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Interplay of metacognitive experiences and performance in collaborative problem solving
Abstract

Metacognitive experiences are the feelings and judgments that emerge in relation to an ongoing learning
task. Much of the work on metacognitive experiences has studied these constructs piecemeal and mostly in
individual learning settings. Thus, little is known about how metacognitive experiences co-occur in social
learning settings. In light of this, we investigated the relationships between metacognitive experiences and
their impact on perceived and objective task performance in a collaborative problem solving (CPS)
simulation. Seventy-seven higher education students participated in the study. Metacognitive experiences
(judgment of confidence, mental effort, task difficulty, task interest, and emotional valence) were measured
with self-reports at multiple time points during CPS. A path analysis was conducted to investigate the
relationship between metacognitive experiences and perceived performance. A generalized estimating
equation was used to observe the relationships between metacognitive experiences and objective group CPS
performance. Overall, the findings indicate complex relationships among the metacognitive experiences and
performance in CPS and further highlight the social characteristics of metacognition.

Keywords: Collaborative problem solving; metacognitive experiences; socially shared metacognition;
complex problem solving.

1. Introduction

The current complex global and local challenges require people to solve problems together (He, von Davier,
Greiff, Steinhauer, & Borysewicz, 2017). Thus, there has been a growing emphasis on improving
collaborative problem solving (CPS) of 21% century individuals (Care, Scoular, & Griffin, 2016). CPS is a
joint activity in which multiple individuals combine their resources, skills, and efforts to transform a problem
state to a desired state (OECD, 2013). The two key dimensions of CPS have been defined as cognitive and
social (Andrews-Todd & Forsyth, 2018; Hesse, Care, Buder, Sassenberg, & Griffin, 2015). In the cognitive
dimension, group members work together to develop a shared understanding of the problem situation,
exchange information, discuss the most appropriate strategies to solve the problem, and monitor and revise
their strategies until the group goals are attained (Barron, 2003; Slof, Erkens, Kirschner, Jaspers, & Janssen,
2010; Zimmerman & Schunk, 2011). The social dimension includes communicative processes among the
team members that can either facilitate or hinder the collaborative processes in the cognitive dimension
(Janssen, Erkens, Kirschner, & Kanselaar, 2012). Participation, perspective taking, argumentation,
negotiation, and emotional and motivational interaction are examples of such communicative processes
(Hesse et al., 2015; Slof, Erkens, Kirschner, Janssen, & Phielix, 2010). Research has shown that successful
collaboration is not easy to achieve and requires the effective coordination of individual and group processes
in both the cognitive and social dimensions (Baker, Greenberg, & Gutwin, 2001; Barron, 2003; Author,
20XX). In this regard, CPS involves high levels of metacognition to oversee of such processes (Dierdorff &
Ellington, 2012; Flavell, 1979).

Metacognition is defined as one’s own knowledge about cognition and regulation of cognitive processes
toward specific goals (Brown, 1987). Historically, metacognition has been conceptualized as an endogenous
phenomenon that occurs in an individual’s mind (Dinsmore, Alexander, & Loughin, 2008). Thus, the
primary emphasis in metacognition research has thus far been on individualistic learning (liskala, 2015).
According to the socio-cognitive view, learning is both a social and a cognitive process in which knowledge
is negotiated and co-constructed by multiple individuals (Resnick, 1991; Schoor, Narciss, & Kérndle, 2015).
In this regard, metacognition should be viewed as a social rather than solely an individual phenomenon
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(Goos, Galbraith, & Renshaw, 2002). Although early metacognition research has mentioned social
interaction and social context as facilitators of metacognition (Brown, 1978; Flavell, 1979), only in the last
decade has more research on the influence of social interaction on metacognition gradually emerged
(McCarthy & Garavan, 2008).

Overall, studies that have investigated metacognition in social learning settings have mostly focused on its
cognitive aspects, such as task content processing (Volet, Vauras, Salo, & Khosa, 2017), content knowledge
discussion (Hmelo-Silver & Barrows, 2008), monitoring and regulation of content processing (Author
20XX; liskala, Vauras, Lehtinen, & Salonen 2011; Nonose, Kanno, & Furuta, 2014), and judgment of
confidence in content/task processing (Dierdorff & Ellington, 2012; Hadwin & Webster, 2013). However, it
is known that subjective feelings (e.g., motivation and emotions) form the basis for the metacognition
(Koriat & Levy-sadot, 2000). There is a growing body of research focusing on the regulation of motivation
and emotions in social learning settings, which includes the metacognitive dimension that is present through
regulatory processes (Hadwin, Jarveld, & Miller, 2011). Lajoie et al. (2015), for example, investigated

how metacognition, coregulation, and social emotional activities occurred between collaborative medical
students in the context of an international web-problem-based learning environment. Bakhtiar, Hadwin, &
Webster (2018) investigated emotion regulation and socioemotional interactions in a positive and a
negative group climate. In their model, metacognition knowledge, beliefs, and processes are considered to
fuel the group-level regulation. Nonetheless, little attention has been paid to the motivational and emotional
aspects of metacognition (Efklides, 2006). Consequently, there is limited understanding on how the
cognitive, motivational, and emotional aspects of metacognition in CPS might be associated. Such
knowledge would enable the design of better support for learners to help them tackle the cognitive, affective,
and social challenges that emerge during CPS (Nussbaum et al., 2009).

To address this gap, our study focuses on a particular aspect of metacognition, namely, metacognitive
experiences in CPS. Metacognitive experiences are subjective judgments and feelings about an ongoing
learning task and its outcomes (Efklides, 2002a). Metacognitive experiences provide cognitive and affective
cues to metacognition that are necessary for taking relevant actions to progress with the task (Efklides,
2011). Considering the importance of metacognitive experiences for metacognition, our study investigates
the interplay of several metacognitive experiences during CPS and CPS performance. We argue that
metacognitive experiences are intervening processes contributing to CPS performance.

There is a growing body of work on group members’ perceptions about various CPS processes. These
perceptions include students’ attitudes about collaboration (Dobao & Blum, 2013), group-level affective
states (Barsade & Gibson, 2012), teamwork satisfaction (Ku, Tseng, & Akarasriworn, 2013), ratings of
group performance, and the communication, cooperation and agreeableness among the collaborating students
(Stewart & D’Mello, 2018). Extending such work from a task-oriented perceptions perspective, our study
focuses on students’ thoughts and feelings regarding the monitoring and control of CPS task progress.
Humans’ perceptions about a learning/problem solving task is a product of their metacognition which is
central in fueling thinking and cognition. Therefore, we based our study on metacognition theory and we
chose our measurement instruments from metacognition research.

This study makes several contributions. First, a growing body of research has acknowledged the social nature
of metacognition (Author, 20XX; Efklides, 2008; liskala et al., 2004). Studies that investigated social
characteristics of metacognition have so far dealt with capturing shared metacognitive monitoring or shared
metacognitive control instances in CPS (Author, 20XX; liskala et al. 2011). The current study differs from
the pertinent literature by focusing on the subjective metacognitive feelings and judgments that emerge in
relation to metacognitive monitoring. This is because metacognitive monitoring is a mental process. Thus, it
is challenging to capture metacognitive monitoring instances during collaboration unless the learners
verbally explicate their metacognitive monitoring (Author, 20XX). However, metacognitive experiences,
manifestations of metacognitive monitoring, can be easily captured with available self-reported measures in
the literature. Thus, we hypothesize that studying metacognitive experiences can serve as a proxy to
understand the quality of metacognitive monitoring in CPS. Further, our study presents a holistic view on the



associations between various metacognitive experiences in CPS. To our knowledge, this is the first study to
explore the interrelatedness of multiple metacognitive experiences in CPS.

Second, metacognitive experiences are considered situated and temporal (Efklides, 2009). Thus, a snapshot
approach that only studies them prospectively or retrospectively in a CPS activity may provide a limited
understanding of the complex and dynamic nature of the CPS process (Reiter-Palmon, Sinha, Gevers,
Odobez, & Volpe, 2017). With the exception of a few studies (Ainley, Hidi, & Berndorff, 2002; Efklides,
2002a; Tapola, Veermans, & Niemivirta, 2013), metacognitive experiences have not been measured during
tasks. Rather, they have been measured before or after the task. Given this, we measured these experiences
with situated self-reports before, during, and after CPS. This is in line with a growing body of research that
has been adopting methods to capture collaborative learning processes at multiple time points (Author,
20XX). Such research contributes to a more fine-grained understanding of CPS activities.

Third, the use of computer-based environments is widespread in measuring CPS, such as in worldwide PISA
exams (Graesser et al., 2018). It is important to understand how specific design features impact social
interactions and performance in computer-based CPS. However, there is little empirical research on how
specific design features in such environments affect CPS processes and outcomes (Herborn, Stadler,
Mustafi¢, & Greiff, 2018). The current study responds to this issue by investigating metacognitive
experiences and performance in a computer-based CPS. In the simulation, team members were provided
continuous feedback about their goal attainment. Thus, the study yields practical implications about
embedding feedback features in computer-based CPS simulations.

2. Literature review
2.1. Metacognitive monitoring and metacognitive experiences

Metacognition includes two basic functions: monitoring and control (Dunlosky & Metcalfe, 2009).
Metacognitive monitoring helps learners to detect internal (mental) and external (contextual) discrepancies in
terms of reaching the goals or standards they have set (Winne, 2019). Metacognitive monitoring informs
individuals about how to adapt a behavior in order to respond to the environment and develop learning and
performance further (de Bruin & Van Gog, 2012). Metacognitive control guides the regulatory processes
during learning based on the information provided by the metacognitive monitoring (Baker & Brown, 1984;
Nelson & Narens, 1990). Metacognitive control processes include planning, time and effort allocation to the
task, regulation of task processing, and evaluation of the task outcome (de Bruin & Dunlosky, 2017). The
accuracy of metacognitive monitoring is crucial in terms of activating relevant metacognitive control
processes for successful regulation of a learning task (Koriat, Ma’ayan, & Nussinson, 2006).

It has been claimed that regulatory processes are activated by one aspect of metacognitive monitoring:
metacognitive experiences (Efklides, 2011), which are the concurrent feelings and judgments about the
process and outcome of an ongoing task (Efklides, Kourkoulou, Mitsiou, & Ziliaskopoulou, 2006). They
serve as the interface between the learner and the task. Metacognitive experiences include cognitive,
emotional, and motivational cues that inform about the quality of task progress (Efklides, 2001). Thus, they
have a crucial role in facilitating metacognitive control processes for short- and long-term self-regulation.

The prominent metacognitive experiences that emerge during an ongoing task are the judgment of
confidence, task interest, estimates of mental effort, feeling of difficulty, and emotions (Efklides, 2002b,
2005). “Judgment of confidence” is a metacognitive self-evaluation that informs on the difference between
one’s actual performance and the self-standard set for the performance (Hadwin & Webster, 2013). It
activates regulatory processes during an ongoing task if the standards are not met (Boekaerts & Rozendaal,
2010). “Task interest” has been defined as the extent to which one finds performing a task important,
valuable, and enjoyable (Cleary & Chen, 2009). It is a self-motivational belief that predicts the activation of
regulatory strategies when learners encounter challenges during learning (Schunk & Ertmer, 2000).



“Estimates of mental effort” comprises judgments about the degree of mental effort to be allocated to the
task (Efklides, 2002a, 2006). “Feeling of difficulty” refers to the subjective experiences that emerge due to
the objective task difficulty, prior performance, and self-efficacy (Bandura, 1997; Mangos & Steele-Johnson,
2004). It arises when the learner lacks an awareness of the immediate responses to the challenges in the task
at hand (Efklides, Papadaki, Papantoniou, & Kiosseoglou, 1998a). It has been also asserted that emotions are
an essential part of metacognitive experiences and signal the pleasantness or unpleasantness of an online task
(Efklides, 2001, 2006).

Metacognitive experiences have been mainly seen as feelings and judgements related to one’s self-regulation
(Efklides, 2006). Thus, previous studies have mostly examined metacognitive experiences mostly in
individual learning settings with math problem solving tasks. In terms of feeling of difficulty, some studies
reported no relationship between feeling of difficulty and affective states, such as mood, fear of failure, and
need for success (Efklides et al., 2006, 1998). However, other studies reported significant relationships
between feeling of difficulty, negative mood (Efklides & Petkaki, 2005), and emotions (Tornare,
Czajkowski, & Pons, 2015). No direct relationship was found between feeling of difficulty and judgment of
confidence (Efklides, 2002b). In terms of task interest, a positive relationship was found between positive
mood and task interest (Efklides & Petkaki, 2005). In terms of estimates of effort, studies reported both
positive (Efklides & Petkaki, 2005) and negative (Efklides & Petkaki, 2005) relationships and no
relationship (Efklides et al., 2006) between positive mood and estimates of effort depending on the
measurement time (i.e., before or after the task). Significant relationships were observed between judgment
of confidence, emotions, and positive mood (Efklides & Petkaki, 2005; Nerantzaki & Efklides, 2019).

Concerning the relationship between metacognitive experiences and performance in individual math problem
solving, several studies have reported a positive relationship between combined metacognitive experiences
(i.e., feeling of difficulty, feeling of familiarity, estimate of correctness, estimate of effort, and judgment of
understanding), scores, and performance (Asik & Erktin, 2019; Ozcan & Eren Giimiis, 2019). A significant
relationship was also reported between performance and specific metacognitive experiences, such as feeling
of difficulty, judgment of confidence (Efklides, 2002b), estimates of effort (Efklides et al., 2006), and
emotions (Tornare et al., 2015). However, some studies reported no relationship between performance and
several metacognitive experiences, such as feeling of difficulty (Efklides, 2002b) or affective states (e.g.,
mood; Efklides & Petkaki, 2005). It should be noted that studies mostly treated performance measures as the
independent variable predicting metacognitive experiences (Efklides, 2002b; Efklides et al., 2006, 1998;
Tornare et al., 2015). However, some regarded performance as the dependent variable predicted by the
metacognitive experiences (Asik & Erktin, 2019; Ozcan & Gumus, 2019). Therefore, the current literature
on the relationship between metacognitive experiences and performance might not be comparable.

Metacognitive experiences can be also disseminated among the collaborating individuals through verbal or
facial expressions (Efklides, 2006). For example, exchanging metacognitive experiences among the group
members can contribute to the shared metacognitive monitoring and provide valuable information about
shared cognition and task progress (Efklides, 2008). So far only few empirical studies have investigated
metacognitive experiences in collaborative settings, mostly through video coding of student interactions in
math problem solving (liskala et al., 2004, 2011; Salonen et al., 2005). Such studies have found that
metacognitive experiences could facilitate shared regulatory processes during CPS (liskala et al., 2004,
2011). Findings further showed that misperceptions about others’ metacognitive experiences can have
detrimetal effects on collaboration quality (Salonen et al. 2005). In the literature, only one study was
identified that investigated metacognitive experiences in a collaborative setting outside of math problem
solving (Hamilton, Mancuso, Mohammed, Tesler, & McNeese, 2017). In the study, teams of three members
were given a simulation about emergency management in a fictional city. The regression results showed no
relationship between judgment of task confidence and objective group performance.

Overall, studies on metacognitive experiences are limited to individual math problem solving. Therefore,
their findings might not be applicable to CPS settings in which task performance is dependent on the
interactions among the learners in addition to their individual characteristics, skills, or prior knowledge.



Further, the literature presents contradictory findings about the relationships among metacognitive
experiences and performance, although it does provide evidence that metacognitive experiences emerge in
CPS and influence the quality of collaboration. Nevertheless, the limited amount of research on the issue
makes it difficult to infer the connections between specific metacognitive experiences and the mechanism
that connects them to performance outcomes (Efklides, 2011). Little is yet known about the relationships
between various metacognitive experiences and their influence on CPS performance. In light of this, we
explored the interplay of metacognitive experiences during CPS and their relationship with group and
individual performance.

2.2. Conceptual model and hypothesis development

The aim of this study is to investigate the interplay of metacognitive experiences during CPS and their
influence on performance. Considering metacognitive experiences in CPS context, we build our hypotheses
on the studies related to metacognition and metacognitive experiences in various research fields (e.g.,
cognitive load, motivation, and emotions research), since it broadens the current perspectives relevant to CPS
context.

Effective regulation of cognition, motivation, and emotions, which are mediated by metacognitive
experiences, should lead to better learning outcomes and/or task performance (Efklides, Schwartz, & Brown,
2018; Hadwin et al., 2017). To test this assumption, we included two perceived performance outcomes in the
conceptual model: perceived group performance and perceived individual performance. In highly complex
collaborative tasks that require high interdependence, group members need to interact intensely and work
together to accomplish the task goals (Stajkovic, Lee, & Nyberg, 2009). In such tasks, an individual’s
functioning and performance is highly dependent on the group’s functioning as a whole (Lindsley, Brass, &
Thomas, 1995). Therefore, we hypothesize the following:

H1: Perceived individual performance is related to perceived group performance in CPS.

Learners rely on their metacognitive judgments to regulate their performance (Blisset et al., 2018).
Inaccurate judgments about a task’s progress may have detrimental effects on regulation of efforts and task
outcomes (Cavalcanti & Sibbald, 2014). For example, overconfidence about performance in a challenging
task can lead to investing less effort, which may be insufficient to accomplish the desired goal (Ackerman &
Goldsmith, 2011). However, if learners are provided with metacognitive monitoring cues (e.g., feedback) on
their task progress, the discrepancy between their metacognitive judgments and their task performance
diminishes (de Bruin, Dunlosky, & Cavalcanti, 2017). Participants in this study received feedback about
their task progress at specific time points during CPS. Thus, we assume the following:

H2: Judgments of confidence about group goal attainment are related to the perceived group performance.

Motivational self-beliefs affect the utilization of self-regulatory processes (Eccles & Wigfield, 2002).
Specifically, task interest has been found to predict students’ self-regulation and achievement (Ainley et al.,
2002; Eccles, 2009). Considering the influence of task interest in sustaining task engagement, especially
when challenges are encountered during the task (Schunk & Ertmer, 2000), it can be expected that learners
with high task interest would have greater achievement.

H3: Task interest is related to perceived individual performance.

Groups’ collective success in CPS depends on their members’ metacognitive and motivational efforts in
sustaining group attachment to the joint work until the task is accomplished (Author, 20XX; Bergin, 2016).
Interest, in turn, unifies motivation with affective and cognitive components (Hidi, 2006). Accordingly,
motivated attachment to CPS can be maintained through situational task interest, which is supported by
social involvement (Dohn, 2013; Renninger & Bachrach, 2015). According to this view, for groups in which
social involvement support individual’s task interest, group members would put more effort into the work,
which eventually improves the group performance. Therefore, we hypothesize the following:



H4: Task interest is related to perceived group performance.

Studies in individual learning settings have mostly found a negative relationship between task interest and
task difficulty (Clark, 1999; Fulmer & Tulis, 2013; Kumar & Jagacinski, 2011), showing that if a task
appears to be too difficult, students’ willingness to pursue decreases. However, it is also known that interest
is triggered if the task includes challenges and demands (Chen, Darst, & Pangrazi, 1999; Csikszentmihalyi,
1975). In addition, a basic assumption of collaborative learning is that learners are interested in collaboration
if they cannot reach the task goals without the contributions of others (Johnson, Maruyama, Johnson, Nelson,
& Skon, 1981). In line with this assumption, several studies have shown that difficult tasks lead to increased
interaction and shared metacognition in collaborative learning (liskala et al., 2004, 2011). Given this, a
positive rather than negative relationship can be assumed between task interest and task difficulty in CPS.

H5: Task difficulty is related to task interest.

The empirical evidence has shown that emotional valence (i.e., positive or negative emotions) and task
interest are intertwined and together play a causal role in persistence in task (Ainley, Corrigan, &
Richardson, 2005; Ainley et al., 2002; Efklides, 2001, 2011). Thus, we hypothesize the following:

H6: Emotional valence is related to task interest.

Subjective feelings provide an informational basis for judgments and behavior (Koriat & Levy-sadot, 2000;
Schwarz & Clore, 1996). Thus, emotional valence is regarded as an important component of metacognitive
judgments (Efklides, 2006). For example, Hadwin and Webster (2013) found that positive emotions
positively predicted judgments of confidence about goal attainment. Similarly, several studies have reported
a significant relationship between emotions and self-efficacy beliefs (Pekrun et al., 2004; Putwain, Sander, &
Larkin, 2013). Given this, we hypothesize the following:

H7: Emotional valence is related to judgment of confidence in group goal attainment.

Mental effort has been found to relate to self-efficacy and metacognitive judgments (Feldon, Callan, Juth, &
Jeong, 2019; Koriat, Nussinson, & Ackerman, 2014). Some scholars have asserted that mental effort can be a
cue that guides metacognitive judgments (Blissett, Sibbald, Kok, & van Merrienboer, 2018). Considering
such findings, the following can be assumed:

H8: Mental effort is related to judgment of confidence in goal attainment.

According to theories of motivation, a prominent indicator of motivation is the mental effort exerted on a
task (Hadwin et al., 2017; Pintrich & De Groot, 1990; Wigfield & Eccles, 2000). Studies have shown that
motivated individuals invest more mental effort on learning tasks (Rey & Buchwald, 2011). Such studies
have mostly regarded motivation as a precursor to that mental effort. However, some recent studies have

found that mental effort can also directly influence motivational beliefs (Feldon, Franco, Chao, Peugh, &
Maahs-Fladung, 2018; Likourezos & Kalyuga, 2017). On this basis, we hypothesize the following:

H9: Mental effort is related to task interest.

Figure 1 displays the conceptual model and the hypotheses.
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Fig.1. Conceptual model. The lines indicate hypothesized relationships.

The variables identified in Figure 1 were measured at the individual level in this study. In addition, the study
includes an objective CPS performance score measured at the group level. Although it was not possible to
include the group-level CPS score in the path analysis, it was worth investigating how the collective
metacognitive experiences of a group affects the objective CPS performance. Thus, the current study also
explores the relationship between group-level collective metacognitive experiences and objective group CPS
performance.

3. Methodology
3.1. Participants

The participants were 77 higher education students (Nremates= 41; Nmates= 33; Mage = 27.8; SDage= 5.43) from
international degree programs (fuaster's = 52; feno = 16; feachelor's = 5) at the University of Oulu, Finland. The
participant profile included 35 different nationalities, of which Chinese (n = 12), Finnish (n = 7), Pakistani (n
= 5), Vietnamese (n = 4), Mexican (n = 3), and Polish (n = 3) were the most common. Participants took part
in the CPS task in groups of three (n = 25) or two (n = 1). Three students from different groups withdrew,
and their data were excluded from the dataset. Thus, the final dataset included 74 participants who
collaborated in groups of three (n = 22) or two (n = 4).

3.2. The CPS task

The Tailorshop computer-based simulation was used. It was originally developed by Dérner, Kreuzig,
Reither, and Staudel (1983) and has been in use for decades to measure individuals’ complex problem-
solving skills (Barth & Funke, 2010; Danner, Hagemann, Schankin, Hager, & Funke, 2011). In Tailorshop,
participants run a fictional shirt production company for 12 simulated months. In total, Tailorshop includes
24 variables, 12 of which the participants can directly manipulate. The remaining variables can only be
manipulated indirectly, through changes in the variables that can be directly manipulated. The objective in
Tailorshop is to increase the company’s value to the highest possible value. The company’s value depends on
the complex relationship between the variables in the simulation. In each simulated month, participants as a
group make decisions about how to manipulate the variables and input their decisions into the simulation.



When the group proceeds to the next month, the simulation updates the company value on the screen based
on the group’s input. Thus, the group receives feedback about the effectiveness of their decisions after each
month. Tailorshop is completed in two phases: exploration and performance. In the exploration phase,
participants become familiar with the simulation and develop prior knowledge about the relationships
between the variables by running the simulation for six simulated months. Tailorshop does not keep a record
of group performance during this phase. In the performance phase, the simulation starts from the beginning
and records all inputs, including the company’s value for each month.

3.3. Procedure

Recruitment was carried out through announcements on social media platforms and leaflets distributed on
the university’s premises. The volunteering participants registered for the data collection by completing an
online form. Participation was voluntary, and the participants were able to withdraw at any time. A free
lunch ticket was offered for participation.

Data collection took place in the Leaf research environment (https://www.oulu.fi/leaf-eng/) at the University
of Oulu. Leaf is a classroom-like research infrastructure specifically designed for collecting data from
collaborative learning activities. Leaf was separated into three distinct classrooms with portable,
soundproofed walls to enable data collection from three groups concurrently. Participants provided
information about their availability in the online registration form. Due to their limited availability, it was not
possible to assign all of them to the collaborative groups randomly. Rather, those participants who were
available at a specific date were randomly assigned to their groups. When participants arrived, they
completed the consent forms and were introduced to their team members. Then, a researcher took each group
to a separate room, seated the group before a desktop computer, and read them the instructions for
completing the CPS task as a group. Using a prewritten text ensured that all groups received the same
instructions. Situated self-reports were given to the group members in separate folders, each with five sets of
reports. Participants were instructed to complete one set individually whenever the Tailorshop simulation
prompted them to do so. After reading the instructions, the researcher left the room, and the group started the
CPS simulation on the computer and completed the CPS task through face-to-face interactions in front of the
computer. The Tailorshop simulation prompted participants to complete the situated self-report sets at
specific times: at the beginning of the performance phase (after the exploration) and after months 3, 6, 9, and
12 during the performance phase. Table 1 displays the situated self-reports from each time point. The
average CPS duration for the groups was calculated as 96 minutes (SD: 28.08).

Table 1
Time points at which participants completed situated self-reports in the Tailorshop simulation.

Start Month3  Month6 Month9  Month 12
Judgment of confidence
Mental effort
Task interest
Task difficulty
Emotional valence
Perceived individual performance
Perceived group performance

SNENENENEN
SNENENENEN
ANANENENEN
SNENENENEN

ASANENENENRNEN

3.4. Measures

The current study aimed to capture metacognitive experiences repeatedly and with minimal interference to
group interaction during CPS. Therefore, single-item self-report questionnaires that were already established
in the literature were utilized to measure metacognitive experiences.

3.4.1. Mental effort



The single-item mental effort rating scale developed by Paas (1992) was used to measure mental effort
invested by the participants during CPS. In the scale, participants were asked to rate the mental effort they
had invested in the CPS task from 1 (very, very low mental effort) to 9 (very, very high mental effort).

3.4.2. Judgment of confidence

Judgment of confidence in attaining the task goal was measured with a single-item questionnaire developed
by Hadwin and Webster (2013). Originally, the questionnaire was developed to measure confidence in
individual goal attainment. For the current study purpose, the questionnaire was modified to ask “How
confident are you that your team is attaining the current task goal?” Participants responded to the
questionnaire by choosing a value between 1 (I am not confident at all) and 5 (I am very confident).

3.4.3. Task interest

Situational task interest during CPS was measured with a single-item questionnaire developed by Tapola et
al. (2013) in which participants rated their task interest from 1 (not interesting at all) to 10 (very interesting).

3.4.4. Task difficulty

Based on Efklides, Papadaki, Papantoniou, and Kiosseoglou (1998b), participants were asked to rate the
task’s difficulty (i.e., “This task seems to be...””) from 1 (not difficult at all) to 10 (very difficult) in a single-
item questionnaire.

3.4.5. Emotional valence

Drawing on the circumplex model of emotions Pekrun, Frenzel, Goetz, and Perry (2007), the single-item
emotional valence questionnaire asked participants to rate the pleasantness/unpleasantness of their current
emotions (i.e., “How do you feel now?”). Participants answered on a scale ranging from 1 (very, very
negative) to 9 (very, very positive). Similar versions of the questionnaire have been used in various studies
(Ainley et al., 2005, 2002).

3.4.6. Perceived individual and group performance

Two separate single-item questionnaires were used to measure perceived group performance (“How was
your group’s performance during the task?”’) and perceived individual performance (“How was your
individual performance during the task?””). Answers to the perceived group performance questionnaire
ranged from 1 (we performed very poorly) to 10 (we performed very well). Similarly, responses to the
perceived individual performance ranged from 1 (I performed very poorly) to 10 (I performed very well).

3.5.7. Tailorshop objective group performance

The reliable estimate of group CPS performance in Tailorshop has been determined to be the trend score
(Danner et al., 2011), which is the total number of months that the group managed to increase the company
value compared to the previous month. The score varies between 0 and 12. The current study utilized the
trend score as the indicator of objective group performance.

4. Results
4.1. The relationship between metacognitive experiences and perceived performance

A path analysis was conducted to investigate the hypothesized relationships in the conceptual model (see
Figure 1). For this aim, first, the stability of measures over time was checked with a reliability analysis.
According to Cronbach’s alpha () scores, reported metacognitive experiences scores were consistent over
time (amental effort = .92 Oltask interest = .90; Oltask difficulty = 91; Oljudgment of confidence = .90; demotional valence = 92) The
average scores for the repeated measures of judgment of confidence, mental effort, task interest, task



difficulty, and emotional valence were calculated. Prior to the path analysis, the Pearson’s correlations
among the self-reported metacognitive experiences, emotional valence, and perceived performance scores
were calculated. Table 2 displays the results.

Table 2
Bivariate individual-level correlations among the metacognitive experiences and perceived
performance.

2 3 4 5 6 7

Perceived group performance (1) .752 556  .459™ 339" -0.038 .475"

Perceived individual 649%  536™ 602" 0102 598"
performance (2)

Judgment of confidence (3) 524™ 561" -0.007 .729™
Mental effort (4) 6957 476"  .480™
Task interest (5) 436" .664™
Task difficulty (6) 0.002

Emotional valence (7)

** Correlation is significant at the 0.01 level (two-tailed).

As can be seen in Table 2, there was a strong and positive correlation between perceived group and
individual performance. Both types of performance were positively correlated with judgment of confidence,
mental effort, task interest, and emotional valence at the medium level. No correlation was observed between
task difficulty and perceived group or individual performance. Judgment of confidence was moderately
related to mental effort and task interest. In addition, a high and positive correlation was observed between
judgments of confidence and emotional valence. No correlation was observed between judgment of
confidence and task difficulty. Mental effort was strongly correlated with task interest and moderately
correlated with task difficulty and emotional valence. Task interest was positively and moderately correlated
with task difficulty and emotional valence. No significant correlation was observed between task difficulty
and emotional valence.

Table 2 indicated high correlations among some of the variables. Thus, multicollinearity among the variables
were checked with the variance inflator factor (VIF) and tolerance indices prior to further analyses
(Tabachnick & Fidell, 2007). It has been suggested that VIF values above 4 and tolerance values below 0.2
can be considered indicators of lack of multicollinearity (Hair, Black, Babin, & Anderson, 2009). In the
current dataset, VIF and tolerance values for judgment of confidence (VIF = 2.62; tolerance = 0.38), mental
effort (VIF = 2.63; tolerance = 0.38), task interest (VIF = 3.21; tolerance = 0.31), task difficulty (VIF = 1.80;
tolerance = 0.56) emotional valence (VIF = 2.99; tolerance = 0.34), and perceived group performance (VIF =
1.64; tolerance = 0.612) met those criteria. Thus, it can be concluded that multicollinearity was not observed
among the variables of this study.

The path analysis, including all the assumed relationships in the conceptual model (Figure 1), did not yield
acceptable fit values. After removing the insignificant paths from the path analysis, a final model with
acceptable fit values was developed (RMSEA = .086; chi-square = 15.21; df = 10; p-value = .12; NFI = .96;
NNFI =.97; CFI = .98; SRMR = .057; GFI = .94; AGFI = .84). Figure 2 displays the model.
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Fig. 2. Path model results. Solid arrows indicate significant paths. Dashed arrows indicate insignificant
paths. Standardized estimates (t-values) are provided beside each arrow.

Path analysis results revealed a positive relationship between perceived group performance and perceived
individual performance, supporting H1. Confirming H2, a positive relationship was found between judgment
of confidence on group goal attainment and perceived group performance. Task interest was related to
perceived individual performance but not to perceived group performance. Thus, H3 was supported and H4
is rejected. As hypothesized in H5, task interest was also positively related to task difficulty, showing that
increased task difficulty served to increased task interest. Emotional valence was related to both task interest
and judgment of confidence on group goal attainment. Thus, H6 and H7 were supported. Supporting H8 and
H9, mental effort was related to judgment of confidence and task interest.

4.2. The relationship between group-level metacognitive experiences and objective group CPS performance

Metacognitive experiences were measured at the individual level, whereas the Tailorshop trend score was
measured at the group level. Thus, to calculate group-level scores for each measurement of judgment of
confidence, mental effort, task interest, task difficulty, and emotional valence, the best linear unbiased
predictor method (Croon & Van Veldhoven, 2007) in the MicroMacroMultilevel R package (Lu, Page-
Gould, & Xu, 2017) was used. Then, a generalized estimating equation (GEE) was run to investigate the
extent to which judgment of confidence, mental effort, task interest, task difficulty, and emotional valence
predicted objective group performance. GEE is a suitable method for analyzing the relationships between
repeated measures because it considers the dependency of repeated measures with a working correlation
structure and produces robust standard errors against misspecification of the correlation matrix (Paalman et
al., 2015; Twisk, 2003). A GEE with an independent correlation structure and a covariance matrix with a
robust estimator was run using SPSS21 software. The dependent variables were continuous, so a GEE model
with a “normal” distribution and “log” function was tested (Morales, Grineski, & Collins, 2017). In our
study, metacognitive experiences were measured with questionnaires with different scale points. GEE in
SPSS does not provide standardized coefficient scores, so the metacognitive experiences scores were
standardized prior to the GEE analysis, rendering it possible to compare the influences of metacognitive
experiences on the dependent variable. The GEE results showed that groups’ collective mental effort,
judgment of confidence, and emotional valence significantly predicted objective group CPS performance.
The relationship between mental effort and objective group CPS performance was negative, while it was
positive for judgment of confidence and emotional valence. No relationship was found between task interest,



task difficulty, and objective group CPS performance. Table 3 presents the results: the strongest predictor of
objective group CPS performance was the groups’ collective mental effort, followed by emotional valence
and judgment of confidence.

Table 3
GEE results predicting objective group CPS performance (n = 26 groups)

Wald

Chi-

B S.E Confidence interval ~ Square p

Mental effort -0.425 0.1576 -0.734 -0.116 7.263 0.007
Task interest 0.061  0.2208 -0.372 0.494 0.076 >.05
Task difficulty -0.079  0.1058 -0.286 0.128 0.558 >.05
Judgment of confidence 0.349 0.1724 0.011 0.687 4.093 0.043
Emotional valence 0.362  0.1153 0.136 0.588 9.852 0.002

5. Discussion

This study investigates the relationships between metacognitive experiences and performance in CPS. The
study is concerned with both perceived performance and objective group performance. Overall, the current
findings showed that emotional valence and mental effort are indicators of increased task confidence and
interest within the group members. Perceived group performance was influenced by judgment of confidence,
whereas perceived individual performance was influenced by task interest. A direct relationship was
observed between perceived group and individual performance. Further, task difficulty had a positive impact
on increased task interest. Mental effort, judgment of confidence, and emotional valence significantly
predicted objective group performance in the simulation.

5.1. Metacognitive experiences, emotional valence, and self-reported performance in CPS

The path analysis showed a significant relationship between perceived group and individual performance
(H1). That is, individuals’ higher rating of their group’s performance was associated with a higher rating of
their own individual performance within the group. It has been found that an individual’s performance in
interdependent collaborative tasks relies heavily on the whole group’s performance (Lindsley et al., 1995),
and our findings support this. Interdependency in this study was realized through holding all the group
members responsible for the CPS outcome. The findings showed that succeeding or failing as a group
created a shared responsibility and accountability among the team members. Consequently, team members
claimed ownership for the success or failure in the CPS task and based their individual achievement beliefs
on the whole group’s achievement beliefs. In this regard, the current findings underline the reciprocity of
perceived individual and group performance in CPS.

We found that judgment of confidence about group goal attainment contributed to perceived group
performance (H2). Confidence judgments about performance comprise a key subjective experience in self-
regulated learning (Hadwin & Webster, 2013). Accurate judgments are important for choosing the optimum
self-regulatory processes to reach task goals, while inaccurate judgments, in the form of overconfidence or
underconfidence, may hinder regulation and achievement (Cavalcanti & Sibbald, 2014). It is common for
learners to judge their performance inaccurately against the perceived standards (Bol & Hacker, 2001;
Klassen, 2002). One way to scaffold learners in making accurate judgments is to provide them with feedback
about their progress during a task, which can serve as a monitoring cue for triggering necessary regulatory
processes and adapting group efforts to reach set standards (de Bruin et al., 2017). In our study, the CPS
simulation informed participants about their group progress at specific intervals. It can be assumed that such
feedback allowed participants to review their strategies in dealing with the problem situation through
negotiation with their group members (Author et al., 20XX). Consequently, negotiation of group progress in



relation to the feedback may have yielded a positive correlation between confidence judgments and
perceived group performance.

Studies in individual learning settings have reported a positive relationship between task interest and learning
performance (Eccles, 2009). We hypothesized that individuals with higher task interest would better regulate
the group’s progress and produce higher performance outcomes in CPS. Thus, high task interest could lead
to increases in both perceived individual performance (H3) and perceived group performance (H4). Contrary
to our expectations, task interest was related to perceived individual performance but not to perceived group
performance. These findings can be explained by the influential role of shared regulatory processes in CPS.
Effective collaboration is achieved when individuals regulate their team members’ performance and their
own performance through productive interactions (Hadwin et al., 2017). Productive interactions include the
negotiation and alignment of task representations and goals with various cognitive, motivational, emotional,
and metacognitive processes (Author et al., 20XX). Our findings imply that, as a metacognitive experience
alone, individual task interest may not be sufficient to alter group dynamics and activate effective shared
regulatory processes to succeed in CPS. Other group-level cognitive, motivational, and emotional processes
may be more influential than task interest is in terms of perceived group performance. However, the
significant relationship between task interest and perceived individual performance indicates that if an
individual finds the CPS task interesting, he or she may invest more effort regardless of other group
members, which may lead to the higher rating of individual performance in CPS.

A significant relationship was found between task difficulty and task interest (H5). Previous studies have
shown that learners find difficult tasks more interesting than simple tasks (Schraw, 1997; Silvia, 2001). The
current results are in accordance with those findings. Our findings can be explained by Vygotsky’s (1978)
“zone of proximal development” theory, which asserts that effective learning and development occur when
individuals are presented with learning tasks that are beyond their current capabilities. In relation to CPS,
task difficulty should be high enough to push learners to work together; there is no need for them to
collaborate if they can accomplish the task alone (liskala et al., 2004). Difficult tasks activate higher levels of
shared metacognitive processes in CPS than simple tasks do (Efklides et al., 1998b; liskala et al., 2004).
Thus, it can be concluded that task difficulty is an important factor in triggering task interest in CPS.

Several studies have reported significant relationships between emotional valence and task interest. For
example, Fulmer and Tullis (2013) found a significant covariance between emotional valence and task
interest in students’ reading fluency. Similarly, various studies have found significant relationships between
emotional valence and task interest in text comprehension (Ainley et al.; 2005). Findings have also shown
that the relationship between emotional valence and task interest was more apparent when reading difficult
texts (Fulmer, D’Mello, Strain, & Graesser, 2015). Extending those findings to CPS, our study showed that
positive emotions serve to increase task interest during collaborative work (H6). It can be argued that if the
group successfully progresses in CPS, this is reflected through positive emotions, which then lead to
increased task interest.

Emotional valence positively predicted judgment of confidence on group goal attainment (H7). The research
on metacognition in different domains and age groups has revealed that feelings play a critical role in
developing metacognitive judgments (Koriat & Levy-sadot, 2000). For example, in a study dealing with a
high school physics course, positive emotions (e.g., hope) were positively related to self-efficacy judgments
and metacognitive monitoring (Gonzélez, Ferndndez, & Paoloni, 2017). Webster and Hadwin (2015) studied
an undergraduate course on self-regulated learning and found that negative emotions were related to
decreased confidence judgments about the achievement of individual learning goals. Significant relationships
were also reported between emotions and metacognitive judgments in math problem solving among primary
school students (Tornare et al., 2015). Supporting such findings, Greifeneder, Bless, and Pham (2011) found
that individuals commonly use their emotions as an information source when making metacognitive
judgments. In line with the literature, our findings showed that emotional valence plays a critical role in
guiding confidence judgments in CPS. Thus, it can be concluded that metacognitive judgments are not only
information based (e.g., feedback) but also dependent on learners’ subjective feelings.



We found that mental effort positively predicted judgments of confidence (H8). These findings corroborate
studies that found a positive relationship between perceived effort and metacognitive judgments in goal-
driven learning situations (Koriat et al., 2014). Blisset and colleagues (2018) reported a negative relationship
between metacognitive judgments and mental effort invested in an electrocardiography diagnosis task, but
participants were not provided with any feedback about the accuracy of their judgments. In our study,
participants reported their judgment of confidence in group goal attainment in relation to the feedback
provided by the simulation. Thus, it can be assumed that the relationship between mental effort and judgment
of confidence might become positive in CPS situations in which participants are provided a clear goal to
achieve and continuous feedback about their task progress. Future experimental studies should test this
assumption by comparing CPS conditions with and without feedback.

Mental effort can be an indicator of task motivation (Feldon et al., 2018; Likourezos & Kalyuga, 2017). In
line with such findings, mental effort positively predicted task interest in our study (H9). Our findings show
that presenting complex CPS tasks that impose high levels of cognitive load can push individuals to
collaborate with their team members in order to deal with the complexity of the problem situation. In such a
context, expending high mental effort in the collaborative task may be related to continuing task interest and
persistence in the task (Schnotz, Fries, & Horz, 2009). The current findings contribute to two theoretical
views on mental effort. The first considers motivation to be a precursor of mental effort (Rheinberg,
Vollmeyer, & Burns, 2001). The second considers mental effort to be a function of task complexity and
learner’s expertise (Schnotz et al., 2009). Extending both views, our study shows that motivation (i.e., task
interest) can also be influenced by mental effort in CPS.

5.2. Group metacognitive experiences and objective group CPS performance

Our findings reveal a significant and negative relationship between mental effort and objective group CPS
performance. This finding can be explained by the effect of feedback valence on the mental effort rating.
Raaijmakers and colleagues (2017) found that ratings of mental effort are higher if individuals are provided
with negative rather than positive feedback about their task performance. (Efklides, 2002a; Efklides et al.,
2006) also reported that the amount of mental effort invested is determined by the outcome produced during
an ongoing task. If the outcome is not sufficient to meet the task goals, individuals invest more mental effort.
By contrast, they invest less mental effort if their progress toward the goals unfolds smoothly. Therefore, it
can be claimed that increased mental effort during a task might be related to poor CPS performance. This
assumption is also supported by cognitive load theory, which asserts that human cognitive architecture is
composed of long-term and working memory (Van Merrienboer & Sweller, 2005). The working memory can
only process a few chunks of novel information, but it is not limited in processing information that is stored
in the long-term memory. Experts have more organized knowledge (i.e., complex schemas) in their long-
term memory than novices do (Kalyuga, 2007). These complex schemas allow experts to process more
information in their working memory with less effort (Van Merrienboer & Sweller, 2005). Thus, the mental
effort required to complete a specific task depends on the learners’ expertise. The implication is that if a
group gains expertise through figuring out the relationships between the variables in a complex problem
situation, it will invest less mental effort on the task yet perform better.

A positive relationship was found between groups’ collective judgment of confidence and objective CPS
performance. The current findings also indicate a match between confidence judgment and both perceived
and objective group CPS performance. Metacognitive judgments are inferential, and individuals base these
judgments (i.e., confidence judgments) on a variety of monitoring cues (i.e., information sources; Koriat,
2015). It is common for individuals to misinterpret the cues and make inaccurate judgments about their task
performance (Ackerman & Goldsmith, 2011; Hattie, 2013). Research has shown that monitoring cues
presented to learners in the form of online feedback during the task might help them to make accurate
judgments (Ariel, Dunlosky, & Bailey, 2009; Koriat et al., 2006). Supporting such findings, we found that
complex problem-solving simulations (e.g., Tailorshop) that provide performance feedback during CPS may
help learners to make accurate judgments about their task success.



The current findings show that positive group emotions were related to increased objective group
performance in CPS. Several meta-analyses have reported a significant relationship between emotional
valence and learning achievement in educational settings (G6tz & Hall, 2013; Loderer, Pekrun, & Lester,
2018). Positive emotions contribute to better academic achievement by activating self-regulatory processes,
such as deep learning strategies (Ahmed, der Werf, Kuyper, & Minnaert, 2013; Ranellucci, Hall, & Goetz,
2015). On the other hand, negative emotions were found to be detrimental to self-regulatory processes and
achievement (Pekrun, Hall, Goetz, & Perry, 2014). In line with such results, our findings showed that a
positive emotional climate among team members that is reflected as positive emotional valence led to higher
CPS performance. However, emotional climate in our study may not have been limited to the social
interactions among the team members. Cognitive interactions (e.g., planning, and strategy development)
among the members during CPS might also contribute to the development of positive emotions. In our study,
groups could observe the effectiveness of their cognitive strategies through the feedback presented by the
simulation. Positive feedback has a positive influence on metacognitive experiences (Efklides, 2004;
Efklides & Dina, 2004). Thus, the simulation’s feedback may have influenced the emotional valence of the
group members as well. Future research should investigate how positive emotions based on social
interactions or cognitive interactions impact group success in CPS.

Task difficulty was not related to objective group CPS performance. Efklides and colleagues (2006) also
found that task difficulty and task performance may be unrelated in very difficult tasks. The CPS simulation
in our study involved complex relationships between its variables, meaning that it may be classified as a very
difficult task. One possible explanation for the insignificant relationship between task difficulty and
objective group CPS performance may be that the groups had no time limitation for the CPS task. Thus, it
can be assumed that the groups had sufficient time to discover the relationships among the variables in the
CPS simulation, no matter how difficult it was. Group CPS success may therefore rely on shared efforts and
strategies rather than task difficulty if there is no time limit.

Finally, no relationship was observed between task interest and objective group performance. Task interest
refers to the extent that one enjoys or values performing a task (Cleary & Chen, 2009), and it includes an
affective dimension. Thus, a positive association can be expected between task interest and emotions
(Efklides et al., 2018). Supporting this assumption, the existing study found a strong correlation between task
interest and emotions (see Table 1). Our path analysis also showed that emotions contribute significantly to
task interest (Figure 2). However, only emotions were found to be related to CPS performance. Thus, it can
argued that emotions explain a significant amount of variance in task interest, which might confound the
relationship between task interest and CPS performance.

5.3. Theoretical implications and the significance of the study

Metacognitive experiences are innately individual and subjective (liskala et al., 2011), but they are affected
by the task content and context (Koriat & Levy-sadot, 2000). Thus, it is important to study metacognitive
experiences in social settings to observe how these emerge in group contexts (Efklides, 2006). However,
research on metacognitive experiences has been mostly conducted in individual learning environments. The
few studies that have investigated metacognitive experiences in a collaborative setting have reported that
metacognitive experiences facilitated socially shared metacognition (liskala et al., 2011). Metacognitive
monitoring fuels the regulation of learning in collaborative groups (Hadwin et al., 2017), but little is known
about the interplay of metacognitive experiences during collaboration. The current study thus addresses a
significant gap in the literature by focusing on the relationships between metacognitive experiences and
performance outcomes in CPS.

Traditionally, metacognition research was limited to cognitive processes in learning (Dinsmore et al., 2008).
The current study contributes to the growing body of research that addresses the interactions between
metacognition and affect by investigating the relationship between cognitive and affective metacognitive
experiences. Specifically, our findings show that confidence judgments are related to emotional valence and



mental effort, indicating that confidence judgments are based on both cognitive and emotional experiences
during CPS.

Individuals often fail to apply effective regulatory strategies during collaboration (Barron, 2003). One reason
for this is inaccurate judgment (i.e., monitoring) about ongoing performance (Dunlosky & Rawson, 2012). It
has been found that learners can easily base their metacognitive judgments on momentary heuristics rather
than effortful monitoring (Kahneman, 1973; Koriat, 2007). Providing feedback during a task may prompt
learners with regard to task-specific monitoring processes and facilitate accurate judgments about the task
performance (Hattie & Timperley, 2007; Sun et al., 2020). Therefore, effective feedback should be
embedded in collaborative learning to foster successful team collaboration and effective monitoring. The
current study utilized a CPS simulation that provided continuous feedback during the collaborative task. Our
findings show that feedback might decrease the discrepancy between confidence judgments and performance
outcomes at both the individual and group levels. Thus, we suggest that computer-based CPS simulations
with feedback features can foster effective regulation by activating relevant metacognitive experiences.
Specifically, providing feedback on group performance outcomes in CPS might help group members to
update their strategies in order to improve their performance. However, feedback in technology-enhanced
learning environments need not be limited to performance outcomes. It can also be based on the interaction
behaviors of the group members during CPS (Holland, Baghaei, Mathews, & Mitrovic, 2011). For example,
several CPS environments have been developed in which group members can collaborate synchronously
through a chat interface (Chang et al., 2017). Real-time analysis of such chat dialogs with advanced
computational methods (e.g., machine learning) can help to detect students’ metacognitive experiences in
different dimensions (e.g., cognitive, motivational, and emotional) (Bannert, Molenaar, Azevedo, Jarvela &
Gasevic¢, 2017). Based on the momentary analysis of students’ metacognitive experiences, it might be also
possible to support collaborating students in terms of effective regulation of cognitive, motivational, and
emotional processes during CPS. Future research is necessary to explore this opportunity.

6. Limitations and future directions

The first limitation of this study concerns the CPS task. Metacognitive experiences in the current study were
investigated in a highly complex CPS task. Thus, the findings might not be generalizable to CPS conditions
that include different levels of task complexity. Further, the CPS task was running a business simulation.
Therefore, the study findings might not be applicable to CPS tasks with different problem states. The second
limitation lies in the sample. The participants were mostly postgraduate adult students, so the current
findings may not be generalizable to younger populations at lower education levels. Furthermore, the sample
size can be considered modest, although the path analysis results displayed good fit values. A larger sample
size is suggested for future replications. The third limitation is related to the analytical method. This study
employed established single-item self-report questionnaires to measure metacognitive experiences and
emotions during CPS. However, perceived CPS performance was only measured at the end of the CPS task.
Thus, the current findings display the overall relationships between metacognitive experiences, emotions,
and perceived CPS performance rather than temporal covariations. Future studies could measure perceived
CPS performance repeatedly along with the other variables of the study to address this limitation. The study
featured a CPS task that included three participants in each group, but in a few groups, a participant had to
leave before the task was finished. Those groups then completed the task in dyads. It is possible that some of
the measures might have been influenced by the group size. A possible future work would be to study how
metacognitive experiences are affected by group size in CPS. In addition, groups worked toward reaching an
externally imposed goal. Future studies should explore how metacognitive experiences and emotions vary in
CPS tasks in which groups have the autonomy to negotiate and decide on their own goals. Similarly, the
existing study did not address the personality traits of group members, and future studies can explore how
metacognitive experiences unfold in groups with regard to certain personality traits. Furthermore, this study
did not focus on the temporal nature of social interactions among the group members. It would be interesting
to investigate how specific shared processes (e.g., negotiation, conflicts, regulation, and argumentation)



affect group members’ metacognitive experiences. A key feature of collaborative work is that individuals
receive feedback and support from others in the group, so the feedback provided to participants may not have
been the only source of feedback affecting the performance score in the simulation. We suggest that the ways
in which different feedback sources affect metacognitive experiences and performance in CPS be
investigated. Finally, it is possible that asking participants to reflect about their metacognitive experiences
during CPS with situated self-reports might have stimulated higher metacognition. Research on
metacognitive prompting has shown that presenting students with generic reflective questions about their
cognition and task progress might promote effective team collaboration and better performance (Newton,
Wiltshire & Fiore, 2018; Wiltshire, Fiorella, & Fiore, 2014), but the empirical evidence on the issue is
scarce. Therefore, a promising line of future research would be to investigate whether prompting students to
reflect about their metacognitive experiences would affect team collaboration and performance in CPS.

7. Conclusion

Several conclusions can be drawn from the current findings. First, they provide further evidence that
metacognitive experiences in CPS cannot be seen as separate constructs that are limited to the learners’
individual metacognitive monitoring. Rather, they are socially constructed and intertwined subjective
feelings and judgments that inform about the features of task progress and outcome in CPS. Therefore,
studying metacognitive experiences in isolation would not be sufficient to elaborate the transactivity between
cognitive, motivational, and emotional processes in social learning settings.

Second, we found that metacognitive judgments are based on cognitive (i.e., mental effort), affective (i.e.,
emotional valence), and external (i.e., feedback) cues derived from the learning context. These findings have
implications for designing computer-based CPS simulations, which can facilitate accurate metacognitive
judgments by providing learners with multiple metacognitive monitoring cues that draw learners’ attention to
the cognitive, affective, and external features of task processing.

Third, metacognitive experiences are inner subjective judgment and feelings. Thus, it has been questioned to
what extent individual metacognitive experiences are expressed and shared among the group members
(Efklides, 2006). The current study shows that metacognitive experiences measured at the individual level
can be indicative of the objective group performance. It can be inferred that individual and group
metacognition are linked, indicating that collective group experiences are developed through group members
explicating and sharing their individual feelings and judgments with the others.

To conclude, metacognitive experiences are features of metacognitive monitoring that serve as online cues
for activating regulatory loops necessary for successful learning. Understanding the interdependencies
among the metacognitive experiences in CPS might help to develop learning designs and tools that facilitate
effective metacognitive monitoring and self-regulated learning. The current study can be considered a
preliminary attempt to unearth such interdependencies.
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