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Preface

Metacognition is an individual’s ability to manage their own learning process. That

is, it can be stated as the ability of a person to plan, monitor, organize, and evaluate
how they will learn. Metacognition also helps the individual determine learning goals,
develop learning strategies, use resources effectively, and evaluate their progress in
the learning process. In addition, this skill enables the person to be more effective and
efficient in the learning process.

Understanding how cognitive processes affect people’s thinking and how the learn-
ing process takes place is a very important issue today. The complex structure and
functioning of the human brain is one of the main features that distinguishes us
from other living things. At this point, the concepts of metacognition, cognition, and
cognitive learning come to the fore.

This book aims to provide a comprehensive overview of metacognition, cognition,
and cognitive learning. It examines topics such as how the human brain works, think-
ing and decision-making processes, problem-solving skills, and learning methods and
is aimed at helping the reader understand cognitive processes more deeply.

In the first section of the book, the concept of metacognition in learning is discussed.
In the first chapter, the concepts of cognition, metacognition, metacognitive strategy,
and metacognitive skill are examined within a theoretical framework and the place of
these concepts in education is discussed. Additionally, examples of metacognition are
given and its importance is revealed.

In the second chapter, metacognitive strategies and their types are given definitions.
In addition, the connection between 21st-century skills, metacognition, self-regulated
learning, collaborative, creative thinking, and metacognition is revealed.

The third chapter introduces the idea of metacognition to any reader interested in
learning more about it. The chapter opens with a broad explanation of the topic at
hand. The ability to reflect on and analyze one’s cognitive functioning is known as
metacognition. Also, social metacognition and the self-concept, social metacognition
and stereotypes, and social metacognition and attitude are all discussed.

In the fourth chapter, important aspects of teaching metacognition are explained.
Learning that helps develop and use the student’s metacognition promotes meaning-
ful learning and provides better learning outcomes. It is emphasized that the PDCA—
namely preparing (P), doing (D), checking (C), and evaluating and following up
(A)—metacognitive learning strategy was developed as an alternative to metacogni-
tive learning.

The fifth assesses how effectively metacognitive knowledge contributes to various
facets of personality development. Also, this chapter highlights the significance of



using metacognitive knowledge for comprehensive learner development and empha-
sizes the vital role of teachers in imparting metacognitive skills, thereby guiding
learners toward personal growth. The findings underscore the potential of meta-
cognitive knowledge in molding individuals into well-rounded personalities, with
significant implications for educational practices.

In the sixth chapter, research, findings, and discussion emerging from a theoreti-

cal exploration of imagination as cognition and metacognition are presented. The
researcher took a pragmatic stance in addressing a problem encountered in education
practice: that an articulated understanding of “imagination “is largely absent, and

its likely relationship with metacognition is little articulated, despite these being
essential components of learning. This chapter is largely concerned with the model of
imagination and metacognition that emerged through this process.

In the second section of the book, cognition and human psychology are discussed.

In the seventh chapter, information is provided that personalization in education

in response to individual needs not only facilitates students to learn better by using
different strategies but also meets the teaching needs of teachers in designing various
teaching platforms. Moreover, while this chapter emphasizes that personalized learn-
ing using computers and mobile devices is one of the latest trends that has a global
impact and promises to offer new methods that improve and stimulate learning, the
effects of using technologies without taking into account pedagogical theories and
models are emphasized.

The eighth chapter explores the MetaFlex framework, a novel approach that com-
bines metacognition and psychological flexibility to foster personal growth and
enhance psychological well-being. The MetaFlex framework focuses on the integra-
tion of metacognitive strategies and techniques to enhance self-awareness, cognitive
flexibility, and adaptive thinking.

In the ninth chapter, the impact of teacher workload on students’ academic excellence
and metacognition is investigated to find measures to inform appropriate teacher
workload. While it has been previously revealed that excessive workload can cause
stress and prevent teachers from completing the curriculum on time, this chapter
shows how it affects students’ metacognition and academic excellence, and recom-
mendations are given.

In the third section of the book, metacognition, transformative learning, and ICT are
discussed.

In Chapter 10, transformation and motivation through the application of awareness
and metacognition are emphasized. This chapter describes metacognition, the value
of metacognitive awareness, and how it can be used to improve student learning and
academic performance. In addition, while the effects of metacognition on learning are
focused on in this chapter, the importance of awareness and use of metacognition in
education is also emphasized, as it enables students to think big.

Chapter 11 examines students’ perspectives on transformational learning experi-
ences. Inspired by Mezirow’s ten-stage transformative learning theory, the theoretical
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framework for understanding and analyzing students’ impressions of transformative
learning activities is also introduced. This theory places a strong emphasis on the
important teaching and learning opportunities that are linked to students’ previous
experiences, and the importance of critical thinking and revision that can resultin a
transformation in students’ knowledge is also emphasized in this chapter.

Chapter 12 explores educators’ and students’ perceptions of transformative learn-
ing through technology in rural schools. Transformative learning theory and the
Technology Readiness Index model form the basis of this chapter. This chapter also
reveals why most educators and students are optimistic about the use of information
and communication t (ICT) to support teaching and learning, as well as what chal-
lenges they face and what methods they prefer to manage the situation.

Chapter 13 examines how students’ collaboration processes have different character-
istics that serve as peer scaffolding to support their learning. This chapter emphasizes
how students collaborate with their peers, allowing each student to express and
speak their ideas, but also how they have the chance to develop the ideas of others by
listening to and incorporating the collaborator’s suggestions. Constructive feedback
provided by peers and how they help refine and enhance each other’s understanding
and learning products are the highlights of this chapter.

Chapter 14 aims to explore the integration of information and communication tech-
nology (ICT) during teaching and learning encounters in a country. In this chapter,
it is emphasized why schools should pay significant attention to ICT integration
training, competence, and appropriate software and materials to enable a computer-
integrated teaching and learning culture for their various needs.

In the fourth section of the book, metacognition in special education is discussed.

Chapter 15 discusses reading comprehension, prior knowledge, and vocabulary
knowledge, specifically with individuals who are deaf and hard of hearing. Also,
this chapter defines metacognition and other terms related to reading comprehen-
sion. Metacognitive strategies are critical for reading comprehension, and plan-
ning strategies, which are also defined as before reading strategies, are the most
critical.

In the fifth section of the book, metacognition and cognition in science are discussed.

Chapter 16 explores how teachers apply case studies as a teaching method that
encourages critical thinking in science learning. The study was informed by
Vygotsky’s social constructivism and Shulman’s pedagogical content knowledge.
Both theories align constructively with the study as they emphasize that knowledge
is produced through active participation and that the subject should be guided using
relevant pedagogy. This chapter also explains why teachers should collaborate with
other science teachers and science cluster leaders to share knowledge.

Chapter 17 emphasizes how to communicate clearly in STEM fields, mastering
discipline-specific vocabulary and writing style and citation norms, in addition
to following general rules for quality writing. In addition, in this chapter, the
role and application of metacognitive approaches in science and writing studies

XIX



may differ, and different communication environments are discussed, in which
metacognitive approaches taken from chemistry education and writing studies can

be applied.

In Chapter 18, the role of teachers in chemistry metacognition, what metacognition
and chemistry metacognition are, their importance in chemistry education, and how
they can be taught or developed to science or chemistry students who find the subject
challenging are discussed. The importance of using metacognition and chemistry
metacognition skills, knowledge, and attitudes in modeling and scaffolding by science
and chemistry teachers in order for students to observe and learn metacognition in
practice is also emphasized in this chapter.

Finally, Chapter 19 aims to explore the use of the conceptual change approach to
improve students’ understanding of the quantitative aspects of chemical change. In
this chapter, the reader is informed that the conceptual change framework is effective
in changing students’ misconceptions and facilitates greater conceptual understand-
ing, and the study proposes a well-designed conceptual change teaching approach
that leads to significantly better acquisition of scientific concepts.

This book aims to contribute to the understanding of cognitive processes and the
development of learning skills. In addition to providing the reader with basic infor-
mation about metacognition, cognition, and cognitive learning, it aims to provide a
better understanding of the subject with practical applications and examples.

I hope this book will be a useful resource for you about cognitive processes and learn-
ing. I wish you a pleasant reading.

Kind regards,

Dr. Murat Tezer

Professor,

Primary Mathematics Education Department,
Near East University,

Nicosia, Northern Cyprus
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Section 1

Metacognition in Learning




Chapter1

Cognition and Metacognition in
Education

Muyrat Tezer

Abstract

Metacognitive skills help students develop skills such as problem-solving, critical
thinking, leadership, and responsibility. This chapter aims to examine the concepts
of cognition, metacognition, metacognitive strategy, and metacognitive skill within
a theoretical framework and to reveal the place of these concepts in education. In
the research literature review method was used. In the light of the results obtained
based on the research findings, it was determined that metacognitive strategies help
students improve their cognitive skills during the learning process and are related to
academic success. This research reveals the need to emphasize the importance and
place of metacognitive skills in education, to teach students strategies, and to guide
them when and where to use them. Additionally, students need to gain appropriate
experiences and practice to develop their metacognitive skills. Metacognitive develop-
ment begins at an early age and continues throughout the teaching process; therefore,
it is very essential to carry out activities that support metacognition, especially at
preschool and primary school levels. The general conclusion is that developing meta-
cognitive skills increases students’ cognitive competencies and makes them respon-
sible for their learning, which in turn enables students to become more independent
learners and increases their overall academic success.

Keywords: metacognition, cognition, metacognitive skill, strategy, awareness,
metacognition in education

1. Introduction

Today, with the increase in knowledge, rapid changes and developments occur in
social life, and many areas of human life are affected. With this effect, individuals’
learning and information-processing skills improve. While it was previously consid-
ered sufficient to simply memorize and repeat information, now comprehension and
interpretation skills have gained importance. Individuals can analyze the information
they learn, establish relationships between different information, and associate this
information with their own experiences [1]. In the fast-paced and ever-evolving
world we live in today, it is not enough for students to simply access information.
They also need to process information effectively and apply it in a variety of study
areas. This includes the ability to synthesize information from different sources, think
critically about complex problems, and communicate ideas effectively [2].
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Learning to learn is a skill supported by the contemporary education system. It is
thought that the individual who acquires the skill of learning to learn uses versatile
thinking and questioning skills. The individual who uses questioning skills will carry
out thinking activities on his/her behaviors and thoughts. As a result, the individual
will be able to organize his metacognitive knowledge by thinking about his/her
thoughts. Metacognition refers to the knowledge and awareness of an individual’s
thinking processes, the ability to reflect on and adjust an individual’s thoughts,
control this process, and use learning strategies consciously. This concept enables stu-
dents to actively guide the learning process and achieve better results by using effec-
tive learning strategies [3]. As the individual’s metacognitive awareness increases, his
perception of himself and his environment will differ, and this awareness can con-
tribute to the raising of conscious, questioning, and intellectual individuals. Efforts
to raise conscious individuals in education have begun to progress rapidly on a more
meaningful path with the emergence of the concept of metacognition and the studies
carried out on this subject [4]. High-quality instruction not only teaches students
domain-wide knowledge but also provides metacognitive knowledge. Metacognitive
knowledge helps students understand their learning processes and enables them to
use learning strategies more effectively. Students need to understand how they learn,
what strategies are most effective for them, and how they can be better organized [5].

1.1 Cognition and metacognition in theory

According to the information processing approach, learning occurs through the
flow of information within sensory recording, short-term memory and long-term
memory elements. Executive processes have an important place in the process of ensur-
ing and directing the flow of knowledge within mental processes. Executive processes;
they are the memory system elements that monitor and direct what information will
be processed in the learning-teaching process, how this information will be processed,
and control the learning-teaching process order. It involves being aware of one’s own
thoughts, understanding how these thoughts influence learning, and making conscious
efforts to regulate and control cognitive activities; it is the regulation and control of
these processes to increase remembering. Metacognition includes the skills of (a) being
aware of one’s own learning and memory capacity, (b) knowing the qualities of the
learning strategy to be used, (c) planning for the study to be done, (d) using effective
learning strategies, and (e) monitoring and evaluating the learning situation [6].

The first words on the subject of metacognition and therefore the emergence
of the concept of metacognition began to be put forward by Flavell in 1976, and this
concept was used to describe the individual’s own cognitive processes and knowledge
and the knowledge that can keep cognitive processes under control. The subject of
metacognition includes the individual’s awareness of what he knows, that is, “meta-
cognitive knowledge”, the subjects that the individual can do, that is, “metacognitive
skills”, and what the individual knows about his cognitive ability, that is, “meta-
cognitive experience”. If we want to explain metacognition using the words Flavell
first used, we would have to say that it is “cognition and knowledge about cognitive
phenomena” [7]. Flavell [8] presented metacognition and cognitive monitoring in
a model of stages. Cognitive monitoring takes place via “activities and interactions”
between these four structures: (a) metacognitive knowledge, (b) metacognitive
experiences, (c) goals (tasks), and (d) activities (strategies).

Another important part of Flavell’s [8] model was metacognitive experiences that
enable people to notice, direct, and evaluate their thought processes [8]. While these
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experiences help improve learning and problem-solving skills, they also contribute
to a better understanding of one’s mental processes. These metacognitive experiences
can occur before, during, and after a cognitive activity [9]. Flavell’s definition of
metacognitive components states that metacognitive knowledge is one’s information
about his or her cognitive abilities, learning, and universal characteristics of learning.
On the other hand, he considers metacognitive experiences as control and regulation
processes, such as a person actively monitoring his cognitive process and his/her
thinking consciousness.

While Flavell states that metacognition can sometimes be unconscious and
emotionally charged, Brown et al. [10] have the opposite idea. They suggested that
the management of cognition is a purposeful and emotion-free element. Brown [11]
claimed that it involves “purposeful efforts toward learning and problem-solving
and actions of predicting, controlling, monitoring, testing, coordinating.” He divided
the management of cognition into two main categories: (a) knowledge of cognition,
which involves the individual thinking consciously about his cognitive abilities and
actions, and (b) regulation of cognition, which are activities related to self-regulatory
mechanisms in the learning or problem-solving process. Although he considered
these two elements as two separate areas of research, he stated that they were “very
closely related to each other” and constantly supported each other. Knowledge of
cognition is what an individual knows about a particular sequence of events or a
particular thing. The second element, regulation of cognition, involves the individual
thinking about, monitoring, and controlling mental processes. It is the operational
aspect of cognition management [10, 12]. Metacognition includes knowledge and
regulations regarding cognitive activities during the individual’s learning process [8].
Metacognition is defined as one’s own awareness of his/her metacognitive processes
and strategies [13].

Metacognition, which is related to the individual’s self-reflective feature, draws
attention to how individuals think and understand during the learning process and
how he/she assimilates and understand information [14]. Thus, metacognition helps
the individual develop the thinking mechanism to fully learn and understand. As
Vygotsky [15] emphasized, when the student is aware of his thinking processes, he
gains control over how he learns. A few terms have emerged related to the concept of
metacognition, which we have used widely for years:

These are metacognitive beliefs (the capability to evaluate and question one’s own
beliefs and thoughts and manage them through a metacognitive approach), meta-
cognitive awareness (the capability to recognize and consciously manage one’s own
mental processes, ideas, feelings, and beliefs), metacognitive experiences (the ability
to notice, monitor, and evaluate one’s own mental processes, thoughts, and percep-
tions), metacognitive knowledge (the capability to be conscious, knowledgeable about
an individual’s thoughts, beliefs, memory thinking processes, and learning strategies),
feeling knowing, judging learning, theory of mind, meta-memory, metacognitive
skills, higher-level skills, meta-components, monitoring by understanding, learning
strategies, heuristic strategies (cognitive methods and approaches used to generate
new and creative solutions), and self-regulation [16]. Veenman et al. [16] tried to
explain these concepts by considering metacognitive knowledge and skills separately.
They stated that metacognitive knowledge reflecting our learning process may be true
or false and that this self-knowledge may be closed to changes. They emphasized that
metacognitive skills have a feedback mechanism and are open to transformations.

Schraw and Moshman [7] further examined Brown’s distinction between meta-
cognition and the regulation of cognition in his model. Metacognition is discussed
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under two general headings: self-evaluation and self-management. Self-assessment
parallels the structure called cognitive management knowledge by other researchers.
This category includes the individual’s personal opinions about his or her knowledge
and abilities, such as memory abilities, problem-solving capacity, or other cognitive
abilities. Self-management looks like the adjustment of cognition. It expresses the
organizing of cognition in action. They are mental procedures that help organize the
elements of problem-solving. These processes include plans made before starting a
task, adjustments made while working, and reviewing the process afterward. These
two elements of cognition management processes are interrelated [17].

Tobias and Everson [18] discussed cognitive management as a combination
of knowledge and skills. This component can be examined in three main areas.
Metacognitive knowledge is a kind of monitoring, which is one’s learning processes
and the controlling of these processes. A prerequisite for metacognitive processes is
monitoring. Students intensively engage in monitoring activities in learning environ-
ments where they gain new knowledge. Information monitoring can be thought of as
the capability to understand what is known by an individual and what is not known.
Students who accurately analyze what they have already learned and what they have
not yet learned perform better at focusing their interests and other cognitive sources
on the material to be learned. As aresult, they developed their model by adding
information monitoring and control to the metacognition model consisting of three
components [18].

1.2 Difference between cognition and metacognition

When the definitions of metacognition are examined, the expression cognition
is often encountered. Therefore, some comparisons have been made to better under-
stand the relationship between the concepts of cognition and metacognition. One of
these comparisons is that the concept of cognition deals with the individual’s ability
to comprehend any situation by being aware of it, while metacognition is not only
cognition but also being aware of how he comprehends this situation and think-
ing about how he learned [19]. According to another comparison, while cognition
includes strategy and actual operations, metacognition includes what the individual
knows about his cognitions and his ability to control these cognitions [20].

According to Yildiz [21], while cognition is the individual’s knowledge of a
situation, metacognition deals with the individual’s awareness of his or her level of
knowledge. To give an example, Gama [22] stated that the ability required to under-
stand a text by reading it is different from understanding how much one can com-
prehend this text. The knowledge about solving a mathematical problem is cognitive,
but the individual’s ability to compare the ability to read the text with the ability to
solve a mathematical question and determine which one is better is metacognition.
Just as the definitions of cognition and metacognition are different, there are also
differences in their functions. In this context, the function of cognition is to find
cognitive solutions to solve problems and achieve the goal. The task of metacognition
is to regulate the cognitive work of a person while solving problems or to manage the
learning task [20].

1.3 Metacognitive awareness

Metacognitive awareness is the individual’s awareness of his/her cognitive pro-
cesses and the capability to control these processes. Thanks to this awareness, the
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student can understand how he learns, what strategies he uses, and when he needs
help. Metacognitive awareness helps the student make the learning process more
effective and enables them to develop learning strategies. Metacognitive awareness is
the state in which the student has information about how much of the field knowledge
he has mastered in the learning process, which personal learning strategy he should
use and why he uses it, and what he has done and should do until he reaches his goal
[23]. According to Demir and Doganay [24], metacognitive awareness is expressed as
planning the work to be done by focusing attention, being able to evaluate the stages
in the learning process, and making arrangements, in short, learning to learn. In other
words, metacognitive awareness is one’s own awareness of his/her knowledge about
what, how, and by what means he/she can learn in the learning process [25]. As can be
understood from the definitions, metacognitive awareness can generally be expressed
as thinking about one’s work, structure, and knowledge of the cognitive system

[26, 27]. In this context, it can be said that metacognitive awareness can be expressed
as “cognition about cognition” [28].

1.4 Metacognitive knowledge

Pintrich et al. [29] stated that metacognition is divided into two basic structures,
which are (1) metacognitive knowledge and (2) metacognitive control and regulation.
Some researchers have stated that metacognitive control and metacognitive regula-
tion are different structures. What is expressed here as metacognitive regulation is the
concept of self-regulation. These concepts can be discussed together and separately
in the literature. Conceptually metacognition, compared to self-regulation, has been
introduced to the literature before, and studies have been carried out in this field [30].
Later, in the 1980s and 1990s, educational and developmental psychologists proposed
that individuals have different ways of monitoring, controlling, and regulating
their learning [31-33]. According to Pintrich et al. [29], under the metacognitive
knowledge dimension, students’ declarative, process, and situation-based knowl-
edge is grouped as knowledge of cognition and cognitive strategies. Metacognitive
knowledge can be expressed as one’s knowledge about one’s cognition and is located in
long-term memory under a topic that has previously been learned in different ways;
for example, it is a term related to awareness of learned information such as geog-
raphy, mathematics, and physics. Metacognitive knowledge is a more static concept
than monitoring and regulation and is the student’s awareness of what he knows or
does not know. Metacognitive knowledge; it also includes one’s self-knowledge, task
recognition, and strategy recognition, which are among the variables that affect
cognition. Knowing oneself means being aware of one’s attributes, but also knowing
one’ differences from other people.

2. The place of metacognition in education
2.1 Metacognitive teaching

One of the most important factors underlying teachers’ ability to provide strong
and effective teaching is their ability to develop students’ metacognitive awareness.
Metacognitive development is a complex process. As a result of the research, three basic
rules have been put forward for successful metacognitive teaching: (1) giving meta-
cognitive teaching by connecting it with the content, (2) informing students about the
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usefulness of metacognitive activities so that they spend more effort, (3) providing

a long-term training for successful metacognitive activities. Provision of education.
For teachers to provide metacognitive development in students, they must have three
important teaching skills [34]. First, the teacher can give the student tasks or tasks that
he can think about intensively. Secondly, it can provide a classroom environment where
students can think and reason without fear and with mutual respect and are encour-
aged to do research. The third teaching skill is to give students time to express their
thoughts about what they have learned. The teacher, who plays a central role in the
metacognitive development process, encourages students to think and answer ques-
tions such as how and why during learning [14]. However, research shows that teachers
and university academics have little knowledge about metacognition [35, 36].

2.2 Metacognition and measurement-evaluation

In education, in addition to summative assessment to measure learning outcomes,
formative assessment that provides information about the learning-teaching process
has become a necessity. With formative assessment, teachers enable students to
engage with thought-provoking questions by providing a discussion environment
and accelerating learning through various activities such as peer and self-assessment,
observations, quizzes, and portfolios [37]. The formative assessment approach
improves learning with five important features [38, 39]: (1) providing effective feed-
back to students, (2) enabling students to learn actively, (3) assessment to organize
teaching according to the evaluation results, (4) to improve students’ self-esteem and
motivation, and (5) to allow students to evaluate themselves and understand how
they develop. Formative assessment, which provides an opportunity for students to
evaluate themselves and monitor their development, also implicitly helps the devel-
opment of students’ metacognitive awareness [40].

Sadler [41] emphasized that formative evaluation depends on two important fac-
tors. First, students need to understand the range between the learning goal and their
current level. Second, students need to close this gap. Although the teacher activates
this process and guides the student, learning must occur by the students [42]. In other
words, students need to be active in the learning-teaching process. Students must
take an active role during learning, teaching, and evaluation for the development of
metacognitive awareness [43]. A learning-focused assessment-evaluation approach,
in which the student plays an active role and provides feedback for learning, enables
the student to learn more deeply and effectively [38]. Therefore, learning-oriented
assessment and evaluation can ensure the metacognitive development of the stu-
dent. For example, through self-assessment, which is one of the learning-oriented
measurement-evaluation methods, the student reflects and creates feedback during
the learning process. Thus, self-assessment helps students understand what they have
learned more deeply and improve the teaching strategies they use, contributing to
their metacognitive development and activities in future lessons [44].

Measuring metacognition is very difficult for many reasons: (1) metacognition is a
complex structure, (2) metacognition cannot be observed directly, (3) metacognition
can be a mixture of both verbal ability and memory capacity, and (4) existing mea-
surements tend to be more narrowly focused and distant from learning [45]. For this
reason, the assessment-evaluation practices that teachers will use when measuring
metacognitive knowledge will tend to be informal rather than formal [46]. Pintrich
suggested that when teachers measure metacognitive knowledge informally, they
usually do so by listening to students’ cognitions and what they have learned.
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2.3 Metacognitive strategies

Hartman [47] compared cognitive skills to “workers” and metacognitive skills to
“bosses” and stated that cognition brings about the mental activities decided by meta-
cognition. Accordingly, while coding (recording information), inferring, comparing,
and analyzing constitute cognitive strategies, planning, monitoring, and evaluation
constitute metacognitive strategies. Metacognitive strategies include thinking about
the learning process by consciously following one’s cognitive strategies to achieve
specific goals, planning learning, monitoring understanding as it occurs, and self-
evaluating learning [48]. That is, these strategies consist of planning, monitoring, and
evaluation [17, 32, 49-51].

The proper planning process includes selecting appropriate strategies and orga-
nizing resources. As you mentioned in the reading example, the student can make
predictions and list strategies before starting to read. It can also achieve a more effec-
tive reading experience by selectively distributing time and attention. Planning helps
the student better organize the learning process and achieve their goals [52]. In other
words, it can be said that the individual’s making arrangements for his learning before
learning is within the scope of this strategy. The sentence “I prepare for the topic to be
covered before the mathematics lesson” can be given as an example of planning [53].
The planning strategy is divided into four different sub-steps [50]: (1) advance orga-
nizers, (2) organizational planning, (3) selective attention, and (4) self-management.
According to Zhang and Seepho [50], metacognitive strategies play an important
role in the reading comprehension process. These strategies are used in three stages:
preorganization, organizational planning, and selective attention.

In the advance organizers phase, the student understands the meaning and nature
of reading, determines reading goals, and plans the purposes of secondary reading
tasks. At this stage, the student also details the preliminary information about the
reading task.

In the organizational planning phase, the student plans the content of each task,
divides specific reading tasks into sections, plans strategies for completing the tasks,
and details preliminary information about the reading tasks. In the selective atten-
tion stage, the student sorts strategies for completing tasks and selects appropriate
reading strategies to focus on a particular task. These metacognitive strategies make
the student’s reading comprehension process more effective. The student uses reading
strategies relevant to a particular task and adjusts those strategies to achieve his or her
goals. This is an indicator of self-management because the student realizes, controls,
and directs his cognitive processes [50].

Monitoring is a cognitive process that reflects progress in line with goals and feed-
back [54]. Lv and Chen [55] defined monitoring as being aware of what one is doing.
According to Mahdavi [56], monitoring includes the self-testing capability necessary
to organize learning and learning environment. It also refers to critical analysis of
the validity of strategies or plans being implemented. Thus, this strategy allows the
individual to evaluate learning demands and outcomes to inform the construction of
a higher-level mental model [57]. Thus, learning is increased by monitoring cognition
[30]. The monitoring strategy is divided into two different sub-steps [50]: (1) moni-
toring comprehension and (2) monitoring production. When using the monitoring
strategy during reading, checking one’s meaning, accuracy, and appropriateness of
the reading process, as well as one’s capabilities and difficulties in each reading task,
helps to monitor comprehension; inspection by the teacher to see whether the read-
ing strategies used in the classroom can solve comprehension problems, monitoring
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selected reading strategies, and adopting alternatives when they do not work also
indicates monitoring production [50].

Evaluation mentions evaluating the efficiency and products of one’s learning [52].
According to Mahdavi [56], evaluation refers to examining the progress made toward
targets that will enable planning, monitoring, and evaluation. In other words, it is
areview of the learning itself at the end of learning. In mathematics, the sentence
“After studying the combination subject, I will give myself an exam on that subject”
can be given as an example for evaluation [53]. The evaluation strategy is divided into
three different sub-steps [50]. These are (1) self-monitoring, (2) self-evaluation, and
(3) self-reflection. Accordingly, when using the evaluation strategy after reading,
evaluating whether the reading target was successful or not is a self-control; self-
assessment of how well one has learned to read and one’ use of reading strategies;
thinking about whether he needs to go back to understand better is also given as an
example of self-reflection [50].

It has been stated that metacognitive strategies are related to success and learning
in many disciplines, especially in reading, mathematics, and science [58]. The use of
metacognitive strategies in the teaching process allows students to take ownership
of their learning and become active participants in the evaluation and improve-
ment of their knowledge and skills. By engaging in metacognitive activities, such as
self-assessment and reflection, students can identify any gaps or misunderstandings
in their understanding of the content. This self-evaluation process enables them to
recognize their strengths and weaknesses and make necessary adjustments to their
learning strategies. For instance, when a student completes a study session, they can
employ metacognitive strategies to assess their comprehension of the topic. They may
ask themselves questions like, “Can I explain this concept in my own words?” or “Can
I solve problems related to this topic?” This self-checking process helps the student
become aware of their level of understanding and identify areas that require further
attention. If the student finds that they have a strong grasp of the material, they are
likely to continue using the same learning strategies in future situations. This rein-
forces their confidence in their approach and enhances their learning efficiency. On
the other hand, if the student realizes that they have not fully understood the topic,
they are likely to reevaluate their learning strategies and make necessary changes. For
example, they may decide to seek additional resources, ask for clarification from the
teacher, or adjust their study techniques. The student must be aware of metacognitive
strategies and use these strategies to control his learning and make adjustments when
deemed necessary and to achieve the goal of learning. According to Avargil et al. [59],
students’ use of these strategies can also improve their learning strategies. Therefore,
it is argued that metacognition has a big capability to enable students to become suc-
cessful learners [60].

2.4 Development of metacognition

So, can students’ metacognition levels be improved? According to Mahdavi [52],
the answer to this question is definitely “yes” It is argued that metacognitive develop-
ment, with individual differences, begins at an early age (5/7 years old) and develops
during the teaching process [61, 62]. Because between these ages, children begin to
have the awareness that they are thinking and learning as individuals [61]. Promoting
metacognition; it starts with creating awareness among students that the existence of
metacognition is different from cognition and that it develops academic achievement
in an appositive way. The next stage is to teach the strategies and, more crucially, to
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answer students’ needs to create clear information about determining the time and
place of using strategies [63]. For all these, students need to gain some experiences
regarding their metacognition.

According to Papaleontiou-Louca [64], metacognition, like everything else, devel-
ops with practice. According to Fouché and Lamport [65], for metacognition to be
effective, classroom environments that support students’ metacognitive expectations
must be created. Because a metacognitive classroom environment supports thinking
awareness [26]. In addition, metacognition should be included among the teaching
objectives, as well as a suitable classroom environment to activate and develop the
knowledge and strategies that students have but do not use. Using accurate, meta-
cognitive strategies gives students a broader repertoire of strategies. Students have
the opportunity to try and apply different learning strategies. These experiences help
students determine which strategies are most effective and make them more likely to
use those strategies in future learning situations [7]. Considering the period in which
metacognition begins to develop, it is possible to say that it would be beneficial to
enrich learning environments, especially at preschool and primary school levels, with
activities aimed at developing metacognition.

2.5 Benefits of metacognition in education

It was stated in a study by Blakey and Spence [26] that metacognitive behavior or
metacognitive behaviors come into play when faced with situations that cannot be
solved with learned reactions. In these situations, when habitual responses are not
successful, individuals need metacognitive skills. Metacognitive skills, if recognized
and applied through guidance, help students successfully solve the problems they
encounter. Considering that individuals in today’s twenty-first century need to have
skills such as problem-solving, critical thinking, leadership, and responsibility, the
importance of metacognitive skills comes to the fore. In other words, metacognition is
extremely important in the twenty-first century [26]. This situation makes it neces-
sary for personal, social, cognitive, and metacognitive development to be included in
the scope of learning goals, even though academic success comes to mind first when
learning goals are mentioned [66].

Metacognition has the potential to empower students to take responsibility for
their learning and increase the meaningfulness of their learning. With this feature, it
gradually frees students from dependence on teachers who guide their learning [67].
In short, metacognition makes students responsible for their learning. In this case, it
can be said that students with better metacognitive development will be more inde-
pendent in the learning process.

The development of metacognition increases competencies in cognitive areas
[62]. Because metacognition promotes the cognitive level by activating monitoring
and control factors [68]. Therefore, metacognition helps children make the most of
their mental resources [61]. With metacognition, students try to use their thinking
skills not only for the information they will acquire but also for the learning process.
For example, a student who aims to learn multiplication tables should think about
how best to acquire this information rather than the information in this table, plan
his learning, and evaluate the effectiveness of the strategy he uses. It requires much
more mental skills than just acquiring the information in the table. Students’ reflec-
tion on their learning helps them perform many academic tasks more effectively
[69]. Because the student managed his/her learning process. In this way, students
with metacognitive skills can manage the learning process more effectively. When

11



Metacognition in Learning — New Perspectives

determining learning goals, they can develop strategies that suit their own learning
styles by taking a constructive approach [61]. In addition, Schraw [57] stated that
students with metacognitive awareness are generally more convenient because they
act more determinedly in the learning process, experience less anxiety, use more
strategies, and attribute their success to controllable reasons.

3. Conclusion and recommendations

As a result, the place of metacognition in education is very important.
Metacognitive skills help students develop skills such as problem-solving, critical
thinking, leadership, and responsibility. Metacognition enables students to be more
active by allowing them to take more responsibility in their learning and increases the
meaningfulness of their learning. Additionally, the development of metacognition
increases cognitive competencies and helps students make the best use of their mental
resources. Students with metacognition can manage their learning processes, which
increases their academic success. Therefore, the importance and place of metacogni-
tive skills should be emphasized in education.

The following suggestions can be given to educators and students to improve
metacognitive skills:

* Educators should use teaching strategies that focus on metacognitive skills. They
should design and implement activities to improve students’ problem-solving,
critical thinking, and learning process management skills.

* Students must take responsibility for their learning and actively participate in
learning. Students should be provided with opportunities to set learning goals
and plan and evaluate their learning processes.

* Students should be provided with opportunities to develop their critical think-
ing skills. Students should be allowed to evaluate different perspectives and use
evidence-based thinking and critical evaluation skills.

* Collaboration and communication skills play an important role in the develop-
ment of metacognitive skills. Collaboration and communication skills should be
developed by providing students with group work, project-based learning, or
discussion opportunities.

* Educators should provide students with feedback on their learning and help
them recognize their strengths and weaknesses in the learning process. Students
should be guided to evaluate and improve their learning strategies.

* The school curriculum should be designed to support the development of
metacognitive skills. Problem-solving, critical thinking, and leadership should be
encouraged by offering students different learning experiences.

¢ Students should be made aware that metacognitive skills are tools they will use
throughout their lives. It should be emphasized that these skills are related not
only to academic success but also to personal and professional success.
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As a result, various suggestions can be offered to educators and students to
improve metacognitive skills. With these suggestions and guidance from educa-
tors, significant progress will be made in the development of students’ skills such as
problem-solving, critical thinking, leadership, and responsibility.
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Chapter?2

Perspective Chapter: Metacognitive
Strategies — Preparing Self-Regulated
Learners in the Twenty-First
Century

Sarmishtha Ghosh

Abstract

In the twenty-first century, with the enormous increase in volume of information,
students suffer from the cognitive overload that has been seen to be associated with
incidence of depression/burnout amongst students at various levels of the training
phase. This eventually leads to poor performance and lack of confidence in the younger
generation. Effective strategies for efficient learning need to be informed to the learn-
ers to make them understand the importance of learning and retrieval at appropriate
time. One such strategy is educating individuals metacognitively where the students
will be able to build strong content knowledge by responding to varying demands of
disciplines by critically synthesizing different resources and valuing sound evidence.
Teaching students to be metacognitively aware through different strategies is also a
challenge for teachers. Teaching students to ask themselves self-reflective questions and
assess where they are right now (thinking about what they already know), how they
learn (what is working and what is not), and where they want to be. With the aid of
metacognition, students will be able to solve problems more effectively and take charge
of their learning as self- regulated learners, which is essential in the current time.

Keywords: twenty-first century skills, metacognition, self-regulated learning,
collaborative, creative thinking

1. Introduction

The ubiquitous presence of technology in the current century has led to the
development of a society that is primarily an information or knowledge society. With
an explosion of information and the development of economic systems where ideas
or knowledge function as commodities [1], society has developed numerous expecta-
tions from the current generation of professionals.

The extensive cognitive overload creates suffering for students, which is actually
associated with an incidence of depression/burnout amongst them at various levels of
the training phase. This eventually leads to poor performance and a lack of confidence
in the younger generation.
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Twenty-first century skills that have been identified as essential for survival
include critical thinking and communication skills. Creativity, problem solving,
perseverance, collaboration, information literacy, and technology skills [2, 3].

Out of these, collaboration is described as a process rather than an outcome of a
group of activities, as it was earlier understood. There has emerged a need to dif-
ferentiate collaboration from related activities such as cooperation and coordination.
Gulati et al. [4] defined coordination as “the deliberate and orderly alignment or
adjustment of partners’ actions to achieve jointly determined goals,” while they
defined cooperation as the “joint pursuit of agreed-on goal(s) in a manner corre-
sponding to a shared understanding about contributions and payoffs.” Their defini-
tions of coordination and cooperation seem closely related: both definitions refer to
some action taken toward agreed-on, joint, or common goals.

Collaboration skills are both generic and content/context-specific in that the col-
laborative skills themselves do not typically vary across content areas.

Students can very well gather and transfer their skills, provided the content
and context are relevant to the collaborative activity. When tasks involve offering
resources, ideas, and efforts that are collaborative, students can contribute very effec-
tively, considering that they have the relevant content knowledge. Collaboration is
also intertwined with other cognitive, interpersonal, and intrapersonal competencies:
effective collaboration requires communication skills, metacognition, self-direction,
and so on.

Many tasks now require a specific level of comprehension of information [5].
Because of this, new competencies—often referred to as twenty-first century skills—
are required. Additionally, young people today need to be educated for jobs that do
not yet exist but will come into existence soon with comparable primary tasks [6].
Anderson [1] cited the following as essential skills: Knowledge construction, fol-
lowed by adaptability, information management, locating, organizing, and retrieving
information, critical thinking, and teamwork. These competencies are also referred to
as lifelong learning capacities [7].

The greatest problem a student faces when moving from high school to a profes-
sional college is the transition from the memorization of declarative knowledge
emphasized in high schools to more advanced thinking skills required in colleges,
such as critical thinking. To be successful, they need to demonstrate some personal
characteristics, one of which is self-regulated learning habits, and the other is meta-
cognitive awareness. Self-regulated learning (SRL) and metacognitive strategies are
closely related concepts that involve learners taking an active role in their learning
process. This chapter aims to understand the two processes and their relationships in
developing the students of the twenty-first century for their survival.

2. What is self-regulated learning (SRL)

Learning that is self-regulated is defined as the capacity of an individual to
comprehend and manage his learning environment. Setting goals, self-monitoring,
self-instruction, and self-reinforcement are all aspects of self-regulation [8].

Self-regulated learning refers to the ability of learners to set goals, monitor their
learning progress, and regulate their cognitive processes, motivation, and behavior
to achieve those goals effectively. It involves being aware of oneself as a learner and
employing various strategies to control and optimize the learning experience.
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Self-Regulated learning refers to a process that can be described through a self-
oriented feedback loop’

Components of self-regulated learning typically include:

Planning: setting goals, creating a study schedule, organizing resources, and
managing time effectively. Monitoring: evaluating one’s progress, noting strengths
and faults, and determining which areas need more focus or improvement.

Control: managing distractions, controlling motivation, and applying focused
effort to learning activities.

Reflection: engaging in self-reflection, performance evaluation, and the identifica-
tion of successful or unsuccessful techniques.

These processes help the learners transform their mental abilities into skills [9]
and habits through a developmental process, emerging from guided practice and
feedback [10, 11].

This practice makes the learners proactive, seeking out opportunities to learn and
adapting their strategies as needed. They take responsibility for their learning and are
motivated to achieve their goals, thus developing into self-regulated lifelong learners
(Figure1) [12].

How to develop a classroom culture grounded in self-regulated learning - role of
teachers

* Help students figure out where, in the SRL process, things are breaking down.

* Design instruction and assessment that will create opportunities for multiple
cycles of regulation to unfold.

* Construct classroom tasks and make them contextual
* Create competency-based contextual assessment & feedback processes.

* Have regular interactions & develop safe and cordial relationships

Able to
understand
and control

their own
learning

Self motivated

Takes Initiative - ;
SELF REGULATED LEARNERS <~ Able to adjust their
learning process,
upon
understanding and
interpreting

Has a clear idea of what
he wants to learn

Has his own plan of \ feedback received
pursuing and achieving his about their
goals performance
Figure 1.

Characteristics of self-regulated learners.
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* Specify what should be the focus in a particular session- allow students to say,
“My focus will be.”

* Create safe spaces to make mistakes

* Create opportunities for students to learn from mistakes and be rewarded for that.

3. Metacognition and self-regulated learning

Metacognition is defined as “thinking about thinking” or “awareness and manage-
ment of one’s own thoughts.” This encompasses two main components: knowledge
about cognition and regulation of cognition [13]. This involves an understanding
of one’s cognitive processes and the ability to control and manage these processes
effectively (Figure 2). Empirical studies suggest a strong correlation between meta-
cognition and self-regulated learning [14]. Self-regulated learners employ metacogni-
tive strategies to plan, monitor, and evaluate their learning. They are aware of their
cognitive strengths and weaknesses, set realistic goals, select appropriate learning
strategies, and reflect on their learning outcomes [9].

Recent developments in cognitive neuroscience have provided further insights
into the neural basis of metacognition. Studies using functional Magnetic Resonance
Imaging (fMRI) have revealed that metacognitive tasks activate the prefrontal cortex,
aregion associated with higher-order cognitive functions such as planning and
decision-making [15]. This underscores the critical role of metacognition in self-
regulated learning and decision-making processes.

Metacognitive abilities include things like thinking and studying techniques [16].
The capacity to apply such information to control one’s learning is known as metacog-
nition [17]. It involves three different types of knowledge:

METACOGNITION

o

KNOWLEDGE
of
COGNITION

REGULATION
of

COGNITION

Knowledge Base Memory \
Planning M\U“iiﬂi‘ﬂ/

Conditional

Strategies Kesowlades

Evaluation

Figure 2.
Different types of metacognition.
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* declarative knowledge that affects learning and memory,

* procedural knowledge or knowing how to use strategies, and

* self-regulatory knowledge that ensures task completion [18-20].

4. Metacognitive strategies

Metacognition refers to the ability to think about and have awareness of one’s cog-
nitive processes. Metacognitive strategies are techniques or approaches that learners
use to plan, monitor, and evaluate their thinking and learning [21]. So, the common
metacognitive strategies include:

Planning: This consists of setting clear goals, identifying appropriate learning strat-
egies, and organizing information. This is the selection of appropriate strategies and
the allocation of cognitive resources before the task. It includes asking questions like.

“How much time should I give to this particular task?”,

“What are the strategies that I need to use”?

How should I start, and what resources should I gather?”

“What order should I follow while considering the task?”

“What should be skimmed, and what should be paid maximum attention to?

B. Monitoring: This comprises checking understanding during learning activities,
identifying areas of confusion, and seeking clarification. Monitoring is the real-time
awareness of how a person is doing in the relevant tasks by asking the following ques-
tions himself.

“how I am doing?”

“is this making sense”?

“Am I trying to go too fast?”

“Have I studied enough?”

“Do I need to study more and in a different manner?”

Evaluation: This involves making judgments about the processes and outcomes
of thinking and learning by assessing performance after completing the task. This
includes reflecting on the effectiveness of the strategies employed, checking the
progress, and making appropriate adjustments. The questions normally asked are.

“Should I change strategies?

Should I get help?

Should I give up for now or should I continue?” [20].

These strategies make the learners more aware of their thinking processes,
enabling them to effectively regulate their learning. By monitoring their understand-
ing and evaluating their learning strategies, they can identify areas of weakness and
eventually take steps to improve their learning outcomes.

5. How to teach students metacognitive skills to promote their learning
abilities?

The twenty-first century offers learners an ever-changing learning landscape
that appears to be rapidly evolving, which demands that students be able to regulate
their learning processes. In the context of twenty-first century skills, metacognition
plays a pivotal role in critical thinking and problem-solving. By understanding and
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regulating their cognitive processes, learners can approach problems more effectively
and make informed decisions. Furthermore, metacognition is integral to lifelong
learning, a key twenty-first century skill [22-24].

Another crucial area where metacognition plays a significant role is creativity.
Successful creativity involves metacognitive skills such as recognizing the novelty and
value of one’s ideas and being able to persuade others of their worth. Metacognitive
strategies can help learners refine their creative process by encouraging them to
reflect on their ideas, evaluate their originality and effectiveness, and make neces-
sary adjustments. In a study by Veenman et al. [25], a strong correlation was found
between metacognitive skills and creativity amongst students. This finding further
underscores the importance of metacognitive strategies in fostering not only self-
regulated learning but also creative thinking, a key competency in the twenty-first

century learning paradigm.

Metacognitive strategies help learners optimize their learning experiences. By
employing techniques such as self-explanation, elaboration, and metacognitive
questioning, learners actively engage with the material, improve comprehension, and
consolidate knowledge. These strategies also aid in memory, consolidation, and long-
term retention of information (Table1).

Metacognition is monitoring and controlling what’s in your head, while self-
regulation is monitoring and controlling how you interact with your environment.
Thus, self-regulated learning is the application of metacognition and self-regulation

in learning.
Number Strategy Description
1. Goal Setting Encourage learners to set clear and achievable learning goals, both short-
term and long-term. These goals provide direction, motivation, and a sense
of purpose for their learning journey.
2. Planning Teach learners to create study plans and break down tasks into and
Organization: manageable chunks, and effectively manage their time and This helps them
stay organized, meet deadlines, and avoid procrastination.
3. Monitoring Guide learners to regularly reflect on their learning progress, assess and
Reflection: their understanding, and identify areas of improvement. This reflective
practice encourages self-awareness and enables learners to adjust their
strategies for better results
4 Metacognitive Encourage learners to ask themselves questions that stimulate
Questioning: metacognition. Questions like “What do I already know?” and “How does
this relate to what I've learned before?”, and “What strategies can I use to
approach this task?” prompt learners to think critically and develop their
understanding.
5 Self-Explanation Foster a learning environment where learners are encouraged to explain
and Elaboration concepts in their own words, connect new information to prior knowledge,
and engage in discussions. This process of self-explanation deepens
understanding and promotes higher-order thinking.
6 Problem-Solving Teach learners problem-solving techniques such as breaking complex
Strategies problems, considering alternative perspectives, and brainstorming
solutions, and evaluating different approaches. These strategies encourage
learners to approach challenges systematically
Table 1.

The following table highlights some of the strategies.

24



Perspective Chapter: Metacognitive Strategies — Preparing Self-Regulated Learners...
DOI: http://dx.doi.org/10.5772/intechopen.114093

6. Conclusion and recommendation

In the twenty-first century, fostering self-regulated learners is more critical
than ever due to the fast-paced, information-saturated environment. Metacognitive
strategies present an effective approach to cultivating these skills, with empirical and
neuroscientific evidence substantiating their impact on learning. Therefore, educators
should implement these strategies in their teaching practices to prepare learners for
the challenges of the twenty-first century. The integration of metacognitive strate-
gies in learning is paramount to preparing self-regulated learners for the twenty-first
century. By fostering metacognitive skills, educators equip learners with the ability to
take charge of their learning, adapt to novel situations, and solve problems effectively.
As educators, it is our responsibility to create a metacognitive environment that
encourages reflection, inquiry, and self-regulation, thereby empowering learners for
life-long learning, shaping active rather than passive learners, promoting deep learn-
ing rather than superficial learning, and giving them a sense of control over learning
and learning how to learn.
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Chapter 3
Demystifying Metacognition

Manasseh Ternenge Adi

Abstract

Dispelling the myths about different but related definitions of metacognition
is presented. The author bases the discussion on an examination of the relevant
literatures. Understanding the impact of culture is a key part of social metacogni-
tion. Examining unstated beliefs about oneself may reveal insights into one’s social
metacognition and sense of identity. It also clarifies the relationships between social
metacognition, self-concept, and attitudes, as well as between social metacognition
and prejudice and stereotyping. It focuses on studies conducted with nonhuman pri-
mates and other animals, such as chimpanzees, rhesus macaques, rats, pigeons, dogs,
and dolphins. Strategies for fostering metacognition in the classroom are also covered,;
specifically, how this type of thinking helps students better evaluate and adjust their
own methods of learning in order to gain a deeper comprehension of complex mate-
rial. Teachers’ professional approaches to metacognition are characterised as a process
in which students take charge of their own learning; in turn, teachers are tasked with
assisting students in acquiring the knowledge, understanding, and abilities necessary
to do so. Teachers are urged to design lessons giving pupils opportunities to develop
their own metacognitive skills. It concludes with a summary of the discussion and
values of metacognition.

Keywords: demystification, education, students, teachers, metacognition

1. Introduction

Concepts are defined and approached differently. Concepts are abstract ideas that
underpin principles, thoughts, and beliefs. Concepts affect many areas of cogni-
tion and are explored in linguistics, psychology, and others. These fields study logic
and psychology of concepts and how they are put together to form thoughts and
sentences. The study of concepts has served as an important flagship of an emerging
interdisciplinary approach to cognitive sciences.

As such, this chapter’s premise is the need to clarify the term “metacognition.”
Understanding one’s own mental processes and their underlying patterns is one
definition of metacognition. Meta means “beyond” or “on top of ” in some contexts,
which is how the phrase is understood by others. Meta is a form of self-reference.
This signifies a greater degree of generalisation. Metadata, in the context of computer
science, describes the categorised information about data stores [1, 2].

Metaphysics is the scientific study of nature itself, while metamorphoses are
changes to a stable type of development; a morphing of morphing. Metalinguistics
and metalanguage are, according to linguists, the words and phrases used to discuss
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or characterise language in general or a specific language. To build upon the work of
other scholars, I will simply define metacognition as the process of being aware of
one’s own cognitive processes as they relate to the acquisition of new information and
insight. The team metacognitive abilities are discussed as the best ways to approach
learning. It manifests itself in a variety of ways, such as when students reflect on their
own thought processes or when they apply certain techniques for addressing problems
[3, 4]. Metacognition consists of two main parts: knowing how one’s own mind works,
and being able to control how one’s mind works. A metacognitive model is unique
among scientific models, in that its inventor typically includes a comparison definition
as part of the model. While scientific models frequently exclude the observer from the
equation, metacognitive models aim to centre the observer at every stage.

When talking about metacognition, it’s useful to bring up similar concepts like
metamemory. Understanding memory and how to memorise information which is
known as metamemory is a type of metacognition.

Two books of the Greek philosopher Aristotle (384-322 BC) contain discussions
of metacognition. In 1976, American developmental psychologist John H. Flavell used
the term “metacognition” to describe a more advanced form of thinking [5-7].

Metacognition is knowledge of cognition and control of cognition, according to one
of the earliest researchers, Flavell. When a person realises he/she is having more prob-
lems understanding topic A than topic B, or when he/she realises he/she should verify
hypothesis C before committing to it, such person is engaging in metacognition [7, 8].

Thinking about thinking is called metacognition. In this context, metacognition
meant approaching or referring to one’s own thinking process, such as one’s study
habits, memory, and the ability to keep track of one’s own progress in school. It then
inferred that content education should be supplemented with instruction in metacogni-
tion. Understanding one’s own cognitive processes and how to control them for optimal
learning and decision-making constitutes metacognitive knowledge. Knowing when
you have knowledge, when you do not, and what to do in either situation is essential. In
other words, it necessitates constant self-evaluation and course correction [6].

Knowing yourself as a learner is an important part of the metacognition pro-
cess. It is a measure of the student’s self-awareness as a learner. A learner who can
articulate his/her own abilities in terms of academic writing, testing, and other tasks
demonstrates metacognitive awareness. It is important to note that metacognitive
processes are used in every field and every type of learning and thinking situation.
Metacognition is a crucial skill for lifelong learning and should be explicitly taught
and discussed with students. Content knowledge, task knowledge, and strategic
knowledge are all examples of metacognitive expertise [7, 8].

Content knowledge also called declarative knowledge means realising one’s own
potential. A student might think he/she is making use of content knowledge when he/
she does an in-class self-assessment of his understanding of the material. This leads
us to a different perspective, which shows that not all metacognitions are correct.
According to research, when asked to evaluate their own knowledge and that of their
peers, students frequently confuse laziness with lack of understanding. Another
correlation between overconfidence in one’s own performance and an inaccurate
metacognitive evaluation of that performance is found.

Task knowledge also called procedural knowledge is one’s subjective evaluation of
the content, duration, and nature of an assignment in determining its perceived
difficulty. The research cited in this section is concerned with how accurately judg-
ing the difficulty of a task affects one’s overall performance on that activity. Again,
the accuracy of this knowledge was skewed because students who thought their way
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were better, easier, and also seemed to perform poorly on evaluations, compared to
students who were thoroughly and consistently examined and reported being less
confident but yet doing better on initial evaluations.

Strategic knowledge also called conditional knowledge means the individual’s aptitude
for employing various methods in order to acquire knowledge. In this case, it is noted
that young children struggle with this strategy. Students do not start to grasp the
concept of efficient methods until they reach the upper grades of primary school.

Memory monitoring and self-regulation, meta-reasoning and awareness or con-
sciousness are all subfields of metacognition. These skills are put to use when people
strive to control their own minds and increase their capacity for rational thought,
education, and assessment. As an added bonus, increased awareness can cut down on
the time it takes to solve problems or finish activities by allowing you to react more
quickly in the first place. This suggests that it is a mental operation.

An important distinction in metacognition (proposed by T. O. Nelson and L.
Narens) in Experimental Psychology is between monitoring, which means making
judgements about the strength of one’s memories, and control, which means using
those judgements to guide behaviour (in particular, to guide study choices). This dis-
tinction was discussed by Dunlosky, Serra, and Baker in Dunlosky and Bjork’s (2008)
Overview of Metamemory Research, which focused on the transferability of findings
from this field [8-11]. This leads to the discussion of another approach of metacogni-
tion called social metacognition.

2. Social metacognition

An essential part of metacognition is social metacognition. As such, it is stereotypi-
cal. A group of false beliefs about a person or group of individuals is what we mean when
we use the term “stereotype.” Humans are portrayed here under the headings of social
metacognition and stereotypes as having a wide range of beliefs, perspectives, and cultural
practises. The cultural context in which we were raised greatly shapes our own perspec-
tives. It is believed that metacognition studies should also investigate how our own cultural
backgrounds shape our assumptions about the mental processes of others. These are the
points of view of the expansionist theory, which argues that we cannot have a whole pic-
ture of metacognition unless we factor in the influence of contextual and cultural factors.
Social metacognition is the fusion of social psychology with self-aware learning.

The field of study known as “social metacognition” examines how we think about
thinking about how other people think. It entails making value judgements about the
mental processes of others, such as their thoughts, feelings, and perceptions [12].
Since evaluating oneself is analogous to evaluating others, this can be quantified [12].
People’s judgements of others tend to be more off-base when they have less informa-
tion to go on, an effect known as the fundamental attribution mistake [12, 13]. Having
members of a team or organisation who share similar worldviews might help mitigate
this error and foster stronger bonds.

2.1 Social metacognition and the self-concept

Theoretical frameworks are developed to provide light on the connections between
social metacognition and one’ sense of identity. Examining implicit beliefs about
one’s own identity is an example of how social metacognition and self-concept interact
with one another. While implicit theories explored many different aspects of the self’s
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functioning, just two—entity theory and incrementalist theory—are of interest here
[1, 13]. The incrementalist perspective contends that an individual’s self-attributes and
talents can be modified via effort and experience, while the entity theory maintains
that these aspects of an individual are fixed and stable. As a result of believing that
they have no power to alter their situation, entity theorists are more likely to succumb
to learned helplessness and give up readily when faced with adversity. When faced with
setbacks, incremental theorists respond in a unique manner, adopting a pattern that
emphasises the pursuit of mastery. They ramp up their efforts while contemplating
alternative strategies for completing the work at hand. This might also be influenced
by cultural norms. For instance, if one’s culture teaches that memory loss is inevitable
with age, that person may avoid mentally taxing activities as they get older, hastening
their cognitive decline [14]. Furthermore, it is argued that a woman’s performance on
mathematical ability tests or interest in mathematics may suffer if she is aware of the
stereotype that women are not strong at mathematics [7, 15]. These cases illustrate how
people’s metacognitive beliefs—their understanding of their own thinking and how it
affects their behaviour—can be passed down via families and cultures.

2.2 Attitudes as a function of social metacognition

The way we think about attitude greatly affects the way we behave.
Metacognitions about attitudes influence how individuals act, especially how they
interact with others [16].

Attitude’s importance, certainty, and perceived knowledge are all metacognitive
traits that have distinct influences on behaviour [16]. Individuals’ information-seeking
habits can often be anticipated based on their attitudes. Attitude importance, rather than
clarity of attitude, is a stronger predictor of behaviour [16]. It is possible for someone to
place a high value on voting as a civic duty but have little confidence in the outcome. This
indicates they are committed to casting a ballot, regardless of their confidence in any
particular candidate. On the other hand, someone who is set on a particular candidate
but does not feel strongly about the issue might not bother to cast a ballot. The same
holds true for interactions with other people. Even if someone knows a lot of good things
about their family, they could not prioritise their relationships with them.

Attitude metacognitive features may be crucial to unravelling the mysteries of
attitude shift. According to studies, the most important component in influencing
one’ attitude is the frequency with which one thinks either positively or negatively
[17]. Even if one accepts the reality of climate change, one’s attitude towards the issue
may be unfavourable. In contrast to someone who holds more optimistic views on the
same subject, this person is unlikely to alter their behaviours.

The possibility of a change in behaviour can be increased in another way: by changing
the origin of the attitude. Attitude is significantly influenced by one’s own thoughts and
ideas as opposed to those of others [17]. People are more likely to adopt a healthier lifestyle
when they believe the initiative came from within themselves, rather than from an outside
source like a friend or family member. These ideas can be recast in a manner that high-
lights the value of the individual. It describes how one’s outlook affects his or her actions.

2.3 Social metacognition and stereotypes

We also have secondary thoughts regarding whether our own stereotypical ideas
are reasonable, fair, or acceptable in the eyes of others [18]. We are aware that making
generalisations about people is not appropriate and we work hard to avoid doing so.
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Even minute social cues might have an impact on one’s best intentions. For instance,
when people are tricked into thinking they are good at making snap judgements
about other people, they revert back to using preconceived notions about them [19].
Stereotypes and other forms of social metacognitive assumption are influenced by
people’s cultural backgrounds. For instance, no age-related differences in memory
performance have been found in societies where the myth that memory deteriorates
with age is not widely held [15].

Implicit ideas regarding the stability versus malleability of human features predict
variations in social stereotyping when it comes to making judgements about other
people. When people have what is called “entity theory of traits,” they are more likely
to draw conclusions about individuals within a group based on superficial similarities.
People who hold entity views of traits are more likely to make harsh trait judgements
about novel groups, as well as to deploy stereotypes about existing groups based on
those features [20]. Assumptions and implicit notions about a group can lead to more
stereotyped judgements [21]. Metastereotypes refer to an individual’s belief that oth-
ers have a certain stereotype of them.

3. Animal metacognition

Animal metacognition needs to be addressed in this chapter for the sake of complete-
ness. It will improve deduction and comparison, leading to a more complete knowledge
of how animals and humans use metacognition. Chimpanzees, rhesus macaques, rats,
pigeons, dogs, and dolphins are just some of the animals used in scientific studies.

Metacognition, the ability to reflect on one’s own thought processes and modify
one’s conduct accordingly, has been observed in chimpanzees. Georgia State
University (2015), Agnes Scott College, Wofford College, and the University at
Buffalo, The State University of New York researchers [22] found that chimpanzees,
like humans, have the ability to engage in metacognitive monitoring, which reflects
a form of cognitive control essential to making intelligent decisions. Beran et al.
found that chimpanzees demonstrated metacognitive monitoring in an information-
seeking task [23], so this fits with their findings. Three chimpanzees were studied
and asked to use a keyboard to name the food item in order to receive it. Either the
food was in plain sight, or they had to approach the container to inspect its contents.
Chimpanzees were more likely to open a container to see what was inside when the
food inside was disguised, according to the research. However, when the chimpanzees
could see what was in the container, they were more likely to approach the keyboard
without first checking the container and report the food’s identity. Their findings
imply that chimpanzees are perceptive beings capable of successful information-
seeking behaviours in the face of knowledge gaps.

Rhesus monkeys (Macaca mulatta) were tested by Rosati and Santos who investigated
whether or not they engage in metacognitive inferences during a binary choice [24].

The four different circumstances that the monkeys were exposed to involved their
seeing a human seem to conceal food rewards in either one or two tubes. When they
saw a bailing event, the monkeys usually looked in the right place, but they did some
fact-finding by peeking into the middle of the room where they could see both hiding
sites. Furthermore, the study’s findings give evidence that nonhumans demonstrate
information-seeking reactions in contexts with which they are unfamiliar [24]. It also
demonstrates that monkeys employ information about their own knowledge levels
spontaneously to solve naturalistic foraging difficulties.
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Metacognition was not just something that was seen in nonhuman primates. Ina
perceptual discrimination challenge, Foote and Crystal showed for the first time that
rats had self-aware knowledge [25]. The rodents were asked to judge whether or not
certain sounds were long or short. Sometimes it was hard to tell whether a noise was
brief or long because of its duration. On some trials, the rats were given the chance to
skip the test, but on others, they were coerced into answering questions. They could
earn a lot of money if they took the test and answered properly, but nothing if they
misclassified the sounds. However, the rats would be assured a reduced prize if they
opted out of doing the exam. This suggests that rats know they do not have the correct
answers and choose not to take the exam in order to earn the reward as the level of
noise in the environment increases. The rats also performed better when given the
option to skip trials they were unsure of, suggesting that they were able to make more
informed decisions when given the option.

It is possible that they are keeping tabs on their mental states, which would explain
their reaction pattern. It is also possible to account for their performance in the dis-
crimination test on the basis of external cues, such as environmental cue associations.
Over time, rats may have learned to respond negatively to intermediate stimuli by
selecting the decline option. Tests can be declined on the basis of discriminative cues
such as longer reaction latencies or qualities inherent to the stimulus. To determine
whether or if rats are capable of metacognitive reacting adaptively [26], Templer et al.
used an olfactory-based delayed match-to-sample (DMTS) memory challenge [26].
After being presented with a sample odour, rats were given the option of skipping
the subsequent memory test or taking it. The rewards for making the right olfactory
judgements were substantial, while those for making the wrong ones were none.
There was some compensation for choosing the decline alternatives.

Some “no-sample” trials, in which no odour was presented to the participants
prior to the memory test, were included in the second experiment. They reasoned
that if rats were able to internally judge the strength of their memories, they would
be less likely to choose the option where no sample odour was offered. However, the
rats would be less likely to choose to refuse the test if external environmental signals
were used to drive the decline option. Supporting the idea that rats can gauge their
own memory strength, the data showed that rats were more likely to decline the test
in no-sample trials compared to standard sample trials.

They also controlled memory strength by presenting the sampled odour twice and
by changing the retention period between the learning and the test in order to rule
out alternative possibilities. Rats that had been exposed to the sample twice were less
likely to refuse the test, showing that their memory for these samples was strength-
ened. This was discovered by Templer and colleagues. As people’s memories improved
after the shorter delay, they were less likely to take the longer delayed sample test.
Collectively, the results of their experiments showed that rats could tell the difference
between remembering and forgetting and disproved the hypothesis that decreased
use was influenced by environmental cues.

Studying whether pigeons (Columba livia) can exert behavioural control as a func-
tion of knowledge level on a 3-item sequence learning task, a reference memory task
supposedly requiring fewer working memory resources [27], Iwasaki et al. conducted
this research. In the study, participants were exposed to two lists with varying degrees
of familiarity. The pigeons had seen the first one many times, but the second one
changed with each training session. Primary reinforcement rates were reduced by
0.60 percentage points in the first test, and by 0.75 percentage points in the second
test, when pigeons were given the option of selecting a trial with a hint. The study
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found that when given a choice between a familiar and a novel list, pigeons with
cognitive abilities between 2 and 4 years old preferred the trial with a hint. In the very
first sessions of both tests, one bird provided strong evidence. These findings indicate
that pigeons may keep tabs on their long-term knowledge states before beginning to
solve a problem, allowing them to exert some degree of influence on their surround-
ings. Pigeons were trained by Adams and Santi to recognise differences in lighting for
a perceptual discrimination task using the DMTS method [28]. In preliminary tests,

a higher retention interval did not lead to more pigeons selecting the escape option.
They were able to learn how to avoid the tests altogether after extensive practise.
Pigeons may have acquired a link between escape responses and a longer retention
delay [29], which could explain these findings.

Pigeons have been shown to exhibit adaptive and efficient information-seeking
behaviour in the same-different discriminating test [30] by Castro and Wasserman,
and this is independent of the DMTS paradigm. At the same time, two sets of ele-
ments, which could be the same or different, were shown in two separate arrays.
Pigeons were challenged to tell the difference between two sets of items with varying
degrees of difficulty. On some trials, pigeons were given an “Information” button
and a “Go” button to stimulate them to make responses by pecking the button, or
to increase the amount of objects in the arrays to make the discrimination easier.
Pigeons, according to the research of Castro and Wasserman, are more likely to use
the “information” button to complete the discrimination job if it is more challenging.
This pattern of action demonstrated that pigeons could make an internal assessment
of the challenge of the assignment and go on the hunt for answers when necessary.

Dogs have demonstrated a degree of metacognition, suggesting that they can
evaluate whether or not new knowledge is relevant to them. When confronted with
ambiguity, Belger and Briuer wanted to see if dogs may actively seek out more
information [31, 32]. The reward was hidden beyond one of the two gates, and the
dogs were either able to see it or not. The dogs were then directed to the prize by going
around a single barrier. When the dogs were unable to observe the baiting process,
they were more likely to perform a double-check before choosing the fence. When
the delay between baiting the reward and choosing the fence was longer, dogs did not
increase their checking behaviours in the same way as apes did. Their research showed
that canines are capable of some information-seeking behaviours, albeit with less
versatility than apes.

Smith used an auditory threshold paradigm [33] to test dolphins for metacogni-
tive monitoring. There was success in teaching a bottle-nosed dolphin to distinguish
between high- and low-frequency tones. In some trials, there was a little prize
and an escape opportunity. The results of the study demonstrated that dolphins
were capable of making effective use of the unclear answer during trials with low
discriminability.

Nonhuman primates, particularly great apes and rhesus monkeys, are widely
agreed upon to engage in metacognitive control and monitoring behaviours [34].

However, other animals, including rats and pigeons, showed less convergent evi-
dence [35]. Low-level conditioning mechanisms were proposed as a possible explana-
tion for these performances by some researchers who were critical of these methods
[36]. Animals using simple reinforcement models learned to associate rewards with
environmental cues. The reinforcement model has been used to try to explain animal
behaviour, however numerous investigations have shown that this is not sufficient.
Even without a direct payoff, animals have been observed to engage in adaptive
metacognitive behaviour.
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4. Metacognitive strategies in education

Metacognition is an essential part of any educational discussion. The ability to reflect
on one’s own learning process and make adjustments to one’ strategy is an example of
metacognition. The metacognition cycle clearly aids students in enhancing their learn-
ing by having them: First, evaluate the task. Second, consider both your advantages and
disadvantages. Third, map out your strategy. Fourth, put plans into action. Fifth, reason.

Metacognition is a term largely used in the field of education to describe an indi-
vidual’s awareness of his or her own cognitive processes. That is, the knowledge we
have about our knowledge. Knowing how you learn best, the various learning strate-
gies at your disposal, the tasks at hand, and the best way to finish them are all examples
of metacognitive knowledge [37]. Metacognitive techniques aid in the organisation,
control, and assessment of our academic endeavours. It boils down to the capacity to
draw on prior experience and information to formulate plans for tackling challenges,
implement those plans, assess their efficacy, and make necessary adjustments. It con-
sists primarily of keeping an eye on and reining in our own internal mental processes.

However, it is vital to keep in mind that cultivating metacognition does not inevita-
bly produce pupils who are able to govern their own learning. If you want your pupils
to build their own metacognitive skills as learners, Sword says you need to have a firm
grasp of how such skills are acquired and mirror them in your own practise [37].

To achieve the best possible results, it is imperative that professionals inculcate the
concepts more thoroughly into their subject-specific practises and place a premium
on encouraging students to become more successful independent learners who can
critically evaluate their own methods and adjust their own behaviour accordingly.

The educational benefits of metacognition are substantial. According to a research
published by the National Academy of Sciences in 2018, effective learning necessitates
the integration of several neural networks. Self-regulation and monitoring of learning
are necessary for coordinating these processes. Interventions can enhance people’s
natural, maturing capacity to monitor and control their own learning as it evolves
across the lifespan.

Sword lists the following as some of the possible advantages of metacognition for
learning:

* Higher achievement levels for the students. Clearly metacognitive practices can
also compensate for any cognitive limitations that a student might have.

* Increased ability to learn independently. Being able to monitor their own prog-
ress helps students take control of their own learning, inside and outside the
classroom.

* Improved resilience. Identifying their successes and failures, and which strategies
work best for them—or which have failed—increases students’ perseverance in
getting better at their work.

* It aids disadvantaged students. According to this report, and researches, metacog-
nition is beneficial for students who are at a disadvantage to their peers.

* Cost-effectiveness. This method of teaching does not require specialist equipment
nor any other large purchases—it only requires teachers to be trained in the
method effectively.
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* Transferable knowledge. It helps students to transmit their knowledge and under-
standing across tasks and contexts, including reading comprehension, writing,
mathematics, memorising, reasoning, and problem-solving.

* Effective for all ages of students. Research has looked at both primary and sec-
ondary students—and even those who have not yet started school—and found
benefits in all cases.

* Emotional and social growth. Gaining awareness of their own mental states allows
students to think about how to be happy, respected, and confident in themselves.
They are also better able to understand other people’s perspectives.

5. Teachers’ professional approaches to metacognition

Despite the fact that metacognition primarily involves pupils assuming responsi-
bility for their own learning, a teacher’ assistance is still necessary. Instead of having
separate “learning to learn” or “thinking skills” sessions, it is advised that teachers
teach metacognition with topic content. Students have a hard time making the con-
nection between the generalised advice presented in these sessions and the material
being covered in class.

As a teacher, it is your responsibility to design lessons that give students opportu-
nities to use metacognitive skills. Lessons should generally be broken down into four
phases: you, planning, doing, and reflecting [37].

In the “You” phase, students are presented with a lesson beginning that prompts
them to reflect on what they already know about the material and how they have
approached learning it in the past.

In the “Plan” phase, students are assigned a project (as well as a specific objective
to achieve along the course of the learning process). Clarity and specificity in the
learning objective are essential. The best way for students to ensure they put in the
appropriate amount of time and effort is to anticipate obstacles and plan accordingly.
Metacognition can also benefit from the ability to predict future performance.

In the “Do” phase, the students actually do the work while keeping tabs on their
development. The teacher could pause students in the middle of the process and
provide sentence scaffolding to help them think about what they have accomplished
so far and what they need to do next (such as “I am doing the task successfully
because...”, “this strategy is working because...”, “I am confused by...”, “I might have
to change my strategy because...”, and “my next steps are...”). In order to demonstrate
to students that misunderstandings are normal and expected during the learning
process, it is crucial to emphasise any topics that give them confusion. Better meta-
cognition is also a byproduct of learning to admit ignorance.

Finally, in the “Review” phase (often at the end of the course), the teacher should
provide students time to review what they have learned—how successful was their
method in helping them achieve their learning goal? What worked, and what did not,
and why? Is there anything they might have done differently next time, and what
other problems this method might be applicable to?

The activities students are given need to be challenging (but not impossible) so
that they can practise new metacognitive methods, learning from their own mistakes
as educators, and reflect thoughtfully on their own learning. Students are more likely
to retain knowledge from an engaging, complex assignment than they would be from
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a superficial one. Work should be demanding, but not beyond their capacities; other-
wise, they risk experiencing cognitive overload and having their reasoning break down
under the strain of trying to keep too much knowledge in working memory. You must
evaluate your pupils’ metacognitive skills so that you can assign appropriate tasks.

According to Sword [37], David Perkins’s (1992) four-level approach for charac-
terising metacognitive learners—tacit learners, conscious learners, strategic learners,
and reflective learners—is widely used.

Tacit learners refer to learners or students who are unaware of their metacognitive
knowledge. They do not think about any particular strategies for learning, and merely
accept if they know something or not.

Aware learners refer to those who know about some of the kinds of thinking that
they do, such as generating ideas, finding evidence, etc. However, thinking is not
necessarily deliberate or planned.

Strategic learners refer to those who organise their thinking by using problem-
solving, grouping and classifying, evidence-seeking, decision-making, etc. They
know and apply the strategies that help them learn.

Reflective learners refer to those who are not only strategic about their thinking,
but also reflect upon their learning while it is happening. They consider the success or
failure of any strategies they are using, and revise them as appropriate.

Teachers can better assist their students in their learning if they have an idea of
where their pupils now stand. Teachers of tacit students, for instance, need to pay
close attention to all facets of metacognition as they lead their students through the
learning process. When teaching more advanced students, you might gradually reduce
your involvement [37].

Provide the kids with methods to improve their learning. Students need expo-
sure to a variety of learning tactics before they can evaluate their effectiveness. The
instructor must provide students with opportunity for self-assessment and reflection
on their learning. One strategy for doing so is to demonstrate your own metacognitive
strategies by walking them through the steps you would use to complete a certain
assignment. The instructor should also act in ways that demonstrate resilience. This
is incredibly helpful because it reveals the inner workings of success, the challenges
that everyone must overcome to master a new skill. It highlights the need of a growth
mindset, the belief that one’s cognitive abilities may be honed via repeated efforts
rather than being fixed at birth.

6. Conclusion

The purpose of this chapter is to introduce the idea of metacognition to any
reader interested in learning more about it. The chapter opens with a broad explana-
tion of the topic at hand. The ability to reflect on and analyse one’s own cognitive
functioning is known as metacognition. Content knowledge, task knowledge, and
strategic knowledge are only a few examples of metacognitive expertise. Concepts
and assumptions about social cognition are the focus of social metacognition.

Social metacognition and the self-concept, social metacognition and stereotypes,
and social metacognition and attitude were all discussed. Chimpanzees, rhesus
macaques, rats, pigeons, dogs, and dolphins are only few of the nonhuman primates
studied in the field of animal metacognition at this time. Researchers agree that
apes and rhesus monkeys engage in metacognitive control and monitoring behav-
iour [28], based on a survey of the literature on the topic. It suggests that animals
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may have the same capacity to reflect on, monitor, or exert control of their mental
states as humans do (i.e., conscious metacognition). Students’ capacity to reflect

on and modify their own learning tactics—known as “metacognitive strategies in
education”—is described. Students can enhance their learning with the help of the
metacognitive cycle, which consists of five steps: (i) gaining access to the task, (ii)
assessing strengths and weaknesses, (iii) developing a strategy, (iv) putting the
approach into practise, and (v) reflecting on the process. The focus of this chapter’s
subtitle, “Teachers’ Professional Approaches to Metacognition,” is on metacognition
as a process that empowers students to direct their own education, with the caveat
that teachers are responsible for fostering in their students the skills and strategies
necessary to do so. It suggests that, instead of having dedicated learning to learn or
thinking skills sessions, teachers should teach metacognition alongside topic con-
tent. Students have a hard time making the connection between these sessions and
the subject matter being covered, hence they are useless. As a teacher, you should
design your session so that pupils have ample opportunity to use metacognitive
skills. The teacher should generally divide the lesson into four stages: the you stage,
the planning stage, the doing stage, and the reviewing stage. Sword [37] elabo-
rated by noting that David Perkin’s description of the four levels of learners—tacit
learners, conscious learners, strategic learners, and reflective learners—serves as

a popular foundation for justifying the degrees of metacognitive learners. After
determining where their pupils stand, educators can tailor their instructions to meet
their pupils’ needs. It has long been known that metacognition as a teaching concept
is crucial for students to understand and use effectively.
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Chapter 4

Perspective Chapter: Metacognitive
Learning Strategy

Parvlan Parlan

Abstract

Metacognition is an important aspect of learning because metacognition affects
a person’s learning process. Metacognition is also a strong predictor of academic
success and problem solving. To improve students’ metacognition skills, appropriate
learning strategies are needed. Metacognitive learning strategy is one strategy that
has the potential to improve students’ metacognitive abilities. This study aims to
produce metacognitive learning strategy. The research design used is Research and
Development, which refers to the 4D development model from Thiagarajan, namely
Define, Design, Develop, and Disseminate. The define, design, and develop stages produce
valid, practical, and effective metacognitive learning strategy. Validation of learning
strategy and tools was carried out by three experts in the field of chemistry educa-
tion. The development of metacognitive learning strategy was carried out through
limited trials and implementation was carried out on the undergraduate students of
Chemistry Education Study Program in Malang Indonesia, in the Organic Chemistry
I course. The resulting metacognitive learning strategy is called PDCA Metacognitive
Learning Strategy (Preparing, Doing, Checking, and Assessing ¢ Following-Up).

Keywords: metacognition, metacognitive learning strategy, understanding,
meaningful learning, PDCA

1. Introduction

The lecturing format based on textbooks still dominates learning today, although
many active student-based learning models are known [1]. Learning in this way
causes students to learn by rote learning, inhibiting the development of critical think-
ing and meaningful learning [2]. Some of the reasons for using the lecture learning
method are to cover all the material that must be taught and still be able to control the
class [1]. Textbook-based learning often fails, due to low student attention, simpli-
fying examples, and too much material being presented at one time [3], as well as
resulting in superficial understanding [2].

The results showed that students’ understanding of the relationship between
molecular structure and its properties was still low. For example, there are still many
students who cannot apply their knowledge of hydrogen bonding in interpreting
physical properties and molecular spectra data despite understanding the concept
of hydrogen bonding. Some students experience misconceptions in explaining the
concept of boiling point associated with hydrogen bonding [4]. There are still many
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students who have difficulty connecting the concepts learned with other related
concepts. Understanding of the relationship between concepts in chemistry/science

is still very minimal. Students have difficulty explaining the properties of compounds
based on their molecular structure. For example, students assume that if a liquid
boils, then there is a break of covalent bonds in the molecules of the compound. There
are still many students who consider that if a substance melts (melts) there is a break
in covalent bonds (and not bonds between molecules [5].

Only a small (1.35%) of students were able to understand the relationship
of molecular structure to compound properties with scientific mental models
(Scientifically Correct, SC), 98.65% alternative mental models (5.53% mental models
of type NR (No Response), 42.57% type SM (Specific Misconceptions), and 50.54% of
PC type (Partially Correct). In general, students cannot yet understand the relation-
ship of molecular structure to the properties of compounds, which includes represen-
tations of the three levels of chemistry and their interconnections [6]. The author’s
experience in learning the material and the properties of compounds shows that only
about 25% of students can do problems that relate two or more variables. This data is a
challenge for chemistry/science teachers.

Future chemistry/science teachers are teachers who master the three pillars of
knowledge, namely content knowledge, pedagogical knowledge, and pedagogical
content knowledge [7, 8]. In addition to these three pillars, in the era of technology,
teachers must master technological knowledge [9]. Content knowledge states knowl-
edge of the material to be taught. Pedagogic knowledge expresses general knowledge
of how students learn or in a special sense expresses ability about methods/ways of
teaching material to students. Pedagogic content knowledge is special knowledge to
teach certain topics to certain students under certain conditions (PCK = pedagogical
content knowledge).

Content knowledge (CK) is an important aspect in learning because, without
adequate content knowledge, teachers will not be able to teach well. Content knowl-
edge is the teacher’s knowledge of the material to be studied or taught to students.
Content knowledge includes knowledge of concepts, theories, ideas, scientific
organizational frameworks, evidence and how to prove, and approaches to develop-
ing that knowledge. Content aspects in science include knowledge of scientific facts
and theories, the scientific method, and evidence-based reasoning [9]. A teacher can
teach his/her students well if he masters the learning content to be taught. Teachers
who understand learning content well can explain concepts well and use best learning
practices that support concept construction and development of abstract concepts by
their students [10].

Understanding of learning content occurs when the learning experience expe-
rienced is meaningful learning. In learning, it means that a knowledge/concept is
understood as a unity with knowledge/concepts that have been understood before.
Previous knowledge is more specifically mastered knowledge needed to understand
the new knowledge being learned called prior knowledge [11]. The link between
initial knowledge and new knowledge learned will form a broader knowledge
build with consistent meaning. Early knowledge acts as an advance organizer [12].
Meaningful learning occurs when students are involved in learning that is directed
at goals that have been understood/mutually agreed, students are actively involved
in learning, and there is multidirectional interaction (student with student, student
with teacher, student with media and learning resources) so that there is a construc-
tion of concepts in students and authentic assessment (measuring complex and
contextual abilities).
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Learning carried out by teachers/lecturers is directed to help students build
knowledge and thinking skills so that they can find relationships between the
concepts learned and use the understanding of these concepts to explain relevant
phenomena. One example is finding relationships between molecular structure
and macroscopic properties in meaningful learning [13]. The reality shows that
the learning carried out by teachers/lecturers in the classroom is still dominated by
conventional learning/approaches [1, 2]. Empirical evidence shows that conventional
learning/approaches cannot assist students in developing an understanding of the
relationship between structure and compound properties. Student learning experi-
ences cannot help develop an adequate conceptual framework.

Evidence shows that students’ understanding of the relationship between molecu-
lar structure and its properties is still low, for example, there are still many students
who cannot apply their knowledge of hydrogen bonds in interpreting physical
properties and molecular spectra data, even though they understand the concept of
hydrogen bonding. Some students experience misconceptions in explaining the con-
cept of boiling point associated with hydrogen bonds. To overcome these problems, it
is necessary to apply appropriate learning strategies [4].

One of the efforts that can be made to overcome these problems is to choose/apply
the right learning strategy. Choosing the right learning strategy is an important aspect
that is carried out so that students can master the concepts learned in depth and their
application in the appropriate context. The strategies chosen in learning must be able
to improve critical thinking skills, equip students with problem-solving skills and
strategies in a broader context, and provide a model of knowledge about how a person
learns. These aspects are included in the higher-order thinking component, which
consists of (1) problem-solving skills, (2) creative thinking, (3) critical thinking, and
(4) decision-making [14, 15].

Starting in the late twentieth century, science learning shifted from learning
that required students to memorize facts to learning as a way of figuring out and
thinking [16]. Metacognitive learning strategies are one alternative strategy that is
suitable and meets the demands of these needs. The use of metacognitive learning
strategies allows learners to develop their metacognitive knowledge and skills. Both
components of metacognition are important aspects of science learning. In this
learning, students are expected to be able to describe objects and events, ask ques-
tions, construct scientific explanations, test explanations with appropriate scientific
knowledge, and communicate their ideas. In this way, students actively build under-
standing of science by combining scientific knowledge with reasoning (scientific
explanation) and thinking skills.

The ability of students to construct scientific explanations is one of the bench-
marks for students’ understanding of the concepts learned and the relationship
between concepts, as well as their application in appropriate contexts. Understanding
of the material studied affects students’ ability to use effectively the evidence in scien-
tific explanations made. In constructing scientific explanations, students must be able
to obtain, select, and use data as evidence to support claims. Generally, students have
difficulty in such complex tasks. Even someone who has had considerable educational
experience and is an expert also has difficulty in distinguishing evidence from theory
and using evidence to support claims [17]. In addition, students also still have dif-
ficulties in choosing the right and appropriate evidence [18].

At the beginning of the twenty-first century, there has also been a paradigm shift
in learning in schools, where a new approach is used that considers aspects of literacy
as important to deal with the complexity of contemporary life. The development of
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information and knowledge systems has an impact on shifting the paradigm from just
knowing information to being able to remember and process information to be able to
find and use it effectively. The learning process is not only applied to the relationship
of stimulus and response (S-R) and the provision of reinforcement but also related

to logical and rational relationships that involve the process of acquisition or change
from within (insight), outlook (outlook), expectations or patterns of thinking [19].

The development of cognitive science recognizes the importance of thinking and
problem-solving in learning. Learning is closely related to thinking and reasoning.

If a person understands certain knowledge, then he is able to use that knowledge to
solve new relevant problems. In line with this thinking, current learning practices
emphasize learning with understanding [20]. Understanding a topic means being able
to think and act creatively and competently with what is known about the topic [21].
An important implication of this view is that mental processes related to thinking

are not limited to some level of learning. Instead, thinking skills determine learning
success even at the basic level of reading, math, and all other subjects in school. If
knowledge acquisition is defined as learning by understanding, then learning cannot
occur without thinking [22]. Therefore, students’ understanding can be improved by
practicing thinking and reasoning skills in learning.

According to Wong et al. [23], thinking cannot occur spontaneously but must be
generated by problems and questions or by giving some conflict (cognitive conflict).
Dewey’s concept of thinking fits with the results of research on metacognitive learn-
ing strategies and the importance of teaching students to think about their thought
processes [24]. According to Marzano et al. [25], the dimension of thinking is
expressed by the dimension of learning. In Marzano’s learning dimension, metacogni-
tion is the highest dimension of learning. Educators have used the learning dimension
as a reference in developing learning strategies, lesson planning and assessment,
making systematic reforms, and determining what students must master to solve each
problem and make decisions in various situations [26].

Wilson and Bai [27] conducted research on the relationship between teachers’
metacognitive knowledge and pedagogic understanding of metacognition. The results
showed that teachers’ metacognitive knowledge had an impact on their understand-
ing of metacognition. Teachers who have a better understanding of metacognition
teach their students to be metacognitive, a complex understanding of metacognition
and metacognition thinking strategies. Effective learning not only improves the
quality of learning but also helps students to develop the metacognitive skills neces-
sary to master higher levels and to reconstruct conceptual knowledge and procedural
strategies if needed [28]. Undergraduates’ students reading comprehension in the
metacognitive group was significantly higher than the students in the conventional
reading group [29].

Based on the results of theoretical studies and research results, it is known that
metacognition is an important aspect of learning. The use of metacognitive strategies
facilitates students mastering/improving mastery of the components of metacogni-
tion, namely metacognitive knowledge and skills. Mastery of metacognition knowl-
edge through meaningful learning in metacognitive strategies increases students’
reasoning abilities because the three components of cognition knowledge are what
(declarative), why (conditional), and how (procedural) trigger the development of
students’ thinking skills. If the student is faced with a certain phenomenon, then
he will activate the components of his metacognitive knowledge. If the three com-
ponents of metacognitive knowledge can develop well, then students can construct
scientific explanations well.
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Christ (1988) developed a metacognitive learning strategy, consisting of four steps,
namely preview, learn, review, and study. Ref. [13] adapted Christ’s model to develop a
metacognitive learning strategy called the learning cycle, which consists of five steps,
namely preview, attend, review, study, and assessment. This model provides students
with strategies that can be applied to improve their learning skills and monitor their
learning strategies. The five steps are: (1) Preview: preview before class—read a short
chapter, underline/follow important words, review the summary, find the purpose of
the chapter, and compile questions that the teacher will ask to students. (2) Attend:
activities in class, answering and asking questions, and making important defects. (3)
Review: immediately after in class—make defects, fill in gaps, and write each question.
(4) Study: Ask questions such as why, how, and how if, ...... , and (5) Assess: assess learn-
ing — periodically check readiness: (a) Am I using the learning method effectively?
and (b) Do I understand enough material to teach other friends?

The results of research conducted [13] on the application of metacognitive strate-
gies in basic chemistry obtained several findings, including (1) students are more
motivated in participating in basic chemistry learning (especially students majoring
in health), (2) after being introduced to Bloom’s taxonomy, students understand the
importance and how to develop higher-order thinking skills, (3) students know ways
of learning other than memorization, and (4) after students using these strategies
and feeling a better understanding and success, his ability/performance continues to
improve, and is motivated to continue using the way of learning.

The model developed by Cook et al. has not expressly conditioned students to
associate with the prior knowledge needed to understand new material. In addition,
at the final stage of learning, there is no assessment of student understanding after
strengthening learning and also no follow-up activities on learning outcomes associ-
ated with subsequent learning activities. The authors developed a metacognitive
learning strategy adapted from the model of Cook et al.

The metacognitive learning strategy developed consists of four steps, namely
preparing (preparation), doing (study), checking (monitoring), and assessing and
following-up (assessment and follow-up) abbreviated as PDCA. The steps are devel-
oped as in Figure 1.

Information:

————: Step flow.

= = = =P Occurs in process.

PDCA metacognitive learning strategy is developed based on metacognition
theory [29], meaningful learning theory [12], constructionism theory [30], active
learning theory [31], and transfer of learning theory [32, 33] learning theory, and
self-regulation learning theory (self-regulated learning) [34].

The environment that supports PDCA metacognitive learning strategy is a
learning environment that allows students to understand their learning objectives,
prerequisite knowledge, and cognition knowledge and determine how to learn to
construct the concepts they learn through their activities in class together with
other friends, and evaluate their learning. Therefore, the role of teachers/lecturers
is to facilitate students to identify and formulate their learning goals, recognize the
knowledge that has been mastered that is needed to learn new material (prerequisite
knowledge), choose a way of learning that suits the learning style and characteristics
of the material studied, monitor their learning progress, and evaluate the learning
outcomes that have been formulated. Teachers/lecturers need to provide a learning
environment that supports student learning activities, namely helping students access
information sources (teaching materials), providing appropriate teaching materials,
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Figure 1.
Stages of PDCA metacognitive learning strategy.

and organizing learning activities in class so that interaction between students and
with learning resources can run well so that a cooperative learning atmosphere can
occur. Teachers/lecturers must encourage learners to be actively involved in learn-

ing through discussions, presentations, and questions and answers so that concept
construction can take place properly.

2. Characteristics of PDCA metacognitive learning strategy

PDCA metacognitive learning strategy is developed by combining metacogni-
tion theory with the concept of quality assurance based on relevant learning theories
as described in the theoretical rational section. According to [35], a model/strategy
can be used/applied to achieve goals if it meets four special characteristics, namely:
(1) the design is prepared with logical theoretical rationales, (2) there is a rationale
about the learning objectives to be achieved, (3) teacher and students activities are
illustrated in learning so that the strategy can be implemented effectively, and (4) the
learning environment needed so that the learning objectives can be achieved.

2.1 Rational

According to cognitive learning theory (Peaget), the learning process occurs
in four stages: assimilation, accommodation, organization, and association (new
balance). At the assimilation stage, students receive new information that is being
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studied, which leads to an imbalance of existing cognitive structures (schematics). In
the accommodation phase, students match the new information with existing cogni-
tive structures. At the organizational stage, there is an adjustment of new cognitive
structures due to the interaction between schematics and new information received,
while in the final stage, new cognitive structures are formed as a result of learning.

The accommodation process can occur if the new information received by stu-
dents is not something new at all, but there is information related to information
that has been mastered/learned before, which is called initial knowledge or prior
knowledge. Prior knowledge is all the knowledge that students have when entering a
learning environment that is potentially relevant to acquiring new knowledge [11].
Prior knowledge can also be expressed as all the knowledge that students have, both
knowledge about content (content), strategies, and personal knowledge when the
person concerned will learn new material.

Prior knowledge is an important factor influencing learning [12]. Prior knowl-
edge is an important variable because it is the foundation for learning achievement
in optimal learning. Optimal learning occurs when the material learned is compat-
ible with the prior knowledge. In other words, students can learn well if the prior
knowledge/prerequisites have been mastered. Differences in prior knowledge are
an important source of individual differences in the classroom. Students who have
a prior knowledge of procedural and declarative knowledge (part of metacognitive
knowledge) are stronger in a topic, then the student is able to learn new information
better in that topic [36].

The results showed a correlation between the quantity and quality of prior knowl-
edge with the acquisition of knowledge and high-level problem-solving abilities. Prior
knowledge can explain 81% of the variance in final test scores [37]. If the student’s
prior knowledge is not suitable and does not match, it will be able to hinder the learn-
ing process.

Prior knowledge affects learning achievement in three ways [38]. First, prior
knowledge has a direct effect by facilitating the learning process thus leading to better
learning outcomes. Second, prior knowledge affects indirectly by optimizing the clar-
ity of teaching material. Third, prior knowledge indirectly affects learning outcomes
by optimizing study and learning time.

Prior knowledge is also a very important variable in the view of educational
psychology. The knowledge a person has is largely determined by what has been
learned and remembered [39]. Understanding is the best manifestation as a result of
the interaction between the content learned and prior knowledge. Prior knowledge
directly facilitates the learning process and leads to better learning outcomes. Prior
knowledge indirectly optimizes the clarity of teaching materials and the use of study
time. Prior knowledge and access to relevant cognitive structures enhance learning
acquisition. Prior knowledge is a better predictor of learning outcomes compared to
intelligence [40, 41].

If students associate appropriate knowledge, they already have with the material
being studied, their understanding will increase. Good learners always try to associate
what is being learned with what is already known. If the teacher can facilitate these
activities before, during, and after the lesson then the teacher has taught critical
understanding strategies. Good learners use these abilities unconsciously (happen
automatically). The use of such strategies explicitly results in deep understanding and
results in independent learners. If students learn by relating their experiences to the
material being studied, they have a foundation and help, from which they can place
new facts, ideas, and concepts that are being learned.
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If the student activates and associates prior knowledge with the material studied,
then the student performs activities using an organizer graph, such as concept map or
flow chart to map his thoughts. Often students associate with journals, where students
record thoughts, feelings, insights, and questions about the material being studied.
Students can discuss and write the connections they make in small or large groups.

Prior knowledge encourages meaningful learning. According to Ausubel and
Piaget [12], meaningful learning occurs when what students learn is not something
new at all. This means that within the cognitive structure of the student, there has
been an understanding of the concepts related to what is learned (prior knowledge).
In order for students to obtain meaningful learning, students must know the pur-
pose of learning a material and know what prior knowledge is needed/mastered
beforehand. A very important role of the teacher is to create a learning situation to
make students aware of the relationship so that the learning experienced by students
becomes meaningful learning.

Prior knowledge is an important component for happening of meaningful learn-
ing. Meaningful learning occurs if three main components are fulfilled, namely: (1)
students must have prior knowledge to master new knowledge, (2) new knowledge
must be meaningfully relevant to the knowledge they already have, and (3) students
“must be aware” and deliberately connect new knowledge with knowledge that has
been previously possessed [42, 43]. Learning is meaningfully opposite to rote learn-
ing, where new concepts learned are not related to each other, but only memorized so
that there is no transfer process.

Learning in the classroom not only presents the material being studied but also
prepares suitable physical conditions during the learning process so that the transfer
process occurs, namely applying the knowledge that has been obtained into new
relevant situations. Failure of the transfer process will lead to failure of thinking [44].
Metacognition is a cognitive approach to facilitate transfer. Transfer learning includes
cognition, teaching, and reasoning, which is a creative activity with unlimited poten-
tial to influence the way learning is perceived.

The results of research in the field of metacognition recognize a new approach to
transfer, namely a strategy where students ask questions of themselves known as self-
reflection about the learning process. Lemons et al. [45] developed a design called a
learning community that aims, among others, to improve learning outcomes and their
application. Students are involved in studying modules in groups and various group
discussions designed to increase students’ active involvement and participation in the
learning process.

According to the constructivist view, knowledge construction and learning occur
when students engage in activities that produce products or works. Students will be
more interested in engaging in learning if what is learned (the product produced) is
personally relevant and meaningful in their daily lives [46].

One important aspect in educational psychology is that teachers must facilitate
students to construct their own knowledge [31] so that the most suitable learning is
active learning. Metacognitive strategy is one of the applications of active learning that
facilitates students to reflect on their learning process to achieve learning goals [47].

One of the principles of student-centered learning psychology says that successful
learners are active, goal-directed, self-regulated, and responsible for their learning
[48]. These activities are depicted in metacognitive strategies. According to Vygotsky,
knowledge is constructed when students engage socially in discussion, experimenta-
tion, and experience [48], interacting with media that culturally help shape their
understanding [44].
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In the learning process, teachers must present a learning environment that allows
students to construct their own knowledge [49]. The learning environment largely
determines whether students can be mentally actively engaged or not. A good learn-
ing environment encourages transfer between content domains and also between
learning situations and daily life [50]. The teacher’s activity in learning largely
determines whether students can learn well and determines the quality of learning.
Teachers are not only required to have pedagogical knowledge of teaching methods
and content knowledge about the topics taught but also must master pedagogical
content knowledge (PCK = pedagogical content knowledge), that is. awareness of how
students build knowledge in a particular content domain [51].

The strategy of delivering and reviewing material little by little, which is carried
out periodically allows material to be transferred to long-term memory and reduces
the burden of piling up before the exam [13]. At this stage, students check/monitor/
review whether the planned learning strategy has taken place as expected. Whether
the chosen strategy is effective enough to be used to solve the task. This activity is a
self-reflection on learning activities associated with plans that have been prepared at
an early stage (preparing). Monitoring activities during the learning process, testing,
revising, and evaluating the effectiveness of the strategies used is one of the efforts
to direct learning [52]. Students relate and associate concepts that exist to subordi-
nate elements in their cognitive structure. At this stage, there is an organization of
new information that is adjusted to the information already owned in the cognitive
structure so that new understanding is formed.

Monitoring comprehension and evaluating progress toward task completion are
metacognitive activities [53]. Monitoring includes assessment of learning, under-
standing, and strategies used [54]. A good learner is a reflective learner, who is able to
think deeply and critically about his own learning [55].

Assessment of learning outcomes has a role, among others, to help students find
out learning outcomes. Based on the assessment of learning outcomes, teachers and
students can obtain information about learning weaknesses and strengths. By know-
ing their weaknesses and strengths, teachers and students have a clear direction on
what needs to be improved and can reflect on what they are doing in learning. In addi-
tion, for students, it is possible to transfer their learning methods to overcome their
weaknesses. Assessment of learning outcomes by teachers has a function to monitor
learning progress, monitor learning outcomes, and detect the need for continuous
improvement of student learning outcomes.

Assessment is one part of the metacognitive setting [56]. Assessing outcomes
according to efficiency and effectiveness criteria is one way of directing learning [57].
Successful learners are learners who focus on learning objectives. Monitoring goal
achievement is part of the self-regulated learning model [34].

In the context of standard-based education, competency-based curriculum, and
mastery learning approach assessment of learning processes and outcomes are
parameters for the minimum level of competency achievement. For this reason,
various approaches, strategies, methods, techniques, and learning models need to be
developed to facilitate students to easily learn and achieve optimal learning success.

Follow-up activities (following-up) are carried out to strengthen students’ under-
standing of the material that has been learned. This activity can be in the form of
making summaries, concept maps, or other assignments that match the characteris-
tics of the material. Included in this stage is to use the understanding that has been
gained to plan activities in the next learning so that the learning packages carried out
by students are learning cycles (four stages of learning).
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2.2 Social system

The social system built in PDCA metacognitive learning is a social system that
allows multidirectional communication (teacher-student, student-student, student-
media, student-learning resource) that the teacher seeks so that students are actively
involved in learning to find and interpret as many facts as possible so that there can be
construction of understanding by students. In order for the social system to be formed,
learning is designed from the beginning (by design). For example, relevant teaching
materials are prepared, appropriate media are used, and in group learning a coopera-
tive group is formed. Teachers facilitate the learning atmosphere in groups and in the
classroom so that mutual honing and nurturing learning occurs, and there is a healthy
climate of competition between groups, so that students’ reasoning skills can develop.

The social system built into learning is based on cooperative learning, meaning that
each student engages and cooperates in learning to achieve a common goal. Each stu-
dent learns from each other and depends on each other to master the concepts learned.
Teachers/lecturers play a role in encouraging the creation of these conditions. The involve-
ment of teachers/lecturers in learning is as a facilitator so that active learning occurs.

2.3 Response principle

The response given at each step of learning is to assist students in constructing and
expressing their conceptions. If there are questions asked by students, the teacher/
lecturer does not answer the question directly but students are guided by guiding
questions to explore understanding and help students construct concepts. Teachers/
lecturers also need to encourage students to question their understanding to them-
selves (self-questions) in an effort to monitor and evaluate their learning.

2.4 Support system

Every component of learning that supports metacognitive learning must be pur-
sued and facilitated by teachers/lecturers. The system/conditions created by teachers/
lecturers should encourage students to be ready to learn, set learning goals, choose
appropriate learning methods, set study times, be actively involved in learning, and
monitor and evaluate learning. Teachers/lecturers need to have an understanding
related to the processes and strategies that support meaningful learning. For this rea-
son, it is necessary to master the theory of meaningful learning [12], constructivism
theory, active student learning models (active learning), and self-regulated learning
theory (self-regulated learning).

2.5 Goals

The development of PDCA metacognitive learning strategy aims to provide mean-
ingful learning experiences for students in order to construct their understanding in
learning new material so that their learning outcomes are better.

2.6 Activities of teachers/lecturers and students in learning

PDCA metacognitive learning strategy was developed based on a constructiv-
ist approach, which is a student-centered learning strategy. This learning strategy
consists of 4 (four) stages, namely preparing (P), doing (D), checking (C), and
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assessing ¢ following-up (A) abbreviated as PDCA. Learning steps are arranged based
on metacognitive theory and steps in the quality assurance process so that the flow of
learning activities experienced by students is a planned, organized, and monitored
learning experience to provide opportunities for students to control their learning
and construct their understanding deeply.

The learning steps that have been prepared are used as a reference for compiling
learning tools. Based on the results of the development that has been carried out, the
stages of the strategy as shown in Figure 1 are obtained. An explanation of each step
in PDCA metacognitive learning strategy is described as follows.

2.6.1 Preparing

This stage aims to prepare students to participate in classroom learning. Before
learning in class, teachers/lecturers provide teaching materials/hand-outs to students,
and students are asked to preview the material to be learned by reading the material
while marking important parts, underlining, summarizing, reading, and interpreting
pictures/tables/graphs that are useful for students when participating in classroom
learning. Through previews, students can recognize patterns and increase interest and
courage to ask questions.

According to the model [58], at this stage, students check their learning environ-
ment to understand the profile of the assignment given. The profile intrinsically
blends perceptions of purpose and attitudes about the task [59] and other motiva-
tional information, such as decisions about self-efficacy. The result of this stage is an
idiosyncratic description of the task according to the student (learner). After framing
the task, the learner sets goals and a work plan to complete the task. Next, students
choose strategies and ways to complete the task. The preparation stage aims to men-
tally prepare students to receive the new material learned. At this stage, it is also
agreed what activities will be carried out in learning.

2.6.2 Doing (study)

At this stage, students are involved in learning activities that have been designed
and used in the previous stage. Teachers/lecturers facilitate students to be actively
involved in learning through discussions, questions and answers, completing assign-
ments, presentations, and or making concept maps/mind-maps. Through these
activities, students construct their understanding with the guidance of teachers/
lecturers. According to learning, the introduction of concepts is easier for students to
understand if elaborated and developed from general concepts (global) to smaller/
simpler concepts.

In order for directed learning teachers/lecturers provide discussion sheets or pro-
vide problems for students to discuss/solve in groups. According to Vygotsky’s theory,
students learn through interaction with others or peers who are more capable [31].
Through group learning, it is hoped that mutual learning can occur between friends
in groups or between groups. Teachers/lecturers monitor student learning activities,
and direct learning and help students if they experience difficulties.

2.6.3 Checking (monitoring)

In this step, students are facilitated to check/review their learning. Reviews are
conducted immediately after learning or even during learning to help students
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identify overlapping materials between those obtained in class and those read in
books, correct any misconceptions discussed in class, and determine whether appro-
priate assistance and planning are needed. In this step, students also check whether
the chosen method or way of learning is appropriate. This step can overlap with the
previous step, meaning it can be done together with the previous step.

2.6.4 Assessing and following-up

At this stage, an assessment of performance/learning outcomes of learning tasks is
carried out. In addition, the arrangement of emotional responses related to learning
outcomes and experiences is also carried out. Teachers/lecturers need to anticipate
cognitive conflicts by arranging the relationship of concepts through a conceptual
hierarchy.

Assessment helps students find out their learning outcomes (outcomes), which are
expressed in the form of learning objectives that have been formulated at the begin-
ning of learning. The results of the assessment can be used by teachers/lecturers and
students to obtain information about the strengths and weaknesses of learning that
has been done so that a clear direction is known about what must be improved and
can reflect on what is done in learning.

The end of this step is the follow-up carried out by teachers/lecturers with
students, for example, whether additional tasks are needed, whether remedial
learning is needed, or can be continued for the next material. If the final conclusion
is chosen, the learning plan starts from the first step as before so that the four steps
repeat as a cycle.

The four steps in PDCA metacognitive learning strategy facilitate students to
organize their learning well starting from planning/preparing, doing, monitoring, and
evaluating. If the four stages can be done well, student learning becomes a complete
learning activity by activating all the components of metacognition it has. These three
components of metacognition skills allow students to facilitate learning and their
abilities [28]. Empirical studies show that students who learn metacognitively show
better results than those who do not. The more students are aware of the effectiveness
of their learning strategies, the higher their learning outcomes [60]. Individuals who
have a high level of metacognitive knowledge and metacognitive skills are able to
recognize parts of learning as soon as possible and change their tools or strategies to
achieve goals [61].

2.7 The learning environment necessary to achieve goals

The important thing that teachers/lecturers must do in implementing PDCA
metacognitive learning strategies is to create conditions or learning environments
that allow the four steps in learning to be carried out properly. Before learning
activities (pre-learning) teachers/lecturers need to convey about the role of students
in metacognitive learning. In this activity, students are oriented to determine learn-
ing objectives, review learning materials, identify the necessary prior knowledge,
choose a suitable way of learning, identify important concepts, and make a list of
questions.

During classroom learning activities, students must be actively involved in
learning. Concept construction by students occurs through active learning activi-
ties (discussions, questions and answers, lab activities, presentations) that are
well-planned, so as to create meaningful learning. The role of teachers/lecturers
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is to facilitate learning activities so that active learning activities can take place

in a directed manner. Learning tasks given by teachers/lecturers must stimulate
students to be active in activities. The role of teachers/lecturers is to encourage and
direct students to play an active role in learning and strive to achieve the goals that
have been set. Facilitating learning activities, such as this requires a structured
learning environment so that students can construct their understanding based

on the prior knowledge they have and with the meaningful learning experience
experienced.

An important aspect that must be considered by teachers/lecturers is to facilitate
students to evaluate their learning. Through this activity, students evaluate whether
the learning goals that have been set have been achieved, whether the learning
method chosen is in accordance with the characteristics of the material and learning
style, and make decisions about what will be done in the next learning activity.

2.8 Theoretical and empirical argumentation stages of PDCA metacognitive
learning strategy

Theoretical and empirical argumentation stages of PDCA metacognitive learning
strategies.
is presented in Table 1.

No Tahapan Argumentasi teoritik dan empirik
Pembelajaran
1. Preparing (P) a. Prior knowledge is an important factor influencing learning [12]. Meaningful learn-

ing occurs if the material learned is related to what is already. Known/understood
(prior knowledge).

b. Prior knowledge can account for 81% of the variation in final test scores [37].
c. Successful learners are active, goal-directed, and accountable for their learning [62].

d. Connect new information with prior knowledge and choose thinking strategies
include basic metacognitive strategies [63].

e. Learning that focuses on thinking skills provides opportunities for students to
engage in task planning, be creative, and reflective [64].

2. Doing (D) a. Learning includes presenting the material being studied and preparing suitable
physical conditions during the learning process so that the transfer and thinking
process occurs [44].

b. One important aspect in educational psychology is that teachers must facilitate
students to construct their own knowledge [30] so that the most suitable learning is
active learning.

c. Metacognitive strategy is one of the applications of active learning that facilitates
students to reflect on their learning process to achieve learning objectives [65].

d. One of the principles of student-centered learning psychology says that success-
ful learners are active, goal-directed, self-regulated, and responsible for their
learning [57].

e. According to Vygotsky, knowledge is constructed when students engage socially
in discussion, experimentation, and experience [66], interacting with media that
culturally help shape their understanding [44].

f. Teachers can provide optimal learning opportunities by setting up a structured
learning environment so that students can form an organized and balanced knowl-
edge structure [50].
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No Tahapan Argumentasi teoritik dan empirik
Pembelajaran
3. Checking (C)  a. Monitoring activities during the learning process, testing, revising, and

evaluating the effectiveness of the strategies used is one of the efforts to direct
learning [67].

b. Monitoring comprehension and evaluating progress toward task completion are
metacognitive activities [53].

c. Monitoring includes assessment of learning, understanding, and strategies used [54].

d. A good learner is a reflective learner, who is able to think deeply and critically about
his/her own learning [55].

4. Assessing & a. Evaluation is one part of the metacognitive setting [68].
Following-up

) . Evaluating outcomes according to efficiency and effectiveness criteria is one way of

directing learning [67].

c. Monitoring goal achievement is part of the self-regulated learning model [34].

Table 1.
Theovetical and empirical argumentation stages of PDCA metacognitive learning strategy.

3. Conclusion

Based on the results obtained, the following conclusions can be formulated
1. The validated forms of metacognitive learning strategies developed are:

a.The syntax consists of four stages, namely preparing (P), doing (D), checking
(C), and assessing e following-up (A).

b.Named PDCA metacognitive learning strategies.

c.Based on metacognition theory, meaningful learning theory, constructionism
theory, active learning theory, transfer of learning theory, mastery learning
theory, and self-regulated learning theory.

d.Aims to improve metacognitive abilities, build scientific explanations, learn-
ing achievement, and higher-order thinking of students.

2. The metacognitive learning strategy developed has qualified as a good learning
strategy, with the following indicators.

a.Have met the requirements of content validity (relevance) and construct
validity (consistency) with very valid categories.

b.Have met the practicality requirements, namely the stages of the SM-PDCA
learning strategy can be implemented as a whole by lecturers with very high
categories.

3.PDCA metacognitive learning strategies are effective in:

a.Improving students’ metacognitive abilities in both metacognitive knowledge
and metacognitive skills with N-Gains of 0.31 and 0.35, respectively.
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b.Improve students’ ability to build scientific explanations in both aspects, namely
technical aspects and conceptual validity with N-Gain of 0.83 and 0.79 respec-
tively. Increased ability to construct scientific explanations occurs proportionally
balanced in both aspects of scientific explanation (technical aspects and concep-
tual validity).

c.Increase student achievement with d-effect size and N-Gain by 3.39 and 0.56,
respectively.

d.Improve students’ higher-order thinking skills with d-effect size and N-Gain of
3.23 and 0.61, respectively. PDCA’s metacognitive strategies facilitate higher-
order thinking improvement in low-group students (below the grade average)
than high high-group students (above the grade average).

4.Based on student responses to questionnaires, information was obtained that:

a. All students think that the tasks given before learning help prepare themselves
for learning

b.Students feel they can learn well through activities to prepare themselves
to learn, choose and plan ways of learning, be actively involved in learning,

monitor understanding, and evaluate their learning,

c. Most (93%) students stated that the learning steps experienced made it pos-
sible to understand the material well,

d.All students feel that the lecturer provides an opportunity to monitor their
understanding, and

e. Most (96%) students stated that the quiz given at the end of the lesson helped
to find out the understanding of the material that had been learned.
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Chapter 5

Perspective Chapter: Optimizing
Metacognitive Knowledge for
Holistic Learner Performance

Rosamma Philip and Jogymol K. Alex

Abstract

This research study aims to assess how metacognitive knowledge effectively con-
tributes to various facets of personality development. The study involved 178 students
who gained an understanding of metacognitive knowledge through their coursework.
Data collection was conducted using the Metacognitive Knowledge Utilization Scale
among the participants. The analysis indicated that the participants frequently apply
these metacognitive variables to enhance their personal growth, task performance,
and strategy implementation. This study highlights the significance of using metacog-
nitive knowledge for comprehensive learner development and emphasizes the vital
role of teachers in imparting metacognitive skills, thereby guiding learners towards
personal growth. The findings underscore the potential of metacognitive knowledge
in molding individuals into well-rounded personalities, with significant implications
for educational practices.

Keywords: metacognitive knowledge, holistic development, person variable, task
variable, strategy variable

1. Introduction

In the ever-evolving landscape of education, the quest for holistic learner develop-
ment goes beyond the traditional boundaries of imparting academic knowledge. It
now encompasses a profound understanding of a student’s identity, emotions, and
psychological well-being, as articulated by Seligman [1]. Simultaneously, it seeks to
equip learners with the skills necessary to foster positive and effective interpersonal
relationships. Education, in its truest essence, becomes a vehicle not only for academic
excellence but also for nurturing lifelong learners, capable of thriving in an ever-
changing world. In this pursuit, metacognition emerges as a pivotal concept, allowing
students to delve into the intricacies of how they learn, problem-solve, and make
decisions. By integrating metacognitive strategies into educational practices, educa-
tors empower students to take ownership of their learning journeys [2-4]. This not
only enhances their academic performance but also equips them with the adaptability
and critical thinking skills required in the contemporary world.
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The theoretical underpinnings and empirical insights surrounding metacognitive
knowledge offer valuable guidance to educators, seeking to nurture comprehensive
learner development [5, 6]. As De Coninck et al. [7] have underscored, holistic learner
development spans cognitive, emotional, social, and ethical dimensions [8]. It tran-
scends the mere acquisition of knowledge and skills, aiming to cultivate well-rounded
individuals who possess empathy, ethical decision-making abilities, adaptability, and
critical thinking skills. At its core, metacognition serves as the cognitive process that
enables learners not only to comprehend what they are learning but also how and why
they are learning [9].

Indeed, metacognition empowers individuals to monitor, regulate, and control
their learning experiences [10]. However, the fruits of these learning experiences
extend beyond the cognitive realm, touching upon emotional maturity, the forma-
tion of cordial social relationships, moral development, and an enriched esthetic
outlook [11]. Learner development is the result of a self-reflective and self-regulatory
mechanism, whereas learner engagement spans emotional, cognitive, and behavioral
aspects [12]. As learners engage in metacognitive practices, they transform into active
participants in their educational journeys. They gain the ability to assess their own
understanding, identify their strengths and weaknesses, and adapt their strategies
when faced with challenges [13].

This heightened self-awareness not only elevates academic performance but also
equips learners with skills essential for personal and interpersonal success. As learn-
ers reflect upon their learning strategies and outcomes, they cultivate a profound
sense of responsibility for their intellectual growth [14]. They are more likely
to recognize the significance of values such as integrity, persistence, and ethical
decision-making, both within and beyond the confines of educational contexts.
Consequently, it becomes evident that metacognitive knowledge serves as the
cornerstone of holistic learner development [15, 16]. To promote students’ metacog-
nitive development, teachers should also provide them with opportunities fostering
metacognitive experiences, which in turn, will provide input to permanent meta-
cognitive knowledge [13, 17].

Metacognitive knowledge serves as a cornerstone in promoting the cognitive
dimension of holistic development. It fosters critical thinking and problem-solving
skills. Learners who engage in metacognitive processes are more inclined to approach
complex tasks strategically, breaking them down into manageable steps and assess-
ing their progress, a perspective supported by Fogarty [18]. The teacher’s awareness
and application of metacognitive strategies in executing a task helps the learners to
internalize metacognitive knowledge. It relies on the assumption that the teacher
knows what strategies are appropriate to be implemented in the classroom and the
benefits for their students [19]. Hence, the prospective teachers are to be trained in
metacognitive skills [20].

As students become attuned to their learning styles and preferences through meta-
cognition, they develop a profound sense of agency and ownership over their learning
journey. This empowerment nurtures their emotional well-being and elevates their
self-esteem as they realize their capacity to navigate the challenges inherent in the
learning process. Metacognition extends its influence to enhance social interactions
by promoting effective communication, empathy, and collaborative problem-solving.
Learners who possess insight into their own cognitive processes are better equipped
to recognize the diversity of approaches that others may employ, thus, fostering a
culture of inclusivity and cooperation [8]. Moreover, metacognition equips students
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with the ability to be reflective and conscious of their emotions. This self-awareness
allows them to exercise self-management, restraining themselves from impulsive
actions. Such a knowledge is known as thinking about thinking which helps a person
understand and control his or her own cognitive performance [2].

By examining the interconnected dimensions of holistic development and
their interplay with metacognitive knowledge, educators can empower learners to
evolve into well-rounded individuals capable of navigating the complexities of the
modern world, with cognitive, emotional, and social dimensions in harmony. With
this understanding as a backdrop, this research paper focuses on determining the
extent to which metacognitive knowledge is utilized for holistic performance among
learners. The study identifies the use of person variables, task variables, and strat-
egy variables among undergraduate students pursuing Education as a discipline.
The findings of the study may assist educators in planning metacognitive training
for learners to enhance their personal and social skills in addition to their cogni-
tive skills. These findings may also help explore the optimization of metacognitive
learning, the multifaceted dimensions of metacognition, and its role in shaping the
future of education, paving the way for more profound and well-rounded learner
development.

2. Literature review

Metacognitive learning enhances learners’ cognitive development by allowing
them to comprehend not only what they are learning but also how they are learning
and why. This analytical thinking contributes to their ability to tackle complex issues
and scenarios with confidence, ultimately leading to intellectual growth and a capac-
ity to handle a diverse range of cognitive tasks. Metacognition studies are linked with
cognitive developmental psychology and social developmental psychology. Hence,
the cognitive aspect of metacognition sets the stage for a comprehensive exploration
of its impact on other dimensions of holistic development, namely, the emotional and
social domains.

2.1 Categorization of knowledge

Metacognition holds the potential to empower individuals to become well-
rounded learners capable of excelling in today’s multifaceted world. In the realm of
education and cognitive development, metacognitive knowledge is a fundamental
concept, which is categorized within the revised Bloom’s Taxonomy. This categoriza-
tion, as proposed by Anderson and Krathwohl classifies knowledge into four distinct
types, each playing a pivotal role in shaping a learner’ cognitive and intellectual
landscape [21].

(a) Factual knowledge: this foundational level of knowledge encompasses the basic
elements and facts that learners must acquire to become familiar with a particular
discipline. It serves as the fundamental building block upon which further learning
and understanding are constructed. Factual knowledge provides the essential ground-
work that enables students to grasp the core principles and concepts within a subject.
(b) Conceptual knowledge: conceptual knowledge moves beyond the acquisition
of isolated facts and delves into the interrelationships among these basic elements.

It facilitates the comprehension of how these elements fit into a larger, cohesive
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structure, enabling them to function together harmoniously. This type of knowledge is
essential for developing a deeper understanding of complex topics and is instrumental
in promoting critical thinking and problem-solving skills. (c) Procedural knowledge:
procedural knowledge deals with the practical ‘how-to’ aspects of learning. It involves
understanding the methods, techniques, algorithms, and criteria for applying skills
and knowledge. This knowledge equips learners with the tools and strategies necessary
to actively engage with and manipulate the information they acquire. It is instrumental
in problem-solving, experimentation, and the application of subject-specific tech-
niques and (d) metacognitive knowledge: at the highest level of Bloom’s Taxonomy, we
find metacognitive knowledge that goes beyond the subject matter itself and focuses
on the process of cognition. Metacognitive knowledge involves an awareness and
understanding of one’s own cognitive processes. Learners possessing metacognitive
knowledge are not only cognizant of what they are learning but also how they are
learning and why. This type of knowledge empowers individuals to monitor, regulate,
and control their own learning experiences, promoting self-directed learning and
fostering critical thinking, reflection, and self-improvement [21].

In this hierarchy of knowledge, metacognitive knowledge stands as a pinnacle, as it
equips individuals with the tools to understand and optimize their own thinking and
learning processes. By cultivating metacognitive knowledge, learners become active
participants in their educational journeys, gaining the ability to navigate not only
the specific subject matter but also the broader landscape of learning and personal
development [16, 22].

Metacognition as a thought is about thinking itself which is the interaction between
three important aspects as follows: (1) knowledge of the self-thinking process, (2) con-
trol or self-regulation, and (3) beliefs and intuition. Knowledge of thinking processes
concerns how accurate a person is in expressing their thinking processes, self-awareness
or self-regulation, and the accuracy of a person in maintaining and managing what
they must do. The self-awareness fostered by metacognition enables individuals to set
personal goals, identify areas for improvement, and take charge of their own develop-
ment. In this context, metacognition becomes a tool for lifelong learning and personal
growth, allowing individuals to adapt and flourish in a dynamic world [10, 23].

The metacognitive process includes the ability to ask and answer questions about
(1) What do I know about this subject, topic, and subject matter? (2) Do I know what
I should know? (3) Do I know where I can get some knowledge information? (4) How
long will it take me to learn this? (5) What strategies and tactics can I use to learn this?
(6) Do I understand what I hear, read, or see? (7) How do I know if I am studying at
the appropriate level? (8) How can I see if I make a mistake? and (9) How should I
revise my plan if it does not fit my expectations and satisfaction? [9, 18].

2.2 Categories of metacognitive knowledge

Metacognitive knowledge encompasses three areas of information, namely, an
individual, a learning task, and a process of learning. These attributes were then
known as person knowledge, task knowledge, and strategic knowledge [22]. The con-
cept of metacognition is a multifaceted construct, encompassing three fundamental
components that collectively shape the landscape of metacognitive knowledge. These
components provide individuals with the cognitive tools to navigate the complexities
of learning and problem-solving in a purposeful and introspective manner.
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2.2.1 Self-knowledge: person variable

The first key component, self-knowledge, revolves around an individual’s internal
understanding and awareness of themselves. Self-knowledge involves recognizing
personal strengths, weaknesses, preferences, and learning styles. This self-awareness
serves as the foundation upon which effective learning strategies are built. By com-
prehending their own cognitive processes, emotional triggers, and inclinations,
individuals gain the ability to tailor their approach to learning, ultimately leading to
enhanced learning outcomes [5, 24].

2.2.2 Task knowledge: task variable

The second essential component, task knowledge, pertains to the understanding
of various cognitive tasks that individuals encounter. As Flavell suggests, this encom-
passes a broad range of activities, from recalling information and reading to writing
and engaging in experiments. Task knowledge involves grasping the intricacies,
demands, and expectations associated with different cognitive undertakings. With
this awareness, individuals can effectively gauge the required skills, resources, and
approaches for each task, thereby optimizing their learning [5].

2.2.3 Strategic knowledge: strategy variable

The third cornerstone, strategic knowledge, encompasses the repertoire of
effective strategies employed in task execution. This facet involves knowing when
and how to apply specific strategies to achieve desired outcomes. Strategic knowl-
edge empowers individuals to select the most suitable methods, techniques, and
approaches for different tasks. By leveraging this knowledge, individuals can stream-
line their learning process, enhance efficiency, and tackle challenges with greater
confidence [5, 23, 24].

Metacognition is not confined to the realm of academia; it also permeates profes-
sional achievements. In the workplace, individuals who possess metacognitive skills
are better equipped to approach complex tasks and challenges with confidence. The
ability to break down problems into manageable steps and critically evaluate prog-
ress becomes a valuable asset in problem-solving and decision-making [10, 22, 25].
Metacognition encourages a culture of adaptability, innovation, and continuous
learning that are highly sought-after qualities in the professional world. In this way,
metacognition contributes to career success and fosters a lifelong commitment to
professional development [25].

Metacognition’s influence extends to the dynamic landscape of social inter-
actions. By promoting effective communication, empathy, and collaborative
problem-solving, individuals with metacognitive knowledge are better prepared
to engage with others in a meaningful and constructive way. They understand not
only their own cognitive processes but also the diversity of approaches that differ-
ent individuals may employ. This fosters a culture of inclusivity, cooperation, and
effective teamwork that are essential in various social contexts, from friendships
and family relationships to professional collaborations and community engagement.
Metacognition becomes a bridge to building meaningful and harmonious social
connections.
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Thus, metacognition paints its influence across all facets of human development.
It is a multifaceted tool that enriches cognitive development, fosters personal growth,
enhances professional achievements, and contributes to the success and harmony of
social interactions. Its far-reaching impact underscores the importance of metacogni-
tive knowledge in the holistic development of learners. The utilization of metacog-
nitive knowledge helps prospective teachers to perform well in their personal and
professional lives [25].

2.3 Nurturing self-knowledge for holistic development

This introspective exploration, often referred to as self-knowledge, not only
illuminates the path to better understanding oneself but also holds the key to unlock-
ing one’s full potential across diverse facets of life. Self-knowledge extends beyond
surface-level awareness, delving into the intricacies that shape an individual’s
thoughts, motivations, and behaviors. It involves recognizing both the strengths that
propel progress and the vulnerabilities that present opportunities for growth [26].
This profound understanding provides the foundation upon which individuals can
build effective strategies for learning, decision-making, and interpersonal interac-
tions. It is a journey of self-discovery that offers the compass needed to navigate the
complexities of today’s dynamic world. By nurturing self-knowledge, individuals not
only enhance their own lives but also contribute to the collective tapestry of personal
and societal advancement [27, 28].

Teachers play a crucial role in enhancing students’ self-awareness, self-discovery,
and overall personal development. They serve as guides, mentors, and facilitators in
creating an environment that fosters introspection, self-improvement, and the devel-
opment of various skills. Here is how teachers can contribute to enhancing students’
self-awareness and related aspects.

Engaging in self-analysis paves the way for personal growth and development. By
introspectively examining different dimensions of one’s personality, individuals can
gain valuable insights that contribute to ongoing self-improvement. Understanding
how one perceives oneself across various aspects of their character serves as a crucial
foundation for continuous self-monitoring [18]. This process enables individuals to
track their progress, identify areas for enhancement, and cultivate a deeper awareness
of their strengths and areas that require attention.

2.4 Fostering task variables for learner efficacy

Based on Bandura’s theory of self-efficacy, students’ self-efficacy involves an
individual’s judgments regarding one’s own ability to master a task [15]. Tasks are the
learner engagements in performing an activity. Learning efficacy refers to the degree
of an individual’s confidence in the actual application of skills and knowledge taught
to them in either classroom or training sessions.

Efficacious students display a propensity for embracing intricate and demand-
ing tasks. This proclivity is accompanied by adept time management and unwaver-
ing commitment to effectively decipher intricate conceptual challenges. Tasks
fundamentally catalyze a heightened level of learner engagement, propelling a
cognitive regulation process for the efficacious execution of assigned undertak-
ings. Proficiency in this context encompasses task awareness, discerning the perti-
nence of varying tasks, methodically delving into task exploration, and ultimately
showcasing productive mastery across a spectrum of learning scenarios. Such a
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multifaceted approach not only enhances the learning process but also underpins
diverse forms of exemplary performance [8, 11, 23].

2.5 Practicing strategic knowledge for goal achievement

In the context of learning, strategic knowledge indicates the knowledge of the
general strategies for learning, thinking, and problem-solving. Many strategies
are required to plan, monitor, and regulate cognition which is the base of various
performances. Strategies are the paths towards the goals and successful strategies are
essential to ensure the achievement of goals [10, 25, 29].

Strategic knowledge plays a crucial role in problem-solving across various con-
texts, empowering individuals to tackle challenges with effectiveness and efficiency.
In problem-solving, strategic knowledge refers to a deep understanding of different
approaches, methodologies, and tools that can be employed to analyze and address
complex issues. In everyday life, strategic knowledge enhances decision-making [30].
Individuals facing personal dilemmas or practical issues can tap into their strategic
knowledge to explore different options, anticipate potential outcomes, and select
the most suitable course of action. Furthermore, strategic knowledge fosters criti-
cal thinking. It encourages individuals to approach problems with a well-rounded
perspective, considering multiple dimensions and possibilities. This holistic approach
often leads to more comprehensive and effective solutions [13, 24].

Strategies encompass a range of approaches, techniques, and plans that individu-
als deploy to achieve their goals efficiently and effectively. At the core of this process
lies strategic knowledge, which entails understanding on how to analyze situations,
devise plans, allocate resources, and adapt approaches to overcome challenges and
reach desired outcomes [30]. Teachers play a pivotal role in motivating learners to
acquire and apply strategic knowledge effectively [28]. Their guidance and support
can inspire students to develop a deep understanding of strategic approaches and
their practical applications. Here is how teachers can contribute to fostering motiva-
tion and enthusiasm for strategic knowledge.

3. Research methodology
3.1 Research design

The primary aim of this study is to investigate the utilization of metacognitive
knowledge in enhancing learner holistic performance. To achieve this objective, a
quantitative research design was chosen, with a particular emphasis on the collection
and analysis of numerical data.

The researchers employed the survey method as the primary data collection
technique. The study’s target population comprised teacher aspirants attending UG
courses in Education. These students were selected as respondents based on their
relevance to the research focus. As part of their academic curriculum, these individu-
als have been exposed to theoretical constructs related to metacognition. The selec-
tion of this particular group allowed for an examination of whether they effectively
apply metacognitive knowledge to enhance their overall performance as learners. The
present study included a sample of 178 students. This sample was chosen based on the
criteria of having a foundational understanding of metacognitive knowledge through
their academic coursework.
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3.2 Instrument

To assess the respondents’ utilization of metacognitive knowledge for holistic
performance, the survey instrument was carefully designed. The survey included
questions that explored their awareness of metacognitive strategies, how they apply
these strategies in their learning processes, and the impact of metacognition on their
overall performance.

The scale comprises a series of items that require participants to self-assess their
awareness and use of metacognitive knowledge related to person variable, task vari-
able, and strategy variable. It includes statements related to the application of meta-
cognitive knowledge in real-life scenarios, both within and outside the classroom. The
scale is designed to measure the depth of participants’ metacognitive understanding
and its practical utilization. It has three sections: Section 1 for assessing person
variable, Section 2 for assessing task variable, and Section 3 for assessing strategy
variable. The responses were patterned on a Likert Scale, ranging from 1 to 5 indicat-
ing Never, Rarely, Sometimes, Often, and Always. High scores indicate higher use of
metacognitive knowledge, whereas low scores indicate minimum use of metacogni-
tive knowledge. The instrument underwent professional critiquing for validity and
reliability. The Cronbach alpha coefficient was found to be 0.95, and test-retest
reliability results were found to be 0.91.

3.3 Data analysis and results

The obtained data were analyzed to find out the mean scores. These are presented
in Tables 1-3.

Table 1 shows the use of person variable of metacognitive knowledge for holistic
performance. The statement ‘I can utilize my strengths in various aspects of my life’
scored highest with a mean of 4.64. The statement ‘My personal experience influences
my interactions’ scored the lowest with a mean of 2.98. The mean total score is 3.91,
which indicates that the respondents often utilizes the person variable of metacogni-
tive knowledge.

Slno Statement Mean Interpretation

1 My self concept guides me to make apt decisions 3.85 Often

2 I can utilize my strengths in various aspects of my life 4.64 Always

3 I always consider how others perceive me in social context 313 Sometimes

4 I can adjust my behavior in social settings 4.6 Always

5 I try to align my beliefs and values with social norms 3.69 Often

6 My personal experience influences my interactions 2.98 Sometimes

7 I work on improving my weakness to achieve personal growth 4.63 Always

8 My past experience always helps me for better actions. 4.32 Often

9 My self-esteem inspires me to maintain healthy life 3.81 Often

10 My reflection on my self help me for emotionally stable 3.58 Often
Mean of Total Score 391 Often

Table 1.

Utilization of metacognitive knowledge- person variable for holistic performance.
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Slno Statement Mean Interpretation
1 I have a clear and organized system for managing tasks and 3.52 Often
responsibilities.
2 I allocate specific time slots for important tasks to ensure 3.37 Sometimes
they get done
3 I keep a tidy and organized workspace that promotes 342 Sometimes
productivity.
4 I use digital and physical tools to manage and track my tasks 39 Often
efficiently.
5 I regularly create to-do lists or task schedules to stay on top 3.82 Often
of my work
6 I am skilled at prioritizing tasks based on their importance 4.28 Often

and urgency.

7 I set aside dedicated time for my most critical tasks. 4.56 Always
8 I set clear, measurable, and achievable goals for myself 3.98 Often
9 I am open to change and adaptable when faced with 3.75 Often
unexpected obstacles.
10 I regularly achieve the goals I set, and this gives me a sense 2.89 Sometimes
of accomplishment
1 I regularly review and adjust my time management 273 Sometimes

strategies for better results.

12 I use time wisely by multitasking effectively when 3.94 Often
necessary
13 I approach challenges with a problem-solving mindset, 3.83 Often
seeking creative solutions.
14 I minimize distractions and interruptions during focused 335 Sometimes
work periods
Mean of Total Score 367 Often
Table 2.

Utilization of metacognitive knowledge-task variable for holistic performance.

Table 2 shows the use of task variables among the respondents. The statement
‘I set aside dedicated time for my most critical task’ scored highest with a mean of
4.56. The statement ‘I regularly review and adjust my time management strategies for
better results’ got the lowest score with a mean of 2.73. The mean total score is 3.67,
which shows that the respondents often make use of the task variable of metacogni-
tive knowledge.

Table 3 shows that the statement ‘I consider different approaches before deciding
on the best one for a given task’ scored the highest with a mean of 4.66. The statement
‘I evaluate the effectiveness of the strategies I use and adjust as needed’ got the lowest
score 2.56. The mean total score is 3.67, which indicates that the respondents often use
the strategy variables of metacognitive knowledge.

The tables also reveal that person variables are the most utilized component of
metacognitive knowledge having a mean of 3.91. The task variables and strategy
variables are equally used with a mean of 3.67. Thus, all these three variables are often
used by students for enhancing their holistic performance.
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Slno Statement Mean Interpretation

1 I evaluate the effectiveness of the strategies I use and adjust 2.56 Sometimes
asneeded.

2 I seek guidance from others when deciding on the best 3.86 Often

strategy for a specific task.

3 I'have a clear plan for how to approach my long-term goals 3.97 Often
and objectives.

4 I use a variety of strategies when faced with complex 3.64 Often
challenges to find the most efficient solution.

5 I can effectively choose the right strategies to achieve my goals 323 Sometimes
in different areas of life.

6 I adapt my strategies based on the nature and requirements of 412 Often
the task at hand.
7 I reflect on my past experiences to determine which strategies 3.67 Often

have been most successful for me.

8 I am confident in my ability to choose the most appropriate 332 Sometimes
problem-solving methods.

9 I consider different approaches before deciding on the best 4.66 Always
one for a given task.
10 I find it easy to match the right strategy to the right situation 4.18 Often
11 I ensure that I make efficient use of my resources and time 321 Sometimes
Mean of the Total Score 367 Often
Table 3.

Utilization of metacognitive knowledge-strategy variable for holistic performance.

4. Discussion

The sample for the present study was undergraduate Education students, who have
adequate awareness about metacognitive knowledge through their course. The find-
ings show that these respondents always utilize their strengths, adjust well to social
situations, set aside time for doing important tasks, and choose the best strategies for
performance. The respondents often utilize person-related awareness, task-related
knowledge, and strategy knowledge for performing well in various fields. This aligns
with the findings of other research [25-27].

The study demonstrates that these respondents consistently utilize their strengths
and adapt effectively to social situations. This finding is in line with the model of
self-regulated learning, where self-awareness of one’ strengths and weaknesses is
considered a vital component of metacognition. The ability to adapt to social situ-
ations may also be attributed to metacognitive skills, which facilitate the regulation
of social interactions [20]. Respondents consistently choose the best strategies for
performance. This aligns with research on metacognitive regulation that empha-
sizes the importance of strategy knowledge in enhancing performance [17, 31].

The respondents’ ability to select and apply appropriate strategies suggests a high
level of metacognitive competency. These findings have significant implications for
educators. It suggests that metacognitive knowledge should be emphasized in the
curriculum, as it equips students with valuable skills for self-regulated learning and
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personal development [32, 33]. Educational institutions should consider incorporat-
ing metacognitive training programs to enhance students’ awareness and the use of
metacognitive knowledge.

5. Conclusion

The present study highlights the importance of the three-component framework
of metacognition, consisting of self-knowledge, task knowledge, and strategic
knowledge. This underscores the importance of self-awareness, task understanding,
and strategy application in the pursuit of effective learning and problem-solving [24].
This holistic approach enhances learners’ ability to adapt, optimize, and excel in vari-
ous cognitive endeavors, contributing to their overall growth and success.

To guide learners effectively in achieving their educational and personal growth
goals, precise regulation of these components becomes paramount. Personal vari-
ables, task variables, and strategy variables intertwine harmoniously within this
framework [31]. This comprehensive structure equips individuals with the necessary
tools to embark on purposeful and introspective learning journeys. By harnessing
self-knowledge, learners gain the ability to tailor their learning strategies in align-
ment with their distinct attributes [13]. Simultaneously, task knowledge provides
a clear comprehension of the cognitive landscape, whereas strategic knowledge
empowers learners to navigate this terrain with skillful precision. Teachers need to
guide learners towards mastering the art of task selection, integration, and execution
to pave the way for a more successful and fulfilling journey towards learners’ goals.
Metacognition assists students in developing problem-solving and critical think-
ing skills. Incorporating metacognitive knowledge into teaching practices can have
a profound impact on student learning and holistic development. It helps students
become more independent, self-regulated learners who are better prepared for the
demands of the modern world. Teachers play a crucial role in facilitating this process
and supporting students’ metacognitive growth.
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Chapter 6

Perspective Chapter: Is
Metacognition ‘Just’ Imagination?
Exploring the Relationship

with Implications for Agency

and Pedagogy

Helen Burns

Abstract

This chapter presents research, findings and discussion which emerged from
atheoretical exploration of imagination as cognition and metacognition. The
researcher took a pragmatic stance in addressing a problem encountered in education
practice: that an articulated understanding of ‘imagination’ is largely absent and its
likely relationship with metacognition is little articulated, despite these being essen-
tial components of learning. Within an interdisciplinary approach, exploring theories
across disciplines provided ideas to use in re-imagining imagination. This chapter
describes and uses the model of imagination and metacognition which emerged
through this process. The model suggests that imagination and metacognition are so
inter-related that there is potential to consider them as one and the same, asking ‘is
metacognition just’ imagination?’ This question is discussed with the conclusion that
it is better to acknowledge the complexity of this relationship than to reduce it to an
‘either/or’ claim. Discussion also includes consideration of a further, intrinsic rela-
tionship with personal and social agency, which led to an application of the model to
inform and produce evaluative tools for a small research project: Imagination Agents.
In conclusion, the chapter recommends that due to the close relationship between
imagination, metacognition and agency, we should consider how to better support it
within education systems where it is currently neglected.

Keywords: imagination, metacognition, agency, pedagogy, art education

1. Introduction

This chapter is grounded in theoretical research [1, 2] which attempts to set
aside ‘magical’ perceptions of imagination in education and understand it instead,
as a fundamental aspect of cognitive and metacognitive capacity. In turn, it offers
a perspective of metacognition from the view-point of imagination. A theoretical
exploration of the relationship between imagination, cognition and metacognition is
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cohered and conceptualised within ‘emergent models’ of imagination, (drawn largely
from [1]). Through this exploration, a question arises of whether a combined focus
on imagination and metacognition could be potent in developing personal and social
agency. If so, we may hypothesise that educational support for the inherent relation-
ships between imagination, metacognition and individual agency creates capacity for
democratic agency. The emergence [3-5] of the models demonstrates a fundamental
relationship between cognition, metacognition and imagination, with these latter
two capacities overlapping to the degree that we arrive at the question of whether
metacognition is actually, just imagination. The chapter concludes with discussion

of arecent application of these ideas within a research project with young people
Imagination Agents, before making recommendations for research and practice.

Few would disagree that imagination is essential for originality and for enabling us to
see beyond our current state. It is therefore crucial in addressing a ‘posthuman conver-
gence’ ([6], p. 3) of structural injustice, environmental crisis and a shift in what it means
to be human in light of rapid scientific and technological change. Complex personal,
local and global challenges require us to re-imagine ourselves and to use imagination
to develop autonomy, empathy and the capacity to solve problems. This suggests the
importance of nurturing imagination, however; some argue that this is not recognised
by or reflected in current education. At the more critical end of the scale, Giroux [7]
states that schools have become ‘disimagination machines’ which leave us ill-equipped
for necessary innovation in a challenging world. Biesta ([8], p. 55) describes how educa-
tion is steered in the direction of ‘the production of a small set of measurable learning
outcomes’ and neglects students’ voice, creativity and unique identities.

Imagination is often regarded as a magical phenomenon, rather than as a cognitive or
metacognitive capacity which can be educated. This is recognised from a psychological
perspective by Ryle, who notes °..a quite general tendency among theorists and laymen
alike to ascribe some sort of other-worldy reality to the imaginary. ([9], p. 232). Within
neoliberal contexts, imagination is frequently seen as an escape from reality, often
colonised and epitomised by global, corporate bodies such as Disney, Dreamworks and
so on. Over the course of my professional and academic career in education, numerous
teachers have told me ‘It’s all about imagination’ They have expressed concern that many
children do not have access to the experiences which nurture it and struggle to apply it
when it is required, for instance, in literacy or problem-solving activities.

Like many others, I have a love of and belief in imagination which can seem to
imply it has an almost magical power. I have no desire to extinguish ideas of magical
imagination (after-all, that would be unimaginative!); however, a lack of definition
could restrict the capacity to nurture imagination in our contemporary, educational
environment, where accountability can dominate (e.g., [10]). As my research into
imagination progressed, I became interested in the proximity and overlaps within
its relationship to metacognition and in how, by association with metacognition,
(perhaps a more frequently defined and implemented concept in education), it is
possible to advocate for practices which nurture imagination and cognition/metacog-
nition. Meta-evidence suggests that children can increase their chances of educational
success if they are supported to develop metacognition [11]. A strong relationship
between imagination and metacognition implies that developing imagination is likely
to be beneficial for metacognition and therefore for learning more generally. If this
relationship is strong and is understood, we might better develop metacognition by
better developing imagination, thereby improving individual learning, in particular,
the capacity for self-regulation. Conversely, we might support imagination by edu-
cating for metacognition, since this would automatically require us to exercise our
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imagination. Either way, by developing metacognitive understanding and strategies
for self-regulation, these approaches could generate confidence and lead to increased
autonomy (Bonnett in [12], p. 156). In turn, this could lead to increased potential for
democratic capacity, as described by Dewey [13] and Greene [14].

Imagination as a concept ‘has been relatively neglected in our current age’ [15].
Little research has been carried out into the condition of imagination in education,
perhaps because little has been done to find a way to conceptualise and assess it. The
same cannot be said of metacognition, which continues to be well-researched and
supported pedagogically through an array of programmes, strategies and curricula. It
has been suggested [16] that metacognition may be considered to be a form of imagi-
nation, described in terms of Mead’s ‘generalised other’ in which the individual inter-
nalises a ‘general systematic pattern of social or group behaviour’ and applies these
‘towards himself, just as he takes the individual attitudes of others. ([17], p. 158).
Such an act is imaginative in requiring a leap of thought in order to consider how
the ‘generalised other’ might respond in a given situation. For Kant, imagination isa
means of connecting and synthesising sense perceptions with existing knowledge,
making imagination the ‘hidden condition of all knowledge’ ([18], p. 167). One might
also argue, based on Kant, that imagination is a kind of cognitive transcendence and
is akin to metacognition. How far do these theories account for the characteristics of
metacognition and how else might imagination influence the metacognitive process?
By modelling this relationship we might better understand both imagination and
metacognition and improve support for learners across both (or perhaps the same)
kinds of thought.

To consider metacognition (e.g.; [19-23]) in relation to imagination, it makes sense
to explore it as specialised, self-awareness applied to personal thinking and learning
and to acknowledge imagination as a critical factor in species-wide human develop-
ment which enabled the emergence of consciousness of our own existence (e.g.;
[24-26]). Literature which is concerned with the relationship between imagination
and metacognition, (except through a focus on creativity, e.g., Runco [27], Kaufman
and Beghetto [28]). Authors have discussed that there are multiple definitions of
metacognition (e.g., [21]). Discussion in this chapter requires a pragmatic, essential
yet comprehensive definition, to provide a foundation for relating it to imagination,
hence it adopts Flavell’s definition in which “Metacognition” refers to one’s knowledge
concerning one’s own cognitive processes and products or anything related to them’
([29], p. 232). Flavell produced a framework including metacognitive knowledge,
experiences, goals and actions ([19], p. 906).

2. Methods

I undertook a theoretical journey towards emergent models of imagination within
cognition and metacognition. This research was undertaken from a pragmatic stance
(e.g., [30]). It aimed to address a problem which arose within my education practice
as a museum and gallery educator: that an articulated understanding of ‘imagination’
is largely absent and its relationship to metacognition seems little considered.

An interdisciplinary approach to data collection was adopted in order to ensure
that the new models are well-grounded, not limited by subject discipline and there-
fore; robust. The integration of theoretical data from multiple fields of knowledge
was designed to enable a novel contribution to education practice due to its roots
lying in perspectives emerging from beyond that practice. A method analogous to
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‘grounded theory’ ([31], p. 491), was used inductively in the selection and analysis of
literature, which constituted data within the study. Theory emerged from the identi-
fication and cohering of themes from the data, in conjunction with the interpretive
capacity of the researcher, as an education practitioner. Exploring theories across
disciplines unearthed ideas to use in re-imagining imagination. This enabled a concep-
tual escape from what can be a restrictive, educational perspective which can simply
serve ‘to facilitate a “ready-made” political or moral (normative) purpose’ ([32], p. 2),
as opposed to creating a means of supporting the productive transformation of our
thinking and learning.

The resulting, cognitive and metacognitive models of imagination (see [1]) consti-
tuted the basis for the further research which is described in this chapter. This was an
action research case study ‘Imagination Agents’

3. Findings: key themes emerging

Two themes emerged strongly. The first, transcendence, is concerned with imagina-
tion and self-awareness, in a species-wide and individual sense. The second is imagi-
nation as cognition, which is concerned with imagination as being fundamental within
all or almost all of our thought.

3.1 Transcendence

First, the theme of transcendence is concerned with a species-wide, evolutionary
perspective. What emerged within the theme is a proposal that by evolving a suf-
ficiently sophisticated imagination, our capacity to develop and use a transcendental
‘vision’ developed. A significant evolution and enlargement of human brains (which
evolutionary psychologists generally accept as taking place about 1 million years ago
(e.g., [25], p. 48)) enabled us to develop theories of mind and to be able to consider
our place within, whatever we then conceived as the universe. These transcendental
theories led to our further evolutionary development, with ‘This perception of one’s
individual existence in space and time...[becoming] a driving force in the evolution of
the human animal’ ([26], p. 8). In developing such an understanding of ourselves and
of our situation, we could also develop empathy for other humans by imagining their
thoughts, feelings and needs.

This capacity for self-awareness and empathy is surely a basic condition for per-
sonal agency and from this, social/democratic capacity. For example, self-awareness
of how we learn, personally, might lead us to recognise that the holistic well-being
of a social group depends on ensuring that others can also learn and need to be
cared for in this respect through an empathetic approach to their learning needs and
accompanying efforts to accommodate these. Thus, concepts of education for the
social and democratic good might arise. Additionally, we see that from the outset of
this argument, there is an implied closeness between imagination and metacogni-
tion if we consider metacognition to be a special kind of self-awareness, which, in
its application to thinking and learning, is perhaps a particularly powerful kind of
self-awareness in relation to species-wide development.

There is an interesting role for arts and culture within this evolutionary (as
applied to the species) and developmental (as applied to the individual) theory,
which has implications for the development of pedagogies to support imagination
and metacognition. Montell argues ([26], p. 17) that the evolutionary adaptation
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of imagination was driven by awareness and fear of death. This had been provoked
by the development of our sophisticated capacity for imagination. It may have been
advantageous for us to externalise this fear in the form of artefacts ([25], pp. 49-50),
with the proliferation of these leading to the development of culture and cultural
practices which involved them. These cultural artefacts acted as cognitive anchors
for concepts, set outside of ourselves, where they could be contemplated and shared
and built upon. This externalisation of ideas as physical objects freed up °..cognitive
‘space” [24], allowing us to over-ride existing mental categories and to develop our
ways of thinking, socio-culturally (Ibid). A cycle emerges: evolved imagination leads
to self-awareness, leading to socio-cultural dialogue, which further expands social
and individual imagination. Considering this in a current, pedagogical context, we
might come to understand the special, cognitive value of arts-based experiences and
their potential in supporting social dialogues which can lead to individual and social
agency. This idea is infused within the Imagination Agents project, described towards
the end of this chapter. While the application of imagination need not only be con-
cerned with supporting agency, it is fundamental to this task, since it is what enables
us to consider ourselves reflectively, to consider the perspectives of others and what
all of this means for successful co-existence.

Kant'’s philosophical theory of ‘transcendental imagination’ (Critique of Pure
Reason, 1781) asserts that imagination is an innate human faculty which underpins
and structures our thinking. Imagination enables us to group and synthesise new,
sensory impressions with pre-integrated mental images. Transcendental imagination
performs a basic, classifying function, without which we would be left to respond to
experiences which would seem chaotic and meaningless. The idea of imagination as
a kind of driving, cognitive force towards the progressive development of our under-
standing emerges, expanding the Aristotelian idea of imagination as the ‘movement’
of stored mental images, driven by ‘desire’ for meaning (De Anima, 3, 10, 433a).

Kant’s use of the word ‘transcendental’ then, means that imagination ‘comes first’
and drives us to transcend what would otherwise be a mess of dis-ordered experiences.
Without imagination, we could not synthesise our perceptions into concepts. If we
experienced buildings, we could not conceptualise them as part of the environment
or consider that, in greater number, they would constitute a city. We could not apply
concepts of urban development or compare buildings to other buildings with different
purposes. Each experience of a building would be unconnected with any idea which
enabled a broader ‘sense-making’ about them and their place in the world. Likewise,
without transcendental imagination about ourselves as humans, we could not under-
stand the relationships between self, species and the universe. This transcendental
deficit would negate possibilities for personal and/or social agency, since we could not
understand self or social concepts and by extension, how to support self or society.

So far we have considered imagination in the context of cognition but this has
strayed into ideas of self-awareness and theories of mind, which could be considered
to be related to metacognition, albeit that these are broader concepts. Within meta-
cognition, imagination enables a more focused transcendence, concentrated upon our
thinking and learning.

To summarise what has emerged from this theme of ‘transcendence’ then, there
are two key aspects, one evolutionary and the other, philosophical/psychological.
First, imagination enabled our self-awareness at an evolutionary level. We then had
to cope with the imaginings that this brought. The need to externalise our thinking
prompted our cultural development and from that, our further, social development as
a species. Considering transcendence at an individual level, it is the organising factor
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within our thinking. Through this, we are able to synthesise and organise ideas about
our own thinking and learning, which constitute metacognition. We can conclude
that, based on these ideas, imagination is fundamental to cognition and metacogni-
tion, as well as to individual and social development.

4. Imagination as cognition

In De Anima, Aristotle provides foundational ideas of cognitive imagination. For
him, imagination mediates our sensory perceptions and our judgement. Without
imagination, our sensory perceptions would be unavailable to our thought processes
and therefore, we could not think properly or function as conscious individuals.

For Aristotle, imagination is ‘movement’ (De Anima, 3, 3, 428b), concerned with
transporting sensory perceptions into the cognitive realm, where they are stored for
further use. This ‘image store’ support us to deliberate and self-regulate by recalling
‘images’ (while this implies visuality it includes all kinds of sensory perceptions,
smell, touch taste etc.) to enable us to reason and self-regulate. According to Aristotle,
we are driven by a ‘desire’ (De Anima, 3, 7, 431b) to understand or make meaning.
Within this driven process of cognition, imagination connects sensory perception
with our existing thought, enables us to make choices and to think backwards and for-
wards in time (ibid). applying Aristotle’s ideas to metacognition: driven by the desire
to learn, we make choices and self-regulate our thinking and learning by manipulat-
ing stored mental imagery which relates to this. The mental image can be considered
as a ‘building block’ of the imagination which is critical within our thinking.

Jumping forward in time, Hume and Kant developed understanding of imagina-
tion as cognition which seems to have laid foundations for more recent, psychological
approaches. Hume’s [33] philosophy of imagination as a kind of existential keystone,
holding together a coherent understanding of the world by filling in gaps in our under-
standing is resonant with Piaget’s, psychological understanding of the role of imagina-
tion for young children. For Piaget, imagination compensates for a deficit in material
experiences [34]. Kant’s ‘transcendental imagination’ has resonance with Piaget’s theory
of schema and the accommodation and assimilation of experiences into these (1952).

Vygotsky concurs with Piaget that our thinking is based on storing, manipulating
and applying sensory images, conceptualising this not as ‘gap filling’ within the act of
discovering pre-existent truths (in a positivist sense) but as a creative, constructive
activity [34]. This implies an agental role for the learner as a constructor of mean-
ing and therefore as a potential change-maker. This function can be applied to the
development of metacognition and our capacity to make sense of and strategise our
thinking and learning. Furthermore, the implication is that we can create new knowl-
edge, which can provoke thinking about new possibilities in relation to the complex
challenges which we face individually and socially.

5. Findings: an emerging model of cognitive imagination

Having described what emerged from the research process as significant themes
in relation to the study, I will now go on to summarise the models of imagination
and cognition and metacognition which were major findings. These were initially
described in detail in [1] and are briefly re-presented here, illuminated by new
examples of how they might manifest in experience.
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Tye of imagination Definition Example
Imaging Evoking images of what is not A child brings to mind an image of a castle
present, to support our thinking which they have experienced, in person orasa

sensory representation

Productive Combining images The child considers and connects physical
attributes from a variety of castles which they
have experienced

Creative Connecting images towards The child produces an idea of a castle which
the production of a relatively they have never experienced first-hand but
original idea (relative to the which could, theoretically, exist materially
individual)

Fantastical Bringing to mind things which The child brings to mind the ‘Castle Greyskull,
have not been/cannot be directly, from the animation He-Man

materially experienced

Table1.
Types of imagination: Definitions and examples.

The premise of the model of imagination in cognition is that imagination consists
of various manipulations of mental images, which we recall from a kind of ‘store’ or
an ‘allusionary base’ ([35], p. 18), in order to cohere ideas. This premise can be traced
back to Aristotle, who described this concept of storage and recall, driven by ‘desire’,
in ‘De Anima’ To consider how the model might manifest in our thinking, I will relate
the types of imagination to a concept and apply them in the context of a child learn-
ing. With reference to Jerome Bruner’s chapter ‘Possible Castles’ [36], I will use the
concept of ‘a castle’ (Table1).

Note that fantastical imagination is ‘fantastical’ because the child imagined some-
thing materially impossible, yet not original. Fantastical Imagination may or may not be
creative. For instance, it could be said that bringing to mind a dragon requires fantasti-
cal imagination since a dragon is not ‘real’ in a material sense (as far as we know!). This
is not necessarily Creative Imagination because dragons will usually not be a relatively
original imagining. On the other hand, Fantastical Imagination could include Creative
Imagination if the impossible scenario being imagined is original to the person imagin-
ing it. Fantastical Imagination, while it may or may not involve Creative Imagination, like
Creative Imagination, will also rely on Imaging and Productive Imagination.

6. Findings: an emerging model of metacognitive imagination

Having modelled the fundamental role of imagination in cognition, it is safe to
assume that imagination also supports metacognition [19]. Metacognition requires the
application of our cognition, within a focus on our cognition; therefore it involves
imagination. Within a metacognitive process, the kinds of imagination identified in
the cognitive model would be applied to the issue of our own thinking and learning.

Basically, to model imagination and metacognition we need to recall and objectify
the cognitive model in order to gain a ‘meta’ view. While focussed on our thinking and
learning, imagination within our metacognition is likely to perform in basically the
same way as it does within our cognition, however, the relationship is more complex
in requiring a more demanding role for self-awareness, which, as discussed above
(and in [1]), is dependent on imagination. Imagine a child, metacognitively reflecting

83



Metacognition in Learning — New Perspectives

on how they produced a story about travelling back in time. The categories of imagin-
ing are interacting within a self-transcendent lens, as the child reflects on how they
incorporated experiences from a visit to their local museum to create their vision of
the world of a child living 200 years ago. Using imaginative, self-awareness the child
metacognises that drawing on personal, material, experience inspires their creativ-
ity. They decide that this is a helpful, future learning strategy, thereby developing
their metacognitive skill. They have used their cognitive capacities in the context of
their transcendental capacity for self-awareness. Both capacities were supported by
imagination, within a metacognitive process.

Table 2 attempts to summarise the role of each kind of imagination within meta-
cognition. To provide some tangible insight into how the metacognitive model might
apply to a piece of thinking, we will use the example of a child faced with a challeng-
ing exam including the topic of photosynthesis.

If we see self-awareness as the foundation of metacognitive knowledge, we
might expect imagination to have an amplified role in metacognition. The deliberate
application of our thought to our unique and individual thinking implies novelty
and requires Creative Imagination. The role of imagination is increased if we cross,
conceptually, from cognition to metacognition. Creative Imagination is the key to
unlocking metacognition. Imaging and Productive Imagination are of course required but
metacognition is grounded in cognitions previously acquired through socio-cultural
experience and turned into images relating to thinking and learning. We accom-
plish this by using Productive and Creative Imagination at the cognitive level. These
capacities are now material for ‘meta’ reflection. Simultaneously, they are tools for
metacognitive manipulation—the same thought processes applied to our concepts of
thinking and learning. ‘Only when we have embarked on the creative task of develop-
ing metacognitive knowledge and skill do we continue to manipulate and combine
imaging and products of imaging at this higher level, transcending and ‘looking

Type of Definition of role in Example
imagination metacognition
Imaging Bringing to mind images A child brings to mind an experience of struggling to
about thinking and learning comprehend the idea of photosynthesis
Productive Cohering imagery of The child recalls comprehending the idea of evolution
experience to imagery of after seeing a visual representation of this online and
concepts related to thinking copying it with pencil and paper
and learning
Creative Applying relevant concepts The child reflects that seeing information presented
in order to reason about one’s visually and making a visual copy helps with their
own states—necessarily comprehension of big ideas like photosynthesis. For
arelatively novel piece of the first time, they find visual representations of
thinking photosynthesis online and make their own diagram
which summarises these
Fantastical Bringing to mind ideas about The child imagines that everything they could possibly
thinking and learning which learn about is presented visually in school, which
have not/cannot be materially becomes a kind of infinite learning ‘gallery’. The idea
experienced of this inspires them to produce further images, asa
strategy for comprehension, which they display on their
bedroom walls
Table 2.

Types of imagination in metacognition: Definitions and examples.

84



Perspective Chapter: Is Metacognition Just’ Imagination? Exploring the Relationship...
DOI: http://dx.doi.org/10.5772/intechopen.114167

down’ on our own learning, having accumulated a sufficiently sophisticated lexicon
of symbolic language in order to achieve this’ ([1], p. 12). In Vygotskian terms, at this
point our thoughts have been crystallised into mental tools which allow us to open up
and construct thinking within a metacognitive realm.

The example in Table 2 is of course, simplified. The categories of imagination will
interplay more, however; it provides a starting point for considering what are usually
tacit processes. We can now speculatively ‘map’ imagination and its relationship with
metacognition. Metacognitive knowledge and skill can be situated within a larger
‘pool’ of Imaging in relation to thinking and learning. From this pool, can bring to
mind what is not present in relation to ‘learning’ ‘Ready-cohered within this pool of
images is a range of cognitive tools which, when directed towards the concept of our
own learning, enable us to manipulate and generate new thoughts which enhance
metacognitive knowledge and skill’ ([1], p. 12). Metacognitive knowledge and skill
need and feed each other. Skill requires knowledge as a foundation from which to
construct successful strategy. To obtain metacognitive knowledge we need to apply
metacognitive skill. Metacognitive knowledge uses Productive Imagination to recall
existing and integrate new images. Creative Imagination is needed in order to synthe-
sise these thoughts by making and applying ‘rules’ to organise them coherently.

Moving on to consider metacognitive skill, due to its focus on self-regulation and
strategy, this is largely supported by Creative Imagination, ‘since these executive func-
tions require the ability to reason and solve problems which are personal (therefore
novel) to the learner’ ([1], p. 13). While it is likely to draw directly on Imaging and
Productive Imagination, in allowing connections to be forged and thoughts to flow,
it also draws on Productive Imagination which has been previously crystallised into
metacognitive knowledge as imagery related to thinking and learning. It requires the
ability to speculate about and create strategies for application and adaptation in different
contexts. This metacognitive capacity for ‘adaptive intelligence’ ([37], p. 1) is essential
for responding effectively to turbulent, socio-cultural environments and for enabling us
to better address the significant challenges we face during the current. ‘convergence of
crises’ [38] we face. By increasing our metacognitive skill there is the potential to increase
our confidence and perception of ourselves as capable, democratic agents.

In summary of what is described above and more fully in Burns [1] as an emergent
model of metacognitive imagination: metacognitive knowledge and skill dynamically
interact with each other. They are dependent on and consist largely of imagination.
Reaching a metacognitive state requires us to transcend into self-awareness (individu-
ally and historically, as a species), using Imaging and the other kinds of imagination
described. Imagination enables us to construct knowledge. We can then apply creative
imagination to cohere our unique, concept of self. With this in place, we are able to ‘step
outside’ of our thinking, as if it were an artefact. We can then reflect and build on it,
metacognitively, with imagination continuing to support those metacognitive processes.

7. Discussion
7.1Just imagination?

Having explored and modelled imagination and metacognition let us return to the
question which partially forms the title of this chapter ‘Is metacognition just imagina-
tion?’. First, it is important to address the fact that the word ust’ can imply lesser
value for imagination. This author hopes that, in having made a case for and modelled
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imagination in such a way as to demonstrate its fundamental and pervasive presence
within our thinking, we do not see it as a lesser faculty. We can also reflect that, while
metacognition is necessarily concerned only with our own thinking and learning,
imagination is a far broader concept in terms of its potential application to any given
aspect of our world/universe. While this applicability is broad, it does not necessarily
follow that it penetrates every aspect of our thinking or of our metacognition.

Next then, perhaps we can ask, what is left of metacognition without imagination?
What seems to remain within metacognitive processes beyond imagination are any
operations which do not require mental images (for instance, isolated verbal coding
and perhaps, structures for thinking through, if it is possible for these not to depend
on imagery). If this is the case, then imagination and metacognition are very, very
close and we might argue that the terms are interchangeable.

What if, rather than using the word ‘metacognition’ in education, we had used
‘imagination’? As well as enabling us to work with metacognition, as a specific aspect
of imagination, this would allow us to understand and would emphasise the need to
nurture imagination more generally or to recognise it clearly as the foundation for
metacognition, in addition to its further benefits for learning, beyond imagining
concerned with the self. This might elevate imagination in education from being seen
as a ‘fluffy’, magical and non-educable force into a cognitive/metacognitive capacity
which it is vital to teach for. Given the accountability agenda which prevails in many
of our current, global education systems and the impact this has on what and how
children learn (for instance, the emphasis on STEM subjects and on measurable
outcomes) we might concur with Giroux, that in neoliberal societies schools act as
‘disimagination machines’ and insist that we need to generate a healthier attitude to
and provision for imaginative learning experiences. Ascribing the same importance to
imagination as we do to metacognition might help to remedy this, with many educa-
tors understanding that the global and social issues we face can only be solved by
imaginative individuals, communities and societies. This could be understood as an
act of embracing multiplicity in order to address:

‘the posthuman convergence...[as] a multi-directional opening that allows for
multiple possibilities and calls for experimental forms of mobilization, discussion and
at times even vesistance’ ([38], p. 9).

To some extent I am ‘resisting’ and playing devil’s advocate here, out of anger
and despair at what I see as a lack of imagination in education (both in what learners
experience and in how teachers perform or are allowed to perform), as well as for the
purpose of emphasising the essential role of imagination for metacognition and more
generally, for living a good life. Perhaps it is useful or necessary to retain ‘metacogni-
tion’ as a more specific concept, rather than to lose it to ‘imagination’. Ideally, we
should have the language, conceptual understanding and indeed, the imagination
to embrace both ideas and their relevance to each other, for application within our
learning, for the development of personal and social agency and ultimately, for social
justice and the good of our planet.

7.2 Applying the findings

Recently, the author applied the models, along with a model of individual ‘agency’
[39] in research with young people in a Scottish, inner-city secondary school. The project
was called Imagination Agents and was funded through a Royal Society of Arts Catalyst
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Grant. At the time of writing, data collection has only just been completed, so while it is
not yet possible to report with rigour on the findings, it is useful to describe the applica-
tion of the models (above) here, with some minor speculation as to the results. Led by
an artist, Imagination Agents aimed to support young people to develop personal agency
through an experiential process designed to nurture metacognition of their imagination
and through this, their sense of personal agency. The hypothesis we worked with was
that imagination enables the originality for creativity, which enables us to create unique,
personal understandings of and strategies for metacognition, with metacognition
enabling confidence for taking action, or, in other words, personal agency.

The project took a ‘grass-roots’ approach, identifying pertinent issues within the
local environment of the school and encouraging the young people to respond to these
artistically. This artistic challenge acted as a ‘vehicle’ for them to develop their sense of
agency. In having no ‘right answers), the subjectivity of art as a discipline allowed the
young people to make their own decisions within an imaginative and creative process.
The artistic outcomes of this included the production of sculptures, cast in plaster
from discarded packaging and situated within the local environment and alternative
signage, which the young people took out into their local streets and park.

Data collection tools were embedded within the pedagogic approach. They were
‘catalytic’ [40] in providing research data whilst simultaneously enabling the young
people participating to reflect on and develop a metacognitive perspective of their
imagination and agency. These tools (see Figure 1) took the form of handbooks,
which included axial tools related to the models of imagination (above) and a model
of ‘ecological agency’ [39]. Within the art-based context, these self-evaluation tools
were designed to be as visual as possible and to minimise the need for writing, in
order to engage young people who had chosen to join the project because of its artistic
focus. The handbook also included opportunities to visually represent imagination
and agency at the start and at the end of the project by drawing metaphors for each of
these. Additionally, there were sketchbook-style, blank pages and further activities
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Figure 1.
Tool for self- evaluating imagination.
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relating to the project focus on local sustainability, so that the handbooks might work
both as data collection tools and in supporting the pedagogy. They were designed in
collaboration with the artists who worked on the project to ensure that they served
these combined purposes.

While the handbooks worked well, despite our best efforts, they still seemed to
be and ‘add on’ to the main project activity. The young people completed them but
really, they would have preferred to stay with their personal, art making and told the
researchers so. They also said that they did not want to write at all, even though this
was a minimal requirement, within the context of an art project. We did explain that
this was necessary since the handbooks would also constitute data which we wanted
to interpret correctly, in accordance with participant intentions. In this communica-
tion, the young people were of course, exhibiting agency. The axial tools were quick to
complete and as such, yielded participation and useful data. Importantly, the young
people (aged 12-13) were easily able to comprehend the models of imagination and
agency presented to them, which is an encouraging finding in relation to the practi-
cality of the models presented within this paper.

As mentioned above, data has not yet been fully analysed but what can be said is
that in yielding hand-made signs on a walk around the local area, the young people
certainly exhibited confidence and agency, as they selected appropriate settings
in which to photograph them and were happy to be photographed with them. The
nature of these signs and the slogans the young people created on them was usually
humorous and friendly, playing with ideas of dictatorial instructions in relation to
the environment, such as ‘LOOK at the nice ducks!” (Figure 2). While, superficially,
this can be interpreted as light-hearted fun, it can also be seen as an attempt at social
influence by democratic means. By reminding people to focus on the positive, the
young artist hoped to stimulate appreciation of and empathy for the environment.

As discussed above, this capacity for empathy is based on the capacity to imagine the
perspective of others, in this case, the ducks and the people who have the opportunity
to experience them. From a posthuman perspective (e.g.; [6, 38]), this can be seen as
an important philosophical step towards de-centralising our position as human beings
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Figure 2.
Image of young person’s artwork.
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within environments, re-imagining the place of fellow species, their connection with
us and the environments we make and share. Such an approach chimes with concepts
of ‘The Imaginary Institution of Society’ [41] in which, “What we call ‘reality’ and
‘rationality” (p. 3) are works of imagination and as such, can be changed.

8. Conclusion

The emergent models imply that imagination is fundamental to cognition, meta-
cognition and is at the root of our potential for agency. Imagination must be recog-
nised as a critical means of supporting personal and democratic agency. This implies
that imagination, along with metacognition, should be considered as an educational
priority which need to be effectively supported by curricula, teachers and pedagogy.

Imagination is not a magical addition to our thought. Rather, it is intrinsic through-
out. The necessity for imagination in metacognition is particularly important, given
that metacognition supports achievement and attainment. In its close association with
metacognition, imagination could share some of the credit for enabling our learning
which is usually associated with the former capacity. Through this association it might
be possible to raise the status of educational provision for imagination and increase
opportunities for simultaneous, imaginative and metacognitive development.

The emergent models are offered firstly; as a basis for dialogue across the field of
education. This may lead to their rejection, adaptation or even their replacement, as
a means of progressing this area of education. I make no claim that they are compre-
hensive, complete or in any way ‘ultimate’. They simply offer a means of discussing
what has often been considered to be largely inaccessible and indescribable, while
also constituting a valuable part of our learning. Secondly; the models are offered to
practitioners and researchers who are interested in exploring their potential within
their areas of interest. The accumulation of findings from such explorations can help
to establish how useful the models are and suggest pathways for their transformation.

The models can help us to establish the current state of practitioner understand-
ing of imagination and the in/adequacy of support offered for this. They also offer a
framework to support pedagogic design. They could be used to form criteria for the
exploration of imagination in and across contexts, in relation to multiple factors and
impacts (not to suggest a solely deductive approach; the models might complement
inductive methods). A priority is to expand understanding of the imaginative meta/
cognitive processes which support capacity for personal and democratic agency.

If we have tools available to us which can even evidence the development of imagi-
nation and through this; metacognition and if we are able to engage in dialogue about
how best to support these capacities through the presence of a practical language and
framework, it may be more likely that we can encourage serious, focussed approaches to
imagination in education. If we can accomplish this, not only will we support metacog-
nition and learning; we might help to secure a better future for our planet by equipping
learners to confidently address the complex, global and local problems which we face.

9. Recommendations

Since the initial conclusion of the research described above, further ideas and phi-
losophies of imagination have come to the authors attention as being relevant within
a consideration of imagination in education, particularly in terms of its co-relation
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with agency. Costariadis’s ([41], p. 146) ideas of the radical imaginary, in particular,
have resonance here, in positing imagination as the basis of social-historical concepts.
This suggests that those concepts can be re-imagined, within a ‘universe of significa-
tions’ which are constituted by imagination. This reimagining and subsequent action
relating to it might be considered to constitute social agency. Relating this to an
individual, metacognitive perspective and focussing specifically on learning, by this
argument there is continual potential to re-imagine ourselves as learners. We might
otherwise refer to this as creative, metacognitive strategy. While Costariadis’s theories
were largely related to possibilities for societal change, they also seem to offer relevant
insights in relation to imagination, metacognition and agency within the individual.
The author recommends the pursuit of and will pursue these and other theories
within attempts to ensure the continued emergence of understanding in these areas.

If we consider the example of the ‘nice ducks’ (above)art seems to be a good
vehicle for reimagining, applied to any given focus. It may not seem surprising that art
supports imaginative capacities; however, based on the arguments presented above,
imagination is critical to rational thought, so, if art supports imagination better than
some other subjects, it is worrying that it is so neglected in many curricula (see, for
example NSEAD 2015), usually in favour of STEM subjects. We can also assume that,
due to imagination’s close relationship with metacognition, the deficit in art provision
might also impact negatively on opportunities to develop metacognition. After all,
what is a work of art if not a ‘meta’ representation of or reflection on a chosen idea or
set of ideas. As such, a recommendation arising from this work is to advocate STEAM
(Science, Technology, Engineering, Art, Mathematics) rather than STEM.

A further recommendation is simply to continue with the process of finding ways
to evaluate and self-evaluate imagination, perhaps in conjunction with the evalua-
tion of metacognition. This could include the quantitative analysis and reporting of
qualitative data, with this perhaps more likely to convince those who retain the idea
that imagination is ‘magical, unteachable, or too abstract to be evidenced. The ability
to evidence imagination statistically could play into prevailing concerns with account-
ability, enabling recognition of its importance and therebyj, its existence in educa-
tion systems. This said, this author would hope that in evidencing its cognitive and
metacognitive value, there might also be the possibility to illuminate the limitations
of such instrumental regimes within education, which can act to negate important
areas of learning (see [42]). Embracing imagination as cognition and metacognition
enables creative possibilities beyond meeting pre-imposed learning outcomes and
increases our chances of finding new solutions to complex problems in individual as
well as social life. It allows individuals to be re-creators, rather than spectators (after
[43], p. 56). This could include the reimagining and re-creation of our education.

All in all, the recommendations above cohere to suggest a much more substantial
focus on imagination within education. Along with this we need to recognise and
understand imagination’s close relationship with metacognition, with this relation-
ship offering a route to personal and social agency.
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Abstract

In today’s increasingly competitive world, the concept of “one-size-fits-all” has
become anachronistic and unproductive. Today’s reality requires educational orga-
nizations to rethink the services they give to meet students’ individual needs, as well
as the ways available to enable them to reach their full potential. The current review
aims to examine the most recent studies on the subject including the doubts, tensions,
and ambiguities they raise.

Keywords: personalization in education, technology, educational assessment, students’
achievement, role of teachers

1. Introduction

In today’s increasingly competitive world, the concept of “one-size-fits-all” has
become anachronistic and unproductive. Today s reality requires organizations to
rethink the services they provide to the consumers of their services in order to meet
their individual needs. At the same time, these consumers have expectations that
organizations will be instrumental in helping them to realize goals that reflect their
personal values in line with their understanding and preferences.

Yet, there are certain areas in which the principles of personalization are either not
applied at all or only partially applied despite their enormous potential in promoting
the field in question.

In recent years, the perception among education experts has been that personal-
ized education is the way to enable students to reach their full potential and that
it is an approach that represents an optimal investment of the system’s resources.
Personalization can even help narrow gaps between students in important and chal-
lenging disciplines. If, in the past, there were no tools to do so, today, technology may
be a crucial factor in the implementation of personalization in education.

Along with its analysis of personalization in education policy as a modern but
controversial reorganization, this chapter also reviews some of the latest studies on
the subject including the doubts, tensions, and ambiguities they arouse.

2. Personalization
2.1 Definitions and designations

Personalization should be clearly distinguished from customization. Both
customization and personalization are based on the assumption that a uniform
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offering is not sufficient to meet everyone’s needs. As defined by Webster’s
Dictionary, to personalize means “to make something individual; specifically: to mark
as the property of a particular person” [1]. This definition implies that the goal is to
first become aware of the needs and then effectively meet them [2].

The major result of personalization in education is the maximization of motiva-
tion, resourcefulness, and creativity of students and teachers alike, teaching and
learning through measures, such as implementing individualized educational pro-
grams, designing individualized learning goals and methods, and finally, meeting
individual special needs [3]. Personalization of learning is intended to create a situa-
tion that helps the learners realize their potential and reach expertise in various fields
by choosing appropriate learning strategies from a wide range of possible pedagogical
strategies [4]. Students are empowered and hence expected to take responsibility and
ownership of their learning in accordance with their interests and personal goals and
finally, to understand its unique value for them. For the personalization process to
succeed, students should regularly receive feedback, in real-time, to promote their
learning and develop independent learning skills [5].

The Myers-Briggs Type Indicator (MBTI), developed by Katharine Briggs and
Isabel Myers, has helped people to understand themselves and their behaviors. It is
based on typological theory (2014), which posits four essential psychological func-
tions through which we see the world: sensation, intuition, feeling, and thinking.

All of us rely on one function more than others. The MBTI identifies our preferences
which are driven by our interests, values, needs, and motivations. It describes per-
sonality preferences rather than measuring skills or abilities and suggests that there
are no “good or bad” preferences, rather, that all the personal preferences are equally
important [6]. This has been well documented and researched in hundreds of scien-
tific studies over the past 40 years [6-8]. The Myers-Briggs Type Indicator reports a
person’s preferences on four scales as follows:

1. Extraversion or introversion -where a person prefers to focus attention

2.Sensing or intuition - how a person prefers to absorb information

3.Thinking or feeling - how a person deals with the external world

4.Judging or perceiving - how a person understands external messages

The concept of personalization derives from two significant origins sources: the
theory of multiple intelligences developed by Howard Gardner [9, 10] and the theory
of meaningful learning [11].
2.1.1 Gardner’s theory as an underpinning of personalization

Gardner’s theory of multiple intelligences revolutionized the definition of
intelligence. For decades, intelligence was seen as a uniform entity: general fitness (g)
that can be measured using the IQ scale, the location along which people are rated as
more or less intelligent.

According to Gardner, humans have multiple, largely autonomous intelligences,

which are not simple to measure quantitatively. The theory is based on a simple
insight: people are not generally intelligent in all areas of endeavor rather, people are
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intelligent in certain fields. A person can be very intelligent in certain areas, and not
in others. In other words, each person has an “intelligence profile.”

The message of the theory of multiple intelligences to educators is that students
differ from one another. Each student is intelligent in their own way and therefore,
everyone deserves an education tailored to their skills and tendencies.

The theory of multiple intelligences has great educational promise of which only
a small part has been realized so far. Many educators around the world, influenced
by this theory, have developed ways to diagnose the profile of student intelligences,
organize educational content, and evaluate and design spaces and materials in ways
that suit the different intelligences [12].

2.1.2 The theory of meaningful learning as another underpinning of personalization

Correspondingly, meaningful learning is a personal knowledge-building process
during which the learner raises questions, locates sources of information, processes
information, and creates personally relevant new knowledge. According to Ausubel
[11], the most important factor influencing learning is what the learner already
knows. Meaningful learning seeks to enable the student to fully realize personal
potential and develop excellence. Meaningful learning provides an experience of
growth and development, while deepening the topics that interest learners and are
suitable for their needs.

Within the meaningful learning process, the pedagogical and psychological
experiences of learning complement, influence, and empower each other. To ensure
meaningful learning and achieve its goals, teachers are required to re-examine
many components, including learning objectives, learner characterization, learning
processes, teaching and assessment methods, the nature of the educational organiza-
tion, and training of staff entering the profession. The curriculum of meaningful
personalized learning should be linked to real life whenever possible, helping
students to connect their education to the future. Each school at any level identifies
a set of essential studies — in literature and language, writing, mathematics, social
studies, science, and the arts — in which students must demonstrate achievement in
order to graduate [13].

Meaningful learning, which leads to longer retention than memorization, occurs
when students relate new concepts to pre-existing familiar ones. Changes then occur
in our cognitive structure, concepts are modified, and new links are created. Itisa
useful tool because it enables real learning, generates greater retention, and facilitates
transfer to other real-world situations [14, 15].

2.2 Personalization and technology

Personalized learning employing computers and mobile devices such as phones
and tablets is one of the latest trends making a global impact, promising to deliver
new methods that enhance and promote learning. Nevertheless, there are some
concerns around access, security, affordability, teacher expertise, and learner profi-
ciency in using digital tools. The devices and practices connected with their use have
been appealing to education stakeholders for a variety of reasons, yet personalization
has been the dominant motive in e-learning research and practice, even if it has not
always been identified this way. The technology helps to ensure that students are not
held back or left behind by larger groups.
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2.2.1 Personalization and cognition

Personalization in education refers to tailoring educational capabilities and
instructional strategies to meet the individual’s cognitive level. Hence, it involves
adapting instructional strategies, content, and pace to optimize learning outcomes
for each learner. The connection between personalization in education and cognition
is multi-faceted and refers to the mental processes and abilities involved in acquiring,
processing, storing, and using information.

Personalized learning approaches consider students’ anticipatory schemata,
namely, their interests, goals, and prior knowledge, which can significantly enhance
their motivation [16]. When learners are actively interested in and motivated to
learn, their cognitive processes become more efficient and effective. This heightened
engagement facilitates attention, memory encoding, and information processing.

Everyone usually has his/her own learning style. Studies show that individuals
will learn the different methods and have their own preferences and ways to receive
and process information [17]. Personalization recognizes that learners have different
learning styles and preferences. Some students may excel in visual learning, while
others may prefer auditory or kinesthetic learning. By aligning instructional methods
with cognitive individual learning styles, personalized education can optimize cogni-
tive processing and improve information preservation and understanding.

Cognitive load theory [18] suggests that learners have limited cognitive resources
available for processing new information. Cognitive load may be viewed as the
level of “mental energy” required to process a given amount of information. As the
amount of information to be processed increases, so the associated cognitive load.
Cognitive load theory suggests that effective instructional material promotes learning
by directing cognitive resources toward activities that are relevant to learning rather
than to processes that are adjunct to learning. Personalization can help to manage the
cognitive load by presenting information in a way that matches each student’s current
knowledge level. By building upon existing cognitive schemas and scaffolding new
information, personalized education reduces cognitive overload and promotes deeper
learning.

Moreover; personalization also empowers students to take ownership of their
learning process [19]. When learners have choices and control over their educational
experiences, they develop self-controlled learning skills. Self-regulated learners
actively monitor their own thinking, set goals, plan strategies, and reflect on their
cognitive growth. Those processes enhance cognition by promoting self-awareness,
strategic thinking, and adaptive learning.

Personalized education often incorporates mastery-based learning, which allows
students to progress at their own pace and advance upon mastering specific skills or
concepts. Mastery learning is an instructional philosophy based on the belief that
all students can learn if given an appropriate amount of time as well as appropriate
opportunities [20]. Mastery-based learning aligns with cognitive theories of expertise
development, emphasizing deliberate practice, and gradual knowledge construc-
tion. By enabling learners to focus on individual areas of improvement, personalized
education fosters deeper understanding and expertise development.

2.2.2 Personalization and mobile devices

Because mobile devices are generally owned by their users, are highly customizable,
and carried by their person throughout the day, they lend themselves to personalization
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in a way that shared and secured technologies do not. While PCs have offered similar
affordances for years, the technology came with serious limitations: learners could not
easily carry computers to and from education centers, and many learners could not
afford them, so the technology — even when available in computer labs — was not truly
personal. Mobile technologies, by virtue of being highly portable and have become a
necessity of life, and most students have one, have enormously expanded the potential
and practicability of personalized learning. Learning that is both mobile and personal-
ized holds many attractions [21], for instance, applications on mobile phones and tablets
enable the selection of more difficult or easier texts for reading assignments depending
on the learners skills and background knowledge. The conclusion in the policy guide-
lines is that over time, the adoption of personal mobile technology in learning “will
supersede one-size-fits-all models of education” [22].

To date, developments have focused on technology rather than on learner-centric
issues. Indeed, each person has a preferred learning style and ignoring this can lead
to unstable or ineffective online learning solutions. In fact, it is commonly believed
that most people prefer ways of interacting with, absorbing and processing stimuli or
information, or simply using a visual medium [8].

2.3 Personalization and educational assessment

Personalization in educational assessment aims to provide parallel pedagogical
considerations with respect to student characteristics. A teacher who individual-
izes instruction identifies the learners’ needs through assessments based on their
challenges or disabilities. The teacher analyzes the findings and then formulates
recommendations emerging from the assessment. Recommendations are made with
or without other professionals’ input in adapting materials and instruction for the
different learners with cognitive or neurological diversity [23].

The relationship between internal assessment, which is a prerequisite for personal-
ized evaluation, and external assessment has long been a topic of discussion with
regard to the issue of quality assurance in education [24]. External assessment in the
form of school inspections appears to have always enjoyed a somewhat distinguished
existence due to their ascribed attributes of objectivity, reliability, and comparability
[25]. While there is consensus regarding the need for them, their execution has always
been heavily criticized [26]. In response to this criticism and in line with recent trends
of decentralization and increasing school autonomy, the discussion of personaliza-
tion assessment methods has become broader. Moreover, some have even suggested
[27] adding sections to the Psychometric University Entrance Test, considered one of
the most standardized tests, that would reveal a range of aptitudes as well as expose
multiple intelligences such as emotional intelligence and creativity.

2.3.1 The value of online assessment to educational assessment

Online assessment, when done via computer or mobile phone, becomes an
important component of personalized education. It is currently used as part of the
learning process, not only in e-learning but also in blended learning.

Online assessment is utilized both for self-assessment and for exams and tends
to replace or complement traditional methods of assessment of the student’s per-
formance [28]. Providing formative and summative feedback is especially crucial
in online assessment as students need to be informed about the results of their
performance in real-time. Personalized feedback aims, on the one hand, to prevent
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destructive feedback and on the other, to provide a student with the feedback that is
most suitable and useful for their personality. The development of personalized feed-
back requires having the answers to the questions of: what can be personalized in the
feedback and, to which type of user or performance characteristics should feedback
be personalized? [29].

2.4 Personalization and student achievement

Personalization is associated with accomplishments that are significant,
worthwhile, and meaningful for learners in the realm of both academic achievement
and emotional growth [30].

2.4.1 Personalization and vecall

Studies on personalization and academic achievement show that during
personalized learning, students exhibit better achievements over time [31, 32]. Miller
and Kulhavy [33] hypothesized that personalization improves memory by increasing
the associative strength of the personalized material and students’ existing schemata.
They found that integrating personalized representations during encoding led to sig-
nificantly greater recall. The meaningfulness of a task may increase when its context
is personalized, thereby enabling pupils to mentally place themselves in the situation.
Personalization may not only build stronger associations related to the task, but in
doing so it may ease the cognitive demands of the problem-solving process [34].

2.4.2 Math and reading improvement through personalization

The achievement was examined in 62 US public charter and district schools
pursuing a variety of personalized learning practices, and details of implementa-
tion were examined for 32 of those schools. The results were described in a report
entitled “Continued Progress - Promising Evidence on Personalized Learning” [35].
Researchers obtained achievement data for personalized learning students and a
matched comparison group of students attending other schools serving similar
populations. It was found that students’ achievement growth in mathematics and
reading over 2 years exceeded that of the comparison group, overall, and compared
to a majority of schools. A large proportion of students with lower starting achieve-
ments, experienced greater growth rates than their peers, particularly in mathemat-
ics. Growth continued to accrue in schools over 3 years of implementation.

A study conducted by Bloom and Unterman [33] provides solid evidence that
going small — when the schools are startups, nonselective, and entered by choice — has
substantial effects on academic achievement. The researchers found that enrolling
in a small school of one’s choice rather than in a comprehensive high school, signifi-
cantly improves graduation rates for a large population of low-income, disadvantaged
students of color. Personalization also improves students’ attitudes toward the subject
matter. The teachers’ attitudes toward personalization, which evolves in positive
student-teacher relationships, also help students struggling in specific subject areas.
For instance, Midgley, Feldlaufer, and Eccles [36] discovered that, after controlling
for students’ initial mathematics performance and interest, students in classrooms
with high levels of personalization showed more excitement for mathematics, and
their willingness to engage with the material remained high when compared to stu-
dents with low levels of personalization. Moreover, students who move from low- to
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high-support classrooms improve their self-efficacy and enjoyment with respect to
mathematics [37].

Studies regarding personalization and emotional growth validate the psychologi-
cal theory of self-determination. The important concept of self-determination refers
to each person’ ability to make choices about and control their own life. This ability
plays an important role in psychological strength and well-being. Self-determination
allows people to feel that they have power over their choices and lives. It also impacts
motivation — people are motivated to take action when they feel that what they do
will affect the outcome. The concept of self-determination has been applied to a wide
variety of areas including education, work, parenting, exercise, and health. Research
suggests that having high self-determination can foster success in many different
domains of life [38, 39].

Moreover, an overwhelming majority of students accept responsibility and owner-
ship over their learning when it is personalized [40].

It has been found that the students exhibit effort and work harder to solve complex
and challenging problems, give up less often in the face of difficulties, and learn more
profoundly, both in comparison to students in a control group who studied in a tra-
ditional education setting, and to their own prior functioning in a former traditional
education framework [41].

2.4.3 Personalization and the role of teachers

The process of the personalization of learning has significantly changed the role of
teachers. The teacher is no longer the main source of knowledge but rather a modera-
tor and learning navigator [42]. Teachers’ attitudes toward this kind of change and
their readiness to become active partners is considered a factor critical to success [43].
Similarly, resistance to change is considered one of the main reasons for the failure of
change processes in organizations in general and in education systems, in particular
[44]. In the case of innovative technology implementation in schools, which is most
often a crucial element in personalization, teachers’ resistance is reported by some
studies to be the most dominant contributing factor to the project’s failure [45].

2.4.4 Teachers as the main axis of personalization

School improvement and school turnaround efforts rest largely on the shoulders
of the teachers since these are the individuals who can most immediately bring about
change in their students and hence, affect both the climate and culture of their school.
There are five types of power in teachers’ educational environment. The first is the
legal power granted to teachers due to their appointment and permission to make
decisions affecting their students. The second is the power of expertise since only
teachers who are experts in their field are permitted to teach and provide students
with professional knowledge. The third is the power of charisma; that is to say, their
authority stems from their personality and their investment in their job. The fourth is
the power of reward, based on teachers’ ability to reward good behavior, excellence,
and appreciation. The fifth is the punitive authority, i.e., teachers’ authority to punish
students according to school rules [46]. The teacher’s role in personalized learning
sometimes needs the “courage to forget” those convenient and conventional origins
of power and turn to the power of “relational persuasion” [47]. In personalized
learning, the teacher organizes an infinite mass of potential content into an orderly
and discernible curriculum, explicitly teaches new concepts and skills unique to
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the audience, enlarges the student’s scope of individual interests, and fosters logical
thinking through questioning and particular dialogs [48].

2.4.5 The multifaced role of teachers

Bishop et al. [49] examined the roles of teachers in personalized learning
environments regarding statewide legislation of personalized learning plans, flexible
educational pathways, and proficiency-based assessment. The study used data from
interviews with a purposefully selected group of 20 elementary and middle school
teachers. Findings revealed that teachers’ perceptions of their role included four
components: () empowerment, (b) scouting, (c) supporting, and (4) assessing.
Even though all those components lead to the personalization of learning, there is
potential for intra-role conflict and role tension between and among these sub-role
components.

One way to overcome this conflict of sub-roles may be following the ethos of
Dweck [49], who argues that connecting the performance of learning tasks to
personal aspirations rather than to past performance or group stereotypes frees the
teacher to engage in personalized learning. This appreciation for what Dweck calls
“incremental intelligence,” the notion that the ability to achieve is not fixed but is
incrementally improved, contributes not only to a student’s motivation to learn but
also to a teacher’s more effective response to the student’s learning needs.

3. Conclusion

In response to individual needs, personalization in education facilitates not only
students to learn better by using different strategies but also provides teacher’s
instructional needs in designing varied teaching platforms. Overall, personalization
in education and cognition are closely intertwined. By adapting educational experi-
ences to align with individual learners’ needs, preferences, and cognitive processes,
personalized education optimizes engagement, motivation, learning styles, cognitive
load management, self-regulated learning, mastery-based learning, and feedback - all
of which significantly influence cognitive development and academic achievement.
Moreover, personalized learning using computers and mobile devices is one of the
latest trends making a global impact, promising to deliver new methods that enhance
and promote learning. Nevertheless, using the technologies without considering
pedagogical theories and models often may lead to malfunction.

This review offers both the opportunities and necessities of personalized educa-
tion as well as the essential criticism of its function for future research papers about
this important topic.
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Chapter 8

Perspective Chapter: The MetaFlex
Framework — Harnessing
Metacognition to Foster
Psychological Flexibility

and Growth

Sunder Kala Negi

Abstract

The aim of this chapter is to explore the MetaFlex Framework, which is a novel
approach that combines metacognition and psychological flexibility to foster personal
growth and enhance psychological well-being. The MetaFlex Framework focuses on
the integration of metacognitive strategies and techniques to enhance self-awareness,
cognitive flexibility, and adaptive thinking. The chapter used in-depth examination
method of the theoretical foundations, practical applications, and potential outcomes
associated with implementing the MetaFlex Framework. It highlights the importance
of psychological flexibility in navigating life’s challenges and emphasizes the role
of metacognition in promoting adaptive behavior and values-driven action. The
chapter discusses the empirical research and theoretical perspectives that underpin
the MetaFlex Framework, providing valuable insights into the synergistic relation-
ship between metacognition and psychological flexibility. Furthermore, the chapter
provides practical guidance for individuals, educators, and professionals seeking to
incorporate metacognitive practices into their daily lives to facilitate personal growth,
resilience, and psychological well-being. By exploring the MetaFlex Framework, read-
ers will gain a deeper understanding of how metacognition with psychological flexibil-
ity can serve as a powerful tool in cultivating resilience and fostering personal growth.

Keywords: metacognition, psychological flexibility, MetaFlex, psychological
well-being, resilience, personal growth
1. Introduction

In today’s rapidly changing and complex world, individuals are faced with various
challenges and uncertainties that can impact their well-being and personal growth.

The ability to navigate these challenges and adapt to changing circumstances is crucial
for thriving in both personal and professional domains. The MetaFlex Framework

1 IntechOpen
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offers a comprehensive approach to harnessing the power of metacognition to foster
psychological flexibility and promote growth.

The MetaFlex Framework combines the principles of metacognition and psycho-
logical flexibility to provide individuals with a powerful set of tools and strategies
for enhancing self-awareness, regulating emotions, and making intentional choices
aligned with their values and goals. By integrating metacognitive processes with
psychological flexibility techniques, individuals can develop a greater sense of agency,
adaptability, and resilience, empowering individuals to thrive in the face of difficul-
ties and take advantage of chances for personal growth.

Metacognition and psychological flexibility can improve cognitive, emotional, and
well-being. Metacognition—self-awareness and cognitive regulation—complements
psychological flexibility, which entails adapting to thoughts and emotions in accor-
dance with values. Recent studies show that metacognition improves psychological
flexibility [1-4]. Metacognition raises awareness of cognitive processes and beliefs,
allowing more flexible responses to ideas and emotions and psychological flexibility.
This integration may improve cognitive and emotional well-being and personal
progress. Combining these constructs in research and interventions may help achieve
these goals.

Metacognition, the cornerstone of the MetaFlex Framework, refers to one’s aware-
ness and comprehension of their own cognitive processes. It involves monitoring and
reflecting on one’s thoughts, beliefs, feelings, and behaviors, as well as the ability
to regulate and manage them effectively. By developing metacognitive awareness,
individuals gain an understanding of their own cognitive capabilities and weaknesses,
identify unhelpful thinking patterns, and make conscious choices to support their
well-being and personal growth. Psychological flexibility, another key component of
the MetaFlex Framework, is the ability to fully engage with the current moment and
make behavior choices that are consistent with the person’s beliefs and objectives. It
requires individuals to remain open, adaptable, and resilient in the face of challenges,
setbacks, and uncertainty. Psychological flexibility enables individuals to respond to
life’s difficulties with greater acceptance, mindful awareness, and a willingness to take
purposeful action.

MetFlex Framework by integrating metacognition and psychological flexibility
offers a special and powerful approach to personal growth and well-being. It recog-
nizes the interplay between metacognitive processes and psychological flexibility,
as individuals develop a deep understanding of their cognitive and emotional states
and learn to regulate them effectively to make informed choices and take meaningful
action. In this comprehensive framework, individuals will explore various aspects of
metacognition, including metacognitive understanding and metacognitive control,
to enhance self-awareness and self-reflection. They will also learn how to apply
metacognitive strategies to regulate and manage emotions effectively, promoting
emotional well-being and resilience. Furthermore, the MetaFlex Framework provides
individuals with practical tools and techniques to cultivate psychological flexibility
in challenging situations. It emphasizes the value of adopting a growth mindset,
learning from setbacks, and seeking opportunities for growth, allowing individuals to
adapt, thrive, and flourish in the face of adversity.

The MetaFlex Framework extends its application beyond personal growth and
well-being to interpersonal relationships, learning strategies, workplace challenges,
and continuous professional development. It emphasizes the role of metacognition
and psychological flexibility in improving communication, conflict resolution,
learning outcomes, and adaptability to workplace changes. By leveraging the power of
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metacognition and psychological flexibility, using the MetaFlex Framework, people
can develop a stronger sense of self-awareness, adaptability, and resilience. It trains
them with the tools and strategies needed to navigate the complexities of life, make
intentional choices, and embrace opportunities for personal growth and fulfillment.

In the following chapters, we will delve into the various components of the
MetaFlex Framework and explore practical techniques and exercises to enhance
metacognitive awareness, develop psychological flexibility, and foster personal
growth. Through a comprehensive understanding and application of the MetaFlex
Framework, individuals can embark on a transformative journey toward greater
psychological flexibility, well-being, and a more fulfilling life.

1.1 Understanding metacognition and psychological flexibility and its relevance
to human cognition

Higher-order cognitive processes known as “metacognition” involve reflecting on
and controlling one’s own cognitive processes. It includes being aware of and compre-
hending one’s own ideas, knowledge, and cognitive processes as well as the capacity to
keep an eye on, manage, and control those processes. Metacognition is the knowledge
of one’s own cognitive processes, outcomes, or anything connected to them [5]. John
Flavell, a prominent psychologist, is widely regarded as the pioneer in the study of
metacognition. His definition of metacognition places an emphasis on the knowledge
component, which includes awareness, understanding, and the capacity for reflec-
tion on and control over one’s cognitive processes. “Metacognition” is the ability to
consciously control one’s own cognitive processes as well as knowledge of one’s own
cognitive processes [6]. Ann L. Brown, another influential researcher in metacogni-
tion, echoes Flavell’s definition but adds the element of conscious regulation. Brown
claims that metacognition entails both awareness of one’s own cognitive processes
and the capacity to actively control, monitor, and modify those processes. Today’s
major projects emphasize metacognition and metacognitive skills [7-9]. Educational
institutions, stakeholders, the education governing body, and scholars employ various
terminologies, such as “twenty first-century skills,” “higher-order thinking skills,”
“deeper learning outcomes,” and “critical thinking and communication skills” in order
to delineate and elucidate these particular proficiencies [10-12].

“Metacognition refers to the procedures by which learners organize, monitor,
and evaluate their comprehension and performance” [13]. Dunlosky and Goodman’s
definition highlights the practical aspects of metacognition in learning contexts. It
emphasizes the dynamic engagement of learners in planning their learning strategies,
supervising their comprehension and progress, and evaluating their own understand-
ing and performance. These definitions collectively emphasize the consciousness,
control, and regulation of one’s cognitive processes, including knowledge about one’s
own thinking, monitoring, and adapting strategies, and reflecting on one’s under-
standing and performance. Metacognition enables individuals to be conscious of
their own thought processes, including thoughts, beliefs, and knowledge. It involves
recognizing what one knows, understands, and remembers, as well as identifying
gaps in knowledge or areas that require further understanding.

Monitoring: Metacognition involves the ability to monitor one’s own thinking
processes, such as paying attention to how information is being processed, evaluating
comprehension, and assessing the accuracy and effectiveness of problem-solving
strategies. It allows individuals to assess their own understanding and performance in
various cognitive tasks.
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Control and regulation: Metacognition enables individuals to control and regulate
their cognitive processes. This includes the ability to plan and set goals, select appro-
priate strategies, allocate attention and resources effectively, and adapt strategies
when faced with challenges or changing circumstances. Metacognitive regulation
involves monitoring one’s progress toward a goal, evaluating the effectiveness of
strategies being used, and making adjustments as necessary.

Reflection and evaluation: Metacognition encourages individuals to reflect on
their own thinking, learning, and problem-solving experiences. It involves evaluating
the success or failure of cognitive strategies, identifying areas for improvement, and
making adjustments to enhance future performance. Reflection and evaluation facili-
tate deep learning and promote the transfer of knowledge and skills to new situations.

Learning and problem-solving: Metacognition is closely tied to learning and
problem-solving. By being conscious of their own cognitive activities, individuals
can engage in effective learning strategies, such as setting learning goals, organizing
information, actively monitoring comprehension, and seeking clarification, when
needed. Metacognition also aids in problem-solving by enabling individuals to select
appropriate strategies, evaluate their effectiveness, and adapt them as necessary.

Metacognition is an essential cognitive ability that allows individuals to be aware
of, monitor, control, and regulate their own cognitive processes. It plays a vital role
in self-awareness, learning, problem-solving, and overall cognitive functioning. By
developing metacognitive abilities, individuals can become more efficient learners,
critical thinkers, and self-directed learners.

1.1.1 Exploring metacognitive processes: metacognitive knowledge and metacognitive
regulation

Metacognition involves two key processes: metacognitive knowledge and metacog-
nitive regulation. Let us explore each of these processes in more detail (Figure1).

Metacognitive knowledge: The comprehension and awareness of one’s own
cognitive processes, as well as the understanding of how to govern and manage those
processes, are all examples of metacognitive knowledge. It has three further subcom-
ponents that can be separated:

Declarative knowledge: Declarative knowledge is one’s own learning style, includ-
ing knowledge of one’s learning preferences, learning preferences, and personal goals.
Understanding one’s own cognitive capabilities and limitations is necessary for declar-
ing knowledge.

Procedural knowledge: Knowledge regarding various cognitive techniques
and approaches that can be used to speed up problem-solving, learning, and task

Metacognition
o

Metacognitive knowledge | -I Metacognitive regulation
Declarative Knowledge Planning
Procedural Knowledge Maonitoring
—* Conditional Knowledge Evaluating <

Regulation

Figure 1.
Components of metacognition: Declarative and procedural knowledge, conditional knowledge, and metacognitive
regulation processes [5].
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completion is referred to as procedural knowledge. It comprises understanding
efficient study methods, memory techniques, problem-solving approaches, and other
cognitive abilities.

Conditional knowledge: It is knowing when and why to employ cognitive tech-
niques. It comprises information about the requirements of the task, environmental
variables, and contextual signals that affect the choice and use of suitable cognitive
methods. People may analyze their cognitive capacities, choose effective learning and
problem-solving techniques, and assess their own development and comprehension
with the help of metacognitive knowledge.

Metacognitive regulation: The active management and control of one’s cognitive
processes is referred to as metacognitive regulation. To maximize learning, problem-
solving, and performance, it entails monitoring, regulating, and adjusting cognitive
methods. Several subcomponents of metacognitive control can be further broken down:

Planning: Setting objectives, organizing tasks, and creating methods to achieve
them are all part of planning. Creating a plan of attack and assigning resources are
part of it.

Monitoring: Continuous monitoring and evaluation of one’s own cognitive
processes while doing a task. It entails verifying comprehension, monitoring develop-
ment, and identifying mistakes or misconceptions. Recognizing when extra tactics or
changes are required is another aspect of monitoring.

Evaluating: Evaluating entails analyzing one’s performance and results, compar-
ing them to predetermined standards or benchmarks, and making decisions on the
efficacy of one’s tactics. People can evaluate their methods for learning or solving
problems and make necessary changes for future growth.

Regulation: Regulation is the active management and modification of cogni-
tive tactics based on observation and assessment. It entails choosing and putting
into practice sensible techniques, keeping an eye on their efficacy, and adapting or
replacing strategies as necessary. Metacognitive control helps people to learn more
strategically, adaptably, and independently. They gain the ability to strengthen their
cognitive functions, spot challenges and overcome them, and adjust their learning
and performance.

While metacognitive regulation is actively monitoring, managing, and modifying
these processes to attain desired goals, metacognitive knowledge gives people a grasp
of their own cognitive processes and the techniques at their disposal. Both actions are
vital to self-regulated learning and cognitive flexibility and are fundamental parts of
metacognition.

1.2 Understanding the role of metacognition in self-awareness and self-reflection

Metacognition strongly encourages self-awareness and self-reflection. An exami-
nation of how metacognition affects these features is provided below:

Self-awareness: By encouraging a greater grasp of one’s own cognitive functions,
ideas, and emotions, metacognition improves self-awareness. People become aware
of their own thought patterns, learning preferences, strengths, shortcomings, and
biases through metacognitive processes. People can learn more about their cognitive
capabilities, limits, and opportunities for development, thanks to this awareness
[14, 15]. People can study their cognitive processes objectively by using metacogni-
tive techniques, such as keeping track of their own thoughts and feelings. People who
are conscious of their ideas can recognize harmful or unfavorable thought patterns,
such as cognitive biases or distortions, and question them to encourage more accurate
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and balanced thinking. Further metacognition also assists people in identifying

and controlling their emotions. People can better grasp how their emotions affect
their ability to think clearly and make wise decisions by becoming more conscious

of their emotional moods. Self-awareness of emotions empowers people to control
their emotional outbursts and make more deliberate and well-informed decisions.
Self-awareness of emotions empowers people to control their emotional outbursts and
make more deliberate and informed decisions.

Self-reflection and regulation: Metacognition also aids in the process of self-
reflection, which entails analyzing one’s own ideas, deeds, and experiences. People can
reflect on their own cognitive performance, learning methods, and problem-solving
techniques, thanks to metacognitive processes. People can evaluate the efficacy of
their cognitive processes and tactics through metacognitive reflection. They can
pinpoint their strengths and potential improvement areas. People who reflect on
their learning experiences can learn what worked and what did not, allowing them to
improve their methods and improve learning results in the future. By helping people
to think about different viewpoints and question their own preconceptions, meta-
cognition also promotes reflective thinking. It encourages critical evaluation of one’s
own opinions and cognitive biases as well as open-mindedness. People can get a more
complex knowledge of themselves and the world around them via this introspective
process. Metacognition is a multidimensional concept consisting of different elements
[16]. Additionally, metacognitive self-reflection encourages a development attitude
since people realize that their skills and intellect may be improved via hard work and
education. People may find lessons learned and create plans for ongoing progress by
thinking back on previous experiences, failures, and accomplishments. In self-planned
learning, problem-solving, decision-making, and general cognitive functioning,
metacognition is essential. Because it enables individuals to develop awareness of their
own thinking processes and control their cognitive activity, metacognition is crucial to
human cognition. We may shed light on important features of metacognition and their
application to human cognitive functioning by having a complete grasp of these pro-
cesses and their crucial role in fostering self-awareness and self-reflection (Figure 2).

Metacognition plays a vital role in their cognitive processes, aiding the monitoring
and management of thoughts and emotions, encouraging critical self-examination,
and supporting a growth-oriented mentality; metacognition also plays a crucial role
in self-awareness and self-reflection. People can improve their understanding of
themselves, make better decisions, and actively participate in self-directed learning
and personal growth by developing metacognitive skills [19, 20].

1.3 Psychological flexibility: embracing change and adaptability

Psychological flexibility refers to the capacity of a person to adapt, change, and
successfully handle the difficulties that life provides. It entails the ability to actively
participate in the experiences of the moment while making decisions and doing
actions that are consistent with one’s values and objectives. “Psychological flex-
ibility is the ability to contact the present moment more fully as a conscious human
being, and to change or persist in behavior when doing so serves valued ends” [21].
It entails the capacity of an individual to adapt, change, and successfully address the
problems and ever-changing demands of life. It entails the ability to actively par-
ticipate in the experiences of the moment while making decisions and doing actions
that are consistent with one’s values and objectives.
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Figure 2.
The multifaceted elements of metacognition ([17, 18], p. 171).

One of the founders of Acceptance and Commitment Therapy (ACT), Steven C.
Hayes, defines psychological flexibility as the ability to be fully present and engaged
in the present moment, while simultaneously being able to flexibly modify or persist
in one’s behavior in alignment with personal values and goals. It emphasizes the value
of adaptation, values-driven activity, and awareness. In the words of Kelly G. Wilson
and Kirk D. Strosahl, “Psychological flexibility is the ability to make contact with
the present moment and change or persist in behavior that serves valued ends” [22].
Psychological flexibility is the capacity to make decisions that are in line with one’s
values and effectively engage with the present moment, according to Wilson and
Strosahl, who were also influential in the development of ACT. It highlights the value
of behavior change.

Psychological flexibility is the capacity to maintain awareness of the present
moment in the face of unpleasant thoughts, feelings, or physical sensations while

117



Metacognition in Learning — New Perspectives

making decisions about one’s behavior that are motivated by values rather than imme-
diate impulses. Psychological flexibility, as defined by Frank W. Bond and colleagues,
is the ability to stay in the present moment, despite the presence of difficult thoughts,
emotions, or physical sensations [23]. It places emphasis on the capacity to choose
actions that are consistent with one’s ideals rather than being merely motivated by
irrational emotions or avoidance. Overall, psychological flexibility entails being aware
of being present in the moment, as well as having the capacity to modify, alter, or
maintain behavior in support of valued goals.

Acceptance and Commitment Therapy (ACT) is a form of psychotherapy that
focuses on promoting psychological flexibility and helping individuals live a mean-
ingful and values-driven life. Steven C. Hayes, Kelly G. Wilson, and Kirk D. Strosahl
created it in the 1980s. The cognitive-behavioral therapy (CBT), behavior therapy, and
mindfulness techniques are all incorporated into the context-dependent behavioral
science framework that underpins ACT. The fundamental ideas and methods of ACT
are intended to promote acceptance, mindfulness, and commitment to acts that are
motivated by values in order to aid people in developing psychological flexibility. The
main tenets and elements of Acceptance and Commitment Therapy are as follows:

* Acceptance: ACT emphasizes accepting and embracing difficult thoughts, emo-
tions, and bodily sensations rather than attempting to suppress or avoid them. It
involves acknowledging and making room for these experiences without judg-
ment or attachment.

* Cognitive defusion: ACT utilizes techniques to help individuals distance them-
selves from unhelpful thoughts and beliefs. By learning to observe thoughts
rather than becoming entangled in them, individuals can reduce the impact of
negative or unproductive thinking patterns.

* Mindfulness: Mindfulness practices are an integral part of ACT. By cultivating
present-moment awareness and nonjudgmental observation, individuals can
develop a more accepting and open attitude toward their experiences.

* Values clarification: ACT encourages individuals to identify and clarify their
personal values—what is truly important and meaningful to them. By aligning
behavior with values, individuals can make choices that lead to a more fulfilling
and purpose-driven life.

* Committed action: In ACT, individuals are encouraged to take action consistent
with their identified values. This involves setting goals and engaging in behav-
iors that align with those values, even in the face of discomfort or challenging
thoughts and emotions.

One of ACT’s main objectives is psychological adaptability. It speaks to the
capacity to efficiently adjust to shifting situations and obstacles in life. Individuals
can become more resilient, receptive, and adaptable in the face of challenges by
cultivating psychological flexibility. A variety of psychological issues, such as anxiety
disorders, depression, substance misuse, chronic pain, and stress-related illnesses,
have been successfully treated with ACT. It can be combined with other therapeutic
modalities and is frequently given in individual or group treatment settings. With the
help of ACT, people may manage the problems of life, increase their psychological
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pliability, and improve their general well-being. It has gained popularity for its
emphasis on acceptance, mindfulness, and values-driven action as key components of
psychological well-being and personal growth. Psychological flexibility is a funda-
mental concept within Acceptance and Commitment Therapy (ACT). It servesasa
guiding principle and a desired outcome of ACT interventions. Psychological flex-
ibility refers to an individual’s ability to adapt and respond effectively to the ongoing
challenges and stressors of life while staying committed to their values and taking
action that aligns with those values.

ACT recognizes that human suffering often arises from attempts to avoid or control
difficult thoughts, emotions, and sensations. Psychological rigidity, which manifests
as experience avoidance, rigid thought patterns, and being ruled by one’s ideas and
feelings, can exacerbate emotional suffering and make it more difficult to lead a ful-
filling life. ACT, on the other hand, strives to foster psychological flexibility in order
to enhance well-being and lessen suffering. It entails the creation of six fundamental
processes: By allowing painful thoughts, feelings, and physical sensations to be present
without fighting or rejecting them, ACT encourages people to make place for them.
Learning to view thoughts and beliefs as merely cognitive experiences as opposed
to unchanging facts is a necessary step in this process. It assists people in separating
themselves from negative ideas and minimizing their influence on behavior.

ACT places a strong emphasis on developing mindfulness and raising present-
moment awareness, which enables people to fully engage in their experiences.
Realizing that people’s beliefs, feelings, and experiences do not define them is a step
in this process. It encourages a sense of self that is distinct from these fleeting quali-
ties, encouraging a more adaptable and sympathetic viewpoint. By focusing on these
fundamental processes, ACTs seek to improve psychological adaptability. People can
better negotiate life’s problems, lessen suffering, and live a more authentic and values-
driven life by encouraging acceptance, defusion, mindfulness, self-as-context, values
definition, and committed action. According to research, psychological flexibility
is linked to favorable outcomes for mental health, such as decreased psychological
distress, enhanced well-being, and boosted resilience. A valuable method for resolv-
ing a variety of psychological issues and fostering personal growth and flourishing,
ACT offers useful tools and treatments to cultivate psychological flexibility.

1.3.1 Benefits of psychological flexibility for well-being and personal growth

Psychological flexibility, as cultivated through practices such as Acceptance and
Commitment Therapy (ACT), offers numerous benefits for well-being and personal
growth. Here are some key advantages:

* Reduced psychological distress: Psychological flexibility helps individuals
effectively cope with difficult thoughts, emotions, and life challenges, leading
to reduced psychological distress. By accepting and allowing for uncomfortable
experiences without getting entangled in them, individuals can experience a
greater sense of inner calm and resilience.

¢ Improved emotional regulation: Psychological flexibility enhances emotional
regulation by promoting acceptance and mindful observation of emotions.
Rather than trying to suppress or avoid emotions, individuals learn to acknowl-
edge and tolerate them, which can lead to greater emotional balance and a
decreased tendency to be overwhelmed by negative emotions.
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* Increased resilience: The ability to adapt and respond flexibly to life’s challenges
is a key aspect of psychological flexibility. It enables individuals to bounce back
from setbacks, navigate stressful situations, and cope with adversity more
effectively. Psychological flexibility fosters resilience by helping individuals
stay connected to their values and take meaningful action even in the face of
difficulties.

* Enhanced problem-solving and decision-making: Psychological flexibility
promotes clearer thinking and flexible problem-solving. By cultivating cognitive
defusion, individuals can disentangle themselves from unhelpful thought pat-
terns and engage in creative problem-solving. This ability to approach problems
with a more open and adaptive mindset can lead to more effective decision-
making and problem-solving skills.

* Increased well-being and life satisfaction: Psychological flexibility is associated
with greater well-being and life satisfaction. By aligning one’s behavior with
personal values and engaging in actions that are meaningful and fulfilling,
individuals experience a greater sense of purpose and satisfaction in life.

* Improved interpersonal relationships: Psychological flexibility supports healthier
and more satisfying relationships. By being present and accepting in interpersonal
interactions, individuals can communicate more effectively, empathize with
others, and respond flexibly to relationship challenges. This leads to improved
communication, increased understanding, and enhanced relationship quality.

* Personal growth and authenticity: Psychological flexibility fosters personal
growth by encouraging individuals to live in alignment with their true values and
aspirations. It supports self-discovery and self-acceptance, allowing individuals
to develop a more authentic and meaningful life path.

* Greater engagement in life: Psychological flexibility encourages individuals
to engage fully in their experiences and pursue activities that are personally
meaningful. By clarifying their values and taking committed action aligned with
those values, individuals can prioritize what truly matters to them and actively
participate in activities that bring fulfillment and purpose. This engagement
in meaningful pursuits promotes a sense of satisfaction and a deeper sense of
well-being.

* Increased self-awareness and self-reflection: Psychological flexibility involves
a heightened awareness of one’s thoughts, emotions, and experiences. Through
practices like mindfulness and self-reflection, individuals develop a clearer
understanding of themselves and their inner experiences. This self-awareness
allows individuals to make more intentional choices, align their behavior with
their values, and make constructive changes in their lives.

Overall, psychological flexibility offers a range of benefits for well-being and
personal growth. It empowers individuals to navigate life’s challenges with greater
resilience, make choices aligned with their values, enhance emotional well-being, and
cultivate meaningful relationships. By embracing psychological flexibility, individu-
als can foster a sense of fulfillment, growth, and overall psychological well-being.
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2. The MetaFlex framework: integrating metacognition and psychological
flexibility

The integration of metacognition and psychological flexibility provides a promis-
ing framework for understanding and enhancing individuals’ cognitive and emo-
tional processes, as well as their overall well-being. Metacognition, which involves the
awareness and regulation of one’s own cognitive processes, can complement psycho-
logical flexibility, which focuses on adaptively responding to thoughts, emotions,
and experiences in line with personal values. Recent studies support the notion that
combining these two constructs can yield synergistic benefits.

Research by Sugiura and Sugiura [1, 4] found that individuals with higher
levels of metacognitive awareness demonstrated greater psychological flexibility.
Metacognitive awareness facilitated the ability to recognize and regulate unhelpful
thinking patterns, enabling individuals to flexibly respond to challenging situations
and align their behavior with their values. Similarly, a study by de Bruin et al. [3]
highlighted the positive relationship between metacognitive skills and psychologi-
cal flexibility, emphasizing that metacognition can enhance individuals’ ability to
adaptively respond to their thoughts and emotions. Moreover, a study by Gloster et al.
[24, 25] examined the role of metacognitive beliefs in the context of psychological
flexibility. The findings indicated that individuals with more flexible metacognitive
beliefs, characterized by a balanced view of their thoughts and emotions, exhibited
higher levels of psychological flexibility. These results suggest that metacognitive
beliefs can influence individuals’ ability to engage in valued actions, despite the pres-
ence of challenging thoughts or emotions.

Additionally, studies have shown that interventions targeting metacognitive
processes and psychological flexibility can lead to positive outcomes. For instance, a
randomized controlled trial by Gillanders et al. [26] evaluated the effectiveness of a
metacognitive therapy intervention that incorporated elements of psychological flex-
ibility. The intervention resulted in improved psychological flexibility and reductions
in symptoms of anxiety and depression.

Recent studies provide empirical support for the integration of metacognition
and psychological flexibility. Metacognition enhances individuals’ awareness of their
cognitive processes and beliefs, allowing for more flexible responses to thoughts
and emotions. This integration has been associated with improved psychological
flexibility and positive outcomes. Further research and interventions combining
these constructs hold promise for enhancing cognitive and emotional well-being and
promoting personal growth.

2.1 Exploring the synergistic relationship between metacognition and
psychological flexibility

Metacognition and psychological flexibility are two distinct constructs that
play complementary roles in enhancing cognitive and emotional processes.
Metacognition involves the awareness and regulation of one’s own cognitive pro-
cesses, including thinking, memory, and problem-solving. On the other hand,
psychological flexibility refers to the ability to adaptively respond to thoughts,
emotions, and experiences in a way that aligns with personal values and goals.
While these constructs operate at different levels of cognitive processing, recent
research suggests that they have a synergistic relationship that can enhance overall
well-being and personal growth.
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The integration of metacognition and psychological flexibility allows individuals
to develop a deeper understanding of their cognitive and emotional experiences, as
well as the ability to respond to them in a flexible and adaptive manner. By cultivating
metacognitive awareness, individuals become more attuned to their thoughts, emo-
tions, and beliefs, allowing them to recognize unhelpful thinking patterns and biases.
This heightened self-awareness enables individuals to disengage from automatic and
rigid cognitive processes, promoting psychological flexibility.

Studies have demonstrated a positive relationship between metacognition and psy-
chological flexibility. For instance, research by Levin et al. [27] found that metacogni-
tive awareness was associated with greater psychological flexibility in individuals
with anxiety disorders. The study revealed that those who exhibited higher levels of
metacognitive awareness were better able to engage in valued actions, despite experi-
encing anxious thoughts and emotions. This suggests that metacognition can enhance
individuals’ ability to respond flexibly to challenging internal experiences (Table1).

Moreover, metacognition can facilitate the application of psychological flexibility
strategies. For example, the process of cognitive defusion, which involves creating
distance from unhelpful thoughts and beliefs, can be strengthened through meta-
cognitive awareness. By recognizing thoughts as mental events rather than accurate
representations of reality, individuals can defuse from them more effectively and
choose responses that align with their values. The integration of metacognition and
psychological flexibility has practical implications for interventions and therapies.
Combining metacognitive strategies with Acceptance and Commitment Therapy
(ACT) or cognitive-behavioral therapy (CBT) interventions can provide individu-
als with a comprehensive toolkit for enhancing cognitive and emotional well-being.
Interventions that target metacognitive processes, such as metacognitive therapy, can
be integrated with techniques that promote psychological flexibility, such as values
clarification and mindfulness. This integrated approach allows individuals to develop
metacognitive skills that support flexible responses to their thoughts and emotions,
ultimately leading to improved mental health outcomes.

Facets Metacognition Psychological flexibility Intersection (MetaFlex)
Key traits Awareness of thoughts Adaptive responses Enhanced decision-making
Self-reflection Open-mindedness Flexible problem-solving
Monitoring cognitive Values-driven actions Mindful self-awareness
processes
Concept Understanding one’s own Responding effectively to Combined elements leading to
focus
thinking and cognitive emotional and cognitive heightened cognitive and
processes challenges emotional flexibility
Beneficial Informed decision-making Adaptable problem-solving Improved problem-solving
traits
Mindful self-reflection Values-driven choices Enhanced emotional
intelligence
Better cognitive control Openness to experience Resilient responses
Mindfulness
Table 1.

Relationship between metacognition and psychological flexibility as MetaFlex framework [27].
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The relationship between metacognition and psychological flexibility is synergis-
tic, as they mutually enhance and support each other. Metacognitive awareness pro-
vides individuals with the ability to recognize and regulate their cognitive processes,
while psychological flexibility allows for adaptive responses to thoughts and emotions
in alignment with personal values. Future research and interventions can further
explore and leverage this synergistic relationship to promote well-being, personal
growth, and effective coping strategies in various contexts.

2.2 Role of metacognition in enhancing psychological flexibility and promoting
growth

Metacognition plays a crucial role in enhancing psychological flexibility and
promoting personal growth. When integrated with psychological flexibility,
metacognition can facilitate adaptive responses to internal experiences, promote
resilience, and foster personal growth. Metacognition enables individuals to
become aware of their thoughts and beliefs, including their accuracy, biases, and
impact on emotions and behaviors. This awareness allows individuals to recognize
unhelpful or negative thinking patterns and cognitive distortions. By identifying
and challenging these patterns, individuals can cultivate psychological flexibility
and develop more adaptive ways of thinking. Metacognition supports cognitive
defusion, a process central to psychological flexibility. Cognitive diffusion involves
creating distance from and changing the relationship with one’s thoughts, allow-
ing individuals to observe them as mental events rather than absolute truths.
Metacognitive awareness helps individuals recognize the transient nature of
thoughts and reduces their impact on emotions and behaviors, enabling more flex-
ible and adaptive responses.

Metacognition encourages self-reflection, introspection, and the ability to take
different perspectives. Through metacognitive processes, individuals can reflect on
their thoughts, emotions, and experiences, gaining insights into their own cognitive
and emotional processes. This self-reflection promotes self-understanding, empathy,
and a broader perspective, all of which contribute to psychological flexibility and
personal growth. Metacognition involves monitoring and regulating emotions,
which are integral components of psychological flexibility. By being aware of their
emotional states, individuals can identify when emotions are driving their thoughts
and behaviors. This awareness allows individuals to choose responses aligned with
their values rather than being driven by reactive emotions. Metacognitive strategies,
such as emotion regulation techniques and mindfulness, can enhance emotional self-
regulation and support psychological flexibility.

Metacognition facilitates learning from experiences and adjusting cognitive and
behavioral strategies accordingly. Through metacognitive processes, individuals can
reflect on past experiences, evaluate their effectiveness, and make moral and mature
adjustments for future situations [28]. Popandopulo et al. [29, 30] highlight the
iterative process of self-reflection and learning enhances adaptive responses, fosters
personal growth, and promotes the development of more effective coping strategies.
Research supports the link between metacognition and psychological flexibility.
Studies have found that metacognitive interventions, such as metacognitive therapy
or mindfulness-based approaches, enhance psychological flexibility and reduce
psychological distress [31, 32]. The integration of metacognitive strategies within
Acceptance and Commitment Therapy (ACT) has also shown promising results in
promoting psychological flexibility [27].
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Research supports the importance of metacognition and psychological flexibility
in promoting growth and well-being. For example, a study by Sauer et al. (2019) found
that metacognitive awareness was positively associated with psychological well-being
and adaptive coping strategies. Individuals with higher levels of metacognitive aware-
ness demonstrated greater emotional regulation and resilience in the face of stressors.

Similarly, research by Kashdan et al. [33] highlighted the benefits of psychological
flexibility for well-being. The study showed that psychological flexibility was associ-
ated with higher levels of life satisfaction, positive emotions, and overall psychologi-
cal well-being. It also found that psychological flexibility played a protective role
against the negative impact of stress on mental health.

Interventions that target metacognition and psychological flexibility have also shown
promise in promoting growth and well-being. For instance, metacognitive therapy and
Acceptance and Commitment Therapy (ACT) interventions incorporate strategies to
enhance metacognition and psychological flexibility, respectively. These interventions
have been effective in reducing symptoms of anxiety, depression, and other mental
health disorders while promoting personal growth and adaptive functioning.

Metacognition plays a crucial role in enhancing psychological flexibility and
promoting personal growth. By cultivating metacognitive awareness, individuals
can develop a deeper understanding of their cognitive and emotional processes,
challenge unhelpful thoughts and beliefs, regulate emotions, and engage in adap-
tive responses. The integration of metacognition with interventions and therapies
can support individuals in developing greater psychological flexibility, resilience,
and personal growth. Metacognition and psychological flexibility are essential for
promoting growth and well-being. Metacognition enables individuals to develop self-
awareness, challenge unhelpful thinking patterns, and improve cognitive functioning.
Psychological flexibility empowers individuals to accept their internal experiences,
make choices aligned with their values, and respond adaptively to life’s challenges. By
cultivating these constructs, individuals can enhance their resilience, cope effectively
with stressors, and pursue meaningful and fulfilling lives.

2.3 Core components of the MetaFlex framework

2.3.1 Developing metacognitive awareness: recognizing and monitoring thoughts,
emotions, and behaviors

* Developing metacognitive awareness is a valuable skill that can enhance cogni-
tive functioning, self-reflection, and adaptive thinking. Some strategies and
practices to help individuals cultivate metacognitive awareness:

* Mindfulness meditation: Engage in regular mindfulness meditation practices to
cultivate present-moment awareness and nonjudgmental observation of thoughts
and experiences. Mindfulness helps individuals become more attuned to their
cognitive processes and increases their ability to notice thoughts as they arise.

* Reflective journaling: Set aside time for reflective journaling, where you can
write about your thoughts, emotions, and experiences. This practice encourages
self-reflection and helps you gain insights into your cognitive patterns, biases,
and underlying beliefs.

* Thought monitoring: Pay attention to your thoughts throughout the day and
actively observe their content and patterns. Notice any recurring themes,
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negative self-talk, or cognitive distortions. Regularly check in with your thoughts
and become aware of their impact on your emotions and behavior.

* Metacognitive questions: Ask yourself metacognitive questions to deepen your
awareness and understanding of your cognitive processes. Examples of such
questions include:

“What am I thinking right now?”

“What evidence supports or contradicts my thoughts?”

“Are my thoughts based on facts or assumptions?”

“What are the possible alternative explanations or perspectives?”

* Seek feedback: Engage in conversations with trusted individuals who can provide
constructive feedback and different perspectives on your thoughts, behaviors,
and decision-making processes. External feedback can help you gain insights into
blind spots and biases that may be influencing your thinking.

* Cognitive flexibility exercises: Engage in activities that challenge your cognitive
flexibility and encourage you to think outside of habitual patterns. Solve puzzles,
engage in brainstorming sessions, or participate in activities that require you to
consider multiple perspectives and alternative solutions.

* Metacognitive training programs: Consider participating in metacognitive
training programs or workshops that specifically focus on developing metacogni-
tive skills. These programs often provide structured guidance and exercises to
enhance self-awareness, critical thinking, and effective learning strategies.

* Reflect on past experiences: Reflect on past experiences and evaluate how your
thoughts and beliefs influenced your behavior and outcomes. Consider the
lessons learned and identify opportunities for improvement in your cognitive
processes.

Developing metacognitive awareness is an ongoing practice that requires patience
and persistence. By incorporating these strategies into your daily life, you can gradu-
ally increase your metacognitive awareness and gain a deeper understanding of your
cognitive processes, leading to improved self-reflection, adaptive thinking, and
enhanced cognitive functioning.

2.3.2 Cultivating psychological flexibility: applying the six core processes in daily life

Cultivating psychological flexibility involves applying the six core processes in
our daily lives. These core processes, namely acceptance, cognitive defusion, present-
moment awareness, self-as-context, values clarification, and committed action, pro-
vide a framework for developing flexibility in our thoughts, emotions, and behaviors.
First, acceptance involves embracing our thoughts and emotions without judgment or
resistance. Instead of trying to push them away or avoid them, we acknowledge and
allow them to be present. By accepting our internal experiences, we create space for
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them and prevent them from dominating our actions and decisions. Second, cognitive
defusion focuses on recognizing that our thoughts are not necessarily facts or truths.
We learn to step back and observe our thoughts rather than becoming entangled

or fused with them. This defusion allows us to see thoughts as passing events and
reduces their power to dictate our behavior or hinder our well-being. Third, present-
moment awareness involves bringing our attention to the here and now. By practicing
mindfulness, we cultivate an ability to fully engage with the present moment, rather
than being caught up in regrets about the past or worries about the future. This
awareness allows us to respond more intentionally and skillfully to the demands of the
present moment [15].

Fourth, self-as-context refers to recognizing ourselves as the observer or witness
of our experiences, rather than being solely identified with our thoughts, emotions,
or roles. This perspective helps us develop a sense of psychological flexibility and
allows us to view our experiences from a broader and more objective standpoint.
Fifth, values clarification involves exploring and identifying what truly matters to us
in life. By clarifying our core values, we gain a clear sense of what we want to stand
for and what gives our lives meaning and purpose. Aligning our actions with our
values guides our decision-making and helps us navigate challenging situationsina
way that is in harmony with our deepest aspirations. Lastly, committed action entails
taking purposeful steps toward our values. It involves setting goals and consistently
engaging in actions that move us closer to the life we want to live, even when faced
with discomfort or obstacles. Committed action requires perseverance, resilience,
and a willingness to step out of our comfort zones [14]. By consciously applying these
six core processes in our daily lives, we cultivate psychological flexibility. We learn to
accept our experiences, defuse from unhelpful thoughts, be present in the moment,
view ourselves as observers, clarify our values, and take committed action. With prac-
tice, these processes become integrated into our way of being, allowing us to navigate
challenges, adapt to change, and foster well-being and personal growth.

2.3.3 Fostering a growth mindset: embracing challenges, learning from setbacks, and
seeking opportunities for growth

Fostering a growth mindset is a transformative approach to personal develop-
ment that involves embracing challenges, learning from setbacks, and seeking
opportunities for growth. When individuals cultivate a growth mindset, they
believe that their abilities and intelligence can be developed through dedication,
effort, and learning (Figure 3).

MetaFlex mindset empowers them to approach life’s challenges with resilience,
view setbacks as opportunities for learning, and actively seek out new experiences
that foster growth and development. Embracing challenges is a fundamental aspect
of a growth mindset. Rather than shying away from difficult tasks, individuals with
a growth mindset see challenges as opportunities for growth and learning. They
understand that by stepping outside of their comfort zones and tackling challenges
head-on, they can develop new skills, gain valuable experiences, and expand their
knowledge and abilities.

Learning from setbacks is another key component of fostering a growth mindset.
Instead of viewing failures or setbacks as indicators of their worth or potential,
individuals with a growth mindset see them as valuable learning opportunities. They
approach setbacks with curiosity and a willingness to reflect on what went wrong,
what they can learn from the experience, and how they can improve in the future.
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Diagram for different strategies that can be used to develop cognitive mastery with the MetaFlex framework.

This mindset shift allows them to bounce back from setbacks stronger and more
determined than before. Seeking opportunities for growth is an essential practice

for fostering a growth mindset. Individuals with a growth mindset actively seek out
new challenges and experiences that push them beyond their current capabilities.
They understand that growth occurs when they step outside of their comfort zones
and embrace new opportunities for learning and development. Whether it’s pursuing
new skills, taking on unfamiliar projects, or seeking feedback from others, they are
committed to continuous improvement and personal growth.
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Recent studies have supported the benefits of fostering a growth mindset. For
example, a study by Dweck et al. [34] found that students who were taught about
the concept of a growth mindset showed increased motivation, effort, and resilience
in the face of challenges compared to those who were not exposed to the concept.
Another study by Blackwell et al. [35] demonstrated that individuals with a growth
mindset outperformed those with a fixed mindset on academic tasks and were more
likely to persist in the face of obstacles. Fostering a growth mindset is a powerful
approach to personal development. Embracing challenges, learning from setbacks,
and actively seeking opportunities for growth can lead to increased resilience, moti-
vation, and a lifelong commitment to learning and self-improvement. By cultivating
a growth mindset, individuals open themselves up to new possibilities, continuously
expand their abilities, and achieve personal and professional growth.

2.4 Implementing the MetaFlex framework for personal growth
2.4.1 Enhancing self-awareness through metacognitive monitoring techniques

Enhancing self-awareness through metacognitive monitoring techniques is a pow-
erful strategy for personal growth and self-improvement. Metacognitive monitoring
involves observing and evaluating our own cognitive processes, including thoughts,
beliefs, emotions, and behaviors. By actively engaging in metacognitive monitoring,
we cultivate a heightened sense of self-awareness and gain valuable insights into our
own thinking patterns and their impact on our well-being and actions.

One technique for metacognitive monitoring is thought monitoring, which
involves paying close attention to our thoughts throughout the day. By consistently
observing our thoughts, we can identify recurring themes, patterns of negative
self-talk, or cognitive distortions that may be influencing our emotions and behav-
iors. Thought monitoring allows us to become more aware of our cognitive biases
and automatic thinking processes, enabling us to challenge and reframe unhelpful
thoughts.

Another technique is keeping a reflective journal. Regularly recording our
thoughts, emotions, and experiences in a journal provides an opportunity for self-
reflection and deeper self-understanding. Writing allows us to process our thoughts
and gain clarity about the underlying beliefs and assumptions that shape our perspec-
tives and actions. Through journaling, we can identify patterns, triggers, and areas of
personal growth, fostering self-awareness and self-discovery. Metacognitive question-
ing is another effective technique for enhancing self-awareness. By asking ourselves
metacognitive questions, such as “What am I thinking right now?” or “What evidence
supports or contradicts my thoughts?” We prompt ourselves to examine our thoughts
more critically and objectively. These questions invite us to evaluate the validity and
usefulness of our thoughts, encouraging a deeper level of self-awareness and cogni-
tive flexibility.

In recent studies, metacognitive monitoring techniques have been shown to have
numerous benefits. For example, a study by Ortner et al. [36] found that individu-
als who engaged in metacognitive monitoring showed increased self-awareness,
self-regulation, and well-being. Another study by Morin [37] demonstrated that
metacognitive monitoring techniques, such as thought monitoring and journaling,
were effective in reducing rumination and improving emotional well-being. By prac-
ticing metacognitive monitoring techniques, we develop a greater understanding of
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ourselves, our cognitive processes, and their influence on our emotions and behaviors.
This enhanced self-awareness allows us to make conscious choices, challenge unhelp-
ful thoughts, and respond more intentionally to life’s challenges. It empowers us to
cultivate psychological flexibility, make positive changes, and foster personal growth
and well-being.

2.4.2 Utilizing metacognitive strategies to regulate and manage emotions

Utilizing metacognitive strategies to regulate and manage emotions is a power-
ful tool for promoting emotional well-being and enhancing emotional intelligence.
Metacognition involves the awareness and monitoring of our own cognitive processes,
and when applied to emotions, it allows us to observe and regulate our emotional
experiences in a more intentional and adaptive manner. The metacognitive strategy
for emotion regulation is cognitive reappraisal. This technique involves consciously
reframing or reinterpreting the meaning of a situation or event in order to change
our emotional response. By engaging in cognitive reappraisal, we can challenge and
modify the thoughts and beliefs that contribute to intense or distressing emotions.
For example, we can reframe a challenging situation as an opportunity for growth
or view a setback as a temporary setback rather than a reflection of our worth. This
cognitive restructuring allows us to regulate our emotional reactions and choose
more adaptive responses. Another metacognitive strategy for emotion regulation is
attentional deployment. It involves directing our attention away from distressing or
negative stimuli and toward more positive or neutral aspects of our environment. By
consciously shifting our focus, we can reduce the intensity of negative emotions and
cultivate a more balanced perspective. For instance, if we find ourselves ruminating
on a past mistake, we can redirect our attention to the present moment or engage in an
enjoyable activity to create a positive emotional shift.

Metacognitive monitoring of emotions also involves being aware of our emotional
states and the bodily sensations that accompany them. By developing a greater
somatic awareness, we can identify and label our emotions more accurately. This
self-awareness allows us to respond to our emotions with greater mindfulness and
self-compassion, rather than getting swept away by them. Through practices such
as meditation or body scans, we can cultivate a nonjudgmental and accepting stance
toward our emotions, which promotes emotional regulation and resilience.

Recent studies have demonstrated the effectiveness of metacognitive strategies in
emotion regulation. For instance, a study by Kivity et al. [38] found that individuals
who engaged in cognitive reappraisal exhibited lower levels of negative emotions and
increased well-being compared to those who did not utilize this strategy. Another
study by Ortner et al. [39] showed that attentional deployment techniques, such as
mindfulness-based interventions, were effective in reducing emotional reactivity and
promoting emotional regulation.

Utilizing metacognitive strategies for emotion regulation enables individuals
to have greater control over their emotional experiences and responses. By apply-
ing techniques such as cognitive reappraisal, attentional deployment, and somatic
awareness, individuals can cultivate emotional intelligence, navigate challenging
situations with greater resilience, and foster overall well-being. Integrating metacog-
nitive approaches into daily life empowers individuals to regulate their emotions in a
more intentional and adaptive manner, leading to enhanced emotional well-being and
psychological growth.
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2.4.3 Integrating psychological flexibility techniques in challenging situations

Integrating psychological flexibility techniques in challenging situations is a
powerful approach to navigate adversity, enhance resilience, and promote well-being.
Psychological flexibility refers to the ability to adaptively respond to the ever-
changing demands of life by being present, accepting difficult emotions, and taking
committed action aligned with one’s values. When facing challenging situations,
incorporating psychological flexibility techniques can support individuals in effec-
tively managing stress and promoting positive outcomes.

One of the core techniques of psychological flexibility is mindfulness. By cultivat-
ing present-moment awareness and nonjudgmental acceptance of one’s thoughts,
emotions, and sensations, mindfulness allows individuals to engage with the present
situation more fully and respond consciously. This practice enables individuals to step
out of automatic reactive patterns and make more intentional choices aligned with
their values, even in the midst of difficulty. Acceptance is another essential psycho-
logical flexibility technique. It involves acknowledging and embracing the full range
of emotions, including discomfort and pain, without attempting to avoid or suppress
them. Acceptance allows individuals to create space for these emotions to exist while
recognizing that they do not define their entire experience. By accepting difficult
emotions, individuals can respond to challenges with greater clarity and effectiveness,
rather than being overwhelmed or controlled by their emotional reactions. Value
clarification and committed action are additional techniques that can be integrated
in challenging situations. Value clarification involves identifying one’s core values—
what truly matters most in life—and using them as a compass to guide decision-
making and action. By aligning actions with values, individuals can make choices that
are congruent with their authentic selves, even when faced with adversity. Committed
action refers to taking intentional steps toward valued goals, even in the presence of
discomfort or obstacles. It involves breaking down goals into manageable tasks and
persisting in the pursuit of those goals, despite challenges that may arise.

Recent studies have highlighted the benefits of incorporating psychological flexibility
techniques in challenging situations. For instance, a study by Gloster et al. [24, 25] dem-
onstrated that individuals who received Acceptance and Commitment Therapy (ACT),
an approach that emphasizes psychological flexibility, showed reduced psychological
distress and increased well-being compared to those who did not receive the interven-
tion. Another study by Kashdan and Rottenberg [40] found that psychological flexibility
was associated with better emotional well-being and adaptive responses to stressors.

Integrating psychological flexibility techniques in challenging situations empow-
ers individuals to navigate adversity with resilience and well-being. By incorporating
mindfulness, acceptance, value clarification, and committed action, individuals can
cultivate a more adaptive and empowered response to challenging circumstances.
These techniques enable individuals to remain present, accept difficult emotions,
and take intentional action aligned with their values, leading to increased well-being,
personal growth, and positive outcomes.

2.5 MetaFlex in relationships and interpersonal dynamics
2.5.1 Applying metacognition to improve communication and conflict vesolution

Applying metacognition to improve communication and conflict resolution can
greatly enhance the quality of our interactions and relationships. Metacognition, the
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awareness and monitoring of our own cognitive processes, allows us to step back and
reflect on how we communicate, perceive others, and handle conflicts. By integrat-
ing metacognitive strategies into our communication practices, we can become more
effective communicators and resolve conflicts in a constructive and empathetic
manner. One key aspect of metacognition in communication is self-reflection. Taking
the time to reflect on our own communication patterns, biases, and triggers enables
us to gain insight into our strengths and areas for improvement. By examining our
own thoughts and emotions during interactions, we can identify any unhelpful or
biased assumptions we may hold and consciously work toward addressing them.
This self-reflection helps us develop a greater awareness of how our communication
style may influence others and allows us to make adjustments for more effective
communication.

Metacognitive monitoring of communication involves actively observing and
evaluating our own communication in real-time. This includes being aware of the lan-
guage we use, our tone of voice, and our nonverbal cues. By monitoring these aspects,
we can gauge the impact of our words and adjust our communication accordingly. For
example, if we notice that our tone is becoming aggressive during a conflict, we can
intentionally shift to a more calm and respectful tone to de-escalate the situation and
promote constructive dialog. Another important metacognitive strategy for improv-
ing communication is perspective-taking. This involves consciously attempting to
understand and empathize with the perspectives, feelings, and needs of others. By
engaging in perspective-taking, we can move beyond our own biases and assump-
tions, and actively listen to others with openness and curiosity. This enhances our
ability to communicate with empathy, validate others’ experiences, and find common
ground even in the midst of disagreement.

Research has demonstrated the benefits of applying metacognition to communica-
tion and conflict resolution. For example, a study by Hong and Mallorie [41] found
that metacognitive awareness in communication was positively associated with
relationship satisfaction and conflict resolution skills. Another study by Haberstroh
etal. [42] highlighted the role of metacognitive monitoring in effective communica-
tion, showing that individuals who were more metacognitively aware exhibited better
communication skills and perceived themselves as more competent in resolving con-
flicts. In conclusion, applying metacognition to improve communication and conflict
resolution empowers us to become more mindful and intentional communicators. By
engaging in self-reflection, metacognitive monitoring, and perspective-taking, we
can enhance the quality of our interactions, foster empathy, and navigate conflicts
more constructively. Incorporating metacognitive strategies into our communica-
tion practices promotes effective listening, understanding, and finding mutually
beneficial resolutions, leading to stronger relationships and healthier communication
dynamics.

2.5.2 Cultivating psychological flexibility in velationships: empathy, acceptance,
and understanding

Cultivating psychological flexibility in relationships is essential for fostering
healthy and fulfilling connections with others. Psychological flexibility involves being
open, accepting, and adaptable in our interactions, allowing for empathy, acceptance,
and understanding to flourish. By consciously integrating these qualities into our rela-
tionships, we can nurture deeper connections, enhance communication, and navigate
conflicts with compassion and resilience.

131



Metacognition in Learning — New Perspectives

Empathy is a foundational component of psychological flexibility in relationships.
It involves actively seeking to understand and share the emotional experiences of
others. By putting ourselves in someone else’s shoes and genuinely listening to their
perspective, we can develop a deeper sense of empathy. This allows us to respond with
sensitivity and compassion, validating the emotions and experiences of our loved
ones. Cultivating empathy fosters a sense of safety and trust within the relationship,
promoting openness and vulnerability.

Acceptance is another crucial element of psychological flexibility in relationships.
It entails embracing others for who they are, including their strengths, weaknesses,
and unique qualities. Acceptance involves letting go of expectations and judgments,
allowing individuals to feel valued and respected for their authentic selves. By practic-
ing acceptance, we create an environment where individuals feel safe to express their
true thoughts and emotions, enhancing intimacy and connection.

Understanding is an integral aspect of psychological flexibility in relationships.
It involves actively seeking to comprehend the thoughts, feelings, and needs of our
loved ones. Understanding goes beyond surface-level interactions and seeks to grasp
the deeper layers of someone’s experiences. By actively listening, seeking clarification,
and reflecting back what we have understood, we demonstrate our commitment to
understanding and validating the other person’s perspective. This cultivates trust,
reduces misunderstandings, and fosters a sense of mutual support and appreciation.

Recent research supports the benefits of cultivating psychological flexibility
in relationships. A study by Wachs and Cordova [43] found that higher levels of
psychological flexibility were associated with greater relationship satisfaction and
reduced distress. Another study by Carnelley et al. [44] highlighted the importance
of empathy, acceptance, and understanding in promoting relationship well-being
and longevity. In conclusion, cultivating psychological flexibility in relation-
ships through empathy, acceptance, and understanding enhances the quality and
depth of our connections. By actively practicing empathy, we create a space for
genuine understanding and emotional connection. Through acceptance, we foster
an environment of unconditional love and support. By striving to understand the
thoughts and emotions of our loved ones, we foster deeper intimacy and meaning-
ful communication. Integrating these qualities into our relationships allows us to
navigate challenges and conflicts with grace and resilience, promoting long-lasting
and fulfilling connections.

2.5.3 Promoting growth-oriented interactions and fostering vesilience in interpersonal
connections

Promoting growth-oriented interactions and fostering resilience in interpersonal
connections are key aspects of nurturing healthy and thriving relationships. Growth-
oriented interactions involve creating an environment where both individuals feel
supported and encouraged to learn, develop, and evolve. Fostering resilience within
relationships entails building the capacity to adapt, bounce back from challenges,
and grow stronger through adversity. By actively incorporating these elements into
our interactions, we can cultivate dynamic and resilient connections with others. A
fundamental aspect of promoting growth-oriented interactions is fostering a mindset
of continuous learning and personal development. This involves embracing feedback,
seeking new perspectives, and being open to constructive criticism. By encouraging
growth and supporting each other’ aspirations and goals, we create an environment
that fosters personal and interpersonal growth. Growth-oriented interactions involve
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engaging in active and reflective communication, where individuals share insights,
learn from each other’ experiences, and challenge each other to reach their full
potential.

Building resilience within relationships requires nurturing a sense of shared
strength and support. Resilience involves the ability to navigate challenges, adapt to
change, and maintain a sense of well-being and stability. By cultivating resilience
together, individuals can face difficulties as a team, drawing upon their collective
strengths and resources. Resilient relationships are characterized by effective problem-
solving, flexible coping strategies, and a shared belief in the ability to overcome
obstacles. Promoting growth-oriented interactions and fostering resilience within
relationships are supported by recent research. A study by Karney and Bradbury [45]
found that couples who approached their relationship with a growth mindset, viewing
challenges as opportunities for growth and learning, had higher relationship satisfac-
tion and longevity. Another study by Fredrickson et al. [46] highlighted the impor-
tance of resilience in relationships, showing that individuals in resilient relationships
experienced greater well-being and psychological thriving.

In conclusion, promoting growth-oriented interactions and fostering resilience
within interpersonal connections are vital for building thriving relationships. By
cultivating a mindset of continuous learning, supporting each other’s growth, and
embracing feedback, we create an environment conducive to personal and interper-
sonal development. Additionally, by nurturing resilience, we equip ourselves and our
relationships with the tools needed to navigate challenges and bounce back stronger.
Integrating these elements into our interactions fosters dynamic and resilient connec-
tions, promoting growth, well-being, and long-lasting relationships.

2.6 MetaFlex framework in professional development and learning
2.6.1 Leveraging metacognition to enhance learning strategies and academic performance

Leveraging metacognition to enhance learning strategies and academic perfor-
mance is a valuable approach for students seeking to optimize their educational
journey. Metacognition, the awareness and regulation of one’s own cognitive pro-
cesses, allows individuals to reflect on and adapt their learning strategies, leading to
improved comprehension, retention, and overall academic success. By intentionally
incorporating metacognitive techniques into their study routines, students can
enhance their learning experience and achieve their academic goals (Figure 4).

One way to leverage metacognition for enhanced learning is through setting clear
learning goals. By clearly defining what they aim to achieve, students can align their
efforts and focus their attention on the most relevant information. This helps them
prioritize their studies and develop a sense of purpose, increasing their motivation
and engagement. Additionally, regularly monitoring progress toward these goals
allows students to assess their learning strategies and make necessary adjustments to
stay on track.

Another key aspect of metacognition in learning is self-monitoring. This involves
consciously observing and evaluating one’s own understanding and performance
during studying or academic tasks. By periodically checking their comprehension
and identifying areas of weakness, students can direct their efforts toward areas that
require further attention. Self-monitoring also enables students to recognize when
they need additional support or resources, facilitating proactive seeking of assistance
when needed. Metacognitive strategies, such as self-questioning and self-explanation,
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Figure 4.
MetaFlex framework for enhanced learning and development [47].

are effective tools for enhancing understanding and retention of information.
Encouraging students to ask themselves questions about the material, summarize

key concepts, and explain the content in their own words promotes deeper process-
ing and strengthens their grasp of the subject matter. These strategies help students
make connections between new information and existing knowledge, enhancing their
overall comprehension and long-term retention.

Recent studies have provided evidence for the effectiveness of metacognitive
approaches in improving learning outcomes. For example, a study by Dunlosky et al.
[48] highlighted the positive impact of metacognitive strategies, such as retrieval
practice and spaced repetition, on students’ retention of information and their ability
to transfer knowledge to new contexts. Another study by Schraw and Dennison [47]
demonstrated that metacognitive awareness and regulation significantly correlated
with academic performance, suggesting that students who employ metacognitive
strategies are more likely to excel academically.

In conclusion, leveraging metacognition to enhance learning strategies and
academic performance empowers students to take an active role in their education. By
setting clear goals, self-monitoring their progress, and employing metacognitive tech-
niques like self-questioning and self-explanation, students can optimize their learning
experience and achieve higher levels of understanding and retention. Incorporating
metacognitive strategies into study routines promotes self-awareness, efficient learn-
ing, and effective problem-solving skills, ultimately leading to improved academic
performance and long-term success.

2.6.2 Harnessing psychological flexibility to adapt to workplace challenges and changes

Harnessing psychological flexibility is crucial for individuals to effectively navi-
gate workplace challenges and adapt to changes in the professional environment.
Psychological flexibility refers to the ability to maintain openness, adaptability, and
resilience in the face of adversity or uncertainty. By cultivating psychological flexibil-
ity, employees can thrive in dynamic work settings, embrace new opportunities, and
effectively manage stress and change.

One aspect of harnessing psychological flexibility in the workplace is embracing
a growth mindset. A growth mindset involves viewing challenges and setbacks as
opportunities for learning and growth rather than fixed limitations. By adopting this
perspective, individuals can approach workplace challenges with a sense of curiosity
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and a willingness to explore new strategies and perspectives. This mindset encourages
continuous improvement, innovation, and resilience in the face of obstacles.

Adaptability is another core component of psychological flexibility in the work-
place. It involves being open to change, flexible in one’s thinking, and willing to adjust
strategies and approaches as needed. Adaptability allows employees to effectively
respond to evolving work demands, shifting priorities, and new technologies. By
embracing change and being open to new ways of doing things, individuals can
remain agile and resourceful in navigating workplace challenges.

Psychological flexibility also encompasses emotional resilience. This involves
developing the capacity to manage and regulate emotions in the face of workplace
stressors and pressure. Resilience enables individuals to bounce back from setbacks,
stay focused and composed during challenging situations, and maintain a positive
outlook. By cultivating emotional resilience, employees can navigate workplace chal-
lenges with greater composure, making sound decisions and maintaining productive
relationships with colleagues.

Recent studies have highlighted the benefits of psychological flexibility in the
workplace. For example, a study by Bond and Flaxman [49] found that psychologi-
cal flexibility was positively associated with job satisfaction, work engagement, and
reduced psychological distress among employees. Another study by Biglan et al. [50]
demonstrated that psychological flexibility predicted job performance and overall
workplace well-being.

In conclusion, harnessing psychological flexibility in the workplace is essential for
individuals to thrive amidst challenges and changes. By embracing a growth mindset,
being adaptable, and cultivating emotional resilience, employees can effectively
navigate workplace demands, embrace change, and maintain high levels of perfor-
mance and well-being. Incorporating psychological flexibility into the workplace
culture supports a positive and adaptive work environment, promoting individual
and organizational success.

2.6.3 Nurturing a growth mindset for continuous professional development

Nurturing a growth mindset is vital for fostering continuous professional devel-
opment. A growth mindset is the belief that skills, abilities, and intelligence can be
developed and improved through effort, practice, and learning. By cultivating a
growth mindset, individuals embrace challenges, persist in the face of setbacks, and
actively seek opportunities for growth and learning in their professional lives.

One way to nurture a growth mindset for continuous professional development is
by embracing a learning orientation. This involves seeing every experience, whether
it be a success or a failure, as an opportunity for growth and learning. Instead of view-
ing setbacks as signs of incompetence, individuals with a growth mindset perceive
them as stepping stones toward improvement. They recognize that mistakes and
challenges are valuable sources of feedback and insights that can fuel personal and
professional growth.

Another aspect of nurturing a growth mindset is seeking out new challenges
and stepping outside of one’s comfort zone. Embracing challenges helps individuals
expand their skills, knowledge, and expertise. By actively seeking opportunities to
learn and develop, professionals with a growth mindset are more likely to take on new
projects, pursue additional training or certifications, and engage in continuous learn-
ing activities. They understand that growth happens outside of their comfort zones,
and they are willing to push their boundaries to reach their full potential.

135



Metacognition in Learning — New Perspectives

Continuous reflection and self-assessment are integral to nurturing a growth
mindset for professional development. Engaging in regular self-reflection allows
individuals to evaluate their strengths, areas for improvement, and professional goals.
By honestly assessing their skills and identifying areas where they can grow, profes-
sionals with a growth mindset can develop targeted learning strategies and seek out
resources or mentorship to support their development.

Recent studies have emphasized the importance of a growth mindset in profes-
sional contexts. For instance, a study by Dweck [51] found that individuals with a
growth mindset were more likely to embrace challenges, persevere in the face of
obstacles, and achieve higher levels of success in their careers. Another study by Hong
etal. [52] demonstrated that a growth mindset positively influenced the adoption of
learning goals and engagement in professional development activities.

In conclusion, nurturing a growth mindset is crucial for continuous professional
development. By embracing a learning orientation, seeking out challenges, and
engaging in reflection and self-assessment, individuals can foster a mindset that
promotes growth, learning, and ongoing improvement in their careers. Incorporating
a growth mindset into professional development efforts allows individuals to adapt to
changing demands, seize new opportunities, and unlock their full potential for long-
term success and fulfillment.

3. Discussion

The perspective chapter provides an in-depth examination of a new and promis-
ing methodology that integrates metacognition and psychological flexibility in order
to facilitate personal development and improve psychological welfare. The paradigm
presented in this study explores the junction of cognitive and emotional processes,
providing valuable insights into the ways individuals can effectively navigate various
problems in life and promote their own personal growth.

The framework is centered around the concept of metacognition, which encom-
passes the cognitive processes of reflecting on one’s own thoughts, engaging in
introspection, and cultivating self-awareness. The MetaFlex Framework facilitates
individuals in cultivating introspection into their cognitive processes, emotional
experiences, and behavioral patterns, so enabling them to attain a heightened level of
self-awareness. Kessler [19] and Rickey et al. [20] showed that self-awareness permits
people to detect and change unproductive cognitive processes, improve learning and
actions, which can help human development.

Moreover, the incorporation of psychological flexibility into the theoretical frame-
work underscores the significance of being adaptable and resilient when confronted
with the difficulties of life. This notion places emphasis on the capacity to effectively
navigate and adapt to stress, uncertainty, and adversity by employing a flexible and
value-oriented approach. The concept promotes the importance of individuals strik-
ing a harmonious equilibrium between embracing acceptance and embracing change,
so enabling them to effectively navigate and respond to dynamic situations while
upholding their fundamental values and objectives.

Psychological flexibility predicted higher compassion satisfaction and lower levels
of burnout and better quality of life [14, 15].

The chapter provides an overview of the theoretical underpinnings of the
MetaFlex Framework as well as an examination of its actual implementations. The
chapter provides significant insights into the interdependent connection between
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metacognition and psychological flexibility and offers recommendations on how to
incorporate these ideas into one’s everyday life. This instruction is applicable not just
to individuals, but also to educators and professionals, who can integrate metacogni-
tive techniques into their work in order to facilitate personal development, enhance
resilience, and promote psychological well-being.

In summary, the MetaFlex Framework presents a persuasive viewpoint regarding
the convergence of metacognition and psychological flexibility, showcasing their
potential to be utilized for the purpose of augmenting individual development and
overall welfare. Through the cultivation of self-awareness, adaptive thinking, and
values-driven behavior, individuals have the ability to engage in a process of ongoing
progress and resilience, effectively navigating the various difficulties and opportuni-
ties that life presents.

4, Conclusion

The MetaFlex Framework represents an innovative approach that combines the
power of metacognition with the principles of psychological flexibility to foster
personal growth, resilience, and well-being. This framework emphasizes the impor-
tance of developing metacognitive awareness and utilizing metacognitive strategies
to enhance self-reflection, regulate emotions, and optimize learning strategies. By
integrating psychological flexibility techniques, individuals can adapt to challenges,
embrace change, and cultivate a growth mindset for continuous development.

The MetaFlex Framework offers a comprehensive and practical guide for individu-
als seeking to harness the power of metacognition and psychological flexibility in
their personal and professional lives. It highlights the synergistic relationship between
metacognition and psychological flexibility, demonstrating how they complement
and reinforce each other to promote growth and well-being.

By developing metacognitive awareness, individuals gain insights into their own
cognitive processes, including their thoughts, beliefs, and emotions. This heightened
self-awareness enables them to identify and challenge unhelpful patterns of thinking,
regulate their emotions effectively, and make conscious choices aligned with their
values and goals. Through metacognitive monitoring techniques, individuals can
assess their learning progress, identify areas for improvement, and make strategic
adjustments to enhance their academic or professional performance.

Psychological flexibility, a core component of the MetaFlex Framework, allows
individuals to adapt to the ever-changing demands and challenges of life. By cultivat-
ing a growth mindset, embracing challenges, and learning from setbacks, individuals
foster resilience and open themselves to new opportunities for growth and develop-
ment. Psychological flexibility also plays a pivotal role in interpersonal relationships,
as it enables individuals to practice empathy, acceptance, and understanding, leading
to more meaningful connections and improved conflict resolution.

The benefits of the MetaFlex Framework are supported by recent studies, which
have shown that metacognitive strategies and psychological flexibility techniques
contribute to improved learning outcomes, increased well-being, and enhanced
performance in various domains. These studies provide empirical evidence for the
effectiveness of integrating metacognition and psychological flexibility in promoting
personal growth, adaptability, and resilience.

Overall, the MetaFlex Framework offers a holistic and integrative approach
to fostering psychological flexibility and growth. By harnessing the power of
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metacognition to enhance self-awareness, regulate emotions, and optimize learning
strategies, individuals can cultivate psychological flexibility, adapt to challenges, and
foster personal growth and well-being. The MetaFlex Framework empowers individu-
als to navigate the complexities of life with greater self-awareness, resilience, and the
ability to make intentional choices that align with their values and aspirations. By
embracing this framework, individuals can embark on a transformative journey of
self-discovery, growth, and enhanced psychological flexibility.
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Chapter 9

Impact of Teacher Workload on
Academic Excellence and Learners’
Metacognition: A Case Study of

Two High Schools in Chris Hani
District

Amanda Joe and Nomxolisi Mtsi

Abstract

The workload of teachers greatly contributes to the quality and academic
performance of the learners. This paper sought to investigate the impact of teacher
workload on academic excellence and metacognition of learners in two high schools in
Chris Hani district in the Eastern Cape province of South Africa, with the view of
coming up with measures to inform appropriate teacher workload to improve
learners’ metacognitive skills and academic excellence. The study was guided by
Symbolic Interactionism theory. The study used an Interpretivist research paradigm,
followed a qualitative approach, and adopted a case study design. Purposive sampling
was used to select 6 participants, data were analysed using semi-structured interviews
and were analysed thematically. The findings revealed that excessive workloads cause
stress and prevent teachers from completing the syllabus on time. It also established
that teachers are faced with too much administrative work, which causes an increase
in teacher work overload and negatively impacts learners’ metacognition and aca-
demic excellence. The study recommends that various stakeholders should come up
with new strategies that will improve the workload that teachers are given. It further
recommends appointment of new teachers in schools to reduce teacher workload.

Keywords: teachers, learners, workload, academic excellence, metacognition

1. Introduction

Teachers are leaders and pillars of education; hence, their workload is vital as it
affects the desired outcomes for both teachers and learners. This study defines work-
load of teachers as the quantity of work that teachers carry out during the academic
year. The work includes preparation of lessons, delivering lessons, tests, administra-
tive work, and marking. Excessive workloads prohibit teachers from performing
desirably and attending to learners effectively. Jomuad et al. [1] are also of the view
that teacher performance is impacted by workload. The observable and quantifiable
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behaviour of a learner, as measured by the results of assigned activities, be they
formative or summative assessments, can be seen as the academic performance of a
learner [2]. Teachers’ excessive workload impacts learners’ metacognition which is
discussed in detail in the next paragraph.

Metacognition is a fundamental property when looking at the impact of excessive
workload of teachers, by definition metacognition is awareness and management of
one’s thought [3]. It includes self-awareness, self-reflection, and the capacity to
develop and modify effective learning procedures [4]. Therefore, this study refers to
metacognition as awareness of one’s individual thought processes, along with the
capacity to control and manage them. The learners’ metacognition might be signifi-
cantly impacted by a teacher’s excessive workload where the development of the
learners’ metacognition may be negatively affected in several ways when teachers
have excessive workload.

As stated by [5], in Indonesia, lecturers’ and teachers’ workloads amount to
48 hours a week of face-to-face teaching, which is too much. Tahseen [6] conducted a
study in Saudi Arabia revealed that teachers had too much paperwork and high
workloads, and they had to sacrifice their relaxation time, which contributed to stress.
In addition, Akhtar Malik [7] submits that loss of physical and emotional vitality
results from work overload as an element that contributes to teacher burnout.
According to the 2013 National Policy on Education of Nigeria, the teacher-student
ratio in elementary schools should be 1:25 and in secondary schools it should be 1:30 to
prevent overcrowding in classrooms [8]. In public schools in South Africa, classrooms
are designed to support 31 learners and one teacher for secondary schools and 40
learners and one teacher in primary schools [9]. Nevertheless, because of
overcrowded classrooms in public schools, learner-teacher ratios, particularly those in
countryside areas and locations, exceeds average. In addition, South Africa demon-
strates that teachers often have very heavy workloads and very low morale [10]. The
challenge is very high in both rural and urban public schools.

The researcher concurs with the above views; thus, the researcher undertook this
study based on the gaps identified. The paper looks at the impacts of teachers’ work-
loads on learner’s metacognition and academic excellence of learners in two high
schools in Chris Hani District in the province of the Eastern Cape.

2. Literature review

2.1 Impact of excessive administrative work and workload of teachers on learner
metacognition and academic excellence

Too much administrative work has a “blanket” impact on every school setting, and
it seriously threatens to take away teachers’ professional concentration on instruction
and student learning [11]. The impact of too much administrative and official tasks
related to system imperatives, for example, requirements for complying with
standardised reports and recording of progress, that includes learner progress, has
been an increase in the workload of teachers [11]. In recent studies, there has been an
increased emphasis on the workload of teachers as a component of a larger concern
about the hiring, retention, wellbeing, and support of “quality” teachers [11]. To
better understand the mechanism of learner metacognition and its effects literature
confirms that highlights that reduced feedback and guidance can hinder learners’
ability to reflect on their learning processes and make needed changes [12]. Moreover,
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teachers who are loaded with administrative duties may have limited time and energy
to offer timely and constructive feedback to their learners. Given the ultimate impact
that teachers have on learning and accomplishment of learners [13], it is crucial to
comprehend the variables that affect their potential to “teach to their best and well”
[14]. Self-analysis and introspection about one’s learning experiences are also common
components found in metacognition research for teachers with excessive workloads.
Overworked and aggravated teachers are unlikely to engage learners in metacognitive
activities such as reflection or dialogue [15]. Considering the above statement, limited
reflection opportunities negatively affect learners’ academic excellence since it pre-
vents them from knowing where they can improve. The education profession entails
being subjected to a variety of employment expectations, which frequently support an
impression of a severe workload [1]. They add that other examples of workplace
demand such as several meetings interfere with teachers’ preparation time. Teachers
with a heavy workload may choose to plan and assess lessons quickly aimed at mem-
orization rather than encouraging critical thinking and metacognitive skills in learners
[16]. This hinders learners’ progress. According to [11], Australian (lower secondary)
teachers “report working on average 43 hours per week, 5 higher than the average for
TALIS countries,” and they spend similar numbers of hours per week on a variety of
work-related tasks.

Manuel et al. [11] further found that key drivers for increased workload for pri-
mary and secondary school teachers were administration, including high volumes of
email workload; curriculum reform; data tracking, and marking and assessment are.
In addition, reports are consistent regarding working hours of teachers, the complex-
ity and time strains of their workload, the degree of compliance and additional “time
consuming, cumbersome” administrative tasks consuming their teaching and learning
time [17, 18]. In the study [17], 61% of teachers agreed that their jobs were stressful
most of the time or frequently in the least. Therefore, this study sought to determine
the impact that excessive administrative work and teacher workload have on learner
metacognition and their academic excellence.

2.2 Impact of shortage of teachers and overcrowded classrooms on academic
excellence and metacognition of learners

Overcrowded classrooms make it difficult for teachers to produce desired results
because most of the time they are unable to fully track learners’ progress and to give
proper attention to each learner needs as they are faced with large numbers of learners
in small classrooms. According to Biyela [10], the quality of teaching and learning
appears to be compromised by overcrowded classes with limited educators. Further-
more, Marais [19] study revealed that there is no individual support and no proper
assessment in overcrowded classrooms. As Johnson [20] suggests, overworked
teachers may adopt one-size-fits-all strategies without considering metacognition dif-
ferentiation. Biyela [10] study emphasises the need for personalised learning experi-
ences, highlighting the negative impact of one-size-fits-all teaching methods on
learners’ metacognition and academic excellence in overcrowded classrooms. In addi-
tion, most government secondary schools do not have sufficient teachers [21].
Ogunode et al. [21] submits that there is a problem of lack of academic staff in
universities, whilst learner numbers are very large. Moreover, there is not enough
time to provide all learners meaningful feedback, and providing individual coaching is
not an option in overcrowded classrooms [19]. In addition, and importantly so, [10],
established that teachers lacked the necessary skills to instruct in overcrowded classes
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as neither the district officials nor the Department of Basic Education provide teachers
with enough training or support.

Marais [19] reports that learners lack motivation in overcrowded classrooms, as
most learners do not participate in learning activities since they mainly feel tired
because of high temperatures and noise in overcrowded classrooms, thus affecting
academic excellence of learners. Marais [19] adds that there is disruptive behaviour
and lack of resources in overcrowded classrooms, which contribute to lack of motiva-
tion of learners and poor focus on learning activities, particularly where many learners
share one desk due to limited space and furniture. Furthermore, in overcrowded
classrooms, teachers face a variety of difficulties, including fighting among students,
loud classrooms, and student cheating brought on by stress from cramped seating and
lack of space [10]. According to reports, common basic education institutions, often
known as primary schools, lack trained teachers [21]. According to Ogunode et al.
[21], efficiency of teaching and learning in an overcrowded classroom is threatened,
learner performance is reduced and, subsequently, teachers are demoralised.
Overcrowded classrooms breed stress and anxiety, which adversely impacts learner
metacognition, and leads to heightened stress in teachers. Stress, learning setting, and
metacognitive progress can be hampered. Learners may be distracted by the visible
stress of educators, as stated by [22]. According to Manuel et al. [11], efficiency of
teaching and learning in an overcrowded classroom is threatened; learner perfor-
mance is reduced and, subsequently, teachers are demoralised.

3. Theoretical framework

See Figure 1.

Symbolic Interactionism is a theoretical hypothesis for exploring human conduct
and life [23]. The framework uses an individual’s experience as the foundation for
researching and interpreting a social group or system. A good fit for examining
teacher behaviour faced with excessive workload to inform analysis of participants
experiences, Symbolic Interactionism was utilised throughout this paper. The
researcher focused on the creation of identity through interacting with others and
investigated how people respond to one another from a symbolic interactionist
approach and used this approach to inform the analysis of the participants’ experi-
ences throughout the study.

4. Research question

What is the impact of teacher workload on academic excellence and learners’
metacognition?

Shortage of
Theyel e teachers and

— overcrowded

workload

Figure 1.
Conceptual framework.

146



Impact of Teacher Workload on Academic Excellence and Learners’ Metacognition...
DOI: http://dx.doi.org/10.5772 /intechopen.114316

5. Aim and objectives

The motive of the study was derived from the researcher’s personal experience,
including witnessing the excessive workload of teachers. Not only are they expected to
teach but they are also expected to perform administrative duties. The objective of the
paper was to investigate the effects of teachers’ workloads on learner academic excel-
lence and metacognition in two high schools.

6. Research and methodology

A qualitative research approach was adopted in the study. An interpretivist
approach was followed in this study. The interpretive framework was appropriate as
the researcher shared information on various effects of teachers’ workload on
learners’ academic performance. Data analysis involved reducing and interpreting
data that were gathered through audio-taped interviews. Given that the researcher
wanted a detailed reflection on schools, and to ensure confidentiality, participants
were interviewed individually, which also gave them a chance to express themselves
freely. The researcher used semi-structured individual interviews to collect first-hand
data regarding the effects of teacher workloads on learner academic excellence. Pop-
ulation consisted of 26 teachers from school A, 16 females, 10 males and 30 teachers in
school B, 18 female teachers and 12 males. Purposive sampling helped identify
information-rich cases related to teacher workloads. The sampling comprised 4
teachers and 2 principals from the two selected schools.

7. Ethical considerations

Ethical consideration consisting of informed consent letters, confidentiality and
for anonymity pseudonymization were utilised by the researcher. The researcher also
guaranteed no harm or risk would be put exposed or subjected to the participants
because of their participation.

8. Findings

On the issue of the effects of excessive administrative work and the workload of

teachers on learners’ academic excellence and metacognition, the following were
shared:

The workload is too much; there is not much time to finish the syllabus and at the same
time do daily preparations. We ravely receive free periods; there is a lot of paperwork
that must be completed and most of the time due dates for submissions are not met.
(Teacher A.)

Contrary to what Teacher A said, a principal stated that:

The veason why some teachers end up having too much workload is because they submit
their work to the SMTs late. (School Principal A.)
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However, another teacher also emphasised that teachers were overloaded, adding
that:

We are expected to teach subjects that we do not specialise in whilst teaching our own
subjects which increases the workload because one must do preparations on all these
subjects that ave allocated to us. Hence, we sometimes submit assessments late to the
Head of Departments for moderation. The administrative work that we must do as
teachers is also too much now, we also expected to record marks on SASMS by
ourselves. (Teacher C.)

Teachers B and D concurred with some issues that were highlighted by Teacher C
indicated in the above excerpt. Below is what the teachers said:

The subject allocations that we are given by our SMT do not allow us to finish on time
nor submit on time tasks that ave needed because we arve faced with too many prepa-
rations, marking, and recording of that work.” (Teacher B.)

The rotation of learners that the schools faced during the Lockdown has also added on
teachers’ workloads, because teachers had to go back to teaching what they taught
learners the week that they had come to school because learners had forgotten what was
taught or they did not do their tasks that they were given that week. (Teacher D.)

The participants were all in agreement that teachers had excessive workloads and
administrative work, which affected their teaching time and metacognition.

Regarding the effects of shortage of teachers and overcrowded classrooms on
academic excellence and metacognition of learners, below is what participants

responded:
A principal indicated that:

Teachers cannot expect to have too mamny free periods whilst the school has a
shortage of teachers that would lead to a much higher vate of learner failure.
(School Principal A.)

However, a teacher reiterated that:

Shortage of teachers causes stress and a burden to us, as we ave expected to assist in
teaching those subjects without teachers. (Teacher C.)

Another teacher highlighted that:

Some teachers tend to neglect subjects that they are given that aren’t within their area
specialisation which leaves learners unattended to and that leads to them failing.
(Teacher A.)

Teacher B agreed with what Teacher A, and highlighted that:

With the big classes that we are given to teach and the number of subjects that we are
allocated as teachers, it is difficult for us to finish the syllabus on time. (Teacher B.)

Further comments are capture below:
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With the Covid-19 Lockdown and closure of schools, we have high numbers of learner
failure. The repeating learners add to the number of new entrants of progressed
learners, which increases the numbers in our classes. (Teacher C.)

We have been requesting for move appointment of educators from the Department of
Education, but we ave told that we do not meet the quorum as we have just appointed
two teachers in our school, but we ave still short of teachers as we have huge numbers of
learners that need to be taught (School Principal B.)

Understaffing seems to be one of the major causes of work overload for teachers,
pointing to the need for the Department to closely monitor teacher-learner ratio.

9. Discussions and recommendations

9.1 Effects of excessive teacher administrative work and teaching workload on
learner metacognition and academic excellence

The study revealed that teachers have excessive administrative work and teaching
workloads. This resonates with the main conclusions of the work by [17] and that by
[19], which indicate that the complexity and time strains of teachers’ workloads, the
degree of compliance and additional “time consuming, cuambersome” administrative
tasks are consuming their teaching and learning time. Adams [16] discovered that
inadequate planning and assessment of teachers with over workload hinders learners
progress as these teachers may choose to quick lesson planning and assessment that
aim at memorization rather than encouraging critical thinking and metacognitive
skills in learners. Where metacognition is concerned, Smith [12] highlights that
reduced feedback and guidance can hinder learners’ ability to reflect on their learning
processes and make needed changes, hence teachers who are loaded with administra-
tive duties and grading may have limited time and energy to offer timely and con-
structive feedback to their learners. The researcher is of the view that teachers are
overly worked and have excessive administrative work, which affects learner aca-
demic excellence.

9.2 Effect of shortage of teachers and overcrowded classrooms on academic
excellence and metacognition of learners

The study revealed that schools have a shortage of teachers and that they teach
overcrowded classrooms. It also discovered that overcrowded and shortage of teachers
causes stress to teachers. According to Manuel et al. [11], efficiency of teaching and
learning in an overcrowded classroom is threatened; learner performance is reduced
and, subsequently, teachers are demoralised. Just like it is indicated by [10], the
quality of teaching and learning appears to be compromised by overcrowded classes
with limited educators. Furthermore, Ogunode et al. [21] found that most government
secondary schools lacked sufficient teachers. Ogunode et al. [21] claimed that there
was a problem of understaffing in higher education institutions. Consequently, due to
stress, the classroom environment and learner metacognitive development can be
hindered as learners may be distracted by the educators’ visible stress [22]. Thus, it is
clear from the findings that overcrowded classrooms and shortage of teachers have
impacted learners’ metacognitive skills and academic excellence negatively.
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10. Recommendations

* The study recommends that the Department of Basic Education and policy
makers should review the teacher-learner ratio to reduce teacher workload and
overcrowding of classrooms.

* The study also recommends that the Department of Basic Education should
release the Post Level 1 Bulletin yearly so that more educators can be employed to
reduce teacher workload.

* Another recommendation of the study is that the Department of Basic Education
should revisit the policy of upgrading schools’ infrastructure, so that additional
classrooms can be built so that the standard teacher-learner ratio can be
maintained in schools.

* Lastly, the study recommends that adequate training of teachers to perform
administrative duties should be conducted and it should be done during school
holidays to prevent loss of teaching and learning time, which later affects learner
progress.

11. Conclusion

The study investigated the impacts of teachers’ workload on learners’ metacogni-
tion and academic excellence to suggest processes that could be implemented to
improve the negative impacts of teachers’ workload. Based on the discussions that
were raised by participants on teachers having excessive administrative and teaching
work does hamper learner’s metacognition and academic performance, hence the
researcher came up with possible recommendations on how these matters can be

addressed.

Acknowledgements

I would like to extend my appreciation to the higher degree community, the
Department of Basic Education, for allowing us to conduct this study. Also, would like
to acknowledge my supervisor, family, mentor, and everyone who contributed to
making this study a success.

Declarations
The author of this study declares that all the content is their own work, referencing

has been made in areas where needed as to acknowledge the original authors that have
been cited in this study.

150



Impact of Teacher Workload on Academic Excellence and Learners’ Metacognition...
DOI: http://dx.doi.org/10.5772 /intechopen.114316

Author details

Amanda Joe* and Nomzxolisi Mtsi
Walter Sisulu University, Komani, South Africa

*Address all correspondence to: ajoe@wsu.ac.za

IntechOpen

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

151



Metacognition in Learning — New Perspectives

References

(1] Jomuad PD, Antiquina LMM, Cericos
EU, Bacus JA, Vallejo JH, Dionio BB, et al.
Teachers’ workload in relation to burnout
and work performance. International
Journal of Educational Policy Research
and Review. 2021;8(2):48-53

[2] Kates AW, Wu H, Coryn CL. The
effects of mobile phone use on academic
performance: A meta-analysis.
Computers & Education. 2018;127:
107-112

(3] Kuhn D, Dean D Jr. Metacognition:
A bridge between cognitive
psychology and educational practice.
Theory Into Practice. 2004;43(4):
268-273

[4] Flavell JH. Metacognition and
cognitive monitoring: A new area of
cognitive-developmental inquiry.
American Psychologist. 1979;34(10):
906-911

[5] Mukamazimpaka MC,

Gaikwad P. Social capital and
compensation package as predictors of
teacher retention in Rwanda.
International Forum Journal.
2019;22(1):124-150

[6] Tahseen N. Work-related stress
among teacher-educators: Evidence from

Punjab. Pakistan Journal of Psychological
Research. 2015;30(2):357

[7] Akhtar Malik N. Occupational Stress
and Burnout among University Teachers
in Pakistan and Finland. 2019

[8] Ogunode NJ, Johnson AG,
Olatunde-Aiyedun TG. Education crisis
in Nigeria and way forward. In: Kresna
Social Science and Humanities Research
Proceedings of the International
Conference on Sustainable

152

Development: Problems, Analysis and
Prospects. 2022. pp. 33-47

[9] South Africa. Department of
Education and Department of Education
South Africa, 2004. Education Statistics
in South Africa at a Glance. South Africa:
Government Printer

[10] Biyela BN. Leading teaching and
learning in an overcrowded classroom:
Experiences of four teachers in two
secondary schools [doctoral
dissertation]. 2019

[11] Manuel J, Carter D, Dutton J. As
much as I love being in the classroom..."
Understanding secondary English
teachers' workload. English in Australia.
2018;53(3):5-22

[12] Smith P. The role of feedback in
metacognitive development. Journal of
Educational Research. 2017;28(1):67-82

[13] Engzell P, Frey A, Verhagen MD.
Learning loss due to school closures
during the COVID-19 pandemic.
Proceedings of the National Academy of
Sciences. 2021;118(17):2022376118

[14] Day C. Teachers’ Worlds and Work:
Understanding Complexity, Building
Quality. 1st ed. Routledge; 2017. DOI:
10.4324/9781315170091

[15] Brown A. Metacognition and
learning: Conceptual and methodological
considerations. Educational Psychology
Review. 2019;31(2):183-195

[16] Adams ]J. Teacher workload and its
impact on student learning. Educational
Research Quarterly. 2016;39(2):39-53

[17] McGrath-Champ S, Wilson R,
Stacey M, Fitzgerald S. Understanding
Work in Schools: The Foundation for
Teaching and Learning. 2018



Impact of Teacher Workload on Academic Excellence and Learners’ Metacognition...
DOI: http://dx.doi.org/10.5772 /intechopen.114316

[18] Weldon PR, Ingvarson L. School
Staff Workload Study: Final Report to
the Australian Education Union-
Victorian Branch. 2016

[19] Marais P. “We can't believe what we
see”: Overcrowded classrooms through
the eyes of student teachers. South
African Journal of Education. 2016;
36(2):1-10

[20] Johnson L. Personalized learning and
metacognition: Strategies for effective
teaching. Journal of Educational
Psychology. 2020;45(3):321-335

[21] Ogunode NJ, Jegede, Musa A.
Problems facing academic staff of
Nigerian universities and the way
forward. International Journal on
Integrated Education. 2021;4:230-239

[22] Robinson S et al. Teacher stress and
its impact on classroom environments:
Implications for student outcomes.
Educational Psychology. 2018;33(4):
421-437

[23] Blumer H. Symbolic Interactionism:
Perspective and Method. University of
California Press; 1986. p. 5

153



Section 3

Metacognition,
Transformative Learning, ICT

155



Chapter 10

Transformation through
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Abstract

Metacognition is result-oriented process that refreshes and involves cognitive
processes. Metacognition is a process, which involves fruitful knowledge not only
about different processes of cognition but also how to use and regulate these processes
for result-oriented outcomes; especially, in the processes of learning. This chapter
highlights transformation and motivation through awareness and application of
metacognition. This chapter introduces metacognition, the value of metacogni-
tive awareness, and how it can be used to improve students’ learning and their
academic performance. It further opens the doors for the study of the elements of
metacognition; moreover, it focuses on the effects of metacognition on learning.

This chapter recommends awareness and the use of metacognition in education as it
enables the learners to think big. In order to meet the student’s needs for metacogni-
tive support in learning, this chapter also recommends an interdisciplinary course on
educational psychology at different levels of education. In addition, research studies
on metacognition, its awareness, and its effects especially in the context of developing
countries are recommended.

Keywords: metacognition, elements of metacognition, metacognitive knowledge,
metacognitive self-regulation, transformation

1. Introduction

Research and awareness of metacognition can play the role of motivational boost
for learners. It can help learners to come out from dark phases of life, to be on the
right track, and to never ever give up. Our experiences are a real example of the role of
metacognition in personal as well as academic lives.

I was student of Bachelor of Education since 2014. I was given a task of presenta-
tion on metacognition in educational psychology class by my teacher. I searched
different articles, publications, blogs, books, thesis, and the latest content on
metacognition. My interest developed and I decided to conduct research on awareness
of metacognition in the area of Khyber Pakhtunkhwa, Pakistan, where there was no
awareness of this innovative concept. This research helped me not only in my aca-
demic development but also in my personal development.
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I was passing through a dark phase of my life. I started married life in the recent
past and had the responsibility of a kid that made it difficult for me to continue
my studies. At that time, health, family, and life issues were the dark side, and the
option of never ever giving up was the bright side of my life. Finally, I decided to
never give up and got admission in M. Phil. (Education) and conducted research,
and published a research paper on the effects of metacognition [1]. This research
also improved me as a human being, my learning strategies, and my personality.

It gave me an awareness of my own potential and strength. Now it was time to
work in the field and apply all the learned knowledge in the real classrooms. I had
adopted the teaching profession, the best way to give this fruitful knowledge to

the learners of my society. Metacognitive awareness and strategies introduce my
students to their true versions and help them to best utilize their own potentiali-
ties. Finally, I conducted action research at the primary level in PhD Education (in
process) at Abdul Wali Khan University of Mardan to improve the classroom learn-
ing environment, develop students’ interest, and enhance reading comprehension
the students [2].

Metacognition is a concept that helps a girl from a rural area (Mardan, Khyber
Pakhtunkhwa, Pakistan) to be aware of her true version, to polish her potential-
ity through metacognitive strategies, and to overcome her weakness effectively. So
metacognition is a concept that has the ability to transform learners into smart work-
ers and big thinkers.

Traditional educational institutions were teacher-centered, with teachers
determining how to advance learning. Learners are given less opportunity to
engage in reflective thinking about their learning experience. In this didactic form
of learning, they have fewer opportunities to govern, monitor, and assess their
learning. It also hampered the student’s ability to take ownership of their learning.
Our educational environment needs to shift from traditional teacher-centered to
learner-centered [3]. Learner-centered education has a long history dating, back to
the time of Socrates [4]. In learner-centered learning procedures, learners assume
responsibility for obtaining knowledge and become more metacognitive in the
learning process. Lifelong learning and/or autonomous learning are assisted by the
application of acquired metacognitive skills, which Sternberg [5] views as being at
the heart of education.

“The crucial thing to obtain from the training was not textbook factoids, but rather
the learning to learn abilities and the skills in accessing a knowledge base that consti-
tute the heart of Metacognition.”

According to Benson [6] “Learners who are asked or forced to take greater control of
their learning may be able to self-manage their learning, but they will not necessarily have
the cognitive competencies that will make self-management systematic and effective.”

Cognition is essentially intelligence, reasoning, knowledge, and classifica-
tion. Cognition refers to “what you know and think” [7]. It also includes symbols,
fantasies, lower mental processes, organized muscular motions, and senses.
“Separate functioning” that has been studied through interactional research is
cognition with other variables such as emotions, motivation, and social cognition
[8-10]. Cognition is an umbrella term that includes metacognition; in summary,
metacognition is a type of cognition [11]. Terrecone [12] defines metacogni-
tion as “second-order cognition”, which provides a ground to know aware,
control, and monitor information throughout processes of cognitive processing.
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Garner [13] defined the distinction between cognition and metacognition as
follows: Performing a task necessitates the use of vital skills known as cognitive
skills; however, understanding how this job was completed necessitates the use of a
required component known as metacognition.

2. Metacognition

Until 1976, metacognition did not appear in the literature; however, studies on
theories of mind in the fields of cognitive sciences, psychology, and education had
been conducted [14]. Flavell conducted a study on meta-memory capacities and
coined the term “meta-memory” in his work [15, 16]. The productive effect of the
1976 study of Flavell’s gives the right track to the introduction of metacognition.
Flavell defines meta-memory as “one’s own cognitive processes and outputs, as well as
everything associated to them” Metacognition is the understanding of one’s processes
of mind and the use of that information to regulate one’s own mental processes
[17-19]. According to the authors, executive control is a concept in cognitive psy-
chology that consists of two dimensions: monitoring and self-regulation. Other
studies have raised the same point in their analyses [20, 21]. Studies on metacogni-
tion in numerous aspects have recently increased [22]. Metacognition refers to the
process of learning about and managing individuals’ brains or cognitive systems for
learning [23].

3. Definitions of metacognition

“The knowledge and control that children have over their own thinking and learning
activities” [24].

“The monitoring and control of thoughts” [25].
Awareness and management of one’s own thought” [26].

“A higher-order agent that oversees and governs the cognitive system while also being
a part of it” [27].

He defined metacognition as a list of self-instructions for task control and
execution, with cognition serving as a vehicle for self-instructions. Furthermore,
for a better grasp of the idea of metacognition, regard it as two-way mental process-
ing [28]. Metacognitive Model of Consciousness and Cognition. He distinguished
between “object-level” (cognitions about external objects) and “meta-level” (cogni-
tions about external objects) processes and his metacognitive model explained that
“any lower-level cognition can itself be the subject of a higher-level cognition.”

4. Elements of metacognition

Metacognition is made up of several sub-elements, each with its own set of char-
acteristics. Flavell’s [29] gave an introduction to two dimensions of metacognition:
metacognitive knowledge and metacognitive regulation [30, 31].
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4.1 Metacognitive knowledge

Metacognitive Knowledge is essential for independent learning because “it repre-
sents the knowledge base that students draw on as they make decisions about their learn-
ing” [32]. It included learner knowledge about the self, completed tasks, and strategies
used for fruitful learning. It entailed being conscious of one’s mental processes, cogni-
tive aims, and experiences [29, 33, 34].

Metacognitive knowledge is important for obtaining productive outcomes.
Learners with knowledge of cognition are found quick and smart in learning. The
following forms of metacognitive knowledge have been defined:

4.1.1 Person knowledge

Person knowledge refers to being aware of one’s own and other people’s mental
processes. Knowledge of how learning processes occur, how information is pro-
cessed in the learning process, and knowledge of specific thinking is called personal
knowledge. Knowledge regarding diverse ways of processing information in people
(listening, seeing, touching) and which mode of processing knowledge is optimal
for learning for specific individuals is an example of this. Wenden demonstrated that
the development of language can also be affected by personal abilities. Flavell [29]
separated this aspect into the following sections.

a.Intra-personal: Awareness of one’s own mental processes, abilities, learning
styles, IQ, and potential.

b.Interpersonal: General awareness of others’ knowledge and talents.
4.1.2 Strategic knowledge

Awareness of different strategies and their uses is also very crucial in education.
Strategic knowledge gives not only details of different strategies but also when to use
which one strategy. It enables us to make a choice of selecting a strategy rather than
a chance of using any strategy. It makes the learning process simple and outstanding
through a choice, not a chance [35]. Strategic knowledge is actually knowledge about
these tasks differently at the appropriate time and its utilization in the best way. These
all components affect the processes of the mind involved in learning [27]. It refers to
different methods or procedures [27, 30]. It provides a mirror of how procedures are
followed or used.

4.1.3 Task knowledge

Task knowledge includes information about the task’s aims, how it will affect one’s
learning, the nature of the task (difficulty or ease), and the needs for it. Knowledge
about the task provides a right and systematic way toward the achievement of goals.

In this case we have two tasks, one in biology, which is mitoses and another one in the
periodic table of chemistry. The requirements and demands for both tasks are different.

If we explain the example of mitoses of cells it will be preferable to select
understanding processes of cognition. Understanding can be through diagrams and
postal presentations. In the case of the periodic table, it is preferable to memorize
the names of elements mentioned in the periodic table. Different activities are used
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to memorize it. One of the examples is to make a statement from the rows and the
columns of the periodic table and memorize it. It will become interesting and easy
for learners to memorize rows and columns. It shows the requirements of the tasks
which are different.

5. Regulation of cognition

Metacognition also involves cognition regulation, which is the second most
essential component [36].

Metacognitive self-regulation is primarily concerned with controlling one’s own
thinking or learning processes [34]. It was divided into three parts: planning, moni-
toring, and assessment.

5.1 Planning

Planning is a necessary component before doing the work efficiently. Prior
to conducting the work, it is critical to select acceptable task strategies and to
determine the fruitful influencing strategies and activities on the performance of
learners.

In reading comprehension, the planning strategy is to predict the text and make
clues from the pictures and the topics. Guess the meaning of the difficult words etc.
These strategies help us to understand the text effectively.

5.2 Monitoring

Individual’s immediate cognitive awareness of a task is monitoring. It helps the
learner to be on the right track, utilize cognitive processes through smart work, and to
never ever give up until you learn what you want to learn.

I would to share my own experience of using metacognitive strategies with chil-
dren to enhance their reading comprehension. The monitoring strategy in reading is
to reread the text to understand the difficult words and concepts. Asking questions
during reading also helps in the understanding of the text. To guess the next content
is also one strategy to monitor own reading.

5.3 Evaluation

Assessing learning results is also essential for best learning. One self-regulates
learning processes, and decisions concerning learning processes are made in this step
[34]. After completing the activity, the learner determines whether or not the task
was beneficial to the learner.

For understanding reading, the best assessment strategy is to summarize the read-
ing content.

6. Academic achievement and metacognition

Metacognition effects on the academic accomplishment of learners have been
discovered, which is why metacognition is the topic of numerous studies [37-42].
Cognition and metacognition were identified as crucial variables for efficient
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learning [43]. Students’ academic progress has been influenced by their metacognition
since learning is an easier and less arduous process for them; they utilize strategies
smartly and learn through big thinking [44]. Researchers [45-47] have constructed
models and taxonomies for describing metacognition [48, 49]. Flavell [29] classi-

fied cognition monitoring into four components: (i) metacognitive information,

(ii) metacognitive experiences, (iii) aims or tasks, and (iv) actions or tactics.

In the literature, knowledge about cognition and cognition regulation are also
two domains of metacognition [34, 50]. Kuhn [45] further categorizes knowing as
metacognitive and meta-strategically knowing. The components that are grouped
include metacognitive knowledge, metacognitive judgments, monitoring, control,
and regulation of cognition [30]. The Metacognitive Awareness Inventory is divided
into three categories for measuring metacognition: metacognitive knowledge, meta-
cognitive abilities, and metacognitive attitude. These dimensions are also available in
the inventories as sub-dimensions.

7. Metacognition development over time

Metacognition develops over time; through experiences, one replaces inefficient
mental techniques with optimum cognitive methods [45]. Many researchers believe
that metacognitive abilities are polished, improve, and evolve with an increase in age
[21, 51]. Metacognitive development progresses as follows: the knowledge component
occurs first, children as young as six years old are aware and capable of reflecting on
their mental processes, and these skills are used by the age of eight to ten. Following
that is the regulation of mental processes, which can be seen in the form of planning
in children aged ten to fourteen. Two remaining steps (monitoring and assessment)
were established gradually and remained unfinished until adolescence.

According to Schneider and Locki [21], there is a link between metacognition
development and declarative meta-memory development, and the first evidence is
children’s knowledge of mental verbs such as “remember,” “think” terms are familiar
to pre-schoolers but they have limited memory. Four-year-old children can use and
explain mental processes through memory verbs. Before six years of age, children
believe that performance is more closely related to effort than it is, and they overesti-
mate the performance of their memory. Between the ages of six and eleven, children
gain an understanding of procedural meta-memory. Task features and the applica-
tion of techniques are considered key tools by children aged 9-10 years to make
remembering easier. Students aged 12 years gain the capacity to efficiently govern
themselves; they can plan their time and attention, and comprehend the effectiveness
of tactics. Although age does not a significant role in general metacognition, it does
not improve with age. Sperling et al. [52] created and administered a self-report test to
assess general metacognitive knowledge and regulation in youngsters.

8. Academic achievement

Academic achievement is a wide term that refers to the amount to which a person
has achieved specific goals. Indicators are used to quantify academic performance
and define academic achievements. Mostly, general indicators such as procedural
and declarative knowledge are gained. Curriculum-based criteria include grades and
educational degrees. Academic accomplishment, as evaluated by the GPA (grade
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point average), is used for a variety of purposes. In the study [2], cumulative GPA was
utilized to assess students’ academic achievements. In a brief summary of academic
achievements, many views for individuals and society, as well as psychological and
educational studies, have been highlighted. Academic successes determine whether
or not a person can pursue higher education, and degrees obtained through academic
achievements can also influence one’s professional future following education [53].
According to Woolfolk [44], textbooks on the determinants and measurement

of academic achievement have contributed theoretical and empirical knowledge.
Individual, home, and scholastic factors of academic accomplishment were identified
by Hattie [54]. Individual correlates of university students’ performance, according to
Richardson et al. [55].

9. Discussion

This chapter on metacognition discusses the transformation of academic and
social life through metacognition by introducing, defining, and explaining the
components of metacognition. Metacognition was introduced by Flavell [56]. He
did research on the metamemory of children and updated the literature of education
psychology with a new concept of metacognition. Metacognition has a great impact
on the academic achievements of the students of English literature [1]. The same is
found by other researchers as well [38, 52, 57, 58].

Metacognition had a strong and good impact on children’ reading awareness
and comprehension. Independent language learning necessitated the acquisition
of metacognitive knowledge [59]. Building learners’ autonomy at various phases of
language learning is vital for improving their good points in second language learning
and controlling their weak points in activities. Ayaz et al., [2] conducted a research
study in Pakistan on awareness of metacognition and its effects on students’ academic
achievements in English and Mathematics subjects at Abdul Wali Khan University of
Pakistan because these both subjects are effective for conducting this study [60-63].
Metacognition is an innovative, effective, and interesting term in Education to
be acknowledged and implemented. Our study was conducted on students of the
Mathematics and English departments through multistage stratified random sam-
pling. Data was collected through a metacognitive awareness inventory [34, 52] and
self-structured objective-type tests. CGPA/GPA of the students was considered aca-
demic achievement of the students. Both the factors of the students mentioned earlier
were linked. Findings of the study showed a significant effect of metacognition on the
academic achievement of English subject students. Similar results were found in other
studies [38, 52, 57, 58]. The results also showed an insignificant association between
MALI and gender in both Department of English and Department of Mathematics.
Ayaz et al. [2] conducted an action research consisting of four cycles to improve
the classroom learning environment through the use of metacognitive strategies in
classrooms. The findings of this study showed improvement in students’ learning and
classroom environment. The confidence and interest of students were developed.

In the early 1980s, scientists became interested in the notion of metacognition
in order to increase student’s abilities to solve problems in mathematics. At the
time, studies elicited that challenges are found mostly in mathematics classrooms to
develop student’s problem-solving skills. The concept of metacognition was thought
to be advantageous in such a case. For example, awareness of one’s cognitive processes
involved in problem-solving and the skill of self-monitoring and self-regulation
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play a significant part in resolving the obstacles found in the solution of problems.
Metacognitive rather than cognitive study of mathematics ability is preferred. They
came to the conclusion that both metacognitive self-regulation and metacognitive
knowledge are important for best mathematical performance.

Students with metacognitively skills outperformed in solving mathematical
problems, and their mathematics anxiety was alleviated [64].

Kramarski and Mevarech [64] conducted a study on 384 students to elucidate the
effects of awareness of metacognition on mathematical reasoning.

Finally, understanding and applying metacognition would reduce individual
disparities in learning, and correct metacognitive tactics employed by teachers and
students could have a major impact on students’ academic progress.

10. Conclusion

“Thinking about thinking” requires a multidimensional set of skills called meta-
cognition. It is divided into two sections: metacognitive knowledge and self-regulation.
The knowledge component of metacognition is critical. It can be defined as knowledge
or awareness of oneself as a learner and understanding of those aspects that affect
learner performance (declarative), strategy knowledge (procedural), and implementa-
tion of techniques when and why appropriate (conditional). Self-regulation of one’s
own cognition is a component of metacognitive. It consists of three tasks: planning,
monitoring, and evaluating. The establishment of self-regulation components has
improved and developed metacognitive understanding. Knowledge about cognition,
in turn, serves as a facilitator for cognition regulation. Metacognitive theories (formal
and informal frameworks) organize and express information about beliefs, and these
theories, regulation, and knowledge components are empirically related. In short,
metacognition and its components development are not only important for learning
but also improve the classroom learning environment. Metacognition helps in under-
standing of learning process and polishing the cognitive abilities of the learners. It not
only gives awareness of the potentialities but also gives knowledge of how to utilize
these potentialities for best learning. In short, metacognition can transform learners
and the learning environment effectively.

This chapter recommends research studies on metacognition that discuss aware-
ness and application of metacognition in education as it enables the learners to think
big. Moreover, in order to meet the student’s needs for metacognitive support in
learning, this chapter also recommends an interdisciplinary course on educational
psychology at different levels of Education.
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Chapter11

Second-Year Students’ Perceptions
of Transformative Learning
Experiences: A Case Study in One
of the South African Universities

Nomaroma Kumanda, Shakespear Chiphambo
and Nomxolisi Mtsi

Abstract

This study investigates transformative learning experiences among second-year
students pursuing a Bachelor of Education in the foundation phase, drawing on
Mezirow’s Transformative Learning Theory. Transformative events can profoundly
impact students, reshaping their perceptions of the world and self-concept.
Collaborative learning and enhanced student engagement can result from these expe-
riences. Employing interpretive research paradigm and qualitative case study design,
this research interviewed 14 out of 86 second-year students, utilizing convenient
sampling based on proximity. Face-to-face semi-structured interviews gathered data,
which underwent content analysis and thematic categorization. The findings revealed
significant social integration barriers hindering transformative learning at a South
African university. The study recommends that the university allocate resources,
equipment, and pre-service training to equip instructors with the skills necessary to
address these challenges. This approach ensures that students are well-informed about
the campus’s available amenities and how to access them. In conclusion, study under-
scores the potential for transformative learning experiences in the context of second-
year students pursuing a Bachelor of Education in the foundation phase. By providing
resources, training, and support, educational institutions can better facilitate the
process of transformative learning, enriching students’ educational journeys and their
ability to engage with the world in a profound and reflective manner.

Keywords: students’ perceptions, transformative learning, experience 1, education,
foundation phase

1. Introduction

Transformative learning experiences can be a powerful tool for personal and
academic growth among university students. Such experiences may challenge
students’ existing beliefs and values, broaden their perspectives, and encourage
critical thinking and self-reflection. However, there is still much to be learned about
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how transformative learning occurs in a university setting, particularly in South
Africa where the educational landscape is complex and diverse. A study by two
scholars [1] found that university students who engaged in transformative learning
experiences demonstrated higher levels of academic achievement than those who

did not. Transformative learning experiences can take many forms, such as study
abroad programs, community service projects, experiential learning opportunities,
and interdisciplinary courses. These experiences often involve exposure to diverse
cultures, ideas, and perspectives, which can challenge students’ preconceptions

and promote personal and academic growth. Sagala and Mtsolongo [2] discussed

the importance of transformative learning in their study by highlighting how it has
become a popular approach to adult education over the past few decades. They noted
that transformative learning involves a deep and fundamental shift in individuals’
worldviews, and that it can lead to significant changes in their personal and profes-
sional lives and discussed the potential benefits of transformative learning, such as
increased critical thinking skills, improved decision-making, and enhanced motiva-
tion and engagement in learning. Sagala and Mtsolongo [2] emphasized the need for
further research on transformative learning, particularly in non-Western contexts,

to better understand its impact on diverse populations. Winkler and Rybnikova [3]
extended the research on transformative learning by examining the role of growth
mindset in the relationship between transformative learning and academic engage-
ment. Winkler and Rybnikova [3] they argued that growth mindset, or the belief that
abilities and intelligence can be developed through effort and persistence, may be a
key factor in promoting academic engagement among individuals who have under-
gone transformative learning experiences. Students may be affected by transforma-
tive events on various levels, which may change how they perceive the world and how
they understand themselves. Collaborative learning and student achievement were
possible outcomes of transformative learning for example in a study on transforma-
tive learning in an undergraduate psychology course, Lee [4] found that students
reported increased self-awareness, empathy, and critical thinking skills because of
their participation in the course. Transformative learning often leads to a deep change
the thoughts, feelings, perspective, convictions, or behaviors of a person [5]. This

is caused by the fact that it facilitates a radical change of consciousness that perma-
nently changes people’s world view. In students, it also leads to a paradigm shift that
has direct impact on future experiences. Several recent studies have explored the role
of transformative learning experiences in higher education. For example, a study by
Hatch [6] examined the impact of transformative learning experiences on students’
civic engagement and social responsibility. Coombs [5] they found that students who
participated in transformative learning experiences were more likely to engage in
pro-social behaviors and take action to promote social justice. Bierema [7] conducted
a study exploring students’ perceptions of transformative learning experiences in

a community college setting. They found that students’ experiences of transforma-
tive learning were characterized by several key themes, including personal growth
and development, critical thinking, and increased self-awareness. In particular, the
authors noted that students reported a sense of personal growth and development,
which they described as feeling “more confident, self-aware, and empowered”

[7]. This growth was often linked to students’ experiences of overcoming personal
challenges or obstacles and developing a greater sense of resilience. Another study
by Hun Lim and Kim [8] investigated the impact of transformative learning experi-
ences on students’ employability skills. They found that students who participated in
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such experiences developed a range of transferable skills, including communication,
problem-solving, and teamwork, that were highly valued by employers. In the South
African context, transformative learning experiences may be particularly important
given the country’s complex and diverse educational landscape. A recent study by Du
Plessis [9] explored the role of transformative learning in promoting social justice
and inclusion in South African higher education. They found that transformative
learning experiences can help to challenge dominant power structures and promote
more inclusive and equitable educational practices. Overall, these studies suggest
that transformative learning experiences can have a significant impact on students’
personal and academic development, as well as their engagement with wider societal
issues.

In the context of education and personal development, the researcher describes
transformative learning experiences and cognitive learning as two separate but
related concepts. He also mentions the experiences that lead to significant changes
in a person’s beliefs, perspectives, and sense of self, frequently sparked by critical
reflection on their prior knowledge and experiences [10]. These experiences affect not
just a person’s intellect but also their emotions and values, causing a fundamental shift
in how they see the world and themselves. Therefore, cognitive learning is more about
the acquisition and enhancement of cognitive abilities, which can also play a crucial
role in transformative learning. Based on cognitive and metacognitive skills grow over
time according to the amount of work a person puts in, it is important to note that
some cognitive abilities, such as attention and working memory, appear to be superior
to others because they function both as cognitive and metacognitive skills, impacting
how the pillars, and particularly higher mental ability’s function. Further research is
needed to explore the specific factors that contribute to the success of such experi-
ences in different contexts, including South Africa.

2. Theoretical framework

This study used Mezirow’s ten-phase Transformative Learning Theory to
comprehend and analyze the second-year students’ impressions of transformative
learning. According to [11], transformative learning involves a process of critical
reflection and self-examination that results in new perspectives, beliefs, and atti-
tudes. Mezirow [11] believed that for adults to engage in transformative learning, they
need to undergo a disorienting dilemma, or a situation that challenges their personal
world view. It pairs a constructivist learning perspective the idea that meaning is
constructed from experience and internal understanding with the importance of
communication and reflection. In order to facilitate transformative learning experi-
ences, educators should create safe environments for students to share their perspec-
tives on the material, design engaging ways of presenting information so that students
can construct their own meaning, such as by role plays, simulations, case studies,
encourage students to discuss the material presented with each other and provide a
platform for reflection, including space to explore any changes to their original per-
spectives. Transformative learning experiences are increasingly recognized as a key
aspect of higher education, with the potential to positively impact students’ personal
and academic development. The context was characterized by a complex and diverse
educational landscape, which may have implications for the nature and outcomes of
transformative learning experiences.
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3. Objectives

The study aims to gain insights into how students perceive transformative learning
experiences and the ways in which these experiences have influenced their beliefs,
attitudes, and perspectives. To explore the experiences of second-year students in a
South African university who have participated in transformative learning experi-
ences, investigate how these experiences have influenced students’ personal and aca-
demic growth, including their beliefs, attitudes, and perspectives. And to understand
the factors that contribute to the success or challenges of transformative learning
experiences in the specific context of South African higher education.

4. Research methodology

The research design of the article “Second-year students’ perceptions of transfor-
mative learning experiences” was a case study design [12] that allowed for an in-depth
exploration of a specific phenomenon (transformative learning experiences) within
a particular context (second- year students) [10]. According to Yin [12], a case study
design is appropriate when the research question focuses on understanding a specific
phenomenon in its real-life context. In this study, the research question was focused
on understanding the transformative learning experiences of second-year students in
their specific context. Therefore, the case study design was an appropriate choice for
this study. The study used convenient sampling based on proximity to the researchers.
Out of 86 second-year students, 14 students were interviewed [13]. The research-
ers chose this sampling method because it allowed them to select participants who
were readily available and willing to participate in the study. However, this sampling
method may have limitations in terms of generalizability of the findings to other
contexts. Overall, the case study design provided a suitable approach for the research-
ers to gain an in-depth understanding of the transformative learning experiences of
second-year students. The use of convenient sampling allowed for the selection of
participants who were easily accessible and willing to participate in the study.

5. Sampling

The sampling method used in this study was convenient sampling. This method
involves selecting participants based on their availability and willingness to par-
ticipate in the study. In this case, the researchers chose participants based on their
proximity to them. This sampling method is often used in qualitative research
because it allows for easy access to participants and can save time and resources.
However, it is important to note that convenient sampling may not be representative
of the larger population and may introduce bias into the study. The participants in
this study may not be representative of all second-year students, and the findings
may not be generalizable to other contexts or populations. Out of the 86 second-year
students, 14 students were interviewed. The sample size for qualitative research is
often small because the focus is on in-depth exploration of participants’ experi-
ences rather than statistical analysis. The sample size for qualitative research is
often determined by data saturation, which occurs when no new themes or insights
emerge from additional interviews or data collection. In this study, the researchers
may have determined that 14 interviews were sufficient to achieve data saturation
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and to gain a rich understanding of the participants’ experiences and perceptions of
transformative learning. Overall, while the convenient sampling method and small
sample size may limit the generalizability of the findings, they do not necessarily
invalidate the study’s findings or conclusions. The results of the study should be
interpreted within the context of the specific sample and setting. The researcher
selected students that who had the longest time period after high school before
joining teacher training. This long waiting period would probably help them explain
better whether or not they were vocationally interested or disinterested in teaching,
and their experiences.

6. Trustworthiness and credibility

In qualitative research discourse, the term “trustworthiness” is often used instead
of “validity” and “reliability” [14] to ensure rigor in this qualitative study needed to
address the aspects of trustworthiness, namely credibility, transferability, depend-
ability, and confirmability. According to Lincoln and Guba [14], credibility in qualita-
tive research is determined by the extent to which the study accurately reflects the
perspectives of the research participants. To ensure credibility in this study, employed
multiple methods of data generation [12]. This approach, as noted by Moser et al. [15]
allowed for the collection of more comprehensive and meaningful data compared to
using only one method. The credibility of the study was increased by the researcher’s
reflexivity and familiarity with the study location, as noted by Varpio et al. [16]. By
engaging in a process of exchanging “analytical views” with the participants, the
researcher was able to ensure that any misunderstandings or misinterpretations were
identified and corrected during the transcription of interviews. This approach was
particularly effective in the current study, as it allowed for a collaborative and reflec-
tive process that enhanced the credibility of the data collected.

7. Data collection instrument

In this study data gathered through semi-structured and were analyzed using
content analysis. The researchers used a systematic approach to data analysis that
involved coding and categorizing the data to enable thematic analysis [13]. In this
study second-year students’ perceptions of transformative learning experiences
data collection tools used to gather information about the participants’ experiences
and perceptions. The interviews were guided by a set of open- ended questions
that allowed participants to share their perspectives and experiences in their own
words. Specifically, the researcher read through them multiple times to gain a deep
understanding of the data. Then used open coding to identify recurring themes and
patterns in the data, which further refined through axial coding and synthesized the
themes and patterns to develop a comprehensive understanding.

7.1 Data collection procedure

Interviews took place at the participants’ respective university at the end of the
second year, November 2022. With a sample technique that was most effective in
addressing the research topic, participants in the study were found. Permission
was acquired from both the students and the place where the research was done.
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According to [17] Creswell and Poth (2017), it was crucial to choose the informa-
tion kind that would best address the study issue.15 The third phase is to create the
instruments that will best collect the data and contribute to a thorough analysis and
interpretation of the data. The data collection process was then divided into two
stages while keeping ethical considerations for the study process in mind. To protect
the anonymity of the students who participated in the research, they were assigned
identifiers such as Student Participant One (SP1) through to Student Participant
Twelve (SP12). This approach was used to ensure that their identities remained
confidential while also making it easier for the researchers to track and analyze their
responses consistently across the study.

8. Findings of the study

The findings of this research provide valuable information for lectures to better
understand how to facilitate transformative learning experiences and promote mean-
ingful learning outcomes among students in South Africa. The results showed that
there are numerous distinct social integration barriers to transformational learning
for second-year students at the preferred South African university.

The research was guided by the following question: What are the second-year
students’ perceptions of transformative learning experiences?

It appears that many of the participants provided similar responses, which sug-
gests that there may be common themes or patterns in their experiences or percep-
tions. This could provide valuable insights for researchers, as it may indicate areas for
further investigation or potential interventions. However, it is important to note that
each participant’s response is unique and reflects their individual experience, and
thus it is important to analyze and interpret their responses in a nuanced and context-
specific manner.

The students comment to the one-on-one interview about their experiences on
transformative learning:

During one of my lectures, the Dean of students shared an inspiring story with us
about a former high school student who became a lecturer and was now teaching
alongside her. (SP3).

This experience had a significant impact on me and my perception of the teaching
profession. It motivated me to pursue my training as a teacher and aspive to make a
positive impact on future generations. (SP6).

I now see myself as a teacher and hope to have a similar influence on my students in
the future. Overall, this experience has influenced me in a positive and uplifting way,
and I am excited to continue on this path towards becoming a teacher. (SP1).

This suggests that their transformative learning experiences have not only
impacted their personal growth but also inspired them to pursue careers that allow
them to share their knowledge and make a positive impact on others. This aligns
with the idea that transformative learning experiences can lead to changes in one’s
values and beliefs and may ultimately shape their future goals and aspirations. It also
highlights the potential long-term impact of such experiences beyond the immediate
personal growth and development of the individual.
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After attending a lecture on the attributes of a good teacher, I have developed a
sense of pride in identifying with the teaching profession. The lecture highlighted the
importance of teachers being movally upright, empathetic, and committed, among
other attributes. (SP11).

I have come to value these qualities and believe that they are essential for a teacher to

have a positive impact on their students. This experience has been transformative for

me as it has changed my perception of what it means to be a teacher and the responsi-
bilities that come with it. (SP12).

I am grateful for this learning experience and look forward to incorporating these
attributes into my teaching practice in the future. (SP8).

Students highlighted the role that supportive individuals or experiences can play
in helping students identify and pursue their career goals. Transformative learning
experiences can serve as a catalyst for personal growth and self-discovery, but it may
also require guidance and encouragement from others to help individuals recognize
their potential and identify their passions. This further emphasizes the importance of
creating a supportive and empowering learning environment that can help students
identify their strengths and interests and encourage them to pursue careers that align
with their values and goals.

Despite having many family members who are teachers, I vealized during my vecent
learning experience that I had never been taught about the practical aspects of
teaching, such as how to effectively deal with learners and create a positive learning
environment for college or university student. (SP9).

In the case of the individual mentioned, it also highlighted the potential gaps in
traditional educational experiences that may not fully prepare individuals for their
chosen careers. Through transformative learning experiences, individuals may gain
practical skills and knowledge that complement their existing theoretical understand-
ing and help them succeed in their chosen fields. This underscores the importance
of providing a well-rounded education that includes opportunities for experiential
learning, mentorship, and practical application of knowledge. By doing so, individu-
als can develop a deeper understanding of their chosen professions and be better
equipped to succeed in their future careers.

Amm, it was a new challenge for me as I had to learn about these aspects on my own.
I also discovered that being a teacher requires a lot of work and effort beyond just
imparting knowledge. (SP10).

This realization suggests that my experience has been one of transformative
learning, where my existing beliefs, assumptions, and ways of thinking about teach-
ing have been challenged and expanded. Through this process, I have gained a deeper
understanding of the multifaceted nature of teaching, including the importance of
fostering a supportive learning environment, adapting to diverse student needs, and
engaging in ongoing reflection and professional development. Ultimately, this trans-
formative learning experience has not only enhanced my teaching abilities but has
also deepened my appreciation for the transformative power of education in shaping
individuals and communities.
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It involves creating a supportive and engaging environment that promotes learning
and growth. This realization has been eye-opening and has given me a newfound
appreciation for the havd work and dedication that goes into being an effective
teacher. (SP4).

The response from the participant suggests that they have undergone a process
of transformative learning, in which their existing beliefs and assumptions about
teaching have been challenged and expanded. This process has led to a deeper under-
standing of the complex nature of teaching, including the importance of creating a
supportive and engaging learning environment. The participant’s use of the phrase
“eye-opening” suggests that this experience has been significant and has challenged
their previous understanding of teaching. The participant also expresses a newfound
appreciation for the hard work and dedication required to be an effective teacher.
This suggests that the transformative learning experience has not only expanded
their knowledge and skills but has also fostered a greater respect for the profession of
teaching. Overall, the response indicates that the participant has undergone a positive
learning experience that has enriched their understanding of teaching and its role in
promoting learning and growth.

I am excited to continue learning and growing in my journey towards becoming a
successful educator. (SP6).

The response from the participant suggests that they are enthusiastic and moti-
vated about their journey towards becoming a successful educator. Their use of the
word “excited” implies that they are looking forward to the learning opportunities
and challenges that lie ahead. The phrase “continuing learning and growing” also
indicates a willingness to embrace ongoing professional development and personal
growth. The use of the term “successful educator” suggests that the participant has
a clear goal in mind and is actively working towards achieving it. This goal-oriented
mindset can be a powerful motivator for personal and professional growth, as it
provides a sense of direction and purpose. Overall, the participant’s response reflects
a positive and proactive attitude towards their development as an educator. They are
open to new experiences and challenges and are eager to learn and grow in their role
as an educator.

Transformative learning experiences can have a profound impact on students,
challenging their existing beliefs and assumptions and expanding their understanding
of the world around them. In a study on transformative learning in higher education,
[11] defined transformative learning as “the process of using a prior interpretation to
construe a new or revised interpretation of the meaning of one’s experience in order
to guide future action”. Furthermore, students’ perceptions of transformative learn-
ing experiences are often positive. In a study on transformative learning in a teacher
education program, Tisdell [18] found that students reported feeling more confident
and competent as teachers because of their transformative learning experiences. 16
Students also reported feeling more engaged in the learning process and more con-
nected to their peers and instructors. Overall, students’ perceptions of transformative
learning experiences are largely positive and can lead to significant personal growth
and development. By challenging existing beliefs and assumptions, transformative
learning experiences can help students gain a deeper understanding of themselves
and the world around them, ultimately guiding their future actions and behaviors.
General, the expected results of the study contributed to a better understanding of
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the nature and impact of transformative learning experiences among second-year
students in a South African university.

9. Discussions

This study highlighted the significance of transformational learning in promoting
the academic and personal growth of second-year students. Transformational
learning helps students develop important skills such as critical thinking, problem-
solving, and self-awareness, which are crucial for their future success in both aca-
demic and professional settings. The impact of the South African context explores
how the unique characteristics of South African higher education, such as diversity
and access, may influence the nature and outcomes of transformative learning
experiences. This includes the role of cultural and social factors in shaping students’
perceptions and experiences of transformative learning. The study has broader impli-
cations for future research on transformative learning experiences and included the
need for further research to explore the effectiveness of specific teaching strategies
and pedagogies in promoting transformative learning experiences among students.
Transformative learning experiences involve a deep reevaluation of one’s beliefs
and self-identity, often triggered by reflecting on past experiences. This reflection
initiates cognitive processes like critical thinking and metacognition. In contrast,
cognitive learning focuses on knowledge acquisition and intellectual skills, including
memory and problem-solving. Cognitive skills facilitate the critical reflection central
to transformative learning. In essence, transformative learning relies on cognitive
processes like critical analysis and metacognition, demonstrating their intertwined
relationship as cognitive learning plays a crucial role in the transformative learning
process. The study has practical implications for educators on how to design and
implement transformative learning experiences that meet the needs and expectations
of second-year students.

10. Recommendations

Based on the students’ perceptions of transformative learning experiences, several
recommendations were made. Institutions should provide a range of experiential
learning opportunities such as internships, service learning, study abroad, and
extracurricular activities to cater to the diverse needs and interests of students. On
the side of supportive and empowering learning environment, Institutions should
create an environment that fosters personal growth and self-discovery by providing
mentorship, guidance, and support for students as they navigate their transformative
learning experiences. Based on encouraging reflection and critical thinking, students
reflect on their experiences and engage in critical thinking to deepen their under-
standing and promote personal growth. It was also recommended that curriculum
must ensure that all students have the opportunity to engage in such experiences and
benefit from their transformative potential. Institutions should evaluate and assess
the impact of transformative learning experiences on students to determine their
effectiveness and identify areas for improvement. Therefore, by implementing these
recommendations, institutions can help students engage in transformative learning
experiences that promote personal growth, enhance their academic and professional
development, and prepare them for success in their chosen careers.
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11. Conclusion

The study produced recommendations that universities should be provided with
resources, equipment, and preservice training, provide potential instructors the
abilities to enable them to cope with issues and ensured that students are informed
of the fundamental services available on campus and how to use them. Through this
study, it is expected that insights gained into how transformative learning experiences
influence students’ beliefs, attitudes, and skills, and how educators can facilitate the
experiences. The study expected to provide valuable insights into the importance of
transformative learning experiences in promoting personal and academic growth
among second-year students, the role of the lecturer in facilitating and the factors
that contributed to the success or challenges that maybe encounter by the students.
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Chapter12

Stretching the Boundaries of
Transformative Learning to
Selected Rural Schools of Eastern
Cape in South Africa

Lungiswa Ngqoma, Thandiswa Pretty Mpiti, Bulelwa Makena,
Zanele Ginyigazi and Motsi Qoyi

Abstract

COVID-19 has forced schools globally to advance and grow to a stage where
educators and learners without basic computer literacy skills find it challenging to
function. The study explored educators’ and learners’ perceptions of transforma-
tive learning through technology in rural schools in the Eastern Cape Province in
South Africa. It used a qualitative research approach and a case study design where
Transformative learning theory and Technology Readiness Index model guided this
chapter. Data were obtained through semi-structured interviews with learners and
educators who were purposively selected from two rural high schools and two rural
primary schools. Data were analyzed and interpreted through a thematic approach.
Findings revealed that most educators and learners were optimistic about using
Information and Communication Technology (ICT) to support teaching and learn-
ing; however, they faced challenges such as unstable network, expensive data, lack of
devices, and digitally illiterate educators and they worked collaboratively in trying to
manage the situation. Moreover, they were confident in their abilities to improve their
digital challenges and learn new digital skills and competencies. Thus, recommenda-
tions to assist rural schools in exploring all possible avenues for successfully integrat-
ing ICT into their teaching and learning methods were made.

Keywords: boundaries, transformative learning, rural schools, digital skills, ICT

1. Introduction

Formal education involves a deliberate and planned effort to create a learning
environment and process. This framework enables learners to actively cultivate their
personal and academic potential, meeting the needs of individuals, society, and
the nation at large [1]. Formal education must promote the UNESCO notion of the
four pillars of formal education such as learning to know; doing; being; and learn-
ing to live together [2]. Syaharuddin et al. [1] further emphasize that the dynamics
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of education necessitate an adjustment to keep up with the advancement of science
and technology in preparing human resources with global competitiveness. Hence,
education should aim at creating high-skilled human resources that can compete in
the global period with actual human labour required for the twenty-first century.
The goal of implementing twenty-first century education is to develop learners who
are technologically informed, creative, innovative, and practical so they can compete
in the globalized world. However, this is not the case to many South African rural
schools which are in disadvantaged communities where there are major challenges
such as financial challenges, inadequate learner support material, lack of clean water
and sanitation, electricity, poor quality of teaching, lack of technical and digital skills,
and inadequate support [2].

Rural schools are placed in quintile 1 in the quintile system used to categorize
schools in South Africa, which starts at quintile 1 for the least advantaged schools and
ends at quintile 5 for the richest schools [3]. COVID-19 outbreak exacerbated the situ-
ation for such schools as it forced the introduction and implementation of the fourth
industrial revolution (4IR) which is centred on the application of digital technologies
to reduce divisions between the physical, digital, and biological spaces in education
[4]. The focus had to shift from traditional teaching and learning methods to technol-
ogy-integrated teaching and learning methods which is information communication
technology (ICT). ICT includes the internet, computers, and mobile devices (such as
mobile phones, tablets, and laptops) [5]. Kalisa and Picard [6] also agree that smart-
phones and tablets are the predominant mobile devices used for learning. Moreover,
Adedoyin and Soykan [4] suggest that conducive ICT learning requires digital tools
sensitive to school resources, a certain level of digital skills for both educators and
learners and their attitudes with respect to technology are central to transformative
learning.

In this chapter, transformative learning refers to the shift from traditional teach-
ing methods and learning to online learning methods where educators and learners
from these schools are not technologically savvy. Cranton and Taylor [7] perceive
transformative learning as a person’s creative enlightenment, which includes both
spiritual awakening and learning new concepts or skills that would not have been
learned otherwise. Transformative learning is perceived as learning which touches
deeper levels of knowing and meaning, and, by so doing, then influences the immedi-
ate and concrete levels of knowledge, perception, and action [8]. Learning about
ICT in the classroom enables learners to acquire a wide range of important practical
skills and opportunities that can be used to encourage community social development
[9]. South African government wants to integrate ICT education in rural schools to
achieve universal basic education and to invest in education [10]. ICT education is
therefore crucial in helping learners gain the knowledge needed for the twenty-first
century and building informed societies, especially in rural areas. ICT can be used
in schools to increase access to and dissemination of high-quality instruction. South
African Department of Basic Education supplied computers and tablets to schools in
an attempt to keep learners and educators current with new technology skills [11].
Even though Zeoli [12] points out that today’s youth are so tech-savvy and are always
glued to their devices (toys to smartphones, smart tv), they take part in various social
media platforms thus, integrating technology into learning is not a challenge for this
generation.

The introduction of a broadband connection to every school was required by
the South African National Broadband Policy of 2013, which is part of a project to
guarantee the availability of broadband internet access throughout the nation by the
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year 2030 [13]. According to the National Broadcast Policy, improving educators’ and
principals’ internet connectivity is necessary to support learners’ access to and use of
educational resources that can improve classroom instruction and foster the growth
of their digital skills. The difficulty of providing equal facilities to learners in rural
and urban areas, however, posed the biggest problem. A factor that contributes to the
visible gap between learners in rural and urban areas is access to telecommunications
technology and internet connections [14]. Moreover, COVID-19 pandemic sped up
this process as schools had to integrate ICT to support teaching and learning irrespec-
tive of their readiness.

Most of learners and educators in rural schools are not capacitated to use online
learning mode effectively and are facing challenges in using the virtual platforms.
Though some learners are digitally literate and have technological backgrounds,
however, they are not familiar with using such knowledge in teaching- learning plat-
forms since they acquired the skill through self-regulated learning (SRL). According
to Alvarez et al. [15], SRL refers to how students become masters of their learning
processes. They see this process as an active, positive one in which students set goals
for their learning and then try to monitor, regulate, and control their cognition,
motivation, and behaviours, guided and constrained by their goals and the contextual
features in the environment [15]. They go on to describe it as a fundamental cognitive
and metacognitive process that entails controlling and managing one’s own thoughts,
emotions, behaviours, and learning strategies in order to achieve particular goals or
outcomes [15].

However, many aged educators from the selected schools are not digitally literate,
have little or no computer knowledge and struggle to create or present information
digitally therefore, guiding learners on relevant digital strategies to implement was a
challenge.

For this study, data was collected from 4 rural schools (2 primary and 2 second-
ary) in East London outskirts in the Eastern Cape province in trying to respond to the
following questions:

* What are rural educators’ and learners’ perceptions on using ICTs to support
teaching and learning?

* How does technology readiness impact on the adoption of ICT to support teach-
ing and learning in rural schools?

2. Literature review
2.1 Migration of education activities to online method

The only choice left to schools after governments announced physical school
closures as a means of halting the pandemic’s spread globally and locally was to
implement online learning and teaching [16]. To accomplish their setup objectives,
educational institutions all over the world have started the digital transformation
process. Hodges et al. [17] report that while some institutions experienced a smooth
transformation process, others experienced a crisis-response migration process
because of the pandemic.

The transition to online teaching and learning came with several logistical dif-
ficulties, but one of the most significant was that it forced education administrators,
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educators, and learners to change their attitudes about the value of online teaching
and learning [18]. Prior to the Covid-19 pandemic, some schools offered distance
learning, which aided them during migration. Online learning is the process of creat-
ing educational materials, delivering instructions, conducting virtual classes, and
managing programs using the internet and other key technologies.

Hrastinski [19] highlights the two methods of online learning such as synchro-
nous and asynchronous are frequently compared however, for online learning to be
effective and competent, educators, organizations, and education institutions must
have a systematic understanding of the benefits and drawbacks. In higher education
institutions, digital transformation can be regarded as the culmination of all digital
processes required to complete the transformation process and provide opportunities
for higher education institutions to effectively apply digital technologies, according to
Kopp etal. [20].

According to Kopp etal. [20] five well-known beliefs that are more expected to
prevent higher education institutions from undergoing a digital transformation than
they are to help it happen. These beliefs are (i) change, (ii) pace, (iii) technology, (iv)
competences, and (v) financing. According to Means et al. [21], online teaching and
learning is the educational use of technological tools, devices, and the internet. Since
the turn of the millennium, there has been an increase in the drive for online learning,
but Joshi et al. [22] found that the effectiveness of online learning is in doubt when it
prevents face-to-face interaction, when both educators and learners have subpar levels
of digital competency, and when information about online learning is both accessible
and available. Prensky [23] emphasizes that because they were born and raised in the
digital era and are tech-savvy, todays learners and some faculty members are considered
to be “digital natives” Shariman et al. [24] came to the conclusion that the effects of new
digital technologies to redefine literacy are still not fully understood because a significant
portion of them lack the skills expected of digital natives.

2.2 Digital readiness

ICT is a powerful tool for bringing about significant change and advancement in the
context of traditional education [25]. ICTs in education are used to enhance the calibers
of teaching and learning and to democratize access to education. The invention of
appropriate educational materials, which can involve high fixed costs, can be accom-
plished economically if target markets are identified and established by overcoming
the relatively high fixed costs of obtaining access to IT resources. Rural ICT providers
can offer these educational services affordably as part of a wider range of services.

During COVID-19, the emphasis on education has transitioned to better reflect
the techno-economic culture. The modification ought to have been coordinated with
methods to mitigate its effects on the standard learning process [26]. The institutions’
and learners’ needs should be prioritized to bring positive change because of the shift
to online learning. To ensure the best teaching practices in monitoring and guiding
learners, online learning could be implemented in schools in the primary stages. Then
later learners can apply it away from school at their convenient time and place. Hence,
Siripongdee, Pimdee, and Tuntiwongwanich [27] emphasize how flexible it can be
and is the best method for larger classes and it is a learner-centred instruction, so
learners can actively engage in learning.

The importance of the role the educators play in facilitating communication and
collaboration with learners is highly considered as significant in transforming the
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learners’ perceptions and attitudes towards online learning. The success of online
learning relies on the educators’ digital abilities, content expertise, creativity, choos-
ing relevant activities, and teaching methods is key. Similar to this, staff and learner
training is essential for successful online learning [28].

2.3 Online learning challenges

Rural South African schools have long struggled with issues related to their
underprivileged setting, such as a lack of infrastructure and classrooms, as well as
restricted access to services like water, electricity, and landlines [29]. Such schools
are currently facing new challenges because of digital advancements. On top of the
mentioned challenges, rural-urban digital inequalities add to the list that must be
addressed to give rural schools the tools they need to overcome these challenges.
Blank et al. [30], highlight demographic factors as a major factor in internet usage
differences between rural and urban areas.

Given that education levels can affect digital inequalities, the integration of ICT
resources and ICT literacy instruction in rural schools is an important topic. National
and international literature has discussed these issues and potential solutions, but
these studies do not address how rural schools, particularly those in South Africa,
are impacted by and should handle technological advancements. This study has a
particular interest in looking more closely at schools in rural areas because these areas
are frequently slower to adopt digital literacy developments due to the challenges
mentioned earlier.

2.4 Theoretical framework

Theories that underpinned this study were the transformative learning theory by
Mezirou [31] and the technology readiness index (TRI) model by Parasuraman and
Colby [32].

2.5 Transformative learning theory by Mezirou

Transformative learning theory involves a process of critical reflection and
self-examination that leads to changes in an individual’s beliefs, attitudes, and
behaviors [31]. It is characterized by a shift in perspective, as the individual begins
to examine their previously held assumptions and beliefs. Transformative learn-
ing refers to the enhancement of a learner’s capacity to transform experiences and
content into broadly applicable knowledge, skills, and perspectives. Mezirou [31]
defines transformative learning as the critical awareness of unspoken assumptions or
expectations and the assessment of the applicability of providing an interpretation.
He highlights that transformative learning frequently results in a significant shift in
a person’s beliefs, attitudes, perspectives, or behaviors. In this study, learners and
educators were expected to shift from face-to-face teaching and learning mode to
the integration of ICT in their teaching and learning mode. They were expected to
upload and download information, conduct virtual sessions, and have online assess-
ments, basically, they were expected to be technological savvies without training and
insufficient resources. They had to analyze, verify, and reframe the meaning of their
experiences which was a profound shift in awareness that altered their perceptions
of ICT. Hence Mezirow emphasizes that the theory causes a paradigm shift that will
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directly affect experiences moving forward, learners tend to discover their actual
capabilities or hidden talents.
Mezirow suggests that there are three codes that form meaning structures:

* Sociolinguistic codes: the impact of society on the mental models and structures
of individuals. Social customs, cultural expectations, and linguistic usage are
typical examples.

* Psychological codes: This relates to a person’s emotional and mental state. These
include their ideas and feelings, which have an immediate impact on their
conceptual frameworks.

* Epistemic codes: Epistemic codes focus on how knowledge is acquired, its verac-
ity, and the circumstances of the learning process. Learners will place less value
on new information if it does not directly originate from a trustworthy source.

2.6 Technology readiness index (TRI) model

The Parasuraman-developed technology readiness index (TRI) is a framework
for evaluating people’s readiness to adopt and use technology [32]. The framework
examines people’s intentions to use technology, focusing more on their mental states
than their skill sets (with, however, the recognition that digital skills may influence
the state of mind). The TRI uses four concepts such as optimism, innovativeness,
discomfort, and insecurity to understand an individual’s state of mind, in this case,
we are referring to learners and educators from rural schools. Parasuraman believes
that with technology you need to have a positive mindset, and willingness to be
innovative and overlook or pay no attention to discomfort or insecurities you may
experience along the way. For this study, all four schools are in the rural areas where
both educators and learners are technology illiterate and are experiencing challenges
such as network connectivity, many hours of interruption of electricity supply, and
technological factors.

3. Methodology

The qualitative approach was employed guided by a case study design. Four rural
schools were chosen using a purposive sampling technique (2 primary schools and 2
secondary schools). 6 grade 7 educators (3 from each school), and 12 grade 7 learn-
ers (6 from each school) were purposively selected from 2 primary schools as well
as 6 grade 12 educators (3 from each school) and 12 grade 12 learners (6 from each
school) were selected from 2 high schools. The choice for these grades was that they
are both the exit grades of which these learners were expected to demonstrate the
acquired technical skill in the next level. To gather qualitative data, semi-structured
group interviews were conducted with grade 7 and grade 12 learners from all
schools, and semi-structured one-on-one interviews were used with all educators
from all schools.

Thematic analysis approach was utilized to analyze data, a method for analyzing
qualitative data that involves reading through a set of interviews or transcripts look-
ing for patterns in the meaning of the data to find themes. It is a qualitative research
method commonly used with interviews and focus group data to understand the
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experiences and perceptions of rural school educators and learners about ICT teach-
ing and learning methods. The response patterns from participants’ direct quotes
were listed to identify common patterns and systematically categorized into codes
that were translated into themes.

4, Results and discussion

This study explored how educators and learners in rural schools in South Africa’s
Eastern Cape province perceived transformative learning through technological
support. The participants had to adapt their traditional teaching and learning methods
to ICT-based or blended teaching and learning methods. The COVID-19 pandemic
has sped up the process of implementing the 2030 vision, 4IR in education and other
sectors. Findings revealed that digital inequalities still exist amongst rural and urban
schools in the province and this has impacted negatively towards rural schools. Pillay
[2] emphasizes the numerous issues confronting schools in rural areas such as unstable
electricity, high dropout rates, inadequate classroom infrastructure, a lack of techno-
logically savvy educators, poor network connectivity, and a lack of teaching and learn-
ing resources. Many learners highlighted the problem with network coverage, and how
hard for them to even access online the learning materials provided by the Department
of Basic Education. They were frustrated that their geographic area does not allow
them to fully participate online, saying this style of delivering teaching is proper for
learners who are staying in cities where there is always full network coverage.

The study found out that schools in rural areas struggle with teaching resources
as they do not have computer laboratories and cannot even afford to have the luxury
of having ICT resources. Learners from such schools have fewer opportunities to
interact with digital devices even at home, as they come from low socioeconomic
backgrounds and they often show reluctance towards computers. According to
Mestry and Ndhlovu [3], this has an impact on the role of schools, which are in
charge of both teaching learners on how to responsibly use ICT equipment and
demonstrating to them the value of learning digital skills. The study also showed that
rural poverty is one of the biggest issues South Africa is dealing with, and as a result,
schools in rural areas face difficulties in providing an effective education. Inadequate
state funding, a lack of resources, and overcrowded teaching have an impact on the
quality of education [29].

Many learners expressed their mixed emotions when educators informed them
about infusing technology in teaching-learning even after COVID-19. They welcomed
the initiative as they realize the need to be relevant and be equipped with the digital
skills required for the twenty-first century however, they were anxious that they
could not afford any devices. Some are only able to have access to tablets and internet
at school, after school hours is a challenge as they do not own smartphones and must
borrow to access any announcements some educators might post after hours. In addi-
tion to the lack of devices, the research participants also reported that many educators
do have laptops with data uploaded monthly however, the aged ones are unable to use
the devices, and they do not know online learning applications, websites, or software
applicable to their contents which makes it challenging for these educators to assist
learners. “In my school, some of the colleagues cannot even use the laptops government gave
us. They were trained as educators 30 years ago when computers were not common in South
Africa or in ruval areas and now, we are expected to use them, it is a hustle for some of us”.
And participant 2 added that “some educators ave not familiar with these things, in my
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school, I always assist my educators with software or application for various things, and
velying on such educators to help with online teaching will be a waste of time”.

Findings also revealed that many educators in rural schools especially the aged
lack advanced digital skills, and there is a risk that they are merely using ICT equip-
ment incorrectly or not all, since they do not fully realize its potential in addressing
learners’ needs [33]. The department gave us laptops and provided data on a monthly
basis, integrating my lessons with technology is interesting, I can see that from my learn-
ers, they enjoy it so much. It is convenient as technology does most of the work for you,
however it is not easy to find your way, but we are learning small-small. Hence, World
Bank [34] highlights how educators’ lack of digital literacy impacts on learners’ digital
knowledge gap and accessibility. Insufficient digital skills on educators hinder learn-
ers’ research abilities and hinder them from using websites to find relevant academic
articles [34]. The fact that in these schools, many educators are elderly and lack the
necessary digital expertise to guide or assist the learners was also mentioned by the
learners as not providing them with much guidance or assistance. They emphasized
that they learned digital skills on their own to deal with COVID-19. The World Bank
[34] also emphasizes that learners who are already proficient and knowledgeable
about using technology tools to support their learning and online sources, who have
adequate access to good bandwidth and connected devices, and who are supported by
their family and peers, will be able to make the best use of online learning. Therefore,
the effectiveness of any curriculum implementation depends on the user system’s
capabilities thus if educators’ training has been compromised, the curriculum will be
implemented ineffectively.

5. Conclusion

The research paper explored the experiences and attitudes of educators and
learners in rural schools regarding the incorporation of ICT into the teaching and
learning process. It is believed that the integration of ICT entails the use of cognitive
and metacognitive processes, which encompass selecting the most suitable method
for delivering content, employing interactive tools, and offering opportunities for
reflection and self-regulation to enhance the effectiveness of teaching and learning.
Consequently, despite the enthusiasm of educators and students from these schools
for integrating ICT into education and their efforts to acquire the necessary digital
skills to improve academic performance. They encountered numerous obstacles that
impeded progress and hindered advancements in the teaching and learning process,
as well as in the academic performance of students. These challenges included dif-
ficulties in selecting appropriate content delivery methods as they primarily relied
on WhatsApp, inconsistent network connectivity, high data costs, a lack of access to
digital devices, and educators who lacked digital literacy.

Recommendations were also made in assisting rural schools to explore all pos-
sible avenues to successfully integrate ICT in their teaching and learning methods.
Moreover, they were optimistic that they would be able to improve their digital chal-
lenges and learn new digital skills and competencies.

6. Recommendations

Based on the findings the researcher has made the following recommendations:
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* The Department of Education and School Management must ensure that all nec-
essary measures are put in place in supporting rural schools in an attempt to close
the gap of digital inequalities as well as rural-urban educational inequalities.

o Itis critical that the Department of Education provide more learning centres in
rural areas at which learners can access online material free of charge, orona

limited amount.

* Provide learners with a tailor-made data for learning purposes to ensure that all
learners can access learning material at their convenient times.

* Interesting and educational online programs should be organized quarterly to
stimulate interest of rural learners and educators towards digitalization.
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Chapter 13

An Examination of Peer-to-Peer
Scatfolding as Metacognitive
Support for Learning

Wen Wen and Jill Castek

Abstract

This descriptive study examines peer-to-peer scaffolding implemented in an
undergraduate, online digital literacies course for future educators. It identifies the
different features of students collaboration processes and how these processes func-
tion as peer scaffolding to support their learning. Analyses of students’ collaborative
dialog and reflections on their collaboration processes. By analyzing dialog, this
study examines how collaborative discussion that is high quality can act as a form of
peer-to-peer scaffolding that encourages metacognition. Peer-to-peer scaffolding not
only provides just-in-time support, but also triggers students’ regulation thus help-
ing them to refine their understanding and enhance self-awareness of their learning
processes. Findings suggest that productive collaboration can serve as a useful means
of peer-to-peer scaffolding marked by five specific features: 1) complementing each
other’s expertise, 2) co-constructing knowledge, 3) collaborating to problem-solve,
4) encouraging reciprocal support, and 5) triggering regulation. Findings further
explore students’ perspectives on collaboration. Students felt they benefited from
peer-to-peer collaboration when the collaboration yielded the development of new
ideas and understanding, offered support for problem solving, and provided oppor-
tunities for self-reflection. These markers of quality collaboration assisted students
in achieving their learning goals. Recommendations outlined in this chapter offer
guidance for educators by describing ways to promote productive collaboration when
designing and implementing instruction.

Keywords: online learning, digital literacies, reflective thinking, collaboration,
peer support

1. Introduction

We live in a world where digital collaboration is ubiquitous, however educators
may not think about how collaboration elicits peer-to-peer dialog that could serve as
scaffolding. This study aims to understand how peer-to-peer online collaboration can
support metacognition and encourage the learning process.

The purpose of this chapter is to illustrate dialogic examples of peer-to-peer
collaboration that serve as scaffolding within an online course for future educators.
The analysis yields rich descriptions of the characteristics of quality collaboration that
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scaffold learning [1, 2] and encourage both cognitive and metacognitive development
[3-5]. The analysis looks closely at dialogic interactions to understand the nuanced
exchanges that occur between learners. By examining the nature of dialog, distinct
markers of peer-supported scaffolding can be identified.

The analysis described in this piece identifies markers of high-quality collabora-
tion that can yield metacognitive support. Given the interconnectedness of peer
scaffolding, metacognition, and learning, this study looks specifically at vignettes
where productive collaboration occurs and demonstrates how collaborative dialog
offers peer-to-peer support to complete digital projects.

Through the examination of dialog from different instances of collaboration
among students, the study shows how educators can better take advantage of the
strengths that different learners bring to collaboration and ways these strengths and
collaboration can ultimately support metacognition.

This chapter examines the literature on metacognition to explore possibilities for
ways that peer dialog can serve as metacognitive support for learning. In our highly
collaborative digital world [6, 7] collaboration takes many forms, one of which is
peer scaffolding. During peer scaffolding, individuals assist each other’s learning by
offering guidance, suggestions, and resources. As a result, learners’ metacognitive
knowledge is activated and enhances the learning experiences for both learners. The
connection between peer-to-peer scaffolding and metacognition is demonstrated in
the following two sections.

1.1 Peer-to-peer scaffolding

In educational settings, the concept of scaffolding derives from the socio-cultural
theory of Vygotsky [8] and his philosophy about learning and development, which
contends that learning occurs when individuals interact and cooperate with adults
and/or peers. Learners ultimately develop their internal mental abilities to become
more independent problem solvers. The essence of scaffolding lies in the guidance one
person offers another which enables the other to achieve goals that would be other-
wise unattainable if unassisted [8, 9].

Scaffolding can occur between experienced learners and novices [8-10], and
between peers who are at similar stages of developing their understanding [3, 11].
Peer scaffolding emphasizes the mutual benefits that both participants gain from a
shared learning experience [1]. Thus, peer collaboration may be the prerequisite for
peer scaffolding, but not all peer collaboration represents scaffolding.

1.2 Peer- to-peer scaffolding and metacognition

Metacognitive knowledge constitutes cognitive knowledge and cognitive regula-
tion [12-16]. It includes “knowledge about oneself as a learner and the factors that
might impact performance, knowledge about strategies, and knowledge about when
and why to use strategies” [17, p.2].

Peer-to-peer scaffolding may not be regarded as a form of metacognition itself,
however, it can facilitate metacognitive processes for several reasons. First, when
peers engage in collaborative dialog, they engage in explicit articulation. Speaking
one’s thoughts and ideas in a collaboration context prompts learners to be aware of
their own comprehension and learning while sharing ideas with others. Second,
peer-to-peer scaffolding brings together people with diverse expertise and perspec-
tives. In the process of sharing perspectives, different ways of thinking are surfaced.
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This additional input that comes from gaining new perspectives encourages learners
to consider other ideas and reflect on their own learning. Third, through the act of
peers working together to exchange ideas, clarification regularly occurs. Exchanging
ideas and clarifying serves to help learners regulate and monitor their understanding.
Finally, through the dialog that occurs during collaboration, learners are encouraged
to share their thinking, expertise, resources, and problem-solving methods, which
surfaces metacognitive awareness by both speaking one’s own thinking and listening
to peer’s thinking.

The Literature Review section that follows provides an overview of empirical
studies that connect: 1) human interaction and language exchange as a means of
scaffolding, and 2) peer collaborative discussion as an approach to examine metacog-
nition [18].

2. Literature review

This study draws on two interconnected areas of literature. The first area illus-
trates the importance of verbal exchange in scaffolded learning. The second focuses
on peer collaborative discussion, which examines how dialog among peers can assist
learners in achieving learning goals. In each of the studies reviewed, scaffolding
is not limited to interactions between novice and experts, but also among peers
[1, 3]. Together, these two bodies of research form the foundation to connect how
peer collaboration can function as a scaffold that facilitates cognitive processes and
metacognition.

2.1 Language as scaffolding

This study draws upon research that examines how language can be a powerful
tool to assist learners in achieving learning goals [9, 10, 19, 20]. In early studies, Wood
etal., [9] directly employed the scaffolding metaphor to explicitly describe the inter-
active tutorial process in a dynamic, face-to-face situation in which adults engaged
in verbal intervention, direction, and correction to assist children to carry out a task,
solve a problem, and achieve a goal. Cazden [21] demonstrated how language was
used in classrooms and homes to assist children in speech development. Bruner [10]
argued that the dialogs that happened between adults and children were vital to foster
children’s mental development.

In more recent studies, language interactions that were used as a form of educa-
tional scaffolding were also explored. For instance, Fennema-Bloom [20] illustrated
that code-switching could serve as a scaffolding technique in facilitating science
content learning involving bilingual teachers and students. Similarly, de Oliveira [19]
proposed a language-based strategy to enhance content instruction, emphasizing
that collaborative interactions and oral discourse were crucial for developing aca-
demic literacy. Choi et al., [3] proposed peer-questioning strategies used as mean-
ingful discussion tools which served as scaffolding to facilitate reflective thinking
among peers.

Language scaffolding also occurred among peers. Castek [22] documented ways
that students pooled information and ideas informally as they worked collaboratively.
Students supported each other in meeting their goals and frequently discussed strate-
gies on how to achieve them. Strategies were shared during spontaneous conversa-
tions as they worked in collaboration.
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Each of the studies reviewed demonstrates how interactions and language
exchanges are an important means for educational support. Collectively, this litera-
ture base highlights that dialog between teachers and students, and among students
themselves, serves as scaffolding and can have an impact on enhancing educational
experiences [23].

2.2 Collaborative discussion

This study is informed by research that analyzed collaborative discussion among
learners [24-27]. The findings of these selected studies demonstrated that peer collab-
orative discussion promoted learners’ high-level thinking skills [26-28]. Peer-to-peer
collaboration acted as scaffolding and created new opportunities to co-construct
meaning. Shared discussions encouraged joint problem solving and idea exchange
that fostered efficient and productive comprehension of online informational
texts [29].

Sekeres and Castek [26] examined elementary grade students who collaboratively
engaged in a teacher designed inquiry task. Findings suggested that talking while
productively collaborating acted as a marker for high-level thinking, which indi-
cated students were more expressive with reasoning when they shared their ideas
orally. Evidence of student learning included making inferences beyond the text,
integrating information, and evaluating the quality of the information they found
online. Combining verbal discussion with written responses during the completion
of an online inquiry project provided concrete ways for students to strengthen their
argumentative skills. Sekeres et al., [27] contended that students who paired up and
engaged in academic discussion (e.g., elaborating, interpreting, and extending ideas)
demonstrated substantial use of evidence-based reasoning to support their learning.

Another comparable study by Coiro et al., [24] focused on upper elementary
students engaging in structured online inquiry. The study found that high quality
dialog promoted the use of cognitive strategies such as making inferences, synthesiz-
ing, and evaluating information. When partners employed these cognitive strategies
in their collaborative discussions, it enhanced their understanding of the content they
studied.

Peer collaborative discussion also facilitates students’ metacognitive development,
which is related to understanding, regulating, and monitoring their own thinking and
learning processes [24, 25, 28]. For example, Coiro et al., [25] observed metacognitive
activities when students partnered to complete an online learning task. These meta-
cognitive processes included collaborative task monitoring, shared understanding of
the content, awareness of group behavior, and strategy adjustment and modification
(e.g., switching to an alternative approach to solve a problem).

Coiro et al., [28] investigated two adolescents reading independently and collab-
oratively on the Internet. Findings suggested when reading collaboratively, learners
engaged in increased instances of metacognition such as inferring, integrating, moni-
toring, and reflective processing than when they read independently. Opportunities
for peer discussion and shared decision-making may serve to encourage knowledge
construction and deeper levels of understanding [30].

Though these studies suggest positive benefits associated with collaborative
meaning making, not all peer collaboration is productive and sparks metacognitive
awareness. Wen [31] conducted a study that captured both more and less productive
peer collaboration. Peer scaffolding occurred when two learners actively participated
in collaboration and mutually supported one another across multiple learning tasks.
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Findings showed that when students worked together to share information, some
offered minimal assistance, often without providing explicit support and guidance

to their peers. In other situations, one participant received more support from their
partner than they gave in return. It was found that during collaboration, support may
not be evenly distributed between the two participants. Instances of productive col-
laboration were also documented in Wen [31]. Evidence and outcomes of productive
collaboration is described in this article.

2.3 Research questions

With the advancement of technological tools and virtual communication plat-
forms, learners who are in different physical spaces can interact in real time and
collaboratively share their thinking [32]. Drawing upon the findings from studies
on peer-to-peer collaboration and scaffolding in K-12 settings, this study examines
how undergraduate university students worked in collaboration to complete assigned
learning tasks online. It aims to understand the role that collaborative discussion plays
in learning and to document collaborative features that emerged from online interac-
tions among students.

Two research questions guided this investigation:

* How can peer-to-peer scaffolding support metacognition?

* What are students’ perspectives about peer-to-peer scaffolding and
metacognition?

3. Methods

This study was nested within a larger investigation that examined multiple forms
of scaffolding used in a fully online digital literacies course. Data was collected over
the course of two implementation cycles with students who were completing a BA
degree and wanted to go on to become an educator. The broader study explored online
learning, various forms of scaffolding, and the processes and perspectives of students
who completed two specific digital projects where collaboration and the creation of
digital projects were key features of analysis [31].

3.1 Context

This study was conducted in a research-intensive university located in the
Southwestern U.S. The data collection occurred within an asynchronous online course
called Teaching and Learning with New Technologies. This course explored multiple
ways that learners make and exchange meaning in the digital world. Educational
implications for digital instruction and student involvement were emphasized.
Through the lens of exploration and discovery learning, the course encouraged the
use of a wide array of technologies and examined the ways these technologies shape
the way people think, read, write, communicate, and collaborate in formal and non-
formal learning.

The analysis undertaken for this study focused on one module of instruc-
tion that was implemented in this fully online course. This module was Designing
Immersive Virtual Field Trips, which involved students: 1) exploring a variety of
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immersive virtual field trips to explore their design, content, and resources, 2) learn-
ing how virtual field trips prompt interest and engagement for learners of all ages,
and 3) designing their own immersive virtual field trip using a free, online, browser-
based technological tool to engage learners. Together, these objectives offered mul-
tiple opportunities for inquiry and exploration across the curriculum.

3.2 Participants

Twenty-two students voluntarily agreed to participate in the research [33]. These
participating students came from different disciplines within and outside of the
College of Education. In addition to being undergraduate students, some of the par-
ticipants were non-traditional students with various teaching and tutoring experience
in K-9 school settings such as substitute or guest teachers. Others held leadership roles
in pre-school, after school, or intermural sports.

3.3 Learning task

Students were asked to work in pairs and record their online collaborative discus-
sions to design their own immersive digital field trip. They formed pairs by mutual
consent and scheduled online work sessions at times that were convenient for both
partners. One option for collaboration partnership was to act as a “thought partner”
for each other, stimulating deeper thinking about the project’s design and creation.
The other option was that students could jointly design and construct the project
together, making collaborative decisions that incorporated both of their ideas. The use
of Zoom video conferencing allowed students to record their collaborative processes.

Students were required to use a multimodal technological platform that allowed
the building of a visual tour which could include video, audio, and other resources.
The content of the virtual field trip was open-ended and flexible. The design encour-
aged the inclusion of web-based, immersive, and interactive audio, video, and visual
resources into the design of the learning experience [34]. To complete the project, stu-
dents needed to go through the following steps: 1) chose a content area, location, or
topic, 2) collect or create relevant media and resources to augment the project, and 3)
compile and connect the resources together to tell a story about a place or experience.

Of the 22 students who voluntarily participated in the study, six students did not
choose to work with a partner and two pairs were unable to record their collabora-
tion processes. As a result, six online collaboration videos were analyzed in the final
analysis.

3.4 Data sources

To corroborate findings through triangulation, data was collected from multiple
sources which included students’ online collaboration videos, students’ reflections,
and semi-structured interviews. Triangulation refers to the use of multiple data
sources to develop a comprehensive understanding of phenomena [35]. The collection
and analysis of triangulated data sources was part of the research design and led to a
more complete understanding of collaboration coupled with reflection.

Zoom video conferencing software was used to collect video and audio data to
examine how the two students collaborated as they worked together online. They
engaged in discussions by exchanging ideas and providing feedback to each other as
they worked through the construction of their immersive virtual field trip. Students’
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online collaboration processes were self-recorded and shared with the researchers for
analysis. The online collaboration videos captured students’ authentic dialog which
was used to identify markers of productive collaboration. An analysis of the dialog
captured in the video was used to respond to Research Question 1.

Following the completion of the collaboration, students were asked to record a
short oral reflection. In their reflections, students were asked to consider various
aspects of their learning experiences, particularly to share how they collaborated
online to complete their projects and to explain what they gained from the experience.
Semi-structured interviews were collected to gain a deep understanding of students’
perspectives about peer support. Students’ reflections and interviews were examined
to gain insights about their perspectives and inform the researchers about students’
collaborative discussion. Students reflections and interview data were used to respond
to Research Question 2.

3.5 Data analysis

Data consisted of students’ collaborative dialog captured in video and writ-
ten transcripts, oral reflections, and interview responses. This data elicited their
perspectives on their learning and collaboration processes. To conduct the analysis,
recordings were auto transcribed, corrected, and member checked. The transcripts
then underwent further in-depth analysis. In addition, students’ oral reflections
were transcribed, and member checked. After cleaning the data, all data sources
were organized and archived to address two research questions: 1) peer support
and collaboration as a form of scaffolding, 2) students’ perspectives on online
collaboration.

Analysis of dialog is an important way to examine human interaction and scaf-
folding [9]. To address Research Question 1, the transcripts of each pair’s dialog were
carefully analyzed line by line independently by the researchers to better understand
the quality of students’ collaborative processes. Informed by the framework of col-
laborative online inquiry [25, 36], both researchers documented their initial insights
and selected excerpts as instances that demonstrated pairs’ productive collaborative
processes. These instances included: 1) dialog about sharing sources, ideas, and
knowledge, 2) dialog about negotiating responsibilities, rules, and ideas, 3) dialog
about planning, executing, and making decisions, and 4) dialog about providing
feedback, monitoring processes, and overall understanding.

Following independent analysis, the two researchers met together to discuss
selected instances and further identified five markers that indicated high quality
collaboration. These five markers addressed two important indicators of productive
collaboration including: 1) how active collaboration occurred and 2) how the col-
laboration produced both process and product outcomes. The process outcome was
instances of metacognition and the product outcome was the quality of the immersive
virtual field trip project.

To answer Research Question 2, an inductive coding technique [37, 38] was
employed during the data analysis process. First, two researchers worked indepen-
dently to develop codes by reading and reviewing the transcripts of oral reflection
and interviews multiple times. Then, two researchers met weekly to discuss the
application of the codes, coding discrepancies, and emerging insights. During this
process, the two researchers collapsed, expanded, and revised the codes, forming
and fine-tuning the code categories [39]. Coding categories focused on reflections,
affordances, and challenges of peer collaboration.
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The analysis was made up of outcomes from coding, shared interpretations, cat-
egories, and the analytical reflections of two researchers [38]. Finally, two researchers
aligned pairs’ collaborative processes with their oral reflections and interviews to
understand how students worked with partners and supported each other to achieve
learning goals. Ultimately, the researchers arrived at emergent themes and identified
illustrative quotes that anchored those themes. The themes revealed intricate relation-
ships among the coding categories.

4. Findings

Three patterns of online collaboration were identified based on the analysis of
students’ Zoom recordings of their online collaboration. These patterns included: 1)
collaborative situations with low or without scaffolding, 2) collaborative situations
with unbalanced scaffolding, and 3) collaborative situations with peer-to-peer scaf-
folding [31]. This study reports solely on the third category, collaborative situations
with peer-to-peer scaffolding. This choice was made because the analysis identified
markers of productive online collaborative discussion and highlighted how students’
metacognitive knowledge could be nurtured. Results of the study are organized
around the two research questions in Sections 5.1 and 5.2.

4.1 How can peer-to-peer scaffolding support metacognition?

Scaffolding can occur among learners who are at similar levels of knowledge and
abilities. Scaffolding t can also occur when students working in collaboration have
different strengths and weaknesses. Five predominant markers were identified.

The data suggested that no single pair’s collaborative discussion possessed all these
markers in one instance; the five markers were found across different pairs in various
instances.

The six scenarios illustrated below demonstrate mutual scaffolding among
students in a collaborative situation where they had different levels of knowledge,
strengths, and weaknesses. Collaborative peer- to- peer scaffolding refers to interac-
tions where two collaborators actively work together in a mutually supportive way
to scaffold each other’s learning and development. Both actively contribute to each
other’s progress.

Two pairs, Emily and Bella (pseudonyms), Kate and Amber (pseudonyms) are
examples that represent collaborative mutual scaffolding. The following excerpts
illustrate the characteristics of their mutual scaffolding and how the dialog indicates
metacognition.

4.1.1 Complementing each other’s expertise

When two students worked together, each offered up to the collaboration their
knowledge, skills, and perspectives, and were open to listen and learn from their part-
ner’s expertise. Table 1 illustrates how two students negotiated their tasks based on
different expertise. Emily and Bella decided to co-design and construct an Immersive
Virtual Field Trip project named The Exploration of South Korea.

During this instance of collaboration, Emily and Bella shared and negotiated the
background knowledge they had about South Korea and what they could contribute
to the mutual project (Lines 24, 27, 29, 30, 31, 32, 34). They had different experiences
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Line Participant Dialogue

22 Emily It’s nice to know what you want to do. Like what’s your preference?

23 Bella I mean the only thing that I really know is the education part. I only really know it from
what I did, but I feel that’s different because I'm a foreigner.

24 Emily So, I think that’s perfect because you were in a study abroad program. Right?

25 Bella Right! Okay!

26 Emily I’'m not trying to force you to do anything. Right?

27 Bella No, no. That’s okay, I think food would be easy for somebody who has not been there,
and if you like Korean food, then that’s good!

28 Emily Yeah!

29 Bella Do you know any history? I do not know that much but I know a little bit like...

30 Emily I think I know a pretty good amount.

31 Bella Okay! I only know about the King that invented the Korean language and stuff. I know
that...

32 Emily But I know a lot about the war between North and South Korea.

33 Bella That’s a good thing too!

34 Emily I can do the history and then food okay? and then you do language and education.

35 Bella I candoit!

36 Emily Do you want to do customs? I mean I can try the customs.

Table 1.

Example of complemementary expertise.

and expertise and they offered complementary expertise to include within the
shared digital project they created together. This collaborative project could not have
been achieved without their shared expertise. When these two learners shared and
exchanged their knowledge and skills, they were prompted to reflect on one’s own
expertise and skills, which led to reconsideration and reorganization of their mutual
project. This learning instance encouraged students to reflect on what they knew and
what they did not, as well as understanding what knowledge was needed to complete
the project.

4.1.2 Co-construction of knowledge

When two learners were sharing ideas during the collaboration, they constructed
meaning by stretching each other’s thinking, ideas, and perspectives. Table 2 demon-
strates Emily and Bella’s co-construction of ideas.

The interactions captured in Table 2 showed how Emily and Bella were co-
constructing an idea planning would design for their virtual field trip project. At the
beginning, they brainstormed what resources and media they had to build the project
(Lines 8, 9). However, they did not have a clear idea of what to do and how to do it.
Then, Emily suggested they could find an example to refer to (Line 10). This sugges-
tion was echoed by Bella (Line 11). Together, both figured out what they could do
based on their mutual understanding of the example they found (Lines 16, 17). In this
situation, students built on each other’s ideas and filled in each other’s thoughts. This
iterative process is also an essential part of metacognition.
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Line Participant Dialogue
8 Emily ...If you have your own media. Do you have a lot of pictures from when you went?
9 Bella Um... I was thinking about that. This morning, I found some... Uh...it was not really

like an outdoor thing, though. So, I guess, I mean it still counts. I guess, I just do not
know how much stuff we have to have.

10 Emily Right! Do we have an example of a Virtual Field Trip?

1 Bella Yeah! like the Tornado one?

12 Emily The Tornado one!!

13 Bella Yeah, she haslike.... I do not know!

14 Emily She has like five scenes.

15 Bella I was just trying to see how many scenes she has.

16 Emily She has like five pictures. So, we’ll choose five topics. Oh, like history...

17 Bella Customs and education. We could just pick Korean looking pictures. How about those

topics? Then [we] do the same thing that she did.

Table 2.
Example of co-construction.

4.1.3 Collaborative problem-solving

Collaborative problem-solving occurred when two learners tried to solve problems
and tackle the difficulties during the collaboration. Amber and Kate worked on the
virtual field trip project individually, however they scheduled an online meeting
to work together as thought partners. Table 3 shows how Amber and Kate solved a
problem they both faced.

Line Participant Dialogue

218 Amber You know if you are doing a lot of videos and additional graphics. I do not know if the
voiceover would add anything.

219 Kate [Do] you know some of the ones that had music or something I can do like [adding]
underwater sounds?

220 Amber I am not that tech savvy though. I do not know how they were adding noise to my first
image. Let us go back. We will see. Do you know how to do that?

221 Kate No. How about...? I think you can record.

222 Amber Oh well, there is an upload audio button.

223 Kate Then probably just downloaded one and then uploaded it.

224 Amber Maybe I'll go back and add some audio, like some cannonball noises.

235 Kate Yeah, I guess you just do it on a tag, but that’s not a big deal.

236 Amber Hmm. Maybe I'll go to check them. Yeah! I've completely forgotten about that until

you said something.

Table 3.
Example of collaborative problem-solving.
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The documented interactions illustrated in the discussion between these two learn-
ers focused on ways to make a virtual field trip more multisensory by adding sounds.
Amber posed her question about how to add noise to the image (Line 220). Kate was
also unsure about the answer, but proposed a suggestion (Line 221), which triggered
Amber to explore more features within the technological design tool. Together, they
both figured out how they could add sounds to the images. Tackling problems together
required learners to prompt each other’ thinking, seek for alternatives, and reflect on
the effectiveness of multiple solutions, which was also central to metacognitive skills.

4.1.4 Reciprocal support

When these two students collaboratively scaffolded each other’s ideas, they
actively participated in discussion and provided support, feedback, guidance, affir-
mation to each other, which mutually benefited each of them. Table 4 illustrates how
Kate sought support from her collaborator Amber. With the guidance of Amber, Kate
figured out some of the features of the technological tool to “create a tour”.

Table 4 demonstrates how Kate sought support from Amber and Amber affirmed
and extended Kate’s approaches to connecting images together into a tour. In a recip-
rocal manner, Table 5 illustrates how Amber sought and received support from Kate
when she requested help. Table 5 describes the suggestions and feedback that Kate
offered to Amber to determine which option (360 image or aerial view) would work
best for her project.

Line Participant Dialogue

17 Kate So, the idea is like they can click around to know what lives here. And then, they could
go deeper. And then, it takes them to the next page. I do not know if that’s the right
way to do it.

18 Amber That’s how I did mine for the ones that are supposed to go to another page. They just

go to another image that has more hotspots.

19 Kate Yeah! I just could not figure out how to get all the images together, so I waslike... Oh, I
guess...they have to be separate, and you just point them out, yeah that’s what I did...

20 Amber When you are clicking on those to go to the next image. Did you use the “create a tour”
button?

21 Kate Yeah!

22 Amber Okay! That’s what I did too. So, I mean if that’s not the right way to do it, it’s still doing
the function to me.

23 Kate Yeah! like I did this for mine.

24 Amber You know what the next level to learn about. So, I think what you did is fine.

25 Kate I do not have any part of it because I did not know. I was like the only way I found that

I could link the images. Yes, “create a tour” and just upload things.

26 Amber Yep, and for me, as I said, “create an image” or “create a tour”. That did not do
anything different from those others, like templates. You still have the same options as
if it was just a flat image. So, Yay!

27 Kate Right!
28 Amber I did the exact same way as you did!
Table 4.

Example of reciprocal support (Kate seeking support from Amber).
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Line Participant Dialogue

86 Amber I wasn't sure what else [ was supposed to do.

87 Kate I think yours is way more advanced than it is supposed to be, but I was thinking, there
are certain sites that allow you to download YouTube videos. I wonder if you could
do that with 360 and then upload it to the technological platform. Because I know
National Geographic has a bunch of underwater ones. Well, if you could figure out
how to get that to work, that would be cool.

88 Amber Yeah! That would be nice, especially for underwater. Um... for ones like this, I did not
really see 360 being that big of an advantage, like this one, right here, I already have it.
There was an aerial view that you can move around.

89 Kate I think that’ fine. The only thing I could think of is where that would be useful for
you. It would be more like if you are inside of one building, like an old schoolhouse.
...I feel like you already have plenty of things, even if they are just links.

Table 5.
Example of veciprocal support (Amber seeking suggestions from Kate).

Tables 4 and 5 illustrate how Kate and Amber mutually supported each other and
pushed each other’s progress in learning. In Table 4, the conversation was started
by Kate who felt unsure if she did the right thing to link separate images together to
become a virtual tour (Lines 17, 19). Amber confirmed that she did the same thing
as Kate did. Then, Amber mentioned two features of that technological platform,
“create an image” and “create a tour”, which functioned the same when uploading
flat images. Amber’s feedback and support gave Kate confidence to continue the
project. Meanwhile, Table 5 shows how Amber sought suggestions from Kate. Kate
gave Amber suggestions in a detailed way (Lines 87, 89), such as: what kind of media
Amber could use; where Amber could get the resources she wanted; and what the
most important thing to think about in creating a virtual field trip.

When examined together Tables 4 and 5 demonstrate that the two students took
turns sharing their concerns and questions, and they both actively participated in
this conversation and learning process. They made sure each one was able to ask
questions and received enough support. During the reciprocal support, peers can
observe, monitor, and think about each other’s work and provide feedback as well.
The shared insights that are elicited from the conversations help individual learners
reflect and adjust their project accordingly, which is a key representation of metacog-
nitive skill.

4.1.5 Regulation

As seen in the analysis Tables 3-5 Kate and Amber both regulated and monitored
their working processes, and as a result, made sure that their work achieved the task
goals. Regulation in this case refers to the knowledge of one’s own ability to learn and
monitoring refers to the awareness of one’s own learning. Table 6 shows an additional
example of regulation from Emily and Bella who engaged in reflecting on what was
needed to add into the project, and how their project could meet the instructor’s
expectation.

The interactions depicted in Table 6 illustrate how Emily and Bella reflected
on what images and media could be incorporated in their Immersive Virtual Field
Trip project (Lines 55, 56). Emily suggested that they could use some media from
the internet or YouTube. However, Bella reminded Emily about the instructor’s
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Line Participant Dialogue

54 Emily Anything else we can use?
55 Bella Um I have one of me at the beach, but it’s not like that one...
56 Emily That’s right! You know, either we can find a 360 tour or something on YouTube. We can

use whatever we want. It will always look well!

57 Bella Yeah! but I mean, she [the instructor] said, “as long as it’s something somewhat
personal.” I feel like she will give us some points.

58 Emily Oh, aslong as it’s personal?
59 Bella I think it’s supposed to personalize your materials with your own creativity.
60 Emily Ohyeah!
61 Bella If we put them together using our own. I think it will be okay.
Table 6.
Example of regulation.

expectation regarding the choice of media. The instructor required that media choices
be purposeful, personalized, or customized to advance the objectives the creator
identified. Reflecting collaboratively illustrated metacognition and helped the two
students monitor, revise, and regulate their work. They thought about their thinking
in the process, connected the learning expectations and objectives to their content
creation. This ability to regulate learning and reflect on oneself is also a crucial aspect
of metacognition.

4.1.6 Summary

The six vignettes were offered to represent a close analysis of peer-to-peer
dialog. Findings showed that high quality peer collaboration can act as a form of
scaffolding and that peer-to-scaffolding plays an important role in exchanging
ideas, providing support, and monitoring learning. Across various scenarios, pairs
of students were captured engaging in online collaboration and prompted meta-
cognitive awareness. The vignettes illustrated how peer-to-peer scaffolding can
encourage metacognition.

4.2 What are students’ perspectives on peer-to-peer scaffolding?

During oral reflections and semi-structured interviews, students expressed their
opinions about the online peer-to-peer collaboration designed by the instructor in the
module. It suggested that not every collaboration is supportive and leads to satisfac-
tory outcomes. Some interactions connect individuals but were less supportive.
Students felt they have benefited from peer- to-peer collaboration when the collabo-
ration yielded: 1) development of new ideas and understanding, 2) problem solving,
and 3) opportunities for self-reflection.

When two students collaboratively worked together, they actively participated in
two-way dialog, expressing thoughts, exchanged ideas, and offered suggestions and
constructive critiques in a reciprocal way. During this process, both students gathered
different perspectives from their peers, learned from each other’ insights, and col-
lectively produced new understandings to improve their projects. The quotes below
illustrate students’ opinions on collaboration, captured in semi-structured interviews.
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Before Kate I had never heard of Canva and ever since then that’s all I use for my
presentations and before collaborating with Kate, I probably would have finished my
virtual field trip project, I turned it in, moved on with my life, but collaborating with
her forced me to veally look into the features of the technological platform, because we
were troubleshooting together, searching back through our vesources on how to add certain
things.

It was nice to have someone there to bounce ideas off and show them the project or get
their feedback in veal time. We also talked about how to build a field trip avound a
selected age range. So that you could make sure the complexity is not too far or below
their comprehension levels.

You get the benefit of having another person’s perspective and their own creative
ideas. It was a great way to discover things that we had not really thought of before.
For work it was a nice way to get inspiration and come up with new ideas.

By engaging in collaboration, students gained positive learning experiences
because they were able to get assistance from peers and solve problems they encoun-
tered during project completion. In their oral reflections, students shared how with
the support of their peers, untangle problems that they otherwise would not have
been able to overcome. Amber said,

We spent a lot of time tinkering with the technological platform and Google Earth
and different YouTube expeditions trying to figure out how to make certain features
work to make a more seamless project. My partner helped me come up with some
of the final touches that I needed to make my project seem move immersive, like the
additional sound effects that I added to the icons.

Collaborative discussion also prompted self-reflection because students could
articulate their thinking while they exchanged ideas and feedback. Two students
shared their perceptions about the affordances of collaborative discussion.

[During online collaboration], you need to explain your thoughts and work through any
problems you are having. When you are talking through it, I think it can help your mind
work through that process, and you can probably come up with new ideas that way.

When I shared my project with my partner, I had to demonstrate it well, so that my
partner could understand my project and provide me with the feedback I needed.
From the feedback, I could make my project better.

4.2.1 Summary

Collaborating with peers provided each learner with an opportunity to explain and
talk through their own ideas while also having the chance to build on other’s ideas by
listening and incorporating a collaborator’s suggestions. Not only did collaborative
dialog appear to enhance individuals’ understanding and thinking through an articu-
lation of their own ideas, but also it strengthened metacognitive skills by prompting
reflection on the learning process and product.

Students’ quotes indicate supportive online collaboration, which is an example of
peer-to-peer scaffolding peer-to-peer scaffolding. Students reflected on their learning
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experiences and improved their learning performance by considering peers’ ideas

and suggestions. By working collaboratively in pairs, students recognized different
perspectives and creativity that their peers contributed and contributions coming
from a peer’s perspective were appreciated and built on collectively. Peers’ construc-
tive feedback helped refine and improve each other’s understanding and learning
products, which furthered both students’ intellectual development. Peer-to-peer scaf-
folding held strong potential to promote metacognition.

5. Discussion

The concept of scaffolding originally emphasized the interactive process between
learners and the more capable and experienced other [40, 41]. However, when learn-
ers with similar levels of knowledge and abilities, provide each other with support
when they were engaged in collaborative work. The work involves collaborative
discussion and mutual support among peers, where individuals contribute to the
learning process. In an online learning environment, peer-to-peer scaffolding plays a
crucial role for students’ success in the course, since it is challenging for instructors to
provide immediate and appropriate support, which naturally occurs in a face-to-face
classroom setting. Peer-to-peer support requires collaborators to participate actively
in the process, in which learning starts from the social (intermental) level to the
individual (intramental) level [42].

Analysis of students’ online scaffolding suggests that learners’ can actively
exchange ideas, share expertise, and collaboratively address problems while regulat-
ing their learning. This is further corroborated by students’ self-reports on their per-
spectives on online collaboration. Moreover, online peer-to-peer scaffolding not only
enhances students’ learning experiences in terms of collaboration, communication,
cognitive processing, but also fosters their metacognitive skills, including thinking
and understanding of their own thinking and knowing [14], and monitoring of their
cognition [12, 15, 16]. Metacognition requires learners to think about their own think-
ing, but how are students able to think about their thinking? Whole class meetings
where communication is shared might be one of the vital ways to achieve this goal.
Through collaborative discussion, learners check on each other’s understanding, build
on each other’s ideas, and evaluate each other’s perspectives. Thus, when learners
engage in discussion, they can unlock deeper introspection and reflection.

Learners can be encouraged to assess their own thinking, understanding, and per-
spectives. By continuously reflecting on their own thinking, learners can identify gaps in
their understanding and then adjust improve their learning. In addition, metacognition
involves monitoring and regulation. Peer-to-peer scaffolding provides learners with the
opportunity to collectively regulate their shared learning process through reminders and
by offering suggestions and supportive critique. These findings echo previous research
which argues that metacognition should go beyond looking at reflection on an individual
level, but also to extend reflection from a group dimension. Examining collaborative
processes provides opportunities for collective and individual reflection [18].

6. Conclusions

While it is recognized that the digital world is a collaborative world [6] and
that collaboration may encourage metacognition, supporting quality collaboration
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involves more than just an invitation to students to go out and collaborate. Teachers
play a critically important role in guiding instruction around collaborative dialog
and steering peer-to-peer scaffolded dialog in productive directions that encourage
reflection, cooperation, and quality collaborative talk. Promoting quality collabora-
tion takes effort and careful planning. The analysis illustrates that peer-to-peer col-
laborative discussion that is high quality can act as a form of scaffolding, supporting
metacognition. Such interactions not only provide immediate support for learning,
but also facilitate learners’ metacognitive processes in multiple ways, enhancing their
self-awareness and ability to regulate their learning.

Findings from this study capture and document how pairs engaged in collabora-
tive discussion to complete tasks and scaffolded each other’s learning by exchanging
expertise, co-constructing knowledge, collaboratively solving problems, offering
reciprocal support, and regulating, across shared learning processes. The learning
experiences highlighted here appear to provide students with opportunities to reflect
on their thoughts and perspectives, articulate and monitor thinking, and bolster self-
awareness, which promotes learners’ cognitive skills and metacognitive knowledge.
Metacognition does not only refer to an individual’s inner reflective thinking, but also
to distributed knowledge that travels across group members. Social interaction is an
important means to activate an individual’s metacognition.

This study suggests that productive peer collaboration leads to peer scaffolding,
ultimately eliciting metacognition among learners. Thus, the findings ask researchers
and educators to consider our own teaching practices for additional opportunities to
enact collaborative learning and peer-to-peer scaffolding. Supporting collaboration
and dialog can be strengthened by providing more opportunities for engagement in
paired collaborative discussion. Learning tasks with this emphasis, enacted repeat-
edly with time for reflection, serves to equip learners with the necessary strategies to
effectively collaborate in and out of school settings.

Findings from this study have important implications for scaffolding design and
classroom implementation. The sections that follow are designed to provide guidance
to instructors in ways to foster peer-to-peer scaffolding in teaching practices whether
teaching online, in face-to-face settings, or through blended learning.

6.1 Recommendations

In the vignettes and dialog collected for analysis, no single instance of
collaboration included all five of the identified features of peer-to-peer scaffolding.
Still, the analysis identifies important opportunities for instruction where educators
can guide collaboration to maximize the potential for encouraging metacognition.

6.1.1 Create a learning community that supports collaboration

Not all learning environments and assignments are designed with collaboration
in mind. If an instructor chooses to implement collaboration, attention needs to
be paid to cultivate a collaborative learning environment in which students feel
comfortable to work together, share ideas, ask questions, and make suggestions
that encourage learning together. Learning activities also need to be designed to
prompt collaboration, such as group discussion, collaborative writing, and peer
review. Fostering collaboration involves taking time to structure group tasks
well so that collaboration can occur and to discuss what productive collaboration
involves.
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6.1.2 Articulate objectives and expectations of the collaboration

Assigning a collaborative task involves explicitly articulating expectations and
objectives focused on collaboration as well as content. Beginning a lesson by pointing
out previous instances of positive collaboration can encourage regulation and reflec-
tive practices among students. Instructors can work together with learners to generate
a collaboration checklist that defines the characteristics of high-quality collaboration,
roles and responsibilities for each collaborator and norms for participating in discus-
sion with your peers. While some guidelines can be offered to students, generating the
checklist with students encourages reflection and metacognitive awareness of these
qualities while collaboration occurs.

6.1.3 Become knowledgeable about learners’ background, expertise, and skills

When planning for collaboration, instructors can purposefully form groups to
encourage collaboration. Knowing different students’ expertise, personalities, charac-
teristics, and skills of learners, instructors can balance group work and collaboration
by pairing up learners strategically and explaining why those pairings were selected.
The instructor can create an exit ticket, a formative assessment tool that a student
completes before leaving the instructional setting, offering an ideal way to reflect and
provide feedback to the instructor. Prompts about how collaboration pairings worked
not only prompts reflection but also provides feedback about areas of strength and
opportunities for growth.

6.1.4 Model collaboration strategies

Quality collaboration does not just happen, students need to learn strategies to
become productive collaborators. Modeling using role-playing demonstrates how to
turn collaboration situations around to become more productive. Offering tools that
help students work in collaboration such as learning how to disagree productively,
how to communicate effectively while sharing responsibilities, how to manage con-
flict, and how to provide constructive suggestions. Creating scenarios, acting them
out, and encouraging reflection can help enhance attention to quality collaboration.
Modeling can encourage students to enact an equal and reciprocal balance of talk-
ing and listening during collaboration. Instructional practices that provide practice
opportunities include Socratic seminars, fish-bowl discussions, and planned discus-
sion protocols where students who collaborate well can lead by example. An open
discussion following how these activities can lead to a more balanced and reciprocal
exchange and transferable metacognitive awareness.

6.1.5 Encourage learners’ reflection on their collabovative processes

People learn from their reflection; reflection offers a means for individuals to
think deeply about their experiences and thoughts. By reflecting on their collabora-
tive processes, students gain insights from making connections, identifying unex-
pected outcomes, which help them adjust future performance.

The five recommendations stemming from this research offer some guidance
to educators, however there are many other ways to promote positive collaboration
opportunities. Encouragement with specific praise goes a long way to increase the
likelihood of a student’s metacognitive awareness of their own collaborative strengths.
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Chapter 14

Chronicling Information
Communication Technology into
Teaching and Learning in the

Eastern Cape Province,
South Africa

Zikhona Selekez

Abstract

This study aimed to investigate the integration of Information Communication
Technology (ICT) during the teaching and learning encounter in the Eastern Cape
province of South Africa. The study employed a qualitative approach guided by a case
study design. The population of the study comprised teachers of one secondary school
and its feeder schools in the OR Tambo inland district. The sample size for this study
was three principals and nine computer teachers of the senior secondary school and its
two feeder schools. An open-ended interview schedule was used for the face-to-face,
in-depth interviews on the extent of the implementation of computer integration into
teaching and learning in the selected schools in the OR Tambo inland district. Schools
must enable a culture of computer-integrated teaching and learning to meet diverse
needs. ICT integration training, competence and appropriate software and materials
need to be attended to in a considerable way.

Keywords: ICT, integration, teaching, learning, computer-integrated teaching

1. Introduction

Supporting school teachers to integrate technology into schools’ self-efficacy can
have a significant impact on future success and the proper use of technology within
the school system for cognitive learning [1]. Klein and Richard [2] accentuate the
phenomenon of the digital divide, which is conceived as ‘a situation where some
populations have access to ICTs while others have very little or no access at all which
can impact negative on cognitive skills’. Mietule et al. [3] also assert that the use of
ICTs in education is hoped to expand education to remote places and, consequently,
help bridge the digital divide and thus enable positive metacognition, especially when
adopting ICTs in teaching and learning. The twenty-first-century society is driven and
shaped by computers, and thus, cognitive learning in chronicling ICT in teaching and
learning is core. This has a huge impact on the way people live in modern society. For
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example, ICT has literally changed the way we study, work, entertain ourselves,
conduct our business affairs, find information, etc. The present researcher developed
an interest in this study to explore more on the selected schools which are still
underprivileged and have limited computer facilities to implement computer-
integrated teaching and learning.

Information technology can take over the traditional presentational and
organisational roles of teachers. This has implications for both teachers and learners; it
can provide an additional or alternative source of knowledge and information, which
may reduce the dependency of learners on the teacher. The integration of computers
into teaching and learning in schools will free up the teacher’s time and enhance
students’ repertoire of learning skills; the integration will also enable greater student
autonomy. This would also allow students to maximise their active role in learning.

Although computer integration has been implemented to rectify the past, most
schools in the deep rural areas of the Eastern Cape Province of South Africa are still
under-resourced as compared to schools in the urban areas. Hassan and Mirza [4], in their
paper about digital literacy in Teachers of the Schools of Rajouri, reflect that there is no
doubt that Information Communication and Technology can aid the instructional process
and facilitate learners learning in the classrooms as metacognition in ICT adoption is
carried through. This chapter, therefore, intends to investigate the integration of ICT
during the teaching and learning encounter in the Eastern Cape province of South Africa.

2. Literature review

Around the world, globalisation and the increasing spread of ICTs have had an
immense impact on all spheres of life, including education [5]. However, due to
different levels of development, different countries across the globe have varying
levels of capacity to take advantage of ICTs. In general, developed countries, such as
the United States, countries in West Europe and countries in the East, can harness the
potential of ICTs for both economic and social purposes (including educational devel-
opment), whereas developing countries in South America and Africa are struggling to
embrace the same technologies. The concept of the digital divide is often used to
describe this phenomenon [6]. Africa is a developing continent. The lack of a devel-
oping infrastructure for information and communication technologies is widening the
gap between Africa and the rest of the world [7]. In response to this underdevelop-
ment, Jiboku and Osifo [8] argue that Africa has adopted a renewal framework, the
New Partnership for Africa‘s Development (NEPAD), which identifies ICTs as central
in the struggle to reduce poverty on the continent. Padayachee [9] argues that ICTs
have the potential to overcome barriers causing social and geographical isolation,
increase access to information and education, and enable the poor to participate,
making an impact on their lives. With the advent of democracy in South Africa, the
adoption of the country’s new constitution provides a basis for curriculum transfor-
mation and development [10]. The constitution states that everyone has the right to
further education, which the state, through reasonable measures, must make progres-
sively available and accessible. However, more than 10 years into the new democracy,
the legacy of apartheid continues to be felt in the education system [11]. In the
apartheid regime, institutions were built under the previous administration on the
basis of race, and apartheid theory and structural inequality were pervasive. As a
result of the unequal distribution of resources, historically black schools are frequently
under-resourced, whereas so-called historically white schools are frequently equipped
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with full-fledged resources. This situation negatively impacts on the quality of teach-
ing and learning to the extent that employers and the higher education (HE) sector
have no confidence in the programmes offered in further education and training
(FET) institutions. In addition, how the official curriculum is delivered also needs to
be addressed. Many teachers regard themselves as the only bearers of knowledge and,
therefore, rely on teaching methods that do not engage learners in active learning.
Teachers are often also preoccupied with the race to complete the syllabus in prepa-
ration for the examinations, resulting in learners’ prior knowledge not being
acknowledged sufficiently. The ultimate result is learning experiences that are
uninspiring. The Thintana project aims to make educators computer-literate through
School Net [12]. The Thintana I-Learn project operates in Gauteng, the Northwest,
Kwa-Zulu Natal, the Eastern Cape, the Northern Cape, Mpumalanga and the Free
State. Stilwell, C. Bel [13], in their paper on Information Needs of Learning at
Emzamweni High School, Inadi, South Africa, provides an explanation that the
Thintana project equips schools with infrastructure and technical programmes. So far,
it has equipped more than 200 schools all over South Africa [14]. Thintana trains
trainers in all provinces. They also conducted a mentoring course that trained 141
mentors. The Intel Project is an organisation that impacts free teaching and learning
resources for learners worldwide [15]. Intel Corporation has invested over $1 billion
worldwide in this education initiative. Intel enables the design and delivery of inno-
vative technology solutions [16]. Intel offers classroom tools and resources that inte-
grate technology to better equip learners with twenty-first-century skills. Interactive
Learning provides quality multi-media learning resources free to students and
teachers throughout the UK, Ireland and a few other countries, emphasising math and
science from Grades 7 to 12. It also provides educational technology solutions by
giving information on how schools can improve the quality and delivery costs of
educational services through these solutions. At the OR Tambo inland schools in the
Eastern Cape, the purpose of the Intel Project is to take computers to classrooms and
teach academic subjects using computers. The vision of one of the selected schools in
OR Tambo inland was to provide quality education to learners from Grade 10 to Grade
12, to uplift and empower them to play a responsible and meaningful role in society,
both nationally and internationally. The researcher should see from the vision of one
of the selected schools in OR Tambo inland to provide quality education to learners
from Grade 10 to Grade 12. The school is committed to computer-assisted education,
as providing students with opportunities for acquiring computer literacy skills was
one of the primary objectives of the selected schools. To this end, those schools plan to
introduce computer science as an academic subject for Grades 10-12 as part of their
2030 vision. The principal and staff are dedicated to these ideas, striving to give their
best, providing the best opportunities and life experiences, and acting in a manner
that is professional and caring. It is envisaged that on a weekly basis, learners from
Grades 10 to 12 will have to attend compulsory one-hour computer classes, but this
has not yet been implemented due to a lack of resources. In South Africa, as far as
improving the quality of life of citizens is concerned, e-education assumes a pivotal
role [17]. According to the draft white paper on e-education, it is about connecting
learners and teachers and providing professional support services and platforms for
learning. The South African education system is now undergoing dramatic changes
[18]. The previous education system was ill-suited to the needs of its children. During
the last few years, however, both the government and private organisations have
come forward to make our education system a modern one. The government’s Draft
White Paper on e-Education has highlighted the contributions made by some
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organisations towards the South African education system [19]. This chapter will adopt
the evolutionary model of the integration of computer-assisted education, as shown in
Figure 1. An evolutionary model of the integration of computer-assisted learning with
four phases is demonstrated in Figure 1. The integration of computer-assisted education
is neither computer literacy nor computer awareness. It means using the computer
which is the best medium to support the learning goal [20]. Ran and Secada [21] aver
that integrating computer-assisted education implies a move towards a different kind of
teaching. A whole-school awareness looks at the aims of general secondary education:
meeting new demands of society in students skills, reforming the curriculum, training
teachers in new skills, internal school organisation, hardware provision and mainte-
nance, stabilising funding policies, support by technical staff, equity of access for all
students, software development and provision, development and provision of comple-
mentary materials, and copyright policies of software.

3. Methodology

In this research, the qualitative method of research was used. The primary goal of
the researcher using this approach was to define, describe, interpret and understand
the behaviours of the participants regarding the extent of implementation of

Figure 1.
This evolutionary model represents a gradual progression from conventional teaching methods towards a
sophisticated integration of technology and metacognitive strategies in education.

220



Chronicling Information Communication Technology into Teaching and Learning...
DOI: http://dx.doi.org/10.5772 /intechopen.113790

computer integration into teaching and learning in selected schools in the Mthatha
District. The researcher mainly used the qualitative research method of data collec-
tion. Hennink et al. [22] point out that when the researcher is interested in seeking to
investigate a phenomenon that requires more descriptive data, the qualitative research
method is usually used. It employs strategies of inquiry that involve collecting data to
the best of a research problem. The qualitative research method is used as a major
form of collecting data. The qualitative research design used in this study is a case
study. Case study research provides a unique example of real people in real situations,
enabling readers to understand ideas more clearly than by simply presenting them
with abstract theories or principles [23]. The population for this study comprised all
15 teachers of one selected secondary school and 32 teachers of the selected junior
secondary schools. The researcher used face-to-face, in-depth interviews. The inter-
views were used to gather in-depth information about the viewpoints and opinions of
the respondents regarding the extent of implementation of computer integration into
teaching and learning in selected schools in the Mthatha District. Archibald et al. [24]
highlight that qualitative interviews may be used either as the primary strategy for
data collection or in conjunction with observation, document analysis or other tech-
niques. The researcher initially sought permission from the respondents to use an
audiotape to collect data from them. The respondents agreed to take part in the study
by signing informed consent forms to document their consent to participate in the
study. The participants were interviewed, and their voices were captured through the
use of an audiotape. Each interview took place at either the principal‘s office or the
deputy principal‘s office, depending on the venue that was allocated to the researcher
by the individual school management teams. These offices were used because of

the quiet and comfortable environments they provided for the interviews. The
researcher started the individual interview by establishing rapport with each of the
interviewees. An explanation was given to each of the interviewees that the purpose
of the interview was to investigate the integration of information and communication
technology during the teaching and learning encounter in the Eastern Cape, South
Africa. Hubbard [25] states that qualitative analysis involves working with data,
organising it, breaking it into manageable units, synthesising it and searching

for patterns. A qualitative data analysis process was followed to treat and analyse

the data.

Question 1a: Could you please tell me if and how teachers in this school use computers to
assist them in teaching and learning in the class?

About 83% (10) of the participants highlighted the following as the ways in which
computers assist them in the teaching and learning processes in the classrooms:
teachers use computers for investigating issues concerning teaching and learning in
their learning areas; teachers use computers to assist them in setting questions for tests
and examinations and teachers also use the Internet to surf and download question
papers for classroom practices. The above is supported by the following excerpts.
Respondent 1 (Principal): teachers use computers to set questions for class tests and to
also do investigations on the Internet.

Respondent 1 (teacher): We download question papers from the Internet using
computers. Two participants (17%) said teachers did not use computers to assist in the
teaching and learning process in the classrooms. This is supported by the following
examples:

Respondent 3 (Principal): We do not use computers to assist us in teaching and
learning in this school. Respondent 7 (teacher): teachers do not use computers for
teaching and learning in the class.
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Question 1b: In what ways do learners use computers to assist them in the learning
process in this school?

Seven participants (58%) clearly stated that learners in their classrooms did not use
computers in the learning and teaching process in their schools. That is, only the
teachers used the computers to type question papers. These participants also
highlighted the point that learners did not use computers in the schools because there
was no one with the skills or who was computer literate to teach them. The following
examples support this:

Respondent 1 (Principal): Our learners do not use computers in this school.
Respondent 5 (teacher): learners in this school do not use computers because they are
not computer literate. Five participants (42%) said their learners used the Internet to
Google information for their assignments, but that was not a regular occurrence.

Respondent 2 (Principal): Our learners use computers to help them type their
assignments and to Google relevant topics and concepts. Respondent 3 (teacher): not
regular because their computers are not enough.

Question Ic: What is the positive impact on and significance of computers for modern
ways of teaching and learning in schools?

All 12 participants (100%) listed the following as the main reasons for the positive
impact of computers on modern ways of teaching and learning in classrooms: com-
puters help learners to do research and work independently of their teachers; com-
puters help teachers and management to store and save important information about
learners and teaching for future retrieval; computers make teaching and learning
simple; computers also help both teachers and learners to access the world out there;
the use of computers is easy and uses less time-consuming papers and resources. The
excerpts below support these:

Respondent 3 (Principal): The significance of computers in our schools is that
computers make teaching and learning easier, require less paperwork and learners
love seeing us working on the computers.

Question 1d: What is the state of the availability of computer facilities for both
teachers and learners in this school?

Ten out of 12 participants (83%) said their schools only had a few computers (e.g.,
only four computers for a whole school), and this number was insufficient; in addi-
tion, there were no Internet facilities. This is supported by the following examples of
responses:

Respondent 2 (Principal): It is very limited; we have only eight computers, and out
of these, only four are functioning.

Respondent 8 (teacher): The state of computer facilities is not in good
condition; computers are also scarce in our schools. An insignificant number
(17%) claimed there were no computers in their schools — not even one. The example
below supports this: Respondent 9 (teacher): the state of computer facilities in this
school is unhealthy; this is due to the fact that we do not have computers in this
school.

Question 2a: What do you say about the view that rural schools ave less empowered
compared to schools in urban areas in terms of computer integration and learning
availability?

All 12 participants (100%) attested to this statement, that is, rural schools were less
empowered compared to schools in urban areas in terms of computer integration and
availability. These participants went as far as to say that the government had ignored
their schools and was not concerned about rural schools, and as such, no computer
facilities were available in the rural schools for integration. They stated that most
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teachers become computer literate at tertiary institutions but cannot use these skills in
rural schools because of a lack of computer facilities. The following comments support
these views:

Respondent 1 (Principal): In this case, the rural schools are ignored completely by the
government and other stakeholders. Respondent 5 (teacher): I strongly believe that rural
schools are less empowered due to the fact that they are illiterate; they are ignorant
about the wonders of computers, the lack of electricity and government support.

Question 2b: Could you please tell me if there is any assistance from the Department of
Education in terms of computer integration in this school?

About 83% of the participants claimed there had never been any assistance from
the Department of Education to integrate computers into teaching and learning in the
schools, and that was ignorance on the part of the Department of Education. The
following excerpts support this:

Respondent 3 (Principal): There is no assistance to teachers and learners in com-
puter integration because we and the Department of Education lack the knowledge
and skills in computer integration.

Respondent 3 (teacher): It is the wish of the department, but they do not assist at
this school. Two (17%) of the participants believed the Department of Education had
assisted schools by training a few teachers in computer literacy, but the challenge was
that there were no computer facilities in the schools for these teachers to train others
and that only one laptop was available in each of the schools. This is supported by the
following opinion:

Respondent 2 (Principal): There are some teachers who have been trained to imple-
ment computer integration in the schools, but there are no computer facilities in the
schools. Question 3a: What can you say about the training offered to teachers and
learners concerning the integration of computers in schools? Has there been any
training for teachers in computer integration by the department or any other organi-
sation in the schools? This is supported by the following excerpts:

Respondent 1 (Principal): There has not been training for both teachers and learners
yet, so they need to be trained.

Respondent 5 (teacher): No, in this school, only one teacher is computer literate, and
she did this course in her private studies. The department did not assist her. Two
participants (17%) said there had been training for a few teachers in order to integrate
computers into their teaching and learning, but they categorically stated that there
were no computer facilities for these teachers to implement the skills and knowledge
obtained. Examples below support this:

Respondent 2 (Principal): Yes, there has been training, but the challenge is the
implementation after they have been trained.

Question 3b: What plans are in place to implement and integrate computers into the
teaching and learning process in this school?

Seven of the participants (58%) stated that there were plans to introduce
computer-integrated learning in their schools and to employ an IT teacher, but the
impediments were that there were neither computer facilities in the schools nor
support from the department or other organisations. The examples below support this:

Respondent 2 (Principal): We intend to introduce computer applications in 2015,
starting in Grade 8, but the challenge is that we do not have computer facilities in this
school. Five of the participants (42%) said there were no plans in place for them to
implement computer integration into the teaching and learning process in their
schools because they lacked funds to purchase computers and that the government
would not assist the schools. This is supported by the excerpts below.
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Respondent 3 (Principal): We do not have any plans because we do not have
the funds to buy computers, and we do not think the government will ever provide
us with computers. It will be a plan that will not do us any good because there are
no computers. Respondent 4 (teacher): There are no plans at the moment at this school.

Question 4a: What do you have to say concerning teachers’ perceptions, resistance to and
reluctance to implement computer integration in the classroom?

Five of the participants (42%) said there were signs of resistance and mentioned
ignorance on the part of teachers who did not want to integrate computer-managed
learning into their classes. Others said they did not want to be carrying around laptops
(belonging to the department), which do not belong to them, and that the lack of
computer facilities also contributed to teachers’ reluctance and resistance to integrat-
ing computers into their schools. These participants also highlighted the view that
some teachers claimed the use of laptops and overhead projectors in class was a waste
of time because of the limited time per module in the class.

The following comments support the above opinions:

Respondent 2 (Principal): Yes, there is resistance due to the fact that we do not have
computers in these schools and due to the fact that we are ignorant about the impor-
tance of computer integration. Seven of the participants (58%) believed teachers
were not reluctant and resistant to integrating computer learning into their
teaching and that teachers really wanted to integrate computers into the teaching and
learning in the classes and were always calling for the repairs and installation of
computers in the schools to facilitate teaching and learning. This is supported by the
following:

Respondent 1 (Principal): No, there is no resistance because teachers are interested
in implementing computers in their classes. Respondent 3 (teacher): Teachers are
always calling for the servicing of the computers (installation of updated software) in
the schools, which can draw the attention of the learners to also use the computers for
easy teaching and learning.

Question 5a: Could you please mention the challenges that schools, teachers and learners

face in their attempts to implement computer integration in schools?

All 12 participants (100%) mentioned the following as challenges faced by schools
in implementing computer integration into the classrooms: lack of computer facilities
and resources; lack of funds to buy computers and to train staff; lack of support from
the department; lack of Internet facilities and the high cost of connecting to the
Internet; software programmes; teachers’ work overload and limited time; theft; lack
of workshops and training in IT. The following excerpt supports this:

Respondent 2 (Principal): The challenges are facilities and resources, including
computers and funds, to implement this.

Respondent 1 (teacher): There are no up-to-date computers in our schools; Internet
connectivity too is expensive, and the government does not want to provide us with
computer facilities.

4. Discussion

The findings revealed that the principals and the computer teachers had an under-
standing of the purpose of the research. They were honest in their responses. The main
findings and themes are illustrated in Figure 2; the following will be the discussion.

Computers have a positive impact in schools: they help learners do research and
work independently of their teachers. They also help teachers and school managers
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QUALTTATIVE
THEMES FINDINGS

COMPUTERS HAVE A POSITIVE IMPACT IN SCHOOLS: THEY
HELP LEARNERS GO RESEARCH AND WORK INDEPENDENTLY
OF THEIR TEACHERS.

METACOGNITION AND INSTILLING
THE CULTURE OF TECHNOLOGY IN
SCHOOLS

METACOGNITION IN ADOPTING
INFORMATION COMMUNICATION
TECHNOLOGY IN TEACHING

STUDENT METACOGNITIVE SKILLS
AND THE USE OF ICTS

Figure 2.

Qualitative themes that serve as a framework for understanding the nuanced impacts, challenges, and
opportunities associated with funding for metacognitive strategies in education, providing valuable insights into
their effectiveness and potential areas for improvement.

store and save important information about learners and teaching. They are adminis-
trative tools. Schools had insufficient computers. Rural schools were less empowered

as compared to schools in urban areas in terms of computer integration and availabil-
ity. The Department of Basic Education (DBE) has ignored rural schools, and as such,
no computer facilities were available in the rural schools for integration.

There had been hardly any training for teachers in computer integration in these
schools by the Department of Education or any other organisation. There had, how-
ever, been training for a few teachers in integrating computers into teaching and
learning, but there were no computer facilities for these teachers at schools to imple-
ment the skills and knowledge they had acquired. There were plans to introduce
computers, but there were no computer facilities in the schools and no support from
the Department of Education or other organisations. Schools lacked funds to purchase
computers, and the DOE did not want to assist the schools. Many teachers were
ignorant about computer integration into their classrooms. Teachers did not want to
be carrying DOE laptops around. The lack of computer facilities contributed to
teacher’s reluctance and resistance to integrating computers into their schools.
Teachers claimed the use of laptops and overhead projectors in class was a waste of
time because lessons were too short.
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4.1 Strategies that hold promise for improving school principals to guide rural
education reform in implementing computers in teaching and learning

The challenges faced by schools in implementing computer integration into the
classrooms were: lack of developing infrastructure for information and communica-
tion technologies is widening the gap between Africa and the rest of the world [7];
lack of computer facilities and resources; the complaint brought was that school
principals are not guiding rural education reform in the implementation of computer-
integrated education; therefore, practical strategies are to be brought to aid this
venture. Lack of funds to buy computers and to train staff; therefore, Masum et al. [6]
reflect that the concept of the digital divide is often used to describe the phenomenon
guiding rural education reform in the implementation of computer-integrated educa-
tion. Principals must aid in ensuring that rural reform in adopting ICTs is not
compromised. There is a lack of support from the department; therefore, principals
are the only trusted stakeholders in schools in channelling this to the ICT section of
the basic education department to eliminate concerns that, more than ten years into
the new democracy, the legacy of apartheid continues to be felt in the education
system [11]. In this challenge, principals are to adopt strategies for the establishment
of ties with the Department of Communication, but a guide on how each school
principal will aid rural education reform in the implementation of Internet facilities in
teaching and learning needs to be drawn. High cost of connecting to the Internet,
teachers’ work overload, lack of computer laboratories and lack of trained teachers to
handle computer-integration implementations in schools; with regard to this, the
researcher’s view is if school principals are equipped with strategies for improving
rural education reform in implementing computers in teaching and learning by their
respective education specialist then ICT enhanced teaching and learning in schools
will not be compromised this aligned researchers highlighting that South African
education system is now undergoing dramatic changes [18].

4.2 Metacognition and instilling the culture of technology in schools

It is important to know that computers are efficient classroom tools that can
enhance education if used to benefit student learning and achievement, Ran and
Secada [21] aver that integrating computer-assisted education implies a move towards
a different kind of teaching. Integrating technology and education provides students
with a global approach to learning and communicating. This book chapter, however,
revealed that very few teachers used computers in the schools to assist in the teaching
and learning process in the classrooms. Padayachee [9] argues that ICTs have the
potential to overcome barriers causing social and geographical isolation, increase
access to information and education, and enable the poor to participate, making an
impact on their lives. A teacher had this to say: teachers do not use computers for
teaching and learning in class. There had been hardly any training for teachers in
computer integration in these schools by the Department of Education or any other
organisation. Learners in schools did not use computers in the learning and teaching
process in the geographical area where the study was conducted. The study revealed
that the teachers used the computers to type question papers for the classes. The book
chapter also revealed that learners did not use computers in the schools because of a
lack of skills, and few were sufficiently computer literate to teach others in the schools.

Learners in this school do not use computers because they are not computer
literate. This sentiment was expressed by a teacher and highlighted the absence of
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skills required to teach learners to use computers. The researcher’s opinion is that
instilling the culture of technology in schools through amending school policies and
being informed by an educational white paper on e-education in terms of how
teachers are to utilise the school ICTs that are rollout by the Department of Education
and monitoring of how those policies are implemented in school can instil the culture
of technology-enhanced teaching in schools.

4.3 Rural schools lack computer-integrated skills

Schools had insufficient computers, and existing computers were not connected to
the Internet. This was what a teacher had to say: a few computers are not in good
condition, and these too are not connected to the Internet. The most common reason
for not implementing technology-integrated lessons was that the necessary computers
were not available regardless of pivotal role and benefit metacognition by using ICT to
aid in twenty-first-century learning. Heimbiirger et al. [17] noted that in South Africa,
as far as improving the quality of life of citizens is concerned, e-education assumes a
pivotal role. The most common reasons given for not implementing a technology-
integrated lesson in most schools were that the necessary computers were not avail-
able, software was not available, there was no Internet connection, there was too little
preparation time, and there was a lack of technical and administrative support.

4.4 ICT integration training, competence, equipment and appropriate software
and materials

The challenges faced by schools in implementing computer integration in the
classrooms appeared to be a lack of computer facilities and resources, a lack of funds
to buy computers and train staff, a lack of support from the DOE, a lack of Internet
facilities, and the high cost of connecting to the Internet. Teachers complained of
work overload, a lack of computer laboratories, a lack of trained IT teachers to handle
computer integration implementations in schools, a limited time possibility of theft,
and a lack of workshops and training in IT. Mietule et al. [3] also assert that the use of
ICTs in education is hoped to expand education to remote places and, consequently,
help bridge the digital divide and thus enable positive metacognition, especially when
adopting ICTs in teaching and learning. The department is not ready to furnish the
schools with computers; there are no computer laboratories, and there is a lack of
trained teachers to handle computer integration implementations in schools. This
view was from a teacher.

4.5 Adoption of information and communication technology in teaching and
learning activities

There had not been training for teachers in computer integration by the DOE or
any other organisation in the schools. A principal had this to say: there has not been
training for both teachers and learners yet, so they need to be trained. A teacher had
this to say: it is the wish of the department, but they do not assist in this school.
Bahrini and Qaffas [7] assert that the lack of a developing infrastructure for informa-
tion and communication technologies is widening the gap between Africa and the rest
of the world. It is important to highlight that few teachers have been trained to
integrate computers into their teaching and learning processes, and in fact, there are
no computer facilities for these teachers to implement their skills and knowledge.
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There are some teachers who went for training, but practising the skills is where the
challenge is. This was from a teacher.

5. Metacognition in adopting information communication technology in
teaching

If teachers use computers effectively for teaching and learning to help learners,
teachers would use computers for investigating issues concerning teaching and learn-
ing in their learning areas, teachers would use computers to assist them in setting
questions for tests and examinations, and teachers would also use the Internet to surf,
download question papers for classroom practice, and access the global world. Com-
puters would help learners to do research and work independently of their teachers;
computers would help teachers and school managers to store and save important
information about learners and teaching for future retrieval and computers would
make teaching and learning simpler and easier. They also help to save time, paper and
resources. Teachers will appreciate the use of laptops and overhead projectors, not
considering them a waste of time. Teachers would also not be reluctant or resistant to
integrating computers into their teaching.

6. Student metacognitive skills and the use of Information and
Communication Technologies (ICTs)

There could also be the availability of funds to buy computers and to train staff,
provided support from the department is given, which can possibly lead to the avail-
ability of Internet facilities. This may have the potential to improve student
metacognitive skills when adopting ICTS. Teacher’s work overload would also be
considered to cater for student cognitive development when adopting ICT in learning.
Lack of computer laboratories and lack of trained teachers to handle computer inte-
gration implementation in schools would be addressed carefully, and student
metacognitive skills could be taken seriously by the DOE.

7. Conclusion

This book chapter sets out to investigate the integration of information and com-
munication technology during the teaching and learning encounter in the Eastern
Cape, South Africa. Although computer integration has been implemented to rectify
the past, schools in deep rural areas in the OR Tambo inland seem to be less equipped
as compared to schools in urban areas. Schools in education must enable the culture of
computer-integrated teaching and learning through workshops for diverse needs.
Strategies that hold promise for improving school principals to guide rural education
reform in implementing computers in teaching and learning to assess the viability of
their own activities and facilitate improvement in computer integration in schools
need to be implemented. Rural schools lack computer-integrated skills. ICT integra-
tion training, competence, equipment and appropriate software and materials are the
issues that need to be addressed by the Department of Basic Education to aid in the
clear adoption of information and communication technology in teaching and learning
activities in general.
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8. Recommendations

This study has highlighted the extent of implementation of computer integration
in teaching and learning in selected schools in the OR Tambo inland district. Based on
these findings, the researcher wishes to present the following recommendations:
schools, in conjunction with the Department of Education, must instil a culture of
computer-integrated teaching and learning in schools through workshops where both
teachers and learners will acquire the necessary computer literacy skills to allow for
the diverse needs and varying ability levels of students to be met. Non-governmental
organisations, school governing bodies, donors, and the Department of Education
must combine to raise funds to purchase and instal computers with Internet connec-
tivity in all schools in the Mthatha Education District. The Department of Education
must ensure that there is equal technology access for all schools in the country and
must go beyond that to empower and assist all rural schools in furnishing their
computer laboratories with the latest computer software, Internet connection, tech-
nical support and administrative support. The Department of Education must assist
schools in integrating information, communication, technology and education with a
global approach to enhancing learning and communication. The DOE must also assist
schools in purchasing educational computer games and computer software, interac-
tive whiteboards, LCD projectors and hand-held student devices that correlate with
the curriculum to provide teachers with ongoing student assessments and reports, to
create approaches to structuring instruction, and to create flexibility in presenting
information to students. The Department of Education must organise workshops to
train all teachers in computer literacy skills, including computer-integrated learning in
the classroom. Teachers must also be encouraged to go the extra mile in learning the
different computer programmes to assist in integrating the classrooms with technol-
ogy. Both the Department of Education and the School Governing Bodies must
include in their plans and visions the implementation of information, communication
and technology in the schools. Schools must also develop strategic plans and visions
for computer-integrated learning and teaching.

Appendix A: Interview schedule

Question la:

Could you please tell me if and how teachers in this school use computers to assist
them in teaching and learning in the class?

Question 1b:

In what forms do learners use computers to assist them in the learning process in
this school?

Question Ic:

What is the positive impact and significance of computers on the modern ways of
teaching and learning in schools?

Question 1d:

What is the state of availability of computer facilities for both teachers and learners
in this school?
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Question 2a:
Do you think that rural schools are less empowered as compared to schools in the
urban areas in terms of computer integrations and availability?

Question 2b:

Could you please tell me if there is any assistance from the Department of Educa-
tion in terms of computer integration in this school?

Question 3a:

What can you say about training offered to teachers and learners concerning the
integration of computers in schools? Has there been any?

Question 3b:

What plans are in place to implement and integrate computers in the teaching and
learning process in this school?

Question 4a:

What do you have to say concerning teachers’ perceptions, resistance and reluc-
tance to accept the implementation of computer integrations in the classroom?

Question Sa:

Could you please mention the challenges that teachers and learners in schools have
faced in their attempt to implement computer integrations in the schools?

Appendix B: Letter to district office

No 10 Sibangweni
Mthatha
5099

To

Eastern Cape Education: Mthatha district

Informed consent

I am currently busy with research on the topic: The educational needs of the 21st
century: A case study on the implementation of computer integration in teaching and
learning in fulfilment of the requirements for the degree of Master of Education (M.
ED) in Educational Management at the Faculty of Education in Walter Sisulu Univer-
sity. I therefore hereby request your consent in undertaking this research.

The following sample size has been identified for this study: The sample will
comprise of 3 computer monitors or teachers and 3 principals of the Circuit 5 of
Mthatha Education District||. The researcher is assuring you the strictest confidential-
ity and anonymity. No school or individual shall be identified in this study and at the
same time school programmes shall not be disrupted by this study. The researcher will
strive to be honest, objective and empathetic. The Department of Education will be
informed about the outcome of this study.

Thank you, in advance for your time and co-operation.
Yours faithfully
Researcher: Z Seleke
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Chapter 15

Metacognitive Strategies with
Deaf and Hard of Hearing (DHH)
Individuals and Ways to Assess
Them

Ali Hamad Albalhareth

Abstract

This brief chapter examines the metacognitive strategies that deaf and hard of
hearing (DHH) students utilize to make sense of texts. After providing an overview
of the definition and history of metacognition, this chapter reviews current studies on
metacognitive strategies, which can be divided into three main categories: planning or
before reading; monitoring or during reading; and evaluating or after reading strate-
gies. This chapter emphasizes the importance of linguistic knowledge and vocabulary
knowledge to reading comprehension. Because metacognitive strategies are vital to
reading comprehension, teachers must assess students’ metacognitive strategies and
use the results to design reading comprehension instruction. This chapter also dis-
cusses metacognitive assessments used to evaluate metacognitive strategies, including
interviews, questionnaires, and think-aloud.

Keywords: reading comprehension, metacognitive assessments, deaf and hard of
hearing (DHH), prior knowledge, vocabulary

1. Introduction

The term metacognition emerged in the 1970s and is attributed to the well-known
cognitive psychologist John Flavel [1-6]. Metacognition has been recognized as one of
the most crucial areas in the field of cognition. Although the term is difficult to define
and assess, it refers specifically to people’s ability to control their own thinking by
thinking about their thinking (see [4, 7-13]).

Within the context of reading comprehension metacognition refers to individuals’
ability to apply their knowledge and different cognitive strategies to maximize their
comprehension (see [1, 4, 5]). One of the earliest studies on metacognition related to
reading addressed memory and metamemory, which refers to individuals’ knowledge
and awareness of their memory’s content and processes [8]; early work in reading
explained that reading comprehension can be fostered through metacognitive aware-
ness (see [14]; c.f,, [15, 16]). This chapter discusses this term with respect to reading
comprehension, prior knowledge, and vocabulary knowledge, specifically with
individuals who are deaf and hard of hearing (DHH).
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2. History of reading comprehension in relation to metacognition

Experts such as behaviorist Thorndike, and other scientists, such as Binet, Piaget,
and Vygotsky have discussed metacognition using various terms. Thorndike exam-
ined metacognition’ relation to reading comprehension by explaining that younger
children, such as those in sixth grade may be unable to understand the text that they
read automatically. Instead, they must learn to monitor their comprehension. In his
work Reading as Reasoning, he reported that vocabulary knowledge plays a significant
role in comprehending written texts [14]. Recently, Albalhereth et al. [4] argued that
children without sufficient vocabulary knowledge face a great challenge in making
sense of a text’s meaning; they claimed that DHH children may fail to understand a
text’s meaning, even if they are attempting to use different metacognitive strategies,
such as understanding the meaning by comprehending each individual sentence.

Alfred Binet also contributed to the field of metacognition and reading compre-
hension, particularly with respect to the efforts that readers make to comprehend
reading materials (cited in [14]; c.f.,, [17]). Binet’s work addressed the metacognitive
strategies that are categorized as evaluating or after-reading strategies. These strate-
gies, such as judging and critiquing texts, were discussed in Albalhareth et al’s [4]
work. The authors indicated that these strategies require a high level of skill, and they
reported that DHH individuals who are poor readers use these strategies the least.

Additionally, Swiss psychologist Jean Piaget discussed the earlier scholars who
also provided compelling evidence of metacognition. Piaget was among those who
were interested in the schema, which refers to the cognitive process in which readers
retrieve existing information and recall it to help them make sense of new texts they
read [18]. Schema is the ability to integrate and add new information to the existing
information they have (see [19]). Piaget explained that children may not be able
to fully understand a text because they monitor their comprehension poorly. For
example, Piaget [20] reported that many young children perform poorly when asked
questions about a story to which they have listened. Alsamari and Albalhareth [4]
explained that this is even more difficult for DHH children because when a story’s
content is conveyed through sign language or speech, receivers must memorize it. Yet,
when the content is written out, the readers are able to reread the text and have more
time to make sense of the information (see [21]; c.f., [22]).

In one of Vygotskys studies in the 1930s, he explained that social interactions
with more knowledgeable individuals increased less knowledgeable individuals’
metacognitive strategies [23]. Similarly, Albalhareth et al. [4] investigated the way
that peer tutoring and class discussion can increase DHH students’ reading compre-
hension. They argued that the thinking together strategy, which is a type of reading or
monitoring strategy, helps students to understand the text by sharing their ideas with
others and explaining their understanding of the texts to their peers.

As previously mentioned, two areas that contribute to reading comprehension
are vocabulary and prior knowledge [4, 24]. For DHH students, early acquisition of
sign language is important for language, literacy, and academic outcomes [25]. Prior
knowledge includes three areas: vocabulary knowledge, contextual knowledge, and
structural knowledge. As stated previously, readers must have a sufficient vocabu-
lary to comprehend the text. Furthermore, readers must possess some awareness
of the particular content that they are reading; for instance, if the content is about
physics, the readers must have some knowledge of this area to understand the
text. Finally, readers must have some knowledge of the content’s structure, which
includes the text’s grammar and syntax. Readers must be familiar with the grammar
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to be able to make sense of the passage that they read. Albalhareth et al. [4] reported
an instructional practice that teachers of DHH students use in which they read the
passage in English and then translate it into American Sign Language (ASL). This

is referred to as “Read in English and translate into ASL”. This pedagogical method
helps teachers to make a complex reading passage easy to understand. Further, it
increases DHH students’ familiarity with the vocabulary and enhances their schema
knowledge. As will be covered in the following section, previous studies have also
demonstrated the importance of increasing individuals’ vocabulary knowledge to
enable them to use appropriate metacognitive strategies that help them to compre-
hend the texts (c.f., [5, 24, 26]).

3. Metacognitive knowledge

Metacognition includes two components (see Figure 1), the knowledge of
metacognition and metacognitive regulation (e.g., [1-4]). Metacognitive knowl-
edge refers to the awareness of what one does and does not know [28]. McCormick
[29] divided metacognitive knowledge into three separate components. The first is
declarvative knowledge, or what the readers know about the texts they read [3, 30]/
second, procedural knowledge, involves the ability to apply their knowledge by
using a particular strategy effectively and efficiently to complete a given task
[31]. For instance, readers may find it useful to look at pictures or headings before
they begin to read a passage, while others may prefer to re-read the previous
sentence to understand the current sentence that they are reading. Finally, the
third element of metacognitive knowledge is conditional knowledge, which refers
to readers’ knowledge about the what, where, when, whom, how, and why that is
necessary to use a particular metacognitive strategy; it also refers to the readers’

Types of Metacognition

} ,

Metacognitive Knowledge or Metacognitive Regulation or
Awareness Control
Planning Monitoring Evaluating
Self Task Task Strategies or Strategies or Strategies or
Characteristics Characteristics Relevance Before During After
Reading Reading Reading
Strategies Strategies Strategies
Figure 1.

Metacognitive types based upon [1-4, 27].
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ability to understand the situation, which strategy would be best, why they should
use this strategy, and how to apply the particular strategy to make sense of the
text [3, 32].

Other scholars have divided metacognitive knowledge differently, indicating that
knowledge contains three elements: self-characteristics, task characteristics, and task-
relevant strategies [3, 27, 29, 31]. Self-characteristics include the ability to read and the
skills required to reach the goal of learning. Task characteristics are related to reading
levels and the material’s difficulty, and they also involve the reader’s familiarity with
the reading tasks. Finally, task-relevant strategies refer to the metacognitive strategies
that readers must use to comprehend the text [29].

4. Metacognitive regulation

This section explores the second component of metacognition, known as
metacognitive control or regulation, which includes three types of metacognitive
strategies used in the context of reading comprehension (see Figure 1). The field
of reading comprehension received much attention from researchers and scholars
40 years ago [12]. More recent research has investigated how metacognitive regula-
tion strategies facilitate reading comprehension, particularly for DHH students.
These strategies are comprised of three categories: planning or before reading;
monitoring or during reading, and evaluating or after reading strategies (see
Figure1) [4,5].

4.1 Metacognitive planning strategies

Metacognitive planning strategies are those that occur before reading (Israel [1].
Largely, these strategies help readers to use their prior knowledge to think about their
reading. As indicated earlier, prior knowledge consists of three elements [24], the
readers’ vocabulary knowledge, their knowledge of the text, and their knowledge
about the text’s structure and grammar; this may include morphological knowledge
as well [4]. Activating students’ prior knowledge by thinking about vocabulary,
particularly understanding the meaning of unfamiliar words, can help readers think
about the way that the vocabulary influences the text’s meaning. Albalhareth et al. [4]
explained that linguistics and vocabulary knowledge are the most critical components
of reading comprehension [33].

In addition, before reading, readers may think about the text and enhance their
understanding of it by connecting their previous knowledge to the text. During
classroom discussions before reading, teachers may ask their students to think
together about the reading’s subject as well, so that they can share their thinking with
other students, which could help students rethink the text by activating their prior
knowledge (see [4, 34]).

Albalhareth et al. [4] argued that developing DHH individuals’ knowledge and
skills in both sign language and English is critical. It is important to cultivate their
vocabulary and enhance their grammar knowledge by developing their syntax and
semantic knowledge in both English and ASL (see [4]) or Arabic and Saudi Sign
language (see [5]).

There are other metacognitive strategies that can fall under more than one
category, such as prediction and think-together strategies, which are known also as
metacognitive monitoring strategies or during-reading strategies.
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4.2 Metacognitive monitoring strategies

These are known also as during-reading strategies [1]. Van Kraayenoord [35] used
the terms metacognitive monitoring and metacomprehension interchangeably. These
strategies are used to evaluate the passage in relation to the readers’ linguistics and
prior knowledge about the text. Albalhareth and Alasmari [5] argued that monitoring
strategies are the most common metacognitive strategies in reading instruction, par-
ticularly for DHH readers. Previous work (e.g., [1, 2, 4]) discussed several metacogni-
tive monitoring strategies, such as peer tutoring or class-wide peer tutoring (CWPT),
which encourage students to exchange thoughts with each other to foster their reading
comprehension both in the general and special education classroom settings [36]. Peer
tutoring, which can be used in one-on-one learning and employed in special instruc-
tion, helps students to exchange ideas to practice thinking and repeating ideas together
([4]; c.£,, [37]). The terms peer tutoring and CWPT have been used interchangeably
[38] and include three monitoring strategies: predicting, self-questioning, and sum-
marizing the passage (c.f., [39-42]). Readers can benefit from working one-on-one
or in small group settings, where they are able to monitor their own learning process
[38, 43]. Albalhareth et al. [4] found several actions that occur while reading and
working with peers, including thinking together, and exchanging thoughts recipro-
cally, so they can monitor their understanding of the text [44, 45]. Other examples of
monitoring strategies are encouraging readers to predict words’ meaning by thinking
about the definition within the context of the individual sentence’s meaning or within
the overall context of the passage [1, 4, 5].

Look-back strategies are the most common strategies used by DHH students dur-
ing reading [18]. One such strategy includes readers re-reading the previous sentences
when they encounter difficulties understanding a word or the ideas in a certain
sentence. Readers also may read the entire paragraph and think about its meaning by
breaking down the ideas from individual sentences to determine the overall meaning
([4]; c.f,, [1, 2, 24, 26, 46]). Another look-back tactic readers may implement is to
keep reading and try to comprehend the meaning later, or they may underline the
words that they do not know and return to them later, determining their meaning
based on the text’s overall meaning. When text includes pictures reflecting ideas from
the reading, readers, particularly children, can use the pictures to help them under-
stand the text (e.g., [1, 4, 24, 26]).

In addition to thinking about the meaning based on pictures and/or context clues,
looking at the text’s heading or the title may help the readers clarify the passage’s
meaning [4]. Further, pausing their reading to look up a word’s meaning in a diction-
ary can also help them comprehend it (see [4, 5]).

The “read in English and translate into ASL” approach is another common meta-
cognitive strategy used by DHH learners. As reported by Albalhareth et al., DHH
readers can read the text in English and then they try to make sense of the reading
text in their first language, ASL. There are several monitoring strategies that can be
used before reading, such as prediction. Further, thinking together can be used before
reading, and summarization can be used after reading, while graphic organizers can
be developed to convey the text’s meaning (see [4]).

4.3 Metacognitive evaluation strategies

This category is also referred to as after-reading strategies [1]. Because they
require strong cognitive skills (e.g., evaluating, revising, and critiquing the text),
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metacognitive evaluation strategies are considered the most challenging and the least
used, likely because poor readers are unable to employ them. There are other variables
that can be related to these types of strategies’ use, such as the text’s difficulty and the
readers’ prior knowledge. For instance, readers must be able to evaluate and critique
the reading passage and identify the text’s difficulties and appropriateness by deter-
mining whether it is appropriate for the target readers. Further, they must evaluate
the text’s structure and grammar. More proficient readers and individuals with strong
cognitive skills can use these strategies, while younger or weaker readers are rarely
able to use them [1, 4, 27, 47].

Schirmer [24] explained three metacognitive evaluation strategies that strong
DHH readers can use: (1) expressing skepticism; (2) evaluating the author’s writing
style; and (3) judging whether the reading passage was interesting and enjoyable to
read. However, as claimed previously, these strategies are not used often. Accordingly,
more investigations of metacognitive strategies are needed, particularly to explain
DHH readers’ use of after-reading or evaluation strategies. The following sections
discuss metacognitive assessments.

5. Metacognitive assessment

Metacognitive assessment, defined as an individual’s process of cognitive evalua-
tion, is one of the most important strategies to discuss [48, 49]. In relation to reading,
metacognitive assessment can be defined as the thinking process that readers use to
assess a text and how they apply their metacognitive and self-regulation knowledge
(c.f., [4,50]). There is theoretical evidence of metacognition’s application in reading
comprehension, which is critical to understand students’ ability behaviors related
to reading practices. Metacognitive assessment outcomes allow practitioners to
determine the effectiveness of instruction, intervention, and methods to meet their
students’ needs. It also develops practitioners’ and teachers’ awareness and knowledge
of teaching metacognitive strategies [49]. Assessing readers’ metacognition helps
teachers to choose the most suitable instructions, activities, and materials before,
during, and after reading that will help students to learn the metacognitive strategies
that are critical in developing reading comprehension abilities [1, 4].

5.1 Reading comprehension in relation to metacognitive assessment

Comprehension integrates several skills that are difficult to assess. Similar to
mental processes, in which reading comprehension occurs within the reader’s brain,
metacognition also can be assessed only indirectly. As indicated previously, reading
comprehension and metacognitive assessments help to provide in-depth knowledge
about readers’ metacognitive strategies (e.g., [1, 4, 51]).

5.1.1 The use of cloze and related procedures

This assessment can assess both comprehension performance and metacogni-
tive knowledge. The test does not evaluate the types of metacognitive strategies that
readers use, but it helps to develop students’ skills by using tactics such as prediction
and look-back strategies [31]. LaSasso and Davey [34] used the cloze test to assess
DHH readers using multiple-choice and free-response questions. The readers were
assigned to one of two conditions to answer these types of questions, in which they
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were allowed to use lookback or no lookback. When the readers in the look-back
group were allowed to go back and review the information, it helped them to answer
the questions; however, those who were not able to use the look-back technique were
unable to confirm the correct information. The authors used a look-back strategy to
fill in the blanks in sentences and to answer multiple-choice questions. They found
that the participants relied mainly on the “visual matching” strategy to answer these
questions by matching the words in the question to predict the correct answer. This is
referred to as the guessing strategy, which is a random method to answer questions.
Further, readers could use the entire meaning or the context clues to fill in the blank,
which is an effective metacognitive strategy (see [4]).

There are other assessments similar to the cloze test. For instance, the What’s
the Problem? test requires readers to fill in the missing information in certain words
after they read the texts aloud. Block [31] stated that in the What’s the Problem? test,
readers need to fill in missing words rather than letters. The researcher can assess
readers’ visual imagery, context clues use, and prediction skills by using words with
missing letters [31]. However, prediction strategies may not allow readers to fill in
the missing words or letters correctly. Carroll [52] also claimed that the cloze test is
used to assess readers’ vocabulary and linguistics knowledge, although it gives more
information about readers’ syntax than their semantics knowledge. Albalhareth
et al. [4] emphasized that for readers with insufficient vocabulary and linguistics
knowledge, using metacognitive strategies, such as context clues strategies or
prediction strategies can be effective if readers are provided with sufficient prior
knowledge about the context and vocabulary in the texts, which would apply to the
What’s the Problem? test as well.

5.2 Metacognitive assessments instruction

There are three ways to identify metacognitive strategies [1, 4, 49]: interviews,
surveys and inventories, and think-aloud assessments. These three types of assess-
ments are valid ways to assess readers’ metacognitive strategies including those with
special needs, such as DHH readers (e.g., [1, 4, 53, 54]. These three assessments can
be used together with other activities before, during, and after reading and can be
combined to collect information on metacognitive strategies; for instance, readers can
be interviewed and asked to think-aloud, or they can complete a survey during the
interview, and the interviewer can clarify the questions and help them to complete the
survey [1, 4].

5.2.1 Interviews

Interviews are the most common assessment used to evaluate readers’ metacogni-
tive strategies, and it is appropriate for all readers with or without disabilities; it is
also suitable to use with children of all ages or adults [1]. The most important consid-
eration is using appropriate language during the interview. When interviewing DHH
children, it is important that the readers use fluent language, such as sign language.
Interviews can be used before reading by asking readers about the strategies they
can use; for instance, the readers can be informed about the topic and asked whether
they can use specific planning strategies, such as activating prior knowledge. This
is beneficial for teachers, as they may provide their students with the necessary
knowledge about the text to enhance their prior knowledge. Interviews can be used
during reading and after reading as well to assess readers’ monitoring and evaluating
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strategies (see [4, 47]). Compared to other assessments, interviews are useful for
two major reasons (see [1]). First, using open-ended questions to assess readers’
metacognitive strategies allows researchers and practitioners to identify the meta-
cognitive strategies that readers use and obtain more details about them. Second,
it helps researchers and practitioners to identify the most effective strategies that
are used depending upon the readers’ age and types of texts, such as narrative or
explanatory [4].

Both formal and informal interviews are useful, as they help to obtain details
about readers’ metacognitive strategies. Interviewers may develop open-ended
questions appropriate for the participant’s age and language skills; further, they may
ask follow-up questions to clarify the readers’ responses and obtain more knowledge
during the interview that could be helpful, such as readers’ behavior [4, 16, 49].

5.2.2 Surveys or questionnaires

Surveys, questionnaires, and inventory data collection tools are the most use-
ful methods to learn about behaviors and metacognitive reading strategies read-
ers use before, during, and after reading [1, 4]. Surveys can help researchers and
practitioners collect more information in less time, and because the survey can be
developed with multiple-choice questions, readers do not have to spend as much time
responding compared to open-ended questions. Additionally, they can be used with
one reader, smaller groups, or large populations [48]. Checklists or multiple-choice
questions be used with individuals with or without disabilities. However, it is critical
to develop suitable questions that are clear for the target participants. Thus, practitio-
ners may need to develop visual cues to help readers comprehend the questions and
their purpose easily. With DHH readers, pictures may be used to clarify questions for
them. Moreover, surveys can help researchers collect more information if they are
combined or used together with other assessment methods, such as interviews [53].
Researchers are able to clarify questions for DHH readers using sign language. Most
importantly, the readers need to understand the interview’s purpose and be given the
directions necessary to complete the assessment, particularly for DHH children, so
that they can provide accurate responses.

5.2.3 Think-aloud

The think-aloud assessment was developed as a tool to collect information about
cognitive processes and abilities, such as metacognition. Interviews and think-aloud
are the most common tools used to assess metacognition’s dimensions [1, 55, 56]. A
verbal report is a think-aloud tool that can be conducted with individuals with special
needs (e.g., DHH) and individuals without disabilities (e.g., [4]). The verbal report
can collect information about metacognitive strategies and provide researchers with
more information about how and why readers use these strategies [31]. The think-
aloud tool also provides information that identifies readers’ strategies and the reason
they choose them [24].

The think-aloud or verbal protocol is among the most appropriate tools with
which to collect data on cognitive processes [57]. During reading, the participants
think-aloud about the monitoring strategies that they are using and usually write
their responses [58]. Verbal reports can be used to identify before, during, or after
reading strategies, or any other strategies that are important for DHH readers’
comprehension [2, 24, 26].
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6. Conclusion

Although metacognition was first discussed 40 years ago, it remains one of
the cognitive terms that is difficult to define and assess. This chapter provides the
definition of metacognition and other terms related to reading comprehension.
Metacognitive strategies are critical for reading comprehension, and planning
strategies, which are also defined as before reading strategies, are the most critical.

It is reported that sign language knowledge (e.g., ASL) is important for DHH prior
knowledge. This chapter indicated that without sufficient prior knowledge, readers
may struggle to understand a reading passage. Therefore, it is important for teachers
to increase their DHH students’ knowledge about the passage before they read it; fur-
ther, teachers may need to ensure that readers have sufficient vocabulary knowledge.

This chapter reported that among other types of strategies, monitoring, or during-
reading strategies are used most. On the other hand, evaluating strategies are used the
least, particularly with poor and average readers, because they require strong reading
skills. Therefore, future research should investigate this issue further. There are some
strategies that can be used before reading, such as the prediction strategy; also, there
are other mentoring strategies that can be used after reading, such as the summariza-
tion strategy.

Young DHH readers have different challenges when accessing ideas that are impor-
tant for their prior knowledge. DHH who were born to hearing parents go through
different experiences of acquiring knowledge than those who were born to deaf
parents. DHH who were born to deaf parents and have early access to sign language
may use different metacognitive strategies than those who were born to hearing
parents who may use different modes of communication. Future research may be able
to explore this idea further.

Identifying metacognitive strategies is necessary for designing appropriate reading
comprehension instructions; this chapter also explained that metacognitive assess-
ments are important and can be conducted with three tools, interviews, surveys, and
think-aloud. Interviews are used most often with other types of assessments and can
be used for all ages and for individuals with or without disabilities.

There are other types of assessments of metacognitive knowledge and metacogni-
tive strategies (see [31, 59-61]; c.f., [4, 62, 63]). This chapter called for more investi-
gations about metacognitive assessments to detect metacognitive strategies used by
DHH learners before, during, and after reading.
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Enhance Learning among Natural
Science Learners in a South African
Rural District Using Case-Based
Learning
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Abstract

Case-based learning has become a teaching method that is commonly used by
science teachers. The objective of the study is to explore how teachers implement case
study as the teaching method that promotes critical thinking in science learning. The
study was informed by Vygotsky’s social constructivism and Shulman’s pedagogi-
cal content knowledge. Both theories constructively align with the study since they
emphasise that knowledge is produced through active engagement and the subject
matter needs to be driven by using the relevant pedagogy. A mixed-method approach
was employed in the study. Thirty out of sixty-seven schools were purposefully
sampled to respond to the questionnaire and 10 out of 30 (one teacher from each of
the schools) volunteered to participate in the semi-structured interviews. Data were
analysed using both qualitative and quantitative approaches. Themes were used to
analyse qualitative data, and descriptive statistics were used to analyse quantitative
data. The findings revealed that most teachers use a case-based learning approach.
However, some teachers indicated that the method consumes relatively more time and
requires specific skills on the part of the teacher. Therefore, the study recommends
that teachers need to collaborate with other science teachers as well as their science
cluster leaders for information sharing.

Keywords: case-based learning, case study, teaching method, science learning,
natural science

1. Introduction

Case-based learning (CBL) is one of the teaching methods that assists teachers
when implementing the curriculum in class. Hence, teachers need to be aware of the
approaches to be used in learning and teaching. Case-based learning is an approach
that encourages students to apply deep learning so that they can solve the scenarios
given in science lessons. Literature defines a case study as an approach that permits
active interaction to solve real-life challenges [1, 2]. Case-based learning is also called
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case study instructional strategy, and it is a method that encourages interactive learn-
ing in the classroom. Literature acknowledges that case study encourages students
to learn more and apply the learned content knowledge in different situations, and
critical thinking becomes significantly enhanced [3, 4]. Moreover, literature notes
that teachers should design authentic learning activities that will assist aspiring
prospective educators to be ready to use their knowledge and abilities in the 21st-
century classrooms [5]. The present researchers believe that once students acquire the
skills of solving problems, they can also apply them in the field of work and in their
communities.

When implementing a curriculum, it is wise to select the relevant approaches
that will allow students to use their critical thinking. As experienced teachers, we
believe that the curriculum needs to be responsive to the needs of the students and
society. Winn et al. [6], avers the use of cognitive learning techniques to enhance
students’ ability to have a deeper understanding of the content and be able to transfer
it to different context. Thus, Lovat [7] highlights the viewpoint that curriculum
is concerned with knowledge, how we know and how we can prove that we know.
Therefore, it is significant to engage the students and give tasks that require them to
demonstrate their understanding. For example, when training student teachers, the
content knowledge learned should be demonstrated during the school-based experi-
ence (SBE). SBE is work-integrated learning (WIL). Du Plessis [8] defines WIL as an
approach that advocates the formal integration of structured real-life experiences.
Keller [1] and Sunbul [2] share the same understanding that case study permits active
interaction thus facilitating the search for solutions to problems encountered in real-
life situations.

2. Literature review
2.1The significance of case-based learning as a teaching methodology

Case-based learning is highly recognised because of the positive impact it has
on learning and teaching, and it promotes interactive learning [1]. It is a method
that focuses on solving problems in the classroom and in real-life situations [1, 2].
Literature highlights that case study is the method that allows interdisciplinary learn-
ing and deals with solving societal issues [9, 10]. The method encourages creativity
and prepares a well-rounded student who can also make decisions in the future.
Furthermore, it enhances presentation skills when giving feedback to the audience;
hence, students need to work very hard to provide constructive feedback. Teachers
also need to quickly give positive feedback about the tasks to motivate students to
work harder.

2.2 Case-based learning promotes deep learning

Case-based learning promotes deep learning unlike surface learning since students
can take control of their learning and gain new knowledge in the process. Deep
learning is described as the understanding of content knowledge by students [11, 12].
Brookhart [13] explains that when students acquire knowledge, they need to apply
it in and outside the school. Consequently, Shulman [14] proposes that teachers
need to be well-equipped in content knowledge and to deliver it using the relevant
pedagogies. Literature indicates that when using a case study, higher-order thinking
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develops, and students are able to operate at higher levels of Bloom’s taxonomy of cog-
nitive learning [10, 15]. Moreover, the same authors state that Bloom’ taxonomy [16]
came with a framework that emphasises the following aspects: recalling knowledge,
analysing and evaluating, rather than just teaching students to remember facts (rote
learning). To us, it means the scenarios given in class need to promote higher levels on
Bloom’s taxonomy of cognitive learning.

Bloom [16] states that learning is divided into three domains: (a) cognitive: mental
skills (knowledge), (b) affective: growth in feelings or emotional areas (attitude
or self) and (c) psychomotor: manual or physical skills (skills). The three domains
are very important, and teachers need to apply them in the lesson. One of the three
domains, the affective domain, encourages teachers to use relevant instructional
methodologies that would allow educational activities, for instance, paying attention
when the teacher starts the lesson as well as during the lesson. In the affective domain,
five characteristics are very important [5], and they relate to each other for a lesson to
be successful. Receiving, responding, valuing, organisation and classification by value
or value complex are among these traits. The domain urged teachers to implement
effective instructional techniques that would enable learning activities, addressing
the following: Paying attention both when the teacher begins the lesson and when it is
being taught.

If students receive the newly learned knowledge positively [6], then the learning
and teaching becomes effective. When learners receive the lesson enthusiastically,
they will respond constructively by participating in the lesson actively either working
as individuals or working as groups. Hence, it is important for teachers to construc-
tively align the learning outcomes with the assessment criteria, moreover, to use the
relevant method that will encourage the students to be actively engaged. Participating
in the lesson means the value of the lesson is treasured by learners, and they demon-
strate their appreciation by asking questions, discussing, and seeking clarity when
necessary.

2.3 Case-based learning enhances problem-solving skills

Problem-solving is referred to as a problem-based learning strategy (PBLS; [17]).
There is a connection between case-based learning and problem-based learning.
When students are conducting case study tasks, they need to apply problem-solving
skills of which they need to critically engage in research on the topic and give positive
feedback. Five stages need to be performed when solving a problem, and these are
investigating, developing, presenting work, analysing and evaluating the problem-
solving process [17]. The stages will assist the teachers to guide the students before
they can follow.

2.4 Challenges and benefits of case-based learning

The literature recognises that case study is one of the top methods that can be used
in the classroom as it prepares students in applying higher-order thinking [1]. Sunbul
[2] and Cakmak [18] state that when the case study is used correctly, teamwork is
promoted, communication becomes significantly enhanced and students are able to
find real solutions to problems. Moreover, the author also highlights that the scenarios
given to students can be examined by all students in class or as groups before teachers
can do their evaluation. Bilen [19], Nas [20] and Gozutok [21] state that critical think-
ing becomes more advanced when students are involved in case discussions.
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Preparing case studies takes a long time and can be difficult to conduct in
overcrowded classrooms [2, 22, 23]. Therefore, teachers need to be mentored and
guided in using the case-study method. Moreover, the above authors also mentioned
that good preparation before the application is needed to avoid disappointments
when conducting the session [2, 22, 23]. Thus, teachers need to get enough learner
materials and training from the school management committee and the department
officials. Current studies claim that support is the key to implementing curriculum
effectively [24]. Furthermore, Phasha, et al. [25] highlights that the quality of
education can be upgraded only if challenges encountered by teachers are positively
addressed and all the stakeholders play an instrumental role in supporting the
teachers.

2.5 Problem statement

The study was triggered by challenges faced by teachers in the science field. Some
of the teachers confirmed that science is not an easy subject, they struggle immensely
when implementing the curriculum in class. They follow CAPS documents, which
they struggle to analyse. In addition, they complained about being allocated a subject
to teach without having a background in science or due to a shortage of teachers in
that field. The study was conducted in one rural education district in South Africa’s
Eastern Cape Province. Findings revealed that educators in South Africa encounter
challenges in terms of science resources, content knowledge and infrastructure [26].
The three aspects mentioned above are the focus areas that need to be prioritised
before implementing the science curriculum. Thus, it is the researchers’ responsibility
to go deep and find out if teachers use the case-based learning method to enhance
science learning.

2.6 Theoretical and conceptual background

The study is underpinned by two theories, Vygotsky’s [27] (1896-1934) social
constructivism and Shulman’s [14] pedagogical content knowledge. The two theories
align with the study as they emphasise that the students need to be engaged and
guided by a knowledgeable person to reach the academic level that is expected. The
second theory posits that the knowledgeable person needs to master the content first
before involving the student and using the relevant approach to drive the lesson. Since
the two theories complement each other, the implication is that, before teachers make
use of the case study approach, they should be familiar and knowledgeable with the
content, understand the type of student and their environment before they can assign
tasks. This implies that teachers must understand individual learners’ needs so that
they can prepare relevant tasks for them.

2.7 Research objective

The paper sought to explore teachers’ acknowledgement of the case study as a
teaching method that promotes critical thinking in science learning.

2.8 Research question

How do teachers use case-based learning as a teaching method that promotes
natural science learning?
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2.9 Research and methodology

A mixed-method approach was employed in the study. The data were analysed
using both qualitative and quantitative approaches. Descriptive statistics were used
for quantitative data and themes were used to analyse qualitative data. To examine
case-based learning used by teachers when teaching Natural Sciences (NS), this
study employed a descriptive and survey design. A questionnaire was used to collect
data. The study used purposeful sampling to select schools based on proximity to the
researchers. Thirty out of sixty-seven schools are in six out of the eight circuits in the
selected education district. The population was made up of 15 female and 15 male
teachers.

2.10 Ethical considerations

Ethical considerations such as informed consent, voluntary participation and
withdrawal, confidentiality and for anonymity codes like Teacher 1 (T1), Teacher 2
(T2)...up to Teacher 9 (T9). The researchers also guaranteed that no participant would
be put exposed or subjected to risk or harm as a result of their participation in the
study.

3. Results

Educators identified 44 responses on the strengths of the case study method. The
responses are presented in descending order: simplifying otherwise complex activi-
ties/scenarios (13, 30%), promoting research skills/integrating and synthesising basic
knowledge in real-life cases (10, 23%), exposing learners to real-life scenarios (9,
21%), fostering critical thinking and enhancing communication (7, 16%) and allow-
ing discussions and cooperative learning (5, 11%).

The shortcomings of the case study method amassed 27 responses with the most
commonly identified weakness being that the method was relatively more time-
consuming compared to other teaching strategies (15, 56%). The second common
disadvantage identified was that case studies were difficult to utilise if learners were
disinterested (8, 30%). The less common disadvantages were stated as promoting
little in-depth learning and requiring specific skills on the part of the teacher (3, 11%)
and learners (1, 4%) respectively.

3.1 Discussion
3.1.1 Strengths

Case study as a strategy that simplifies otherwise complex activities and sce-
narios was among the strengths identified by educators. Cakmak et al. [18] caution
that the language used should not be too complicated to allow students to under-
stand the scenario and be able to unpack it. Exposing learners to real-life scenarios
is very important, Keller [1] explains that a case study is the best method to use in
the classroom as it prepares students for post-secondary achievement. Sunbul [2]
indicates that the case study method assists students to find operative solutions
to problems that they encounter in similar real-life situations in a shorter time.
Benefits identified by educators were promoting critical and analytical thinking,
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improving communication, contributing positively to the development of critical
thinking, problem-solving and decision-making skills. Previous studies [19-21]
report that critical thinking is developed when students are engaged in case discus-
sions. Moreover, for discussions and cooperative learning, students could learn
through engaging in discussions, therefore, they enjoy the method [22]. Teamwork
is significantly important and cooperative learning is the key for this method as
students work in groups to find solutions.

Promotion of research skills, as well as integration and synthesis of basic knowl-
edge in real-life cases, are other strengths mentioned by respondents. Respondents
also mentioned that research skills are sharpened when using case-based learning.
Hence, it is important for teachers to guide the student during the process.

3.1.2 Weaknesses

Weaknesses mentioned by respondents included the consumption of relatively
more time compared to other methods. Literature highlights that case studies con-
sume large stretches of time and can be difficult to implement in congested class-
rooms [2, 22, 23]. Another weakness mentioned was that little in-depth learning was
achieved and that specific skills on the part of the educator might be needed. Other
studies have also demonstrated that case studies require educators to make good
preparations before application [2, 22, 23]. Regarding the difficulty to implement the
case study method if learners are disinterested due to the need for deep and critical
thinking to solve the problem, several researchers have faced similar challenges. For
example, Sunbul [2] reports that due to different challenges, it is often hard to imple-
ment the method.

Themes were drawn from the participants’ responses on exploring case-based
learning as a teaching method that enhances natural science learning. Themes were
organised to connect with research questions to cater to NS teachers. The themes are
as follows:

* Higher-order thinking
* Group work
* Support

3.1.3 Qualitative findings

Teachers agreed that there are methods that promote higher-order thinking
concerning the case study. Their verbatim quotes are as follows:

The case study involves investigations, and they promote higher-order thinking. An
example, when giving learners a question, it needs a conclusion at the end. So the
learner will critically think about what happened up to the last stage. It is not easy,
sometimes since it requires specific skills on the part of the teacher, I still need support
(T1) (T2).

Case study promotes higher thinking, e.g., When I give them questions like “What
are stem cells? How do you get them? How are they harvested?” Then learners will do
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a lot of thinking (T3). Problem-solving and investigation are part of the case study,
they encourage higher order thinking and learners can voice out whatever they know
and also ask questions (T9).

Working as groups assists the students to brainstorm and come up with facts.
Activities need to be aligned with the content specified in the CAPS policy document
and allow students to think outside the box, however, consume relatively move time as
compared to other methods and students delay with the feedback (T4). The following
approaches that will increase thinking skills are investigations, problem-solving (T7).

A case study is not easy for me, I need support. I am used in the lecture and textbook
method. Lack of support is a challenge. When I attend the workshop, it does not work
for me because they are too theovetical than practical, we need the practical part of
NS (T6) (T8).

4. Discussion

To promote higher-order thinking, the participants revealed that investigations
enhanced higher-order thinking. Previous studies such as Keller [1], Grassberger,
Wilder [3] and Nkhoma [4] indicate that case study encourages students to learn more
and apply critical thinking. Moreover, Winn et al. [6] encourages the use of cognitive
learning strategies so that students can apply deep learning and actively participate
in the lesson. The present researcher concurs with the authors above, teachers with
the teaching and lecturing background profess the practicality of the method. It gives
students the freedom to look for different learning materials that will assist them in
compiling or demonstrating the task given.

Some of the science teachers confirmed that case study requires specific skills.
Literature revealed that, to master the required skills concerning the case study,
one needs to have good problem-solving skills and be able to understand the
investigation skills [17]. Subsequently, Akbulut and Hill [5] notes that authentic
learning activities motivates student teachers to be prepared for the 21st century
classrooms. The participants mentioned that group work promotes learning and
teaching when implementing a curriculum using a case study. Cakmak [18] and
Sunbul [2] state that case study promotes teamwork, good communication skills
among the group and students find constructive solutions to problems. Teamwork
is immensely important; students divide the tasks and allocate duties to everyone
in the group. However, group work can disadvantage shy students by further
alienating them while those who are significantly confident seize the opportunity
to dominate in the group.

Some of the participants complained that case study consumes relatively more
time, and literature avers that case-based learning takes a long time and can be
difficult to conduct [2, 22, 23]. The present researchers are of the view that exposing
students to real-life scenarios or projects that demand critical thinking is particularly
crucial. Therefore, it is important to prepare students to be able to apply their minds,
evaluate the problem and emerge with good decisions.

There is an existing need for support, as revealed by some of the science teachers.
Getting support in the core business of the school is very significant, so the school
managers need to monitor and implement positive interventions that will support
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teachers. Literature notes that support is the key to the successful implementation of
the curriculum [24]. While Phasha et al. [25] mentions that challenges encountered
by teachers need to be addressed immediately to avoid unnecessary delays in the cur-
riculum implementation.

4.1 Summary of findings

The findings revealed that case-based learning exposes learners to real-life
scenarios and promotes critical and analytical thinking; however, the challenges
are compounded in congested classrooms and lessons take a long time when imple-
mented in overcrowded classrooms. Case-based learning prepares students to apply
problem-solving, investigation and decision-making skills. However, there are some
metacognition challenges experienced such as time-constraints and need for thor-
ough preparation before conducting science sessions as lack of preparation negatively
affects learners with learning barriers.

5. Conclusions

The study was conducted in one district of the Eastern Cape Province of South
Africa. Findings indicate that science teachers are using the case-based learning
method, and it is a particularly interesting method as it promotes learning and teach-
ing. Most participants raised the issue of higher-order thinking that enhances the
method in terms of scenarios given to learners for problem-solving purposes. Science
teachers also mentioned that case study is good for science learning, and it becomes
more successful when cooperative learning is applied. The study also revealed that
support is needed to strengthen learning and teaching of natural science and motivate
teachers to implement the curriculum confidently.

5.1 Recommendations

Science teachers need to work with their colleagues at school and share informa-
tion with other teachers in their respective districts. They also need to invite science
teachers from other provinces to exchange pedagogical content knowledge using
online platforms, conducting webinars and sharing views on the effectiveness of
applying case-based learning online and apply the following steps when conducting
case-based learning:

* Understanding of the content knowledge

Identify the problem

¢ Give a case-based scenario

Allocate tasks according to groups
* Draft clear guidelines

¢ Provide clear rubric
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Chapter 17

Perspective Chapter: Metacognitive
Approaches for Teaching Scientific
Communication to Chemistry
Students

Sabrina G. Sobel and Lisa DeTora

Abstract

Learning to communicate clearly in STEM fields requires mastery of discipline
specific vocabulary and norms of writing style and citations, along with following
general rules for quality writing. For many students, this is too much to grasp all
at once. A consciously metacognitive approach in teaching oral and written com-
munication can improve student learning, retention, and performance in scientific
communication. However, the role and application of metacognitive approaches
may differ in the sciences and writing studies. We discuss different communication
settings in which metacognitive approaches drawn from chemistry education and
from writing studies may both be applied: the laboratory report, the seminar presen-
tation, literature reviews, and oral examinations. In each of these settings, students
benefit from metacognitive activities, such as reflections, co-creating the curricular
environment, oral exams, and course discussion. Our observations in the context of
undergraduate chemistry courses are broadly applicable to all STEM education.

Keywords: metacognition, pedagogy, chemistry, writing studies, scientific
communication, oral exams, laboratory reports, literature reviews

1. Introduction

In this chapter, we review information about metacognition and writing studies and
then describe several course design elements that employ metacognitive approaches to
STEM education, specifically in the setting of written and oral communication. The
approaches described derive in large part from experience in the chemistry classroom;
however, similar approaches may be adapted to other disciplines.

1.1 Learning to communicate about science: the example of chemistry
Obtaining an undergraduate education requires students to master many skills
and multiple forms of knowledge. Accreditation guidelines also indicate that stu-

dents should be able to convey this knowledge, and other information, effectively.
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For instance, the Middle States accreditation guidelines, Standard III.5.b. indicates
that an institution should offer “a curriculum designed so that students acquire and
demonstrate essential skills including at least oral and written communication, scien-
tific and quantitative reasoning, critical analysis and reasoning, technological compe-
tency, and information literacy” [1]. The American Chemical Society undergraduate
accreditation requirements (ACS-CPT Guidelines) include, “.. writing and speaking
opportunities that allow students to learn how to communicate technical information:
(1) clearly and concisely, (2) in a scientifically appropriate style for the intended audi-
ence including non-technical audiences, (3) ethically and accurately, and (4) utilizing
relevant technology” [2]. Of course, the specifics of these general categories will
differ from discipline to discipline, necessitating specialized knowledge that should
be imparted by experts.

In Write like a Chemist, [3] Robinson and colleagues describe some basic genres
of writing in chemistry, such as posters and journal articles, as well as how to iden-
tify their basic characteristics. This practice, known as genre analysis, requires the
reader and writer to identify certain elements that will be important to a final written
product, such as:

* Audience

* Purpose

* Organization

* Grammar and other writing conventions
* Scientific content.

Many manuals for scientific writing lay out specifics of these genre conventions;
however, Robinson and colleagues, by suggesting that genre analysis is necessary to
learn writing for a specific scientific discipline also indirectly suggest a need for meta-
cognitive approaches to such learning. In other words, they ask readers and writers to
think about the reasons for communication, the accepted formats that are legible to
target audiences, and whether, or not, certain texts meet their intended goals.

Vanderbilt University’s guide to metacognition, by Nancy Chick, defines this term
as “the processes used to plan, monitor, and assess one’s understanding and perfor-
mance,” and as such requires “a critical awareness of a) one’s thinking and learning
and b) oneself as a thinker and learner” [4]. Without these critical skills, it is impos-
sible to communicate effectively. Chick also quotes experts who indicate the necessity
for learners to “know about” rather than merely “practice” metacognitive skills [5].

In other words, it is not enough to train students to engage in specific practices; one
must also raise an awareness that learning is an active process and promote the idea of
personal agency in that learning. We have applied these basic ideas in various contexts
of scientific communication, specifically in the context of chemistry education.

1.2 The need for metacognitive approaches to scientific communication

The ability to effectively communicate scientific information, whether in writing
or speaking, requires metacognitive skills in different areas. These areas include knowl-
edge of the scientific subject matter to be communicated and an understanding of the
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conventions of spoken and written forms used in the sciences as well as facility with the
uses of language more generally. The need for this type of multilayered metacognitive
knowledge may explain some of the inherent difficulties in the teaching of scientific
communication to students who are still in the process of learning basic scientific infor-
mation and skills, as opposed to practicing scientists, the target audience for many guides
to scientific writing. Most guides merely lay out the main requirements for specific
genres, attending to the various elements Robinson and colleagues specify. Robinson and
coauthors took on a different approach when they explicitly encourage the idea of genre
analysis as a means of learning how to follow such guidelines [3]. While specialized help
in writing itself may also provide additional benefits, Zerbe, for example, points out a
fundamental disjunction between the usual modes of teaching writing to college stu-
dents and the nature of scientific thought [6]. The first relies on an ability to self-reflect
and the role of revision in improving communication while the latter is more concerned
with hypothesis generation, accuracy, quantitative reasoning, and data management.

Another point to consider when working with college students is that these
students may or may not be successful in acquiring the knowledge and skills they will
need to pursue further education or careers in the sciences. The coursework itself is a
barrier to scientific communication insofar as it is necessary to understand scientific
content in order to communicate it. Students who are unwilling or unable to master
the many skills and knowledge types needed to understand and engage in scientific
inquiry will, of necessity, be ineffective communicators of this content. Thus, science
educators may attempt to leverage metacognition in science classrooms in an effort to
improve outcomes for mid- and low-performing students and better enable high per-
forming students to progress in acquiring knowledge and skills preferentially to (or
instead of ) writing about them [7]. In other words, many metacognitive approaches
to science education focus on the content and the acquisition of specific analytical
and quantitative skills, instead of explicit discussion of how to communicate well.

In this chapter, we discuss metacognition in relation to scientific information, writing
and oral communication, and then outline some course design elements we have devel-
oped in the context of undergraduate chemistry education to promote metacognition,
specifically in and through student ownership of their learning. Further, we detail some
steps we have taken to raise our own awareness not only of student learning but about
how our specific teaching strategies promote metacognition for our students and our-
selves. It is appropriate to note in this context that studies centered on imparting writing
skills and knowledge to students are often viewed as inherently metacognitive [8] and
hence may provide a generalized series of approaches of use to science educators.

Written and oral communication in chemistry courses arise in several different
contexts including written projects such as laboratory reports or review papers, oral
presentations or seminars, and oral exams. The last of these is a novel approach to
chemistry education and therefore deserving of more extensive comment outside of
this chapter. We have commented on seminar presentations and literature reviews in a
prior publication [9].

2. Metacognition in chemistry education and writing instruction

2.1 Defining metacognition

Metacognition, or the act of applying cognitive activities to themselves, became
a burgeoning area of study during the 1990s. Yzerbyt and coeditors collected a series
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of contributions that examined this phenomenon in various contexts, and provided
insights into modes of interpreting differences among socially prescribed behaviors,
feelings, and cognitive understanding [10]. These coauthors define metacognition

in contrast to social cognition, linking the former to the role of language in human
understanding, social cohesion, and problem-solving. In effect, these authors viewed
metacognitive functions as self-correction and a way of managing information in
contrast to feelings, and therefore as a potential protection against bias. While these
distinctions have become increasingly important for all students in the light of recent
political polarization, science students must learn to put aside feelings-based reason-
ing as part of entering the discipline.

The need for metacognitive skills and knowledge extends beyond educational
contexts and into all areas of lived experience. Metcalf and Shimamura [11] collected a
series of essays that consider metacognition as related to an understanding of memory
(or metamemory), and as essential to problem solving in both educational contexts and
day-to-day existence. Metacognition, in other words, is necessary for people to navigate
the world in which they live and to solve various sorts of real-world problems. Three
main components of problems in this context are defined as: the goal to be solved; the
facts, assumptions, or resources available for solving this problem, or givens; and the
barriers or obstacles that exist to reaching the goal within the set of givens [11]. This
basic format may be seen in academic problem solving and also in the problems that
arise in everyday situations, as well as in experimental scientific inquiry. Chemistry
education requires attention to each of these domains, with a focus on encouraging
students to differentiate between feelings-based and cognitively based problem solving.

In this chapter, we consider the role of metacognition in teaching communication
skills to chemistry students. As such, we recognize the necessity for understand-
ing the connections among metacognition, scientific content, and language use.
However, the uses of language are not a primary focus in undergraduate scientific
education, even though students must learn to communicate like scientists. Learning
to communicate in any scientific discipline or subfield requires the acquisition of
language, such as specialized vocabulary, as well as an understanding of the way
that language is generally used by professional researchers. Such considerations are
commonly considered in language-based disciplines, and not an explicit focus in
chemistry education.

In a recent volume on metacognition and language acquisition [12], for instance,
the preface notes several important concepts:

“It is quite indisputable, for instance, that good language learners should pos-
sess a high level of awareness of the intricacies of the target language they are trying
to master, how it compares to their mother tongue and other known languages,
the challenges involved in the process, their own deep-seated beliefs about learn-
ing and teaching of additional languages, and the strategies that can be employed
for this purpose. The same holds true for language teachers who, in order to teach
more effectively, should clearly be not only aware of their instructional practices
and their beliefs about those practices but also cognizant of the extent to which
different instructional options fit in with learners’ individual profiles or contextual
considerations. It should also be kept in mind that teachers never cease to be learners
themselves, either in regard to the language they teach, the additional languages they
themselves might be learning or the various techniques and procedures that they can
fall back on to make their lessons more engaging and beneficial to their student.”

We agree with these propositions and view the ability to communicate scientific
information effectively as multifaceted—involving elements of language, science, and
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other types of cognition. In fact, learning to communicate science requires specialized
language acquisition, or knowledge of the vocabulary of the field, as well as other
types of learning, such as quantitative reasoning. Further, we believe that science
educators are themselves lifelong learners, not merely of scientific content, but also of
the evolving nature of communication in science.

2.2 Metacognition in chemistry education

We commented earlier, following Chick [4] that metacognition involves planning,
monitoring, and assessing personal performance as well as encouraging personal
agency. However, many different methods and modalities may be used to encour-
age or assess metacognition in the chemistry—or any STEM—classroom, and these
approaches may be applied to content as opposed to communication. Given the
looseness of definitions of metacognition in many working and educational settings,
it is worth reviewing a few recent studies of metacognitive approaches to pedagogy in
the chemistry classroom. This short review is not comprehensive, nor is it intended to
be, but it does provide an overview of some important concepts.

The recent literature in chemistry education outlines certain benefits of metacog-
nitive approaches in various populations. For instance, metacognitive approaches
were effective in augmenting active learning in a General Chemistry I class, thereby
enhancing the acquisition of chemistry concepts [13]. Mutambuki and colleagues
sought to investigate the potential additive benefits of active learning and metacogni-
tion, each of which had been shown independently to improve student outcomes in
the chemistry classroom [7]. However, Mutambuki and colleagues also observed that
prior studies tended to employ metacognitive strategies implicitly, that is, without
directly explaining the aims of metacognition or asking students to perform a specific
evaluation. In contrast to these earlier studies, Mutambuki et al. used a more explicit
mode of such learning, explaining their aims more directly to students. They found
that their metacognitive interventions led to increases on test scores that were sig-
nificant, both statistically and in terms of boosting students’ overall course grades.
Furthermore, this explicit instruction in metacognition was beneficial for students
seeking to learn more challenging chemistry concepts.

A more implicit, therefore a more typical, method of assessing metacognition
was used by Bunce et al. across multiple sections of a general chemistry course at the
United States Naval Academy [14]. These instructors encouraged reflection on learn-
ing through the use of clickers in classroom situations to help students understand
when their answers to problems were correct or incorrect, thus providing an oppor-
tunity for thought in a lower stakes setting than during the examination itself. Bunce
and coauthors found a correlation between student confidence in their answers and
correctness—in other words, students with correct answers were more likely to feel
confident in their answers. Unlike Mutambuki and colleagues, Bunce et al. found only
nascent and partial evidence of metacognition in their students, however.

Heidbrink and Weinrich [15] observed that more implicit modes of metacogni-
tive instruction in the chemistry classroom might be necessary, given the lack of
instruction most professors receive in such practices. In other words, and in contrast
to the work quoted earlier in language instruction, instructional staff in the sciences
tend to receive more focused education centering on content mastery and knowledge
rather than pedagogy. In their study, Heidbrink and Weinrich found that a majority of
students (20 of 25) in an upper-level biochemistry course were able to use a specific,
indirect metacognitive prompt to improve their problem solving within a particular
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context. Heidbrink and Weinrich used a think-aloud protocol to assess how students
would tease out the answers to buffer problems with and without the benefit of
answering questions designed to encourage reflection. These researchers found that
asking advanced students to reflect on what might not work well for another student,
following research by Talanquer [16], enhanced metacognition. They found changes
in metacognitive activities for high- mid- and low-performing students, which they
described as transferable but not generalizable due to sample size concerns.

A few major concepts are important when considering this prior work. First, a
general pattern of imparting metacognitive skills indirectly or implicitly encouraging
metacognition through reflective prompts can have positive benefits for students at
all skill levels. It is worthy of note that each of these studies was conducted under very
different classroom conditions and at institutions with varying acceptance criteria.
Second, the nature of education and opportunities for professional development
among faculty in chemistry curricula should be considered when suggesting modes
of encouraging metacognition. Unlike the general culture in language studies, where
pedagogy, practice and an atmosphere of continual self-reflection are essential
elements of all research, scientific fields tend to demand more specific focus on
experimentation and skills acquisition independent of the more nuanced aspects of
communication. In fact, as Heidbrink and Weinrich [15] observe, the lack of oppor-
tunity for formal education in metacognitive content and approaches is a potential
obstacle to this kind of teaching for many chemistry instructors, who must focus on
subject matter expertise and keep abreast of developments in the field. In contrast,
the ACS-CPT Guidelines now explicitly state, “Additionally, a program should
provide opportunities for faculty to maintain their knowledge of effective practices in
chemistry education and modern theories of learning and cognition in science” [2].
However, and thirdly, more explicit approaches to metacognition in the chemistry
classroom are also possible, and beneficial, for those who have the appropriate time,
inclination, and resources, as Mutambuki and colleagues demonstrate [7]. Finally, the
preceding work tends to focus on the role of metacognitive processes and pedagogy in
the acquisition of scientific knowledge and concepts. This is not surprising, given that
imparting scientific knowledge is the core aim of most chemistry courses.

2.3 Metacognition in writing and communication studies

Writing studies developed as a subfield of English, and therefore strongly related
to language study. Bazerman [17] described the need for a consolidated study of
writing, given the fundamental importance of literacy in modern society as well as
the often piecemeal attention to various aspects of literacy, such as language acquisi-
tion, linguistics, or writing instruction in the academy. Bazerman also argued that
writing studies was uniquely situated to build a consolidated picture of writing given
the tendency in the professional field of writing studies to focus on pedagogy and
practice as well as assessing the means of evaluating the effects of such pedagogy and
practice. As a major discipline and field of academic endeavor, writing studies has
tended to pursue its work metadiscursively and metacognitively, seeing the various
functions of writing, student writing, pedagogy, anecdote, and professional develop-
ment as intrinsically and inextricably linked. In other words, the aims and approaches
of writing studies are essentially metacognitive.

Subsequent work in writing studies comments on various “threshold concepts”
[8] with the intention of encouraging faculty members and students to reflect on
their own belief systems in the context of writing and thinking about writing.
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Adler-Kassner and Wardle identify several threshold concepts about writing, each

of which is metacognitive. Individual chapters, for instance, explain the social and
rhetorical character of writing, how words get meaning, the ethics of writing, and the
forms and genres used in writing. These specific concepts might be seen to exist in
conversation with the work collected by Yzerbyt and coeditors [10], who emphasized
the social and language-based elements of metacognition as well as the necessity for
metacognitive activity to reduce or eliminate bias.

Writing studies scholarship also seeks to address multiple audiences simultane-
ously. The authors who contributed to Adler-Kassner and Wardle’s book about
threshold concepts in writing studies, for instance, explain these concepts for the
benefit of students, faculty members, and writing program administrators. Each
essay is intended to make explicit the often implicit knowledge and understanding
that traditionally informed writing studies, but more importantly is intended to lay
out a belief the reader shares but has not yet articulated. In effect, Adler-Kassner
and Wardle collected a series of essays that illuminate the kinds of knowledge that
Bazerman described as common in writing studies, yet in need of consolidation [8].

Open access sources such as Bad Ideas About Writing, (available at: https://text-
books.libwvu.edu/badideas/badideasaboutwriting-book.pdf) (see also [18]), simi-
larly, take on a metacognitive approach that encourages readers to reflect on various
aspects of writing, writing instruction, and the assessment of such instruction. Ball
and Loewe curated a collection of essays that describe bad ideas about topics such
as good writing, good writers, grammar, how to write, writing instruction, and the
assessment of such instruction. Each of the individual concepts collected is intended
to encourage readers to think about why the base idea is bad. Such work parallels the
kind of approach Heidbrink and Weinrich took when working with advanced bio-
chemistry students; however, the inherent reflexivity and metacognitive approach of
writing studies enables these authors and editors to automatically expand the spheres
of influence of these works. Writing studies colleagues understand the basic wisdom
of considering metacognitive questions and omit reflections on whether any precise
concept is generalizable, opting instead to offer many perspectives to foster greater
critical engagement and to offer readers choices for their own work.

Although it may seem from these specific observations that writing studies is the
ultimate answer to the ultimate question about metacognition in teaching scientific writ-
ing and communication to science students, this is not entirely the case. For one thing,
Harris [19] suggests that writing studies is not ideally situated to address all concerns
about writing in all disciplines. Importantly, Hesse [20] distinguished scientific writ-
ing from the subset of writing modalities that fall naturally within the remit Bazerman
describes. In fact, the ACS-CPT 2015 guidelines Section 7.4 stated, “Effective communi-
cation is vital to all professional chemists. Speech and English composition courses alone
rarely give students sufficient experience in oral and written communication of technical
information. The chemistry curriculum should include critically evaluated writing and
speaking” [21]. As mentioned before, this emphasis continues, and is expanded, in the
2023 ACS-CPT Guidelines [2]. This call for specific attention to chemistry communica-
tion beyond the composition classroom is important for the work we describe.

As a last comment on writing studies approaches, we consider a model of teaching
commonly used in technical communication. Cargile Cook’s well-accepted model
of layered literacies in technical communication [22], as critiqued by Lawrence and
Hutter [23] provides a metacognitive approach to complex information by asking
teachers and students to account for different types, or layers, of literacy. However,
as Lawrence and Hutter note, these layers are not sufficient to account for all the
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modalities and literacies valued within the technical communication literature. The
endeavor to add more layers into Cargile-Cook’s framework can ironically create
further barriers to success for students and faculty. Thus, although scholars and
teachers, like Zerbe [6] and Hanganu-Bresch and colleagues [24] have pursued work
on scientific writing, certain barriers continue to exist, specifically what DeTora has
termed ‘competing mentalities’ between scientific and more rhetorically based disci-
plines [25]. A key omission in most of these studies is scientific content itself, which is
a primary aim of chemistry education and communication. Next, we discuss how we
have managed to negotiate between the competing mentalities.

3. Using metacognitive methods in teaching chemistry communication
3.1 Disciplinary approaches

The authors of this book chapter have come together to teach communication to
chemistry students from very different vantage points. SS, a PhD in chemistry who has
taught undergraduates and supervised undergraduate research for some decades, has
approached the teaching of chemistry communication from a disciplinary perspective,
consistent with the accreditation requirements specified by the American Chemical
Society [2]. This approach is similar to that recommended by Robinson and colleagues
in Write Like a Chemist [3] insofar as the intention of such teaching is twofold:

1. To ensure that students are able to communicate effectively as chemists within
the community of practicing and teaching chemists.

2.To ensure that students meet the minimum competency requirements for chem-
istry communication in writing and speaking, including learning the general
accepted formats for such communication.

Such skills are necessary in order to enculturate students to chemistry as a dis-
cipline, certainly, but more importantly, effective communication helps transform
students into members of a professional scientific community.

In contrast, LDT, a PhD in English with an MS in bioethics and decades of
experience in biomedical writing practice, came to the teaching of communication
in chemistry from a much less focused perspective. LDT’s background included
exposure to writing studies education as well as training in professional aspects of
biomedical writing for expert audiences [26]. Unlike the type of training suggested
in work like the ACS Style Guide [27] or Write Like a Chemist [3], this perspective is
multidisciplinary and therefore necessarily more flexible because chemistry is only
one of the sciences represented. Furthermore, biomedical writing is also intended to
reach various audiences outside the sciences, such as patients and caregivers. Thus,
LDT viewed the aims of teaching writing in chemistry as layered:

1. To fulfill the expectations and accreditation requirements needed to allow
students to become practicing chemists.

2.To understand how these set of skills and knowledge can also enable effective
chemistry communicators to interact with broader groups in the culture of
science and beyond.
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In laying out these disciplinary perspectives, it becomes obvious how and why
metacognitive approaches might be necessary to help students. First, the project of
becoming a chemist requires specific reflection on and assessment of success in accli-
mating to the professional culture of chemistry. The authors consider three different
settings for teaching written and oral chemistry communication to undergraduate
students: laboratory reports, literature reviews, and oral exams. In each of these situ-
ations, metacognitive approaches that bridged prior knowledge from both chemistry
and writing studies were used.

3.2 Laboratory reports

A simple expedient that can help students to improve their performance both
generally and in writing is to provide an opportunity for reflection and revision on the
various parts of a laboratory report based on specific comments. Such an approach is
metacognitive in that it requires that students respond to feedback and reflect on what
they could have done better. It is consistent with wisdom in writing studies, which
emphasizes that opportunities for revision generally help students improve not only
a specific product but also future writing [24]. However, there are drawbacks to this
approach in day-to-day teaching.

First, many courses require multiple laboratory reports, which could create logisti-
cal issues for students and faculty. The project of responding to faculty comments
means that students must wait for feedback before finishing a laboratory report. Even
if faculty are able to respond to writing within the space of a given week, students
may be tasked with writing up a draft of a second experiment at the same time as
arevision for the first experiment. This overlapping of assignments within a single
laboratory course might also interfere with students’ ability to handle their work in
additional courses.

Second, providing specific written comments on individual laboratory reports can
be burdensome for faculty members. As Heidbrink and Weinrich [15] have observed,
faculty members in the sciences often lack specific training in pedagogy, which tends
to extend to specific training in writing instruction. Furthermore, the increasing
reliance of institutions of higher learning on part time faculty members and gradu-
ate students also raises questions about fair labor practices. Hence, although we do
recommend specific written feedback for individual students and opportunities for
revision, we question the logistical feasibility of this idea for very large classes, course
designs that require many laboratory reports, and teaching situations in which faculty
members carry a heavy burden of coursework. Certainly, advanced majors in upper-
level courses should receive this type of feedback.

In larger classes, particularly lower-level classes heavily populated by non-majors,
providing scaffolded frameworks for lab reports where students only have to fill
in certain details, explanations, and calculations may refocus student attention on
chemistry content and vocabulary. Such an approach may also reduce grading bur-
dens by limiting the volume of text students produce. Faculty may then organize these
scaffolded forms around specific metacognitive questions designed to help students
master difficult content.

For example, in the General Chemistry 1 lab class taught by SS, only one formal
lab report is required [28]. All other reports are pre-formatted data pages and thought
questions. All faculty who teach this course share a general format for the lab report
specifying organization of sections, data and calculations. This ensures uniformity in
presentation of information in the lab report, freeing up the student to concentrate
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on analysis and interpretation. Students are prompted to follow the four C’s, a con-
cept developed by a scientist in consultation with writing studies colleagues: every
Concluding sentence should refer to an observation, data, or calculation (relational
phrase that discusses values/numerical results), Context, Comparison, and Clarity
[29]. Students are also prompted to construct Claim, Evidence and Reasoning state-
ments, which is a solidly scientific perspective [30]. Through these well-accepted
constructs, students can implicitly apply metacognition. A suitable grading rubric
was developed that emphasizes understanding along with accuracy of results, again
asking students to reflect upon their experience and data. These measures assure a
balance between writing concerns and scientific knowledge and thinking.

3.3 Oral exams

Oral exams bear a direct relationship to the rhetorical and linguistic traditions
Bazerman associates with writing studies. They are a common feature of gradu-
ate qualifiers in chemistry programs, especially in larger programs. According to
the American Chemical Society, at least 50% of doctoral programs require an oral
preliminary exam and/or a comprehensive oral exam, with larger programs requiring
oral exams more often than smaller ones [31]. Oral seminars are also common features
of graduate programs and professional meetings; furthermore, the metacognitive
skills necessary for success in these practices are also important for any career path or
program of study and therefore might be beneficial for undergraduates. Oral exams in
undergraduate education gained popularity during the Covid-19 pandemic as instruc-
tors sought to assess student learning in environments that made it difficult to detect
academic dishonesty or lucky guessing [32].

The published literature shows that oral exams can be successful in many kinds of
chemistry courses. Dicks et al. found superior performance on oral exams in a large
undergraduate Organic Chemistry course as compared with final course grades based
on oral exams plus written exams [33]. Giordano and Christopher used oral final
exams in Physical Chemistry and General Chemistry to assess student performance
and maintain a personal connection with students learning remotely [34]. Kamber
presented implementation of a final oral exam in an undergraduate Biochemistry
class while teaching remotely [35]. In these studies, faculty noted that cheating
opportunities were reduced. More importantly, oral exams allowed faculty to identify
areas of confusion for students and to maintain personal contact during distance
learning. Students found the exams themselves to be effective vehicles for learning
and felt benefitted by personal contact with the instructors.

SS has used oral exams in various chemistry courses and incorporating different
metacognitive elements, providing both scaffolding and feedback to students. By
fostering student learning and connection during oral exams, SS observed benefits
similar to those described in the studies cited [33-35]. Some examples of scaffolding
might include presenting an example problem in class and explaining the thought
process of problem solving, including possible false starts and rethinking. In-class
small groups might also work together to solve problems and develop questions for
the professor. A Socratic method can be helpful in prompting students to analyze
how they thought through the problem solving process. Practice exams are another
type of opportunity to practice. By using multiple forms of practice, students can be
well-prepared for oral exams.

As with personalized feedback on individual laboratory reports, oral exams
present logistical challenges, primarily for faculty members. Rather than preparing
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an exam and administering it in a 1- to 2-hour block, faculty members must set aside
10-15 minutes per student. So much time investment is impracticable for very large
classes, although online meeting platforms such as Zoom make this easier. Further,
faculty must consider student performance in different areas such as presentation
skills, content mastery, and ability to answer questions about their thinking. The time
commitment of oral exams can be more feasible if an automatically graded online
exam is used in conjunction with a brief oral exam. Since students may discuss their
experiences with each other, it is necessary to randomize questions or calculations to
prevent cheating.

Most studies of oral exams solicit student opinions via formats such as a follow-up
anonymized survey. As noted by Kamber, [35] many students have not experienced
an oral exam before starting college. Placing the only oral exam at the end of a semes-
ter may cause greater anxiety than breaking up the oral exam experience into multiple
smaller exams throughout the semester.

Additional options for oral input and feedback might include asking students to
make short videos explaining a specific problem or concept—this option also could
apply to small groups, for instance, which would foster connection not only with
faculty but also with other students in distance-learning settings.

3.4 Literature review and seminar

As discussed in a prior publication, [9] the authors coteach a course for advanced
chemistry undergraduates in which students must complete a literature review
following an American Chemical Society journal format as well as delivering a 10
minute oral presentation on their research. The course was originally designed by SS
as a structured experience in which students heard sample seminars and read example
papers to reproduce and provided feedback via a written form and were required to
ask a set number of questions following a peer’s seminar [36]. The benefits of such a
structure were clearly tied to the American Chemical Society accreditation guidelines
[21] and were intended to impart specific skills in chemistry communication as well as
provide an opportunity to engage in peer review. After LDT joined the course as a co-
teacher, the experience evolved to address changing accreditation guidelines, to meet
the changing needs of students as the major diversified, and to focus more strongly on
metacognitive approaches to the work. This metacognitive focus became more impor-
tant as the course expanded to serve an increasing number of students interested in
forensic science and STEM education. It is worthy of note that forensic science, as
an applied discipline, requires metacognitive approaches to problem-solving, while
STEM education requires students to consider communication as an essential part of
their work as opposed to an activity that takes place after the real work is done.

The current configuration of this course is inherently metacognitive in that it
requires students to collaborate with peers and faculty to choose an overarching
theme, such as climate change or food science. Students then each develop a literature
review and seminar presentation within the overarching theme, which is shared
incrementally as a work in progress with the group for informal discussion. The
students also complete a common project centered around the overarching theme.
Readings draw from work about writing by and for scientists as well as texts from
writing studies are brought in as preparatory work. Students discuss these texts
with each other and with faculty in connection with the course theme and their own
projects. During each class meeting and each assignment, faculty and students work
together to identify their goals, assess their own progress, and evaluate the relative
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success of various works. They also share experiences to help foster a sense of commu-
nity collaboration which is unique in the students’ experiences because collaboration
is usually limited in STEM lecture classes.

Since this is a specialized course open only to certain students, it is easy to foster
a sense of shared community and purpose. The inherently metacognitive nature of
this work is made possible by the prior preparation of students—who are generally
advanced in their course of study—as well as the ongoing engagement between the
two faculty members. It is worthy of note that this kind of open-ended discussion-
based workshop is fairly common as an approach in writing studies, but not in
undergraduate STEM education, so faculty focused on scientific study and teaching
may not be comfortable with what might appear to be a lack of structure.

4, Discussion, conclusion, and recommendations

Above, we described some course design elements that employ metacognitive
approaches that can be used in various settings in STEM education such as examina-
tions, writing laboratory reports or literature reviews, and oral communication. We
conclude that although the shared experiences that led us to create these design ele-
ments overlap in the teaching of chemistry, similar approaches may be used in various
settings in STEM education, the social sciences, and writing studies.

A consciously metacognitive approach in teaching oral and written commu-
nication can improve student learning, retention, and performance in scientific
communication. However, the role and application of metacognitive approaches
may differ in the sciences and writing studies. We discussed different communica-
tion settings in which metacognitive approaches drawn from chemistry education
and from writing studies may both be applied: the laboratory report, the seminar
presentation, literature reviews, and oral examinations. In each of these settings,
students may benefit from metacognitive activities, such as reflections, co-creating
the curricular environment, oral exams, and course discussion. Our observations in
the context of undergraduate chemistry courses are broadly applicable to all STEM
education.

In each of the settings just described, metacognitive approaches can incorporate
similar elements for students. First, students should be asked to reflect generally on
their ability to understand and convey concepts and calculations in a specific course
setting. Second, students should be asked to explain specific concepts and calcula-
tions and why their approach is appropriate. Finally, students should be asked to
explain how and why their answers apply to the specific tasks at hand. These elements
correspond to the ideas of planning, monitoring, and assessment that Chick [4]
mentions.

In each of the settings described above, one or more faculty members considered
the possible connections between metacognitive approaches to scientific content—in
this case, chemistry—as well as writing and then planned, monitored, and continu-
ally assessed their own work, making adjustments to meet student needs. A side
benefit of this ongoing engagement has been publication of information about the
seminar course. More significantly, SS has published more papers with student
researchers. This was unanticipated, but it has also benefitted students enrolled in
these various classes because such engagement necessarily enriches subsequent teach-
ing. We recommend considering metacognitive elements when teaching any type of
scientific communication.
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Chapter18

Teachers’ Role in Chemistry
Metacognition

Awelani V. Mudau and Tavonga Tawanda

Abstract

Teachers’ role in chemistry metacognition describes what metacognition and
chemistry metacognition are, their importance in chemistry education and how they
can be taught or improved in science or chemistry learners that might be finding the
subject difficult or demanding. This chapter educates science and chemistry teach-
ers with the requisite metacognition and chemistry metacognition skills, knowledge
and attitudes using chemistry relevant prior knowledge. The science and chemistry
teachers in this chapter are also educated through a selected difficult chemistry
topic on how to utilize the acquired metacognition and chemistry metacognition
skills, knowledge and attitudes in the classroom. The metacognition and chemistry
metacognition skills, knowledge and attitudes are utilized through modeling and
scaffolding by the science and chemistry teachers for the learners to observe and learn
metacognition and chemistry metacognition in practice. Replace the entirety of this
text with your abstract.

Keywords: metacognition, chemistry metacognition, prior knowledge, modeling,
scaffolding

1. Introduction

Chemistry as a science subject is perceived as a very difficult or challenging subject
in terms of learning and teaching by both learners and teachers [1]. This perception
of chemistry being a very difficult or challenging subject has led to many science
learners performing poorly and losing interest in the subject [2, 3]. Therefore, there is
need to attract more learners to study chemistry and improve the performance in this
subject that is perceived as very difficult. Chemistry metacognition can improve the
performance of learners and attract more learners to chemistry education.

2. Metacognition
Metacognition is part of self-regulation in the learning process with cognition
and motivation [4]. Cognition are the processes involved mentally in understanding,

knowing, and learning. Metacognition is the changes in learning behavior by which
learners themselves go through when they plan, monitor and evaluate mentally
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during the learning process [5]. Motivation is the willingness by learners to actively
engage in metacognitive and cognitive skills [4].

Metacognition is an individuals’ skill to utilize prior knowledge to plan a tactic
for an upcoming learning task, take required steps to problem solve, reflect on
results and evaluate results as well as modifying the approach when it is necessary to
do so [5].

Metacognition is the ingenious intentional control of cognitive and affective
outcomes of thinking and insight aimed at the acquisition of knowledge, skills, and
attitude during the learning process [6]. Metacognition is when a person can monitor
their own understanding and awareness of their cognitive processes as well as having
the ability to control them [7]. Metacognition is recognizing the value of prior knowl-
edge with an accurate assessment of the demands of a challenging learning activity or
goal and what understanding, and skills are needed as well as the intelligence required
to make the right deduction on how to use one’s elaborate and systematic knowledge
in a specific situation reliably and efficiently [8]. Chemistry metacognition is the
recognition of the value of chemistry prior knowledge with an accurate assessment
of the demands of a chemistry challenging learning activity and what understanding,
and skills are needed as well as the intelligence required to make the right deduction
on how to use one’s elaborate and systematic relevant prior chemistry knowledge in a
specific situation reliably and efficiently.

Metacognition knowledge consists of what a person knows, about their cognitive
processing power, about several approaches that are useful in learning and solving
a problem as well as the requirements to effectively accomplish the learning task
[9]. The definition of metacognition and its components depend on the researchers’
context and theoretical tradition such as educational psychology, cognitive science,
cognitive behavioral, cognitive developmental, socio-cultural, and social learning,
asserts [10]. The socio-cultural theoretical definition and context of metacognition
is employed in this chapter. Socio-cultural theory focuses on the impact of culture
(beliefs, attitudes etc.) on teaching and learning as well as how peers and adults influ-
ence the learning (development) of an individual, making human learning largely a
social process [11].

The several different definitions of metacognition have the following in common;
knowledge of one’s knowledge, the monitoring and regulation of one’s knowledge
consciously as well as the cognitive and affective states of being [11, 12]. John H.
Flavell’s model and Anne Brown’s model are the most common models of metacogni-
tion [13]. These are theoretically distinct but compatible theories of metacogni-
tion, presenting a problem in terms of the agreed metacognition terminology and
metacognitive processes. There are two major components of metacognition which
are further divided into other subcomponents. Metacognitive knowledge (cognitive
knowledge) and metacognitive regulation (cognitive regulation) make up metacog-
nition [14-16].

There are three aspects of knowledge which comprise metacognition, there is
procedural knowledge and conditional knowledge which are closely related as well as
declarative knowledge, which refers to knowing in terms of knowledge, strategies and
skills which are important for completing a learning task successfully under different
conditions [13, 17]. This is knowledge about the task at hand in terms of prior knowl-
edge, which is useful in the given scenario. Declarative knowledge is divided into
person, task and strategies (actions) variables [18]. Person variables involve recogni-
tion of one’ strengths and weaknesses in the learning process, including information
processing. Task variables refer to what an individual knows or might find out in
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terms of the nature and mental (intellectual) requirements (demands) to accomplish
the learning task [19].

Strategy variables refer to the plans in ones’ mind which can be applied flexibly to
positively accomplish the learning task [20]. Procedural knowledge is the knowledge
of how to put into use procedures such as learning strategies or actions using declar-
ative knowledge to achieve goals and conditional knowledge as knowledge about
why and when to make use of various skills, procedures and strategies or cognitive
actions [17]. One has knowledge about when and why to make use of declarative and
procedural knowledge. Metacognitive knowledge can be changed through adding,
removing or revising metacognitive experiences and metacognitive knowledge
can be inaccurate, fail in terms of being activated, or may fail to have much or any
influence [17].

Metacognitive control/regulation of cognition or executive control are sequences
of activities that assist learners to control their own learning or thinking [21].
Metacognitive control is having three components or skills which are planning,
monitoring and evaluation [22]. Planning includes the choosing of befitting strate-
gies and provisions that are effective in terms of performance or goal attainment
[21]. Monitoring is the judgment of the progress of one’s current thinking and task
performance. Evaluation refers to assessing or examining the completed task or goal
which can demand more planning, monitoring and evaluating depending on the
outcome [22].

Planning, monitoring and evaluation as self-regulating processes in most learning
situations are not explicit or conscious, as they are automated to a large extent and
might develop with reflection being unconscious as well as not having a language
for communication between teachers/instructors and learners in this area [23].
Metacognition can be taught to any individual irrespective of age, grade (level) or
subject specialization [24-26]. Adult learners usually have more knowledge of cogni-
tion and are better able to describe it in a coherent fashion way when compared to
adolescents and children [22].

The learners’ knowledge of cognition is explicit and develops late in terms of age
[22]. Metacognitive skills and their use without assistance develop over time and
the experiences of the learner out of the classroom should be taken into consider-
ation because they are significant in the development of metacognitive skills [27].
Knowledge of cognition and regulation of cognition are related to each other as an
improvement in declarative knowledge of cognition makes regulation of cognition
easier [28].

3. Benefits of metacognition in chemistry education

Metacognition has a positive impact in general on learner outcomes in terms of
thinking and learning, particularly for learners with disabilities [29-31]. Independent
learning leads to self-monitoring of the progress in terms of learning. When learners
can monitor the progress they are making, they take control their own learning in the
and out of the classroom [5].

Abilities of metacognition assist learners to transfer acquired knowledge, skills
and affective states to another context or learning task. Learners with inadequate
access to educational resources benefit from metacognition as educational outcomes
improve [32]. An increase of metacognition leads to increased motivation states [33].
Metacognitive regulation increases academic performance in various ways such as the
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application of attentional resources in a better way, application of existing strate-
gies in a better way and a higher awareness of breakdowns in comprehension [28].
Learning is improved significantly when an understanding of how and when to apply
the metacognitive skills by learners is achieved [4].

Metacognitive learners have achievement levels that are high and also compensates
for those learners who might have cognitive limitations [6]. Independent learning
ability of learners is increased as leaners become in control of their own learning in
and outside the school through being able to plan, monitor and evaluate their own
progress during the learning process [5]. The metacognitive ability of a learner to
identify learning strategies that work and those which do not work as well as the abil-
ity to identify ones’ ones’ failures and successes increases the learners’ resilience and
perseverance [34]. There is no need of specialized teaching and learning equipment in
metacognitive teaching making it cost-effective as metacognition trained teachers are
required only. Metacognition assist learners in transferring knowledge (metacognitive
strategies) across other contexts and tasks in different subjects. Learners of all age
groups can effectively learn metacognitive skills and benefit from them.

Lack of relevant prior knowledge or low academic ability might be compensated
for by metacognitive knowledge [28]. Resilience is improved by metacognition as
learners can identify their own successes and failures, strategies that best work for
them or which failed them thereby increasing the learners’ perseverance in improving
in their work [5]. Metacognition is important to learning that is successful as it allows
learners to determine their weaknesses which can be corrected through the construc-
tion of new cognitive skills, resulting in learners better managing their cognitive
skills [28]. There is social and emotional growth by learners as they get aware of their
mental states which allows learners to think of how to be confident, respected, and
happy. Metacognition also allows learners to understand other learners or individuals’
perspectives better [5].

4. Prior knowledge in chemistry learning

One of the major contributors to learning challenges in chemistry is the
learners’ prior knowledge (pre-learning conceptions) [35]. Prior knowledge is the
foundation on which new knowledge is built on by learners during learning [35].
According to the constructivist learning theory, each learner comes to the class-
room possessing a unique experience (prior knowledge, skills and attitudes) [36].
The ability to learn is affected by the learners’ background and prior knowledge.
Learners construct their own meanings based on prior knowledge when it comes to
chemistry explanations from the teacher or textbook and observations from chem-
istry experiments (chemistry theory and practical) [36]. Relevant prior knowledge
gives learners the relevant context for the learning and integration of metacogni-
tive knowledge, skills and attitudes [37]. Metacognition is the capability to apply
relevant prior knowledge to plan, monitor and evaluate ones’ mental processes
during a learning process [9].

5. Modeling as a teaching strategy

Modeling is a very efficient way of teaching and learning any new knowledge,
skill and attitude [38, 39]. In human beings from the age of childhood to the age of
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adulthood, modeling has a very important part in acquiring and developing cognitive
and metacognitive skills, interpersonal skills, fine motor skills and later in life profes-
sional skills [38]. Observation is the primary process through which cognitive and
metacognitive skills, interpersonal skills, fine motor skills and later in life professional
skills are acquired. The acquisition and development of motor skills by children hap-
pen through observing the interactions of their parents, peers and siblings with their
environments (worlds) [38, 39].

Parents, siblings and peers are the children’s models whom they observe in terms
of learning from the simplest form of knowledge, skill and attitude to the complex
[40, 41]. The knowledge, skills and attitudes that are learnt and repeated by the
learner depends ultimately on the reinforcement provided and the level of the learner
to repeat what was observed. The learning of cognitive skills that are simple such as
reading or basic arithmetic skills to problem solving and critical thinking which are
more complex are facilitated through thought process verbalization by models when
they perform such activities [40, 41]. The models’ thoughts become observable, and
can potentially be modeled, by conspicuous verbal characterization of the actions of
the model.

Modeling both actions and thoughts has a lot of features that are helpful
in the terms of contribution to the effectiveness of producing improvements in
cognitive skills that are lasting [38]. Attention is gained and held through non-
verbal modeling which is normally quite challenging to sustain through talking
on its own. This also gives a didactic semantic environment inside which the
verbalized rules are embedded [38, 41]. Cognitive abstractions are given mean-
ing by behavioral referents. Furthermore, verbalized rules and approaches can
be performed again in different forms as and when they are needed in imparting
cognitive skills without the observers’ interest being taxed by applying dissimilar
exemplars [41].

Additionally, increased, and varied application of modeling deepens an under-
standing of the generative rules. According to the social cognitive learning theory, the
acquisition of self-regulatory and metacognitive skills as well as competence develop
first through observational learning which is also called social interaction [42]. There
is advocacy for the development of self-regulatory competence by learners, in which
learners are given a lot of opportunities to practice the different types of strategies
that are associated with self-regulated learning so that they fully develop and become
proficient in these set of skills [42]. Proficiency in these metacognitive and self-
regulatory skills becomes easy when guidance, social reinforcement and feedback are
provided during practice by models [42].

6. Metacognitive modeling

The modeling of metacognition exhibit how one should think during lessons
which focuses on deciphering data and information, analyzing and conclusion draw-
ing on what was learned [38, 40]. Metacognitive modeling is very useful especially in a
science class where teachers make use of multiple steps in problem-solving. In meta-
cognitive modeling, teachers verbalize metacognition through their own thought pro-
cesses whilst they are solving the problem on the overhead, board any learning media
being used [38, 40]. In the thinking-out-loud approach, the focus of the teachers’ talk
is to plan and articulate explicitly the thought processes associated with metacognitive
learning. Metacognitive modeling can be done also when learners read the chemistry
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text whilst the teacher is asking questions that are rhetorical or comments about what
is to anticipated in the chemistry text or subtopic that is coming [38, 40].

7. Modeling scaffolding technique

Teachers should consider the learners’ position in the teaching and learning
process when applying modeling as a technique of scaffolding [38-40]. First the
teachers model the chemistry task for learners and then learners begin the task
assigned and work through the chemistry task at a pace of their own [39, 40]. The
teacher gives learners more demanding tasks which they can now do on their after
learning from the less demanding chemistry tasks. The teacher models the chemistry
task several times so as to create an environment that is supportive to learners who
might have language challenges or learning disabilities [38].

8. Teachers’ metacognitive knowledge and skills as a learner

The teacher must be able to motivate them-self and be aware of their strengths
and weaknesses as a self-regulating learner [39]. This enables the teacher to motivate
them-self when it comes to learning as a metacognitive learner [43]. The metacog-
nitive learner must be fully engaged in learning metacognitively to improve their
learning. Teaching learners how to learn metacognitively needs a teacher who is aware
of the types of metacognitive learners which are tacit, aware, strategic, and reflective
metacognitive learners [44, 45]. Learners who are not aware of their metacogni-
tive knowledge and never think of any learning strategies are called tacit learners.
Learners who are aware of some kind of metacognitive knowledge that they do such
as generating ideas and finding evidence are called aware learners. However, thinking
is not necessarily deliberate or planned [43].

Strategic learners can; do problem-solving, do organized thinking, classify, group,
make decision, and seek evidence. They know learning strategies which apply the that
assist them in learning [44]. Reflective learners reflect on learning during the learn-
ing process whilst taking into consideration of the success or failures of the learning
strategy that is being uses as well as revising them the learning strategy when appro-
priate [45-48].

Developing learners’ metacognitive knowledge, that is knowledge by learners of
themselves in terms of a learner, the strategies to use in dealing with tasks is a very
effective method of improving learning outcomes. Teachers must support learners to
plan, monitor, and evaluate their own learning.

9. The teaching of metacognition strategies

Precise, clear, and readily observable teaching on the metacognitive strategies
of planning, monitoring and evaluation is done to improve learners’ metacognitive
learning through a chemistry concept such as concentration. A number of steps that
start by the activating relevant prior knowledge of the learner so as to begin the lesson
from the known (simple knowledge) (prior knowledge) to the unknown (complex
knowledge) new concept [6, 49]. This leads to independent practice by learners as
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they monitor their progress in the set goals on the topic concentration which leads to
evaluation where learners reflect on their learning of the topic [4].

10. Metacognitive modeling by the teacher

Effective metacognitive skills teaching is done through modeling as the expert
learner (teacher) shows the thought processes [4, 9]. Modeling by the teacher isa
cornerstone of effective teaching. The metacognitive thinking processes are verbal-
ized by the teacher who is the expert learner in terms of metacognitive learning [4].

A question on the topic concentration is presented to the learners to solve: What is the
concentration in mol dm™ of a solution made from 7.31 g sodium chloride in 250 cm?
of distilled water? The teacher models metacognitive thinking by thinking out loudly
(verbalization) in the three phases of metacognitive learning (planning phase,
monitoring phase and evaluation phase). This done through the expert metacognitive
learner asking himself/herself questions loudly for the learners to observe metacogni-
tive thinking processes [9].

10.1 Planning phase

Teacher as expert metacognitive learner verbalizing thinking process: What is it
that]am expected to learn? [4, 9].

Definition of concentration. Convert a given mass into mol and a given volume
into dm”. Calculate concentration.

Teacher as expert metacognitive learner verbalizing thinking process: What is the
relevant prior knowledge that can assist me with this learning task? [4, 9]. At home,
we add various amount of table salt to soup, the saltiness changes, increasing with
the amount of salt added. When we add teaspoons of sugar into tea/coffee the sweet-
ness depends on the number of teaspoons added per fixed volume of tea. Also dried
fruits such as mango or sweet reeds or sugar cane are sweeter than fresh mango, sweet
reeds/sugar.

Teacher as expert metacognitive learner verbalizing thinking process: What is it
that1should do first? [4, 9]. From my relevant prior knowledge of sugar dissolving
in tea/coffee and the changes of sweetness from dried and fresh mango/sweet reeds/
sugarcane, | know that concentration is the mass of a substance per unit volume. That
means | have an idea from my relevant prior knowledge and know what concentration
is though 1 did not know the chemistry technical term “concentration”?

Teacher as expert metacognitive learner verbalizing thinking process: What
direction should I be thinking? [4, 9]. The mass and volume are given but not in the
required units, so I should first convert the given mass and volume into the required
units before doing anything.

Teacher as expert metacognitive learner verbalizing thinking process: How long
should take to complete this? [4, 9]. The thinking, definition and calculation should
take me 6 minutes at most.

10.2 Monitoring phase

Teacher as expert metacognitive learner verbalizing thinking process: In terms of
the learning task, what is my progress? [4, 9].
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I am doing well at the moment as it clear what | should do next.

Teacher as expert metacognitive learner verbalizing thinking process: Am I in
the right direction? [4, 9] Yes, 1 am in the right direction as the conversion of the
given mass and volume into mol and dm? units will give me the appropriate units in
mol dm™.

Teacher as expert metacognitive learner verbalizing thinking process: How should
I go on from here? [4, 9]. I should know the relative atomic masses of Na and Cl for
me to co3nvert the mass of NaCl into mol. I should also know how to convert of cm®
into dm”.

Molar mass (NaCl)=23g/mol +35.5g / mol =58.5g / mol

7.31
Number of mol of NaCl in7.31gof NaCl = 278 0.125mol
58.5g/mol
250 dm’
Volume of 250 cm’in dm’ = 5—m= 0.25 dm’
1000

Teacher as expert metacognitive learner verbalizing thinking process: What is the
important information 1 should remember?

0.12 l
The concentration of the NaCl solution is = % =0.5 mol | dm?
m

Teacher as expert metacognitive learner verbalizing thinking process: Must I do
things in a different direction? [4, 9]. No, I think ]1am in the right direction so far.

Teacher as expert metacognitive learner verbalizing thinking process: Must I do
some adjustment to my pace due to some minor challenges? [4, 9]. Yes, ] need to slow
down a bit to make sure 1 do not end up having serious.

Teacher as expert metacognitive learner verbalizing thinking process: What
should if I am not understanding what 1 am doing? [4, 9]. I have to go back to my
relevant prior knowledge that will assist me with coming up with the definition of
concentration from which 1 can proceed.

10.3 Evaluation phase

Teacher as expert metacognitive learner verbalizing thinking process: How did I
perform? [4, 9]. I think 1 did well.

Teacher as expert metacognitive learner verbalizing thinking process: What is it
that 1learned? [4, 9]. I learned how to arrive at the definition of concentration and
how to use the definition to calculate the concentration of a solution without having
to cram a formula demonstrating a deep understanding of the concept of concentra-
tion of solutions.

Teacher as expert metacognitive learner verbalizing thinking process: Where the
results 1 got the expected results? [4, 9].

Yes, 1 got the expected results as 1 proved it by working backwards.

Teacher as expert metacognitive learner verbalizing thinking process: What is
it that should have been done in different way by me? [4, 9]. I could have used the
formula:

288



Teachers’ Role in Chemistry Metacognition
DOI: http://dx.doi.org/10.5772/intechopen.113789

C:

<|=

where C—concentration, n—number of moles and V—the volume to calculate the
contraction of the NaCl solution, however changes of getting a deeper understanding
are very slim as it is just substitution mechanically into the formula to calculate the
concentration.

Teacher as expert metacognitive learner verbalizing thinking process: Is it possible
for me to use this type of thinking in other situations or problems as well as in other
subjects? [4, 9]. Yes, this type of thing can be used in other situations or problems as
well as in other subjects.

Teacher as expert metacognitive learner verbalizing thinking process: Might there
be something I do not understand, any knowledge gaps in my understanding? [4, 9].
As far as the definition of concentration and calculation of concentration task is con-
cerned, there is no knowledge gap. The only knowledge gap could be on the calculation
a of a new concentration after adding a certain amount of distilled water (dilution) the
0.5 mol/dm’ NaCl solution.

Teacher as expert metacognitive learner verbalizing thinking process: Is there any
need for me to fill the gap in knowledge by going back from the beginning to the end
of the definition and calculation of concentration task? Yes, ] needed to back to the
original task, and use my understanding of the definition and calculation of concen-
tration and which 1 got from my relevant prior knowledge to come up with some sort
of equation. This is because the number of moles of NaCl remains constant in the
original solution and the diluted solution.

Teacher as expert metacognitive learner verbalizing thinking process: How can
use this type of thinking in other learning situations or problems as well as subjects?
This type of thinking can be used in other learning situations or problems as well as
subjects by first identifying the relevant prior knowledge to use in that new learning
situation or problem as well as subjects [4, 9].

As the teacher model’s metacognition through verbalization of metacognitive
thinking by asking these types of questions, there is an increase in the metacognitive
knowledge, skills, and attitudes of learners. It happens by moving those learners who
were tacit and aware learners to learners who are strategic and reflective. This gives
learners the metacognitive tools they require to manage and benefit a lot from their
learning. In turn, this will have a huge impact on the success and achievement beyond
the school-based learning environment.

Worked examples are type of scaffold-ed tasks which enable learners to develop
their cognitive and metacognitive skills by avoiding having a lot of demands on learn-
ers’ mental resources.

11. Appropriate metacognitive challenge level

Setting the appropriate metacognitive challenge levels for learners enables
learners to progress and develop the knowledge of themselves as learners
(metacognitive knowledge, tasks, and strategies). The metacognitive challenge
level motivates learners in accepting doing the required chemistry learning task.
Learners should be motivated for them to accept a chemistry challenge. The
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chemistry tasks given to learners should not be above the level of the learners’
cognitive level especially when they are expected to use the new learning
strategies [4, 9].

12. Metacognitive development and promotion

Metacognitive skills in the teaching and learning environment can be developed
through dialog in the classroom, explicit teaching and modeling. Cognitive and
metacognitive strategies knowledge and understanding can be acquired through
learner-teacher or learner-to-learner talk. Purposeful dialog is required, with teach-
ers supporting and guiding the conversation to make sure it builds on relevant prior
knowledge, and it will be challenging.

13. Encourage independent learning

For learners to develop independent skills of learning, explicit support by
teachers is required. Scaffolding is used to design a practice that is guided, with
support being withdrawn gradually as learners get more proficient. This enables
learners to develop strategies and skills before they the learners can practice the
learning strategies and skills independently. For learners to accurately judge how
they are learning effectively, they require effective feedback on time and learning
strategies [4, 9]

14. Teacher metacognitive support by school

Metacognitive professional development courses and resources of high quality
as well as a conducive environment must be provided by the school to ensure
all teachers have an opportunity to learn metacognitive knowledge, skills, and
attitudes as expert learners. This will make it easy for teachers to teach and model
metacognitive self-regulated learning to learners. Metacognitive knowledge, skills
and attitudes are well learned when there is support and time given to teachers by
senior leaders for consistent implementation of metacognitive teaching and learn-
ing approaches [4]. The metacognitive self-regulated learning skills of learners
can be assessed by a variety of ways which include scaffolding, think aloud and
observations. Teachers must build metacognitive teaching as part of their normal
teaching activities and not take metacognitive teaching and learning as extra duties
or activities [9].

15. Research questions

1. What is the effect of the teachers’ chemistry metacognitive modeling on leaners’
chemistry metacognitive learning?

2.How does the teachers’ chemistry metacognitive modeling impact learners’
chemistry academic performance?
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16. Methods

The social constructivist learning theory guided this embedded mixed methods
research designed study over 8 weeks. This research design includes the collection and
analysis of qualitative and quantitative data within an approach that is primary qualita-
tive that leads an integration of the results and conclusions from these data into a whole
that is cohesive [50, 51]. From a population of 150 leaners, 29 learners were purposively
sampled for the research who consisted of 14 females and 15 males. Focus groups
and document analysis were used to collect the data. The Metacognition Awareness
Inventory (MAI) by Scraw and Dennison [22] was adapted for use in this study.

17. Results

Comparing the metacognition awareness mean scores of the learners from focus
group mean scores before and after the teachers’ chemistry metacognition modeling

Focus group
metacognition...

200
o WENNENNA
Q." (‘_." \{‘\." Q."

® Before

w After

Figure 1.
Metacognition awareness mean score before and after teacher metacognitive modeling intervention. From “The
influence of indigenous knowledge on chemistry metacognition” [52].

Mean scores before and after intervention

~#— Mean Score before
*=Mean Score After

Scores

Figure 2.
Comparison of assignment 2 and chemistry test 2 and 3 post-intervention. From “The influence of indigenous
knowledge on chemistry metacognition” [52].
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intervention, there was a significant improvement in the metacognition awareness
of the learners after the metacognition modeling intervention. Figure 1 shows a
comparison of the metacognition awareness mean scores before and after teachers’
chemistry metacognitive modeling.

There was a positive change in mean scores in chemistry assignments and chem-
istry test scores of the learners after the metacognition modeling intervention. These
outcomes imply an positive impact on metacognitive learning by learners as a result
of metacognitive modeling by the teacher as well as academic improvement by the
learners after the metacognition modeling intervention by the teacher. Figure 2 shows
the learner mean chemistry assignments and tests before and after the intervention.

18. Discussion

The findings suggest that the teachers’ chemistry metacognitive modeling
improved learners’ chemistry metacognitive learning. This correlates with the find-
ings of a previous study which showed that modeling enhances metacognitive devel-
opment in learners through the sharing of common thinking strategies that are visible
which assists learners to be aware more of their own thinking [47]. These findings
are also correlates with a study in which the metacognitive modeling technique were
found to be very effective in teaching learners metacognitive learning skills [48]. The
findings of this study also suggests that teacher metacognitive modeling improve the
academic performance of learners. There is a correlation with these findings with a
study which showed that modeling of cognitive and metacognitive skills improves the
academic performance of learners [53].

19. Conclusion

This study examined the effect of the teachers’ chemistry metacognitive modeling
on learners’ metacognitive learning and learners’ academic performance. From these
findings, the following conclusions can be drawn teachers’ chemistry modeling
improves learners’ chemistry metacognitive learning and learners’ chemistry aca-
demic performance.

20. Recommendations

It is recommended that chemistry teachers be capacitated with metacognition
knowledge skills and attitudes including metacognitive modeling skills for application
in everyday chemistry teaching to empower learners with metacognitive skills and
improved academic performance in chemistry by learners.

21. Summary

This chapter discussed one of the major challenges of learning chemistry and
away of dealing with this major challenge in chemistry education. The definition,
importance, and application of chemistry metacognition by teachers were explained
in order to improve chemistry learning outcomes and motivation of learners in
chemistry education.
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Chapter 19

Implementation of Conceptual
Change Approach to Improve
Learners’ Understanding of
Quantitative Chemistry Aspects

Zanele Ginyigazi, Lungiswa Nqoma, Bulelwa Makena
and Pretty Thandiswa Mpiti

Abstract

Implementing a conceptual change approach helps students correct
misconceptions and gain a deeper understanding of key quantitative Chemistry con-
cepts, including stoichiometry, chemical equations and substance quantity calcula-
tions. For improvement of how learners understood quantitative aspects as measured
with chemical change, a conceptual change approach became the centre of inquiry.
A case study and qualitative approach were used to collect data from 50 learners and
12 learners. The findings indicate an improvement in learners’ scientific understand-
ing after the administration of a pre-test and a post-test. Concurrently, provided
by this study is evidence denting that misconceptions of learners can be facilitated
with great conceptual understanding through the application of a conceptual change
framework. The study recommends a well-designed conceptual change instructional
approach that leads to significantly better acquisition of scientific concepts.

Keywords: conceptual change, quantitative aspects, chemical change, chemistry,
scientific

1. Introduction

Upon the analysis of matric results in South Africa (more so those of the Eastern
Cape Province), the results of Physical Science were observed to be trailing behind.
The trend from 2016 to 2019 reveals that the subject trails behind in comparison to
others (National Diagnostic Report (NDR)) [1].

An attempt has been made to counteract the dilemma of poor performance in
Physical Science by launching several initiatives and programmes nationally and in
respective provinces at the level of higher education institutions. An example of the
government’s attempt to improve the Physical Science results was the establishment of
Dinaledi schools, which were to be increased to roughly 400 [2]. The Dinaledi Focus
Schools Project was included in the National Strategy to raise the number of qual-
ity passes by learners in Grades 10-12. The focus was on Mathematics and Physical
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Science, more so on previously disadvantaged learners. There are studies that have
argued that underperformance in Physical Sciences is caused by the unavailability of
infrastructure and quality of teaching [3]. However, attention has been on improv-
ing Physical Science performance overall, but no attention was paid on the actual
strategies to be used. Therefore, this study focuses on identifying and characterising
learners’ misconceptions and difficulties with quantitative aspects of chemical change
and how to remove these misconceptions to enhance learning and teaching using the
conceptual change approach. Conceptual change is the process of change from the
learner’s prior conception to scientific conception [4]. This study employed a qualita-
tive research methodology to gather data. In-depth interviews and a rigorous qualita-
tive technique were used to study participants’ opinions of the conceptual change
model and how it affects conceptual change. Qualitatively designed research would
enhance participants’ conceptual change experience during classroom teaching, thus
imparting greater knowledge regarding the roles of the different conceptual change
model phases [5].

Against the above background, the researchers wished to find answers to the
following research question: To what extent can the implementation of the conceptual
change approach be used as a teaching and learning strategy in Physical Sciences, in
one rural school?

2. Literature review

An instructional strategy wherein the teacher serves as an implementor and
facilitator by guiding learners towards scientifically constructing valid ideas is termed
as the conceptual change instructional strategy. This approach permits the instructor
to pose thought-provoking questions, which then become a leeway for learners to
conduct experiments under the mentorship of guided discussions.

Syuhendri [6] explored the effect of conceptual change-based instruction accom-
panied by demonstrations on 11th-grade learners’ attitudes towards Chemistry. Ebru,
Fulya, Hakan, Vuslat, Necdet, Nuray and Filiz [7] examined conceptual change
and the effect analogy has in bringing about conceptual change in Physics learners.
Chinyere and Madu [8] found that the experimental analogy model improved the
understanding of the concept of light refraction compared to regular lecture methods.
However, learners frequently have misconceptions that prevent them from developing
meaningful comprehension of complicated ideas. The researchers posit that simply
giving learners the logical justifications for scientific ideas during instruction of
quantitative aspects of chemical change does not promote conceptual understanding
to the point where such justifications make little sense considering the learners’ own
beliefs. The most influential model of conceptual change was proposed by Posner
etal. [9]. Baidoo et al. [10] articulate as they concur that one of the best approaches
to address misconceptions by learners about real-life situations and the manner they
perceive physical world operations is through using the Piagetian concept of accom-
modation and the Khunian concept of ‘scientific revolution’ Conceptual shift is the
idea that pupils learn in a new way while building on a variety of existing informa-
tion. As a means to enhance learning by categorising science concepts misconcep-
tions, the suggested vital strategy then becomes the conceptual change text-oriented
instruction. Designing learning environments that allow learners to become aware of
their current internal justifications and beliefs is essential for promoting conceptual
change and improving problem-solving abilities.
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3. Methodology

This study looked at the use of the conceptual change approach as a teaching and
learning strategy for Physical Sciences at a rural school. With the help of the qualita-
tive research approach, a thorough analysis and explanation of the events under
consideration were provided [11]. The Chemistry Achievement Test (CAT) was used
to create lessons for the intervention programme and to determine the learners’ alter-
nate conceptions [12]. The CAT examinations were piloted on a small sample of Grade
11 Physical Sciences teachers from neighbouring schools to confirm topic validity. The
information gathered by the CAT was examined using quantitative description. To
guarantee the validity of the observation schedule for the intervention lessons and the
interview schedule, colleagues in the same field were asked to review them.

Table 1 represents a summary of the sample.

Purposive sampling was chosen for this study. The sample included 50 learn-
ers from a Grade 11 Physical Sciences class. Semi-structured interviews also used
purposeful sampling. Twelve of the 50 learners who were sampled were chosen for
interviews. They were sampled based on their performance, with four learners, each
receiving low, average and high marks in the pre-test. Each group had four randomly
selected learners (Table 2).

Activity Sample size Sampling technique Criteria
Pre-test and 50 Grade 11 Physical Purposive The entire Physical Sciences
post-test Sciences learners class
Conceptual change 50 Grade 11 Physical Purposive Entire Physical Sciences class
lessons Sciences learners
Interviews 12 of the 50 Physical Selected from each 4 low, 4 middle, 4 high
Sciences learners defined group performing Learners
Table 1.
Sample size.

Research Question Method Instrument Respondents Analysis

Test Marking memo 50 learners Test scores
How can conceptual Intervention Lesson plan: addressed 50 learners Observation
change pedagogy be lesson that was in this part are the and thick
administered towards videotaped for stages of conceptual descriptions
enhancing learner observation change inclusive
understanding on purposes of fruitfulness,
quantitative aspects of dissatisfaction,
chemical change? plausibility,

intelligibility and
observation schedule
Post-test Marking memo 50 learners Test scores
. Interview schedule 12 learners Coding for
Interviews
themes

Table 2.
Research data collection plan.
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3.1 Data collection plan

The data collection process was designed around the research question, and the
lessons were prepared to meet the four conditions of conceptual change (dissatisfac-
tion, intelligibility, plausibility and fruitfulness) [13]. Learners were required to work
in groups and were given the opportunity to interact verbally. The goal was to allow
learners to question concepts and recognise the limitations of their knowledge. For
two weeks, learners were taught about chemical change four times a week during
50-minute class periods. Following the post-test, semi-structured interviews were
conducted in the researchers’ school. The 12 learners were divided into three focus
groups of four.

3.2 Procedure

A pre-test was assigned to learners prior to their exposure to the intervention
programme to assess their conceptual knowledge. The pre-test results are illustrated
in the form of a table and graph in Table 3 and Figure 1, respectively. The terms
on quantitative aspects of chemical change were reviewed with Grade 11 Physical
Sciences learners. The learners were then assigned a pre-test to assess their under-
standing of the quantitative aspects of chemical change from previous grades.

The pre-test results are shown in Table 3 and Figure 1.

As indicated in the diagram, 90% of the learners scored less than 40% and none
scored 60% or higher. According to the pre-test results, the majority of Grade 11
Physical Sciences learners were unable to answer questions about the quantitative
aspects of chemical change. If this issue is not addressed, it may lead to additional
difficulties in this section of Grade 12. As a result, the study proposed a conceptual
change approach to solving the problem.

% 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-100

Freq 5 22 11 7 3 2 0 0 0 0

Table 3.
Pre-test scores in the form of percentages.

B
wn

]
=

no. of learnersi
(=] wun

t

=]

l Ill-
0-9

19-Oct  20-29 3039 40-49 50-59 60-69 70-79 80-89 90-100
% of learners

Figurel.

Pre-test scores graph.

302



Implementation of Conceptual Change Approach to Improve Learners’ Understanding...
DOI: http://dx.doi.org/10.5772/intechopen.114094

4. Intervention

Instruction on using the conceptual change approach was imparted on learners,
which included the application of various tactics such as appropriate comprehension
addressing demonstrations and misconceptions. Teaching and learning processes
focused on enlightenments to maximise the plausibility and intelligibility of scien-
tific concepts. The researchers prepared conceptual change texts in the quantitative
aspects of chemical change.

Instruction was aimed to cover the mole concept, molar mass and stoichiometry,
all of which are aspects of quantitative chemical change. When developing the three
lessons, the conceptual change stages were holistically considered.

5. Conceptual change approach

Learners were taught through the conceptual change approach, which had the
main focus on considering the extent to which scientific conceptions’ plausibility and
intelligibility could be maximised as alluded to by the four conditions put forward by
Posner et al. [9] were used to implement conceptual change, namely dissatisfaction,
intelligibility, plausibility and fruitfulness. These four conditions suggest that there
are several important conditions that must be fulfilled before the conceptual change is
likely to occur.

6. Dissatisfaction

Swafiyah et al. [4] declare that it is a necessary juncture for learners to be efficient
at defining and relating terms for a particular concept. By so doing, they would be
regarded to have mastered the concept of quantitative aspects of chemical change.
The pre-test results revealed that the concept was poorly understood. As a result,
the teacher felt it imperative to impose learners in a video lesson before engaging in
discussion. The teacher entered the Grade 11 Physical Sciences class. On the chalk-
board, the topic for discussion was posed by the teacher, with indications of quantita-
tive aspects versus chemical change. The approach used by the teacher to familiarise
learners with the emerging topic was through the review of Grade 10 work. It began
with a revision of the mole concept, wherein a mole was defined as equivalent to the
volume of a substance.

Following video viewing, the teacher posed a series of questions to the learners. As
an example: What is a substance? Learners responded as follows:

What is the scientific name for anything that takes up space?

Learners began to recall work from Grades 8-10.

It is a single atom. [Learner No. 3].

A proton is what it is. [Learner No. 5].

It is a single electron. [Learner No. 6].

Material. [Learner No. 7].

I believe it is matter. [learner].

They were giving various answers, both correct and incorrect and their responses
were written on the board. Bloom’s taxonomy denotes that the point of departure
when teaching is by introducing learners to what they are already familiar with
before embarking on imposing abstract or unfamiliar aspects. This type of discussion
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assisted the teacher in getting closer to the concept from what they knew. Although
some of the answers were incorrect, they were throwing related terms together.

The teacher divided the learners into five groups of ten and used the learners’
responses to generate activity. Substances, material, matter, atoms, protons and elec-
trons were the terms used. During the presentations, the teacher dispatched learning
resources like Prestik and Koki pens to learners grouped according to learner abilities.
Thereafter, learners were expected to design personal concept maps, which were later
pasted for visibility and accessibility to all. During presentations, learners directed
questions to the group that was presented at that particular time.

In the end, learners who had a different understanding of the scientific viewpoint
concurred with the outcomes emanating from class engagements. As a result, they
retracted how they initially perceived things. Upon further probing, the mole concept
was introduced (as this concept had been previously unpacked) and defined as an
amount of a substance. Learners understood the word substance but struggled with the
word ‘amount’? The teacher instructed the learners to look up the word ‘amount’ in their
dictionaries. They came up with various answers that all had the same meaning. They
came up with various answers that all had the same meaning as ‘many’ or ‘quantity’.

As engagements were ongoing, learners provided examples of substances for
which they were familiar with the quantities. Responses included items like 10 kg of
sugar, 12.5 kg of mealie meal and dozens of eggs.

What is the number of eggs in a dozen? [Teacher].

One dozen eggs contain 12 eggs. [B Group].

How many sugar grains are there in 10 kg of sugar? MH! [Teacher] They are too
numerous to count. [D Group].

In your opinion, how are granular substances packed?

Learners responded with eagerness, indicating that weighting of objects is used for
packaging. [A Group].

The mole was defined by the teacher as a scientific quantity of substances. Periodic
tables were circulated to learners to interact with and asked to examine the elements
on the table. Explanations were uttered with indications that sometimes it is neces-
sary to know how many particles (atoms or molecules) are in a sample of a substance
or how much of a substance is required for a chemical reaction to occur in a single
mole of any substance or how much of a substance is required for a chemical reaction
to occur. There are 6.023 x 1023 particles in one mole of any substance. It denotes the
presence of numerous particles. This is referred to as Avogadro’s number. The teacher
attempted to persuade the learners about scientific concepts by referring to their
discussions, such as how sugar grains could be weighed 1 kg, 5 kg or 10 kg but had
many particles inside each pocket.

Learners indicated that they now understood what the term ‘mole’ meant. Learners
indicated that they initially misunderstood the term. After establishing dissatisfaction
with learners’ the teacher felt implied to further clarify the scientific viewpoint by using
worksheets and explanations. Exercises were used to present discussion questions. The
teacher went on to explain that if you weighed out samples of several elements, the mass
of the sample would be the same as the relative atomic mass of that element.

7. Intelligibility

People need to comprehend the structuring of emergent concepts adequately to
investigate the likelihood of inheriting [9]. The teacher introduced the apparatus
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into the classroom for learners to accommodate factors that promote new ideas

that appeared abstract. The balance scale and filter paper were distributed by the
teacher to each group and chemical. Iron fillings were given to Group A, magnesium
powder to Group B, sulphur powder to Group C, zinc powder to Group D and copper
fillings to Group E. When learners use their senses, they learn more effectively. The
teacher gave the learners a worksheet to fill out and a periodic table as support material.

All group members were given equal opportunities to partake in the experiment.
During this investigation, the teacher was also hands-on in mentoring and supporting
all activities pioneered by each group. When learners experience challenges, they eas-
ily interact with the teacher as the classroom environment caters to learner diversity
and learner-centred collaborations [E Group].

The teacher explained to the entire class that the number at the top of the periodic
table represents the element’s atomic number, and the number at the bottom repre-
sents the element’s atomic mass. Until this point, the teacher had been attempting to
share experiences and, at the same time, imparting knowledge by filling in the gaps
in what learners already know. Learners felt very proud of the scientific knowledge
attained.

8. Plausibility

Plausibility is stage number 3 of conceptual change theory. Posner [9] asserts that
emerging knowledge needs to be revealed by learners. At this point, learners are sup-
posed to mentally picture the new concepts they have learned. At this point, the new
hypothesis appears plausible.

The learners were exposed to new scientific knowledge, and the teacher was
responsible for directing the learning towards cognitive reformation. As the teacher
diversified teaching-learning strategies, conceptual change theory was adopted to
introduce chemical concepts by engaging in problem-solving tactics.

The teacher provided analogous problem-solving examples. The examples
assisted learners in developing problem-solving skills that would allow them to solve
higher-order cognitive level questions such as quantitative or conceptual problems.
The examples were created using the steps outlined above. The learners were able to
conceptualise the problems that need to be solved. The teacher began to delve deeper
into calculations involving chemical equations, which had already been introduced in
Grade 10. The teacher reminded learners of the chemical change that occurs during
the chemical reactions that result in the formation of a new substance. The teacher
made an example by sharing that mixing ingredients that have undergone measuring
is an important strategy when preparing for baking, explaining that flour has to be in
its maximum quantities. As a result, the product was dependent on ingredients that
were lesser than others. That is known as a limiting reactant or limiting reagent in a
chemical reaction.

Learners responded to the following questions:

Question No. 1.

From the tabled example above, what is the number of tentative sandwiches to be
produced?

It is likely possible that one can produce approximately 10 slices of bread and
cheese, meaning each slice of cheese is catered for two slices of bread [C Group].

Question 2:

Classify the limiting ingredient in the scenario above.
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The group’s limiting ingredient is slices of bread. [A Group].

Question 3: Which of the following ingredients is in excess?

There is an excess of cheese because some slices of cheese remain. [D Group].

For students to have a clearer understanding, the teacher felt it imperative to use
figures and diagrams to explain the chemical equation, beginning with the reactants,
which can be molecules or atoms. To functionally use diagrams together with bal-
anced equations when chemical reactions are being modelled, it is important to note
that when equations are balanced, it is then ensured that each element applied on the
reactant side produces an equal amount when equated to the product side. The figure
demonstrated therefore was intended to indicate that in a case where three carbon
molecules were on the reactant side, automatically so the product side correspond-
ingly contains three carbon molecules. As the law of conservation of matter stipu-
lates, reactants can either be solid or liquid and can be described in terms of mass or
volume.

9. Fruitfulness

Fruitfulness is the final stage of conceptual change theory. Any new concept
designed needs to benefit learners as this would allow them opportunities and
exposure to real-life circumstances, thus leading to future-content learners, as argued
by Posner et al. [9]. Following the demonstration, learners continued to discuss the
events associated with chemical reactions and energy concepts. The main goal of
these discussions was to demonstrate how functional and effective the newly learned
concepts were. Learners seemed to have accomplished these experiments as they
shared their real-life experiences extracted from occurrences from their immediate
and diverse environments.

10. Industrial reaction to produce fertiliser

Question: According to the following equation, sulphuric acid (H,SO4) reacts with
ammonia (NH;) to produce the fertiliser ammonium sulphate ((NH,4),SO,):

(NH,4),SO, = H,SO4(aq) + 2NH3(g) (aq)

How much ammonium sulphate can be made from 2.0 kg of sulphuric acid and
1.0 kg of ammonia?

Answer

Step 1: Convert the sulphuric acid and ammonia masses into moles
n(H,SO,) = m/M

=2000 g/98.078 g/mol = 20.39 mol n(NH;) = 1000 g/17.03 g/mol = 58.72 mol

=1000 g/17.03 g/mol = 58.72 mol

Step 2: Determine which of the reactants is limiting using the balanced equation.

According to the balanced chemical equation, one mole of H,SO, reacts with two
moles of NHj to produce one mole of (NH,),SO,. As a result, 20.39 moles of H,SO,
must react with 40.78 moles of NHj. In this case, NHj is in excess, and H,SO, is the
limiting factor.

In the following equation, sulphuric acid (H,SO,) reacts with ammonia (NH3) to
produce the fertiliser ammonium sulphate ((NH,),SO,):

H,S04(aq) + 2NH;(g) = (NH4)2SO, (aq)
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What is the maximum mass of ammonium sulphate that can be obtained from
2.0 kg of sulphuric acid and 1.0 kg of ammonia?

Answer

Step 1: Convert the mass of sulphuric acid and ammonia into moles n.

Step 3: Determine the maximum amount of ammonium sulphate that can be
produced.

Answer

According to the equation, the mole ratio of H,SO, in the reactants to (NH,4),SO,
in the product is 1:1. As a result, 20.39 moles of H,SO, will produce 20.39 moles of
(NH,),S0,.

The maximum mass of ammonium sulphate that can be produced is calculated as
follows:

m =nM = 20.41 mol 132 g/mol = 2694 g

The maximum amount.

The teacher further asked a question referring to example 9,

Why is it necessary to produce fertilisers? [Teacher].

For the production of good quality food. [G3L2].

How the necessary concepts of quantitative aspects of chemical change were
clearly explained by the teacher with clarifications that industry productivity also
depends on these critical aspects of change.

After the intervention post-test was administered, the post-test was identical to
the pre-test. The results show that learners’ performance in a post-test improved
significantly when compared to the pre-test. The results are analysed and interpreted
using a table and graph.

A close examination of the post-test reveals that the intervention process had
a positive influence on the results. 60% of the learners achieved more than 50%,
indicating that more learners understood the concept. Only 20% got less than 30%.

10% got between 30% and 40%.

11. Interviews

Focus group interviews were conducted with 12 Grade 11 Physical Sciences learn-
ers for this study. Three groups of learners were formed. The category of these three
formed by four learners in each were coded as (FL). The interviews were conducted to
determine how well learners have gained new knowledge through collaborating with
others when experiments were conducted. In the group of 50 learners, there was a mix
of varying learner abilities from low to high achievers.

At the conclusion of the intervention, all learners took part in focus group inter-
views. The goal was to get their thoughts on how to implement the lesson. During
interviews, learners were asked how they performed in the pre-test versus the post-
test, as well as what motivated their responses. According to the responses, all of
them scored higher on the post-test because of how the lesson was presented. They
compared the lesson presentation to how it is usually taught. The following codes
were obtained based on the responses of the learners: activities, experiments, learner
participation, group activities, writing activities and approach preference (Table 4).

Learners reported that the experiments and demonstrations done in class were
the main difference, as they had never done science experiments before. One
learner stated that the way the teacher presented the lesson made them grasp all the
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Codes Learners quantity & percentage
Activities and experiments 50 (100%)
Learner participation and group activities 50 (100%)
Writing activities and preference approach 50 (100%)
Table 4.

Learners distribution in percentages indicating codes identified from data gathered.

information, while the other stated that it was their first time doing experiments

in class. All learners stated that they usually made notes, but this time, they wrote
laboratory reports, which increased their knowledge retention. In terms of teacher-
learner engagements, it was reported by learners that it was their norm to listen and
form self-compiled notes, concurrently; for this lesson, there was maximum learner
participation. Learners also shared that all learners engaged themselves in discussions
as they were eager to see the experiment outcomes. This is supported by one learner
who uttered: ‘there was exchange of ideas throughout the discussions’

As indicated by some learners, there were improved collaborations as learners
were exposed to working with class members who never belonged to their groups.
This has led to the formation of new friends and the extension of social skills.
Another achieved skill, as perceived by learners, was compiling reports of what they
observed, which was seen to have improved their writing capabilities.

Another learner indicated that they enjoyed writing by themselves. All of them
preferred the way the researchers presented the lesson, citing reasons such as learn-
ing better, being motivated, enjoying the lesson, participation and involvement, and
retention of new knowledge.

12. Discussion

In this investigation, a conceptual change approach was administered to have a
better understanding of quantitative aspects versus chemical change.

The study found that there was an improvement in learners’ scientific understand-
ing after pre-test and post-test. The study recommends a well-designed conceptual
change instructional approach that leads to significantly better acquisition of scien-
tific concepts. The study is significant because it addresses the issue of poor perfor-
mance in Physical Sciences, particularly in the Eastern Cape Province of South Africa.
The study suggests that a conceptual change instructional strategy is an effective
teaching strategy that can be used to improve learners’ understanding of science con-
cepts. The study also highlights the importance of designing learning environments
that allow learners to become aware of their current internal justifications and beliefs,
which is essential for promoting conceptual change and improving problem-solving
abilities. The study employed a qualitative research methodology, which is appropri-
ate for exploring learners’ misconceptions and difficulties on quantitative aspects of
chemical change. The study used a case study approach and collected data from 50
learners and 12 teachers. The study used the Chemistry Achievement Test (CAT) to
create lessons for the intervention programme and to determine the learners’ alter-
nate conceptions. The CAT examinations were piloted on a small sample of Grade 11
Physical Sciences teachers from neighbouring schools to confirm topic validity. The
study’s findings suggest that the conceptual change approach is an effective teaching
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strategy that can be used to improve learners’ understanding of science concepts.

The study recommends a well-designed conceptual change instructional approach
that leads to significantly better acquisition of scientific concepts. The study also
highlights the importance of designing learning environments that allow learners to
become aware of their current internal justifications and beliefs, which is essential for
promoting conceptual change and improving problem-solving abilities. Overall, this
study provides valuable insights into the use of conceptual change instructional strat-
egy to improve learners’ understanding of science concepts [14]. The study’s findings
have important implications for science education in South Africa and other countries
facing similar challenges. The study suggests that science educators should consider
using conceptual change instructional strategy to improve learners’ understanding of
science concepts and promote problem-solving abilities.

13. Findings

The conceptual change approach was effective: The study found that the con-
ceptual change approach was an effective teaching strategy that led to a significant
improvement in learners’ scientific understanding after pre-test and post-test. This
means that learners who participated in the conceptual change instructional pro-
gramme had a better understanding of the quantitative aspects of chemical change
than those who did not participate in the programme.

Importance of designing learning environments: The study highlighted the impor-
tance of designing learning environments that allow learners to become aware of their
current internal justifications and beliefs, which is essential for promoting conceptual
change and improving problem-solving abilities. This means that teachers should cre-
ate a classroom environment that encourages learners to reflect on their existing ideas
and beliefs about a topic so that they can challenge and change them when necessary.

Qualitative research methodology: The study employed a qualitative research
methodology, which is appropriate for exploring learners’ misconceptions and dif-
ficulties on quantitative aspects of chemical change. This means that the study used
open-ended questions and interviews to collect data on learners’ understanding of the
topic, rather than relying on standardised tests or surveys.

Case study approach: The study used a case study approach, which involved
studying a particular group of learners or a specific classroom setting in depth. This
allowed the researchers to get a detailed understanding of the learners’ existing
ideas and beliefs, as well as the effectiveness of the conceptual change instructional
programme.

Use of Chemistry Achievement Test (CAT): The study used the Chemistry
Achievement Test (CAT) to create lessons for the intervention programme and to
determine the learners’ alternate conceptions. The CAT examinations were piloted
on a small sample of Grade 11 Physical Sciences teachers from neighbouring schools
to confirm topic validity. This means that the study used a standardised test to assess
learners’ understanding of the topic and to create lessons that addressed their specific
misconceptions.

Implications for science education: The study’s findings have important impli-
cations for science education in South Africa and other countries facing similar
challenges. The study suggests that science educators should consider using the con-
ceptual change instructional strategy to improve learners’ understanding of science
concepts and promote problem-solving abilities. This means that science teachers
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should incorporate a conceptual change approach into their teaching practice to help
learners overcome their existing misconceptions and develop a deeper understanding
of scientific concepts.

14. Conclusion

In conclusion, this study provides valuable insights into the use of a conceptual
change instructional strategy to improve learners’ understanding of the quantitative
aspects of chemical change. The study found that the conceptual change approach
was an effective teaching strategy that led to a significant improvement in learners’
scientific understanding after pre-test and post-test. The study also highlighted the
importance of designing learning environments that allow learners to become aware
of their current internal justifications and beliefs, which is essential for promoting
conceptual change and improving problem-solving abilities.

The findings of the study have important implications for science education in
South Africa and other countries facing similar challenges. Science educators should
consider incorporating a conceptual change approach into their teaching practice to
help learners overcome their existing misconceptions and develop a deeper under-
standing of scientific concepts. This approach has the potential to improve learners’
academic performance and promote problem-solving abilities, which are critical skills
for success in science and beyond. Overall, this study highlights the importance of
adopting innovative teaching strategies that are grounded in educational research to
promote effective learning and improve educational outcomes.

15. Recommendation

Based on the findings of this study, there are several recommendations that can be
made for science educators and policymakers. Firstly, science educators should con-
sider incorporating a conceptual change approach into their teaching practice to help
learners overcome their existing misconceptions and develop a deeper understand-
ing of scientific concepts. This approach should be implemented in a well-designed
learning environment that allows learners to reflect on their existing ideas and beliefs,
which is essential for promoting conceptual change and improving problem-solving
abilities. Secondly, policymakers should consider investing in teacher training and
professional development programmes that focus on innovative teaching strategies
that are grounded in educational research. These programmes can help to equip sci-
ence teachers with the skills and knowledge they need to implement effective teaching
strategies that promote conceptual change and improve educational outcomes. Lastly,
further research should be conducted to explore the effectiveness of the conceptual
change approach in other areas of science education and in other contexts. This can
help to provide more evidence on the effectiveness of this approach and inform the
development of more effective teaching strategies in science education.
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