------|-------|-------|------|------|------|------|------|------|------| 

27. I am aware of what strategies I use when I study.   |-------|-------|-------|------|------|------|------|------|------|------| 

28. I find myself analyzing the usefulness of strategies while I 

study. 
  |-------|-------|-------|------|------|------|------|------|------|------| 

29. I use my intellectual strengths to compensate for my weak-

nesses. 
  |-------|-------|-------|------|------|------|------|------|------|------| 

30. I focus on the meaning and significance of new information.   |-------|-------|-------|------|------|------|------|------|------|------| 

31. I create my own examples to make information more mean-

ingful. 
  |-------|-------|-------|------|------|------|------|------|------|------| 

32. I am a good judge of how well I understand something.   |-------|-------|-------|------|------|------|------|------|------|------| 

33. I find myself using helpful learning strategies automatically.   |-------|-------|-------|------|------|------|------|------|------|------| 

34. I find myself pausing regularly to check my comprehension.   |-------|-------|-------|------|------|------|------|------|------|------| 

35. I know when each strategy I use will be most effective.   |-------|-------|-------|------|------|------|------|------|------|------| 

36. I ask myself how well I accomplish my goals once I’m fin-

ished. 
  |-------|-------|-------|------|------|------|------|------|------|------| 

37. I draw pictures or diagrams to help me understand while 

learning. 
  |-------|-------|-------|------|------|------|------|------|------|------| 

38. I ask myself if I have considered all options after I solve a 

problem. 
  |-------|-------|-------|------|------|------|------|------|------|------| 

39. I try to translate new information into my own words.   |-------|-------|-------|------|------|------|------|------|------|------| 

40. I change strategies when I fail to understand.   |-------|-------|-------|------|------|------|------|------|------|------| 

41. I use the organizational structure of the text to help me learn.   |-------|-------|-------|------|------|------|------|------|------|------| 

42. I read instructions carefully before I begin a task.   |-------|-------|-------|------|------|------|------|------|------|------| 

43. I ask myself if what I’m reading is related to what I already 

know. 
  |-------|-------|-------|------|------|------|------|------|------|------| 

44. I reevaluate my assumptions when I get confused.   |-------|-------|-------|------|------|------|------|------|------|------| 

45. I organize my time to best accomplish my goals.   |-------|-------|-------|------|------|------|------|------|------|------| 

46. I learn more when I am interested in the topic.   |-------|-------|-------|------|------|------|------|------|------|------| 

47. I try to break studying down into smaller steps.   |-------|-------|-------|------|------|------|------|------|------|------| 

48. I focus on overall meaning rather than specifics.   |-------|-------|-------|------|------|------|------|------|------|------| 

49. I ask myself questions about how well I am doing while I am 

learning something new. 
  |-------|-------|-------|------|------|------|------|------|------|------| 
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50. I ask myself if I learned as much as I could have once I finish 

a task. 
  |-------|-------|-------|------|------|------|------|------|------|------| 

51. I stop and go back over new information that is not clear.   |-------|-------|-------|------|------|------|------|------|------|------| 

52. I stop and reread when I get confused.   |-------|-------|-------|------|------|------|------|------|------|------| 
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